IC3 — Integrated Command & Control Centre  |  Complete Database Schema v4.0	IC3-DB-ARCH-v4.0  |  TECHNICAL INTERNAL
	IC3
INTEGRATED COMMAND & CONTROL CENTRE
Complete Database Schema, ER Diagrams & Architecture Reference
━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━
GIS Schema  ·  SCADA Historian (TimescaleDB)  ·  MDM/HES  ·  CMMS  ·  CRM  ·  ERP
NRW Engine  ·  Hydraulic Model  ·  Digital Twin  ·  AI/Analytics  ·  API Integration
Data Warehouse  ·  TimescaleDB Partitioning  ·  Data Lake  ·  Azure Architecture
KPI Calculation Views  ·  Asset Health Model  ·  Predictive Maintenance  ·  Management Reporting
━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━
Document: IC3-DB-ARCH-v4.0   |   Classification: TECHNICAL INTERNAL
Version 4.0   |   June 2026   |   Status: APPROVED FOR IMPLEMENTATION




Table of Contents
1.  Architecture Overview & Deployment Tiers
2.  IC3 Global ID Standard
3.  Data Flow Architecture (Inbound · Processing · Consumption)
4.  Complete PostgreSQL Schema — Master Data & GIS
5.  SCADA Historian Schema (TimescaleDB Hypertables)
6.  MDM / HES Schema (Smart Meter & AMI)
7.  CMMS Integration Schema
8.  CRM Integration Schema
9.  ERP / Finance Schema
10. NRW Calculation Engine Schema
11. Hydraulic Model Schema
12. Digital Twin Schema
13. AI / Analytics Schema
14. API Integration Schema
15. Data Warehouse Design (Azure Synapse)
16. Timescale DB Partitioning Strategy
17. Data Lake Architecture (ADLS Gen2)
18. Azure Deployment Architecture
19. KPI Calculation Views
20. Asset Health & Predictive Maintenance Models
21. Management Reporting Schema
22. ER Diagram Reference & FK Chains
23. Inter-System Data Exchange Matrix
24. Developer Quick Reference & Onboarding


	1
	Architecture Overview & Deployment Tiers
Design principles, system boundaries, and database deployment model



The IC3 Integrated Database is the single operational brain for water and wastewater utilities. All 20+ sub-systems operate under one canonical identity scheme and API governance layer. Every byte of data entering IC3 must carry a valid IC3 Global ID before storage, analytics, dashboarding, or onward sharing.

1.1  Core Design Principles
	Principle
	Rule
	Enforcement Mechanism

	Single Source of Truth
	One canonical record per entity in ic3_asset_master / ic3_location_master
	PK uniqueness + FK constraints across all tables

	Universal ID Linkage
	No operational record without resolvable ic3_global_id
	NOT NULL + FK chain from every table to master

	API-First Exchange
	Sub-systems write via API Gateway only — no direct DB-to-DB writes
	Row-level security + int_api_exchange_log audit

	Immutable Telemetry
	telemetry_history and *_history tables are INSERT-only (no UPDATE/DELETE)
	REVOKE UPDATE, DELETE FROM telemetry_history; trigger block

	Temporal Partitioning
	All high-volume time-series partitioned monthly (TimescaleDB hypertables)
	PARTITION BY RANGE(event_time); auto-compress after 7 days

	Analytics Readiness
	Every operational record carries dma_id + asset_id + event_time
	CHECK constraints + NOT NULL on analytics columns

	Spatial Awareness
	PostGIS GEOMETRY(SRID 4326) on all location/network tables
	PostGIS extension; GIST indexes mandatory

	Data Quality Gate
	All inbound payloads scored before commit; bad data quarantined
	API Gateway middleware; int_dq_quarantine table

	Zero Data Loss
	Telemetry persisted to Azure Data Lake before DB write via Event Hubs
	Event sourcing pattern; DB derived from event stream

	Audit Everything
	Every DDL, control command, user action logged immutably
	audit_* tables; app-layer + trigger logging



1.2  Deployment Tier Architecture
	Tier
	Technology
	Purpose
	Retention

	Hot — Real-Time
	PostgreSQL 16 + TimescaleDB + PostGIS (Azure Database Flexible, D16s v5)
	Operational queries, dashboards, SCADA live values, active alarms
	90 days telemetry; indefinite master data

	Warm — Analytics
	Azure Synapse Analytics (dedicated SQL pool, DW1000c)
	NRW, KPI aggregations, management reports, BI
	3 years aggregated; 1 year raw

	Cold — Data Lake
	Azure Data Lake Storage Gen2 (Delta Lake, Parquet)
	Raw event stream, audit archive, ML training data, replay
	7+ years; immutable Parquet partitions

	Edge — Field
	TimescaleDB embedded on field gateways
	Store-and-forward for connectivity gaps; local alarming
	72-hour rolling buffer

	Cache — Live
	Redis on Azure Cache (P2 tier)
	telemetry_current, active alarm counts, session state
	TTL 5 min telemetry; 24 h alarms

	Message Bus
	Azure Event Hubs (Kafka) + Azure Service Bus (Premium)
	Decouple field → DB ingestion; webhook delivery; command queue
	Event Hubs 7-day; Service Bus 14-day




	2
	IC3 Global ID Standard
Universal identification scheme across all sub-systems



2.1  Master ID Format
	IC3-{CC}-{ST}-{CITY}-{ZONE}-{DMA}-{ASSETTYPE}-{ASSETNO}-{TAGNO}

	

	Examples:

	  IC3-IN-TN-CHN-Z07-DMA012-PUMP-PS001-TAG0001   -- pump flow tag

	  IC3-IN-TN-CHN-Z07-DMA012-VALVE-CV042-NULL      -- valve (no tag)

	  IC3-IN-TN-CHN-Z07-DMA012-PIPE-P1024-NULL       -- pipe segment

	  IC3-IN-TN-CHN-Z07-DMA012-METER-M00421-NULL     -- AMI meter



2.2  Domain ID Reference
	ID Type
	Format
	Example
	Master System
	PK Table

	Location ID
	LOC-{CC}-{ST}-{CITY}-{ZONE}-{DMA}
	LOC-IN-TN-CHN-Z07-DMA012
	GIS
	ic3_location_master

	Asset ID
	AST-{TYPE}-{CITY}-{ZONE}-{DMA}-{SEQ(4)}
	AST-PUMP-CHN-Z07-DMA012-0001
	GIS / CMMS
	ic3_asset_master

	Tag ID
	TAG-{ASSETID}-{PARAM}-{SEQ(3)}
	TAG-AST-PUMP-0001-FLOW-001
	SCADA
	ic3_tag_master

	Meter ID
	MTR-{DMA}-{SEQ(5)}
	MTR-DMA012-00421
	AMI / MDM
	mdm_meter_master

	Customer ID
	CUST-{YYYY}-{SEQ(6)}
	CUST-2026-087654
	CRM
	crm_customer_master

	Work Order ID
	WO-{YYYY}-{SEQ(6)}
	WO-2026-001234
	CMMS
	cmms_work_order

	Service Request ID
	SR-{YYYY}-{SEQ(6)}
	SR-2026-054321
	CRM
	crm_service_request

	NRW Balance ID
	BAL-{DMA}-{YYYYMMDD}
	BAL-DMA012-20260601
	IC3 Analytics
	nrw_dma_water_balance

	AI Prediction ID
	AI-{YYYY}-{TYPE}-{SEQ}
	AI-2026-LEAK-003412
	AI Engine
	ai_prediction_result

	Model Scenario ID
	HM-{YYYYMMDD}-{SEQ(4)}
	HM-20260601-0007
	HDM
	hm_scenario

	Digital Twin ID
	DT-{ASSETID}
	DT-AST-PUMP-0001
	IC3 DB
	dt_object

	KPI Snapshot ID
	KPI-{ID}-{DMA}-{DATE}
	KPI-NRW01-DMA012-20260601
	IC3 Reporting
	rpt_kpi_snapshot




	3
	Data Flow Architecture
Inbound, processing, storage, and consumption patterns



	Data Flow Principle
All data flows are unidirectional through the IC3 API Gateway. Field systems publish; enterprise systems subscribe and contribute master data. Analytics layers read-only from the IC3 DB. Control commands flow outbound through the Command Bus with mandatory two-level approval and audit logging.



3.1  Inbound Flow — Field / OT / IoT
	SCADA/PLC/RTU  ──OPC-UA──►  IC3 OPC-UA Collector ──► Azure Event Hubs (Kafka)

	IoT Sensors    ──MQTT──────► Azure IoT Hub         ──► Azure Event Hubs (Kafka)

	AMI/Meter      ──LoRaWAN──► AMI Head-End (HES)     ──► REST POST /mdm/readings

	WTP/WWTP/STP   ──Modbus──►  Field Gateway RTU       ──► Azure Event Hubs (Kafka)

	Weather Station──REST──────► Weather Integration    ──► REST POST /telemetry

	

	Azure Event Hubs

	  ──► IC3 Stream Processor (Azure Stream Analytics)

	        ──► telemetry_history   (TimescaleDB INSERT, append-only)

	        ──► ADLS Gen2 Raw Zone  (Parquet, partitioned by dt=YYYY/MM/DD)

	        ──► Redis telemetry_current (UPSERT, TTL 5 min)

	        ──► Alarm Engine        (threshold check → ic3_event_alarm INSERT)



3.2  Enterprise Systems Flow
	GIS (ArcGIS/QGIS) ──WFS/REST──► IC3 API Gateway

	    ──► ic3_location_master, ic3_asset_master, gis_dma_boundary, gis_network_*

	CMMS (Maximo/SAP PM) ──REST──►  IC3 API Gateway  ──► cmms_work_order, cmms_pm_schedule

	CRM (Salesforce) ──REST──►      IC3 API Gateway  ──► crm_customer_master, crm_service_request

	ERP (SAP/Oracle) ──REST batch►  IC3 API Gateway  ──► erp_purchase_order, erp_asset_depreciation

	MDM/HES ──REST──►               IC3 API Gateway  ──► mdm_meter_reading, mdm_ami_event

	HDM/Hydraulic ──REST──►         IC3 API Gateway  ──► hm_scenario, hm_result



3.3  Analytics & Consumption Flow
	IC3 DB ──► NRW Engine (scheduled every 15 min)  ──► nrw_dma_water_balance INSERT

	       ──► AI Engine (Azure ML, scheduled + event) ──► ai_prediction_result INSERT

	       ──► Digital Twin Engine (event-driven <1s) ──► dt_object UPSERT + dt_state_history

	       ──ETL──► Azure Synapse (hourly telemetry, daily all other)

	               ──► dw_fact_telemetry_hourly, dw_fact_nrw_daily, dw_fact_work_order

	               ──► Power BI / Tableau / IC3 Dashboard

	       ──► Redis  (alarm counts, live KPIs, DMA dashboard tiles)

	       ──► IC3 Application Layer (REST API, WebSocket)

	               ──► Operations Console (real-time)

	               ──► Mobile App (field crews)

	               ──► Customer Portal

	               ──► Management Dashboard (BI reports)




	4
	Complete PostgreSQL Schema — Master Data & GIS
All table definitions with column, type, constraint, and description



	PostgreSQL Extensions Required
CREATE EXTENSION IF NOT EXISTS postgis;  CREATE EXTENSION IF NOT EXISTS timescaledb;  CREATE EXTENSION IF NOT EXISTS pgcrypto;  CREATE EXTENSION IF NOT EXISTS "uuid-ossp";  CREATE EXTENSION IF NOT EXISTS pg_stat_statements;



4.1  ic3_system_master
	Column
	Type
	Constraint
	Description

	system_id
	VARCHAR(50)
	PK
	SYS-SCADA-01, SYS-GIS-01, SYS-CMMS-01

	system_name
	VARCHAR(150)
	NOT NULL
	Display name e.g. "SCADA Wonderware InTouch"

	system_category
	VARCHAR(80)
	NOT NULL
	SCADA|GIS|CMMS|CRM|MDM|AI|ERP|HDM|DT|AMI|IOT|CCTV

	protocol
	VARCHAR(80)
	
	REST|OPC-UA|MQTT|WFS|WebSocket|SFTP|MODBUS|LORA

	api_base_url
	VARCHAR(255)
	
	Base endpoint for IC3 outbound calls

	api_version
	VARCHAR(20)
	DEFAULT v1
	

	auth_type
	VARCHAR(50)
	
	OAUTH2|API_KEY|CERT|BASIC|NONE

	owner_department
	VARCHAR(100)
	
	

	vendor_name
	VARCHAR(150)
	
	

	environment
	VARCHAR(30)
	DEFAULT PROD
	PROD|STAGING|DEV|DR

	heartbeat_url
	VARCHAR(255)
	
	Health check endpoint

	last_heartbeat_at
	TIMESTAMP
	
	

	is_active
	BOOLEAN
	DEFAULT TRUE
	FALSE = blocked at API Gateway

	created_at
	TIMESTAMP
	DEFAULT NOW()
	

	updated_at
	TIMESTAMP
	
	



4.2  ic3_location_master
	Column
	Type
	Constraint
	Description

	location_id
	VARCHAR(120)
	PK
	LOC-{CC}-{ST}-{CITY}-{ZONE}-{DMA}

	country_code
	VARCHAR(10)
	NOT NULL
	ISO 3166-1 alpha-2

	state_code
	VARCHAR(20)
	NOT NULL
	

	district_code
	VARCHAR(30)
	
	

	taluk_code
	VARCHAR(30)
	
	Sub-district

	city_code
	VARCHAR(50)
	NOT NULL
	

	ward_code
	VARCHAR(50)
	
	

	zone_id
	VARCHAR(50)
	
	Supply/pressure zone

	dma_id
	VARCHAR(50)
	NOT NULL
	District Metered Area

	sub_dma_id
	VARCHAR(50)
	
	

	pressure_zone_id
	VARCHAR(50)
	
	Hydraulic pressure zone

	supply_zone_id
	VARCHAR(50)
	
	Operational supply zone

	site_id
	VARCHAR(80)
	
	

	site_name
	VARCHAR(150)
	
	

	latitude
	DECIMAL(10,7)
	
	WGS84

	longitude
	DECIMAL(10,7)
	
	WGS84

	elevation_m
	DECIMAL(10,2)
	
	Metres above MSL

	geometry
	GEOMETRY(POINT,4326)
	
	PostGIS point; GIST index

	boundary_geometry
	GEOMETRY(POLYGON,4326)
	
	PostGIS polygon

	resource_path
	TEXT
	
	Hierarchical path for tree navigation

	source_system_id
	VARCHAR(50)
	FK→ic3_system_master
	Always GIS

	created_at
	TIMESTAMP
	DEFAULT NOW()
	

	updated_at
	TIMESTAMP
	
	



4.3  ic3_asset_master
	Column
	Type
	Constraint
	Description

	asset_id
	VARCHAR(120)
	PK
	AST-{TYPE}-{CITY}-{ZONE}-{DMA}-{SEQ}

	ic3_global_id
	VARCHAR(250)
	UNIQUE NOT NULL
	Full IC3 path global identifier

	asset_type
	VARCHAR(80)
	NOT NULL
	PUMP|VALVE|PIPE|RESERVOIR|TANK|METER|SENSOR|FLOWMETER|PRV|BPT|WTP|WWTP|HYDRANT

	asset_category
	VARCHAR(100)
	
	TRANSMISSION|DISTRIBUTION|TREATMENT|STORAGE|METERING|MONITORING

	asset_subtype
	VARCHAR(100)
	
	CENTRIFUGAL, BUTTERFLY, GATE, DI, HDPE, SURFACE etc.

	asset_name
	VARCHAR(200)
	NOT NULL
	

	parent_asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	Hierarchical; motor → pump

	location_id
	VARCHAR(120)
	FK→ic3_location_master
	

	dma_id
	VARCHAR(50)
	NOT NULL
	Denormalised for analytics partitioning

	site_id
	VARCHAR(80)
	
	

	gis_feature_id
	VARCHAR(120)
	
	GIS layer feature ID

	cmms_asset_id
	VARCHAR(120)
	
	CMMS internal number

	scada_asset_ref
	VARCHAR(120)
	
	SCADA equipment reference

	crm_asset_ref
	VARCHAR(120)
	
	CRM service connection ref

	mdm_asset_ref
	VARCHAR(120)
	
	MDM/AMI meter reference

	erp_asset_code
	VARCHAR(120)
	
	ERP fixed asset code

	manufacturer
	VARCHAR(150)
	
	OEM name

	model_no
	VARCHAR(100)
	
	

	serial_no
	VARCHAR(100)
	
	

	install_date
	DATE
	
	

	commissioning_date
	DATE
	
	Date in operational service

	warranty_expiry_date
	DATE
	
	

	design_life_years
	INT
	
	

	replacement_cost
	DECIMAL(18,2)
	
	Current replacement cost

	asset_status
	VARCHAR(40)
	DEFAULT ACTIVE
	ACTIVE|INACTIVE|MAINTENANCE|RETIRED|DECOMMISSIONED

	criticality
	VARCHAR(30)
	NOT NULL
	LOW|MEDIUM|HIGH|CRITICAL

	latitude
	DECIMAL(10,7)
	
	

	longitude
	DECIMAL(10,7)
	
	

	geometry
	GEOMETRY(POINT,4326)
	
	PostGIS; GIST index

	created_at
	TIMESTAMP
	DEFAULT NOW()
	

	updated_at
	TIMESTAMP
	
	



4.4  ic3_parameter_master
	Column
	Type
	Constraint
	Description

	parameter_id
	VARCHAR(100)
	PK
	PARAM-FLOW-M3H etc.

	parameter_code
	VARCHAR(80)
	UNIQUE NOT NULL
	Machine-readable code in tag names / API payloads

	parameter_name
	VARCHAR(150)
	NOT NULL
	e.g. "Volumetric Flow Rate"

	parameter_group
	VARCHAR(100)
	NOT NULL
	FLOW|PRESSURE|LEVEL|QUALITY|ENERGY|STATUS|VIBRATION|TEMPERATURE|DOSE|TURBIDITY|CHLORINE

	unit
	VARCHAR(40)
	NOT NULL
	m³/h, bar, mH₂O, NTU, mg/L, kWh, °C, %

	data_type
	VARCHAR(40)
	NOT NULL
	NUMERIC|BOOLEAN|STRING|ENUM

	decimal_places
	INT
	DEFAULT 3
	Display rounding

	normal_min
	DECIMAL(18,4)
	
	Lower normal range

	normal_max
	DECIMAL(18,4)
	
	Upper normal range

	warning_min
	DECIMAL(18,4)
	
	Below → WARNING

	warning_max
	DECIMAL(18,4)
	
	Above → WARNING

	alarm_min
	DECIMAL(18,4)
	
	Below → ALARM

	alarm_max
	DECIMAL(18,4)
	
	Above → ALARM

	critical_min
	DECIMAL(18,4)
	
	Below → CRITICAL; auto-page on-call

	critical_max
	DECIMAL(18,4)
	
	Above → CRITICAL; auto-page on-call

	is_analytics_input
	BOOLEAN
	DEFAULT FALSE
	Feed to AI/ML feature vectors

	is_kpi_parameter
	BOOLEAN
	DEFAULT FALSE
	Used in KPI calculations

	is_control_parameter
	BOOLEAN
	DEFAULT FALSE
	Can receive setpoint commands

	is_nrw_input
	BOOLEAN
	DEFAULT FALSE
	Used in NRW water balance

	created_at
	TIMESTAMP
	DEFAULT NOW()
	



4.5  ic3_tag_master
	Column
	Type
	Constraint
	Description

	tag_id
	VARCHAR(150)
	PK
	TAG-{ASSETID}-{PARAM}-{SEQ}

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master NOT NULL
	

	parameter_id
	VARCHAR(100)
	FK→ic3_parameter_master
	

	tag_name
	VARCHAR(200)
	NOT NULL
	Human-readable name

	external_tag_ref
	VARCHAR(250)
	
	Native address in source system

	opcua_node_id
	VARCHAR(250)
	
	OPC-UA NodeId

	mqtt_topic
	VARCHAR(250)
	
	MQTT topic path

	modbus_address
	VARCHAR(100)
	
	Register address

	lora_dev_eui
	VARCHAR(50)
	
	LoRaWAN device EUI

	protocol
	VARCHAR(80)
	NOT NULL
	OPC-UA|MQTT|MODBUS|HTTP|LORA|NBIOT|MANUAL

	scan_rate_seconds
	INT
	DEFAULT 60
	Polling interval

	engineering_unit
	VARCHAR(40)
	
	Override from parameter if different

	deadband_pct
	DECIMAL(8,4)
	DEFAULT 0.1
	% change needed to record new value

	quality_required
	BOOLEAN
	DEFAULT TRUE
	Reject UNCERTAIN/BAD from analytics

	is_realtime
	BOOLEAN
	DEFAULT TRUE
	Feeds telemetry_current

	is_historian
	BOOLEAN
	DEFAULT TRUE
	Feeds telemetry_history

	is_nrw_input
	BOOLEAN
	DEFAULT FALSE
	Used in NRW DMA balance calculation

	is_active
	BOOLEAN
	DEFAULT TRUE
	

	source_system_id
	VARCHAR(50)
	FK→ic3_system_master
	

	created_at
	TIMESTAMP
	DEFAULT NOW()
	

	updated_at
	TIMESTAMP
	
	



4.6  GIS Tables
gis_dma_boundary
	Column
	Type
	Constraint
	Description

	dma_id
	VARCHAR(50)
	PK
	Must match ic3_location_master.dma_id

	dma_name
	VARCHAR(150)
	NOT NULL
	

	zone_id
	VARCHAR(50)
	
	Parent zone

	pressure_zone_id
	VARCHAR(50)
	
	

	population_count
	INT
	
	Latest census population

	active_connection_count
	INT
	
	Live metered service connections

	household_count
	INT
	
	

	area_ha
	DECIMAL(12,3)
	
	DMA area in hectares

	avg_elevation_m
	DECIMAL(10,2)
	
	Average elevation

	design_pressure_bar
	DECIMAL(8,3)
	
	Design operating pressure

	geometry
	GEOMETRY(POLYGON,4326)
	NOT NULL
	PostGIS boundary; GIST index

	boundary_status
	VARCHAR(40)
	DEFAULT ACTIVE
	ACTIVE|REVISED|DECOMMISSIONED

	effective_from
	DATE
	NOT NULL
	

	effective_to
	DATE
	
	NULL = active

	source_system_id
	VARCHAR(50)
	FK→ic3_system_master
	

	updated_at
	TIMESTAMP
	
	



gis_network_node
	Column
	Type
	Constraint
	Description

	node_id
	VARCHAR(120)
	PK
	

	node_type
	VARCHAR(80)
	NOT NULL
	JUNCTION|VALVE|PUMP|RESERVOIR|TANK|METER|HYDRANT|PRV|BPT|AIR_VALVE|WASHOUT

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	NULL for schematic junctions

	dma_id
	VARCHAR(50)
	NOT NULL
	

	pressure_zone_id
	VARCHAR(50)
	
	

	elevation_m
	DECIMAL(10,2)
	
	Node elevation for hydraulic model

	design_pressure_bar
	DECIMAL(8,3)
	
	

	geometry
	GEOMETRY(POINT,4326)
	NOT NULL
	GIST index

	is_boundary_node
	BOOLEAN
	DEFAULT FALSE
	DMA inlet/outlet metering point

	is_dma_inlet
	BOOLEAN
	DEFAULT FALSE
	

	is_dma_outlet
	BOOLEAN
	DEFAULT FALSE
	

	node_status
	VARCHAR(40)
	DEFAULT ACTIVE
	



gis_network_link  (Pipe Segments)
	Column
	Type
	Constraint
	Description

	link_id
	VARCHAR(120)
	PK
	

	from_node_id
	VARCHAR(120)
	FK→gis_network_node
	Upstream node

	to_node_id
	VARCHAR(120)
	FK→gis_network_node
	Downstream node

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	pipe_material
	VARCHAR(50)
	
	DI|HDPE|PVC|CI|AC|MS|GI|STEEL|CONC

	diameter_mm
	INT
	
	Internal diameter

	length_m
	DECIMAL(12,3)
	
	Geometric pipe length

	installation_year
	INT
	
	Age-based risk scoring

	condition_grade
	VARCHAR(10)
	
	CCTV/inspection grade A-E

	roughness_coeff
	DECIMAL(10,4)
	
	Hazen-Williams C value

	dma_id
	VARCHAR(50)
	NOT NULL
	

	geometry
	GEOMETRY(LINESTRING,4326)
	NOT NULL
	GIST index

	link_status
	VARCHAR(40)
	DEFAULT ACTIVE
	



gis_topology_event
	Column
	Type
	Constraint
	Description

	event_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	event_type
	VARCHAR(80)
	NOT NULL
	ISOLATION|DMA_REVISION|VALVE_MODE|NEW_CONNECTION|DECOMMISSION|BURST_ISOLATION

	affected_asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	affected_link_id
	VARCHAR(120)
	FK→gis_network_link
	

	affected_dma_id
	VARCHAR(50)
	
	

	event_description
	TEXT
	
	

	event_time
	TIMESTAMP
	NOT NULL
	

	restore_time
	TIMESTAMP
	
	NULL = still active

	operator_id
	VARCHAR(120)
	
	

	work_order_id
	VARCHAR(120)
	FK→cmms_work_order
	

	is_active
	BOOLEAN
	DEFAULT TRUE
	




	5
	SCADA Historian Schema (TimescaleDB)
Real-time telemetry, historian, continuous aggregates, alarm/event store



	TimescaleDB Hypertable Design
telemetry_history and ic3_event_alarm are TimescaleDB hypertables partitioned on event_time with 1-day chunk intervals. Compression policy: compress chunks older than 7 days (COMPRESS BY tag_id ORDER BY event_time DESC). Continuous aggregates compute hourly and daily rollups automatically. Retention: 90-day hot, then export to ADLS and drop.



5.1  telemetry_current  (Redis mirror + PostgreSQL)
	Column
	Type
	Constraint
	Description

	tag_id
	VARCHAR(150)
	PK FK→ic3_tag_master
	One row per active tag; UPSERT on every reading

	asset_id
	VARCHAR(120)
	NOT NULL FK→ic3_asset_master
	Denormalised

	parameter_id
	VARCHAR(100)
	FK→ic3_parameter_master
	

	dma_id
	VARCHAR(50)
	NOT NULL
	Denormalised for DMA dashboard

	value_num
	DECIMAL(18,4)
	
	Numeric reading

	value_text
	VARCHAR(255)
	
	String/enum for status tags

	quality_code
	VARCHAR(50)
	NOT NULL
	GOOD|UNCERTAIN|BAD|SUBSTITUTED|MANUAL

	status_code
	VARCHAR(50)
	
	NORMAL|WARNING|ALARM|CRITICAL|STALE|OFFLINE

	event_time
	TIMESTAMP
	NOT NULL
	Timestamp from field instrument (UTC)

	received_time
	TIMESTAMP
	DEFAULT NOW()
	IC3 receipt timestamp

	latency_ms
	INT
	
	event_time → received_time delta

	source_system_id
	VARCHAR(50)
	FK→ic3_system_master
	



5.2  telemetry_history  (TimescaleDB Hypertable)
	-- Create hypertable partitioned by event_time (1-day chunks)

	SELECT create_hypertable(

	  'telemetry_history', 'event_time',

	  partitioning_column => 'tag_id',

	  number_partitions => 8,

	  chunk_time_interval => INTERVAL '1 day'

	);

	

	-- Compression: segment by tag_id, order by event_time DESC

	ALTER TABLE telemetry_history SET (

	  timescaledb.compress,

	  timescaledb.compress_segmentby = 'tag_id',

	  timescaledb.compress_orderby = 'event_time DESC'

	);

	SELECT add_compression_policy('telemetry_history', INTERVAL '7 days');

	SELECT add_retention_policy('telemetry_history', INTERVAL '90 days');



	Column
	Type
	Constraint
	Description

	reading_id
	UUID
	DEFAULT gen_random_uuid()
	

	tag_id
	VARCHAR(150)
	NOT NULL FK→ic3_tag_master
	

	asset_id
	VARCHAR(120)
	NOT NULL
	Denormalised for asset queries

	parameter_id
	VARCHAR(100)
	
	

	dma_id
	VARCHAR(50)
	NOT NULL
	Denormalised for DMA queries

	value_num
	DECIMAL(18,4)
	
	

	value_text
	VARCHAR(255)
	
	

	quality_code
	VARCHAR(50)
	NOT NULL DEFAULT GOOD
	GOOD|UNCERTAIN|BAD|SUBSTITUTED|MANUAL

	status_code
	VARCHAR(50)
	
	NORMAL|WARNING|ALARM|CRITICAL|STALE

	sequence_no
	BIGINT
	
	Monotonic RTU sequence (gap detection)

	event_time
	TIMESTAMP
	NOT NULL
	Hypertable partition key

	received_time
	TIMESTAMP
	DEFAULT NOW()
	

	latency_ms
	INT
	
	

	source_system_id
	VARCHAR(50)
	
	



5.3  Continuous Aggregates
	-- Hourly rollup: min/max/avg/count per tag

	CREATE MATERIALIZED VIEW telemetry_hourly

	WITH (timescaledb.continuous) AS

	SELECT

	  time_bucket('1 hour', event_time) AS hour,

	  tag_id, asset_id, dma_id,

	  AVG(value_num)   AS avg_val,

	  MIN(value_num)   AS min_val,

	  MAX(value_num)   AS max_val,

	  COUNT(*)         AS reading_count,

	  SUM(CASE WHEN quality_code = 'GOOD' THEN 1 ELSE 0 END) AS good_count

	FROM telemetry_history WHERE value_num IS NOT NULL

	GROUP BY 1,2,3,4 WITH NO DATA;

	

	SELECT add_continuous_aggregate_policy('telemetry_hourly',

	  start_offset => INTERVAL '3 hours',

	  end_offset   => INTERVAL '1 hour',

	  schedule_interval => INTERVAL '1 hour');

	

	-- Daily rollup

	CREATE MATERIALIZED VIEW telemetry_daily WITH (timescaledb.continuous) AS

	SELECT

	  time_bucket('1 day', event_time) AS day,

	  tag_id, asset_id, dma_id,

	  AVG(value_num) AS avg_val, MIN(value_num) AS min_val,

	  MAX(value_num) AS max_val, COUNT(*) AS reading_count,

	  AVG(CASE WHEN quality_code='GOOD' THEN 1.0 ELSE 0.0 END) AS data_quality_pct

	FROM telemetry_history WHERE value_num IS NOT NULL GROUP BY 1,2,3,4 WITH NO DATA;



5.4  ic3_event_alarm  (TimescaleDB Hypertable)
	Column
	Type
	Constraint
	Description

	event_id
	UUID
	DEFAULT gen_random_uuid()
	

	event_code
	VARCHAR(100)
	NOT NULL
	Structured code: ALARM-PUMP-TRIP-001

	event_type
	VARCHAR(80)
	NOT NULL
	ALARM|BURST|LEAK|TAMPER|TRIP|QUALITY|POWER|SECURITY|AI_ALERT|MANUAL|SCADA

	severity
	VARCHAR(30)
	NOT NULL
	LOW|MEDIUM|HIGH|CRITICAL

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	tag_id
	VARCHAR(150)
	FK→ic3_tag_master
	NULL for non-telemetry events

	location_id
	VARCHAR(120)
	FK→ic3_location_master
	

	dma_id
	VARCHAR(50)
	NOT NULL
	

	event_message
	TEXT
	
	Human-readable description

	event_value
	DECIMAL(18,4)
	
	Value that triggered alarm

	threshold_value
	DECIMAL(18,4)
	
	Threshold exceeded

	event_time
	TIMESTAMP
	NOT NULL
	Hypertable partition key

	auto_wo_raised
	BOOLEAN
	DEFAULT FALSE
	

	linked_work_order_id
	VARCHAR(120)
	FK→cmms_work_order
	

	acknowledged_by
	VARCHAR(100)
	
	

	acknowledged_time
	TIMESTAMP
	
	

	closed_time
	TIMESTAMP
	
	

	status
	VARCHAR(40)
	DEFAULT OPEN
	OPEN|ACKNOWLEDGED|IN_PROGRESS|CLOSED|SUPPRESSED

	suppression_reason
	TEXT
	
	

	source_system_id
	VARCHAR(50)
	FK→ic3_system_master
	




	6
	MDM / HES Schema
Smart meter master data, readings, AMI head-end events, and leak/tamper flags



6.1  mdm_meter_master
	Column
	Type
	Constraint
	Description

	meter_id
	VARCHAR(120)
	PK
	MTR-{DMA}-{SEQ(5)}

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	Physical meter asset

	customer_id
	VARCHAR(120)
	FK→crm_customer_master
	Current account holder

	service_connection_id
	VARCHAR(120)
	FK→crm_service_connection
	

	dma_id
	VARCHAR(50)
	NOT NULL
	

	meter_type
	VARCHAR(80)
	
	AMI|MECHANICAL|BULK|PREPAID|DISTRICT|INDUSTRIAL

	meter_size_mm
	INT
	
	Nominal diameter

	serial_no
	VARCHAR(100)
	
	Manufacturer serial

	manufacturer
	VARCHAR(100)
	
	Itron|Landis+Gyr|Kamstrup|Sensus

	model_no
	VARCHAR(100)
	
	

	communication_type
	VARCHAR(50)
	
	LoRaWAN|NB-IoT|RF_MESH|PLC|GPRS|WALK-BY

	frequency_mhz
	DECIMAL(8,3)
	
	RF frequency for mesh meters

	install_date
	DATE
	
	

	last_read_time
	TIMESTAMP
	
	

	meter_status
	VARCHAR(40)
	DEFAULT ACTIVE
	ACTIVE|INACTIVE|FAULTY|REPLACED|REMOVED

	hes_device_id
	VARCHAR(100)
	
	HES internal device ID



6.2  mdm_meter_reading  (TimescaleDB Hypertable)
	SELECT create_hypertable('mdm_meter_reading', 'reading_time',

	  partitioning_column => 'dma_id', number_partitions => 8,

	  chunk_time_interval => INTERVAL '1 day');

	SELECT add_compression_policy('mdm_meter_reading', INTERVAL '7 days');

	SELECT add_retention_policy('mdm_meter_reading', INTERVAL '90 days');



	Column
	Type
	Constraint
	Description

	reading_id
	UUID
	DEFAULT gen_random_uuid()
	

	meter_id
	VARCHAR(120)
	NOT NULL FK→mdm_meter_master
	

	customer_id
	VARCHAR(120)
	FK→crm_customer_master
	Denormalised for billing

	dma_id
	VARCHAR(50)
	NOT NULL
	Denormalised for NRW aggregation

	reading_time
	TIMESTAMP
	NOT NULL  (partition key)
	UTC meter clock timestamp

	cumulative_volume_m3
	DECIMAL(18,4)
	
	Total forwarded volume since install

	interval_volume_m3
	DECIMAL(18,4)
	
	Volume in current 15-min interval

	flow_rate_m3h
	DECIMAL(18,4)
	
	Instantaneous flow

	reverse_flow_vol_m3
	DECIMAL(18,4)
	
	Potential back-siphon

	battery_voltage
	DECIMAL(10,3)
	
	Battery state

	signal_strength_dbm
	DECIMAL(10,3)
	
	RF signal quality

	tamper_flag
	BOOLEAN
	DEFAULT FALSE
	Physical tamper detected

	reverse_flow_flag
	BOOLEAN
	DEFAULT FALSE
	

	no_flow_flag
	BOOLEAN
	DEFAULT FALSE
	Zero flow > threshold

	leak_flag
	BOOLEAN
	DEFAULT FALSE
	MNF sustained minimum night flow

	meter_error_code
	VARCHAR(50)
	
	HES error classification

	quality_code
	VARCHAR(50)
	
	GOOD|ESTIMATED|MANUAL|SUSPECT|MISSING

	source_system_id
	VARCHAR(50)
	
	



6.3  mdm_ami_event
	Column
	Type
	Constraint
	Description

	ami_event_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	meter_id
	VARCHAR(120)
	FK→mdm_meter_master
	

	dma_id
	VARCHAR(50)
	NOT NULL
	

	event_type
	VARCHAR(80)
	NOT NULL
	TAMPER|LOW_BATTERY|COMM_FAILURE|METER_ERROR|LEAK_DETECTED|EMPTY_PIPE|BACKFLOW|FREEZE

	event_severity
	VARCHAR(30)
	NOT NULL
	LOW|MEDIUM|HIGH|CRITICAL

	event_payload
	JSONB
	
	Raw HES event payload

	event_time
	TIMESTAMP
	NOT NULL
	

	resolved_time
	TIMESTAMP
	
	

	status
	VARCHAR(40)
	DEFAULT OPEN
	OPEN|ACKNOWLEDGED|RESOLVED|IGNORED

	linked_work_order_id
	VARCHAR(120)
	FK→cmms_work_order
	




	7
	CMMS Integration Schema
Work orders, PM schedules, inspection records, spare parts, SLA tracking



7.1  cmms_work_order
	Column
	Type
	Constraint
	Description

	work_order_id
	VARCHAR(120)
	PK
	WO-{YYYY}-{SEQ(6)}

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	location_id
	VARCHAR(120)
	FK→ic3_location_master
	

	dma_id
	VARCHAR(50)
	NOT NULL
	

	source_event_id
	UUID
	FK→ic3_event_alarm
	Alarm trigger

	source_sr_id
	VARCHAR(120)
	FK→crm_service_request
	Customer complaint trigger

	source_ai_prediction_id
	UUID
	FK→ai_prediction_result
	AI prediction trigger

	wo_type
	VARCHAR(80)
	NOT NULL
	CORRECTIVE|PREVENTIVE|PREDICTIVE|EMERGENCY|INSPECTION|CAPITAL

	priority
	VARCHAR(30)
	NOT NULL
	P1-EMERGENCY|P2-URGENT|P3-HIGH|P4-NORMAL|P5-LOW

	status
	VARCHAR(40)
	DEFAULT OPEN
	OPEN|ASSIGNED|IN_PROGRESS|ON_HOLD|PENDING_PARTS|COMPLETED|CANCELLED|ESCALATED

	fault_code
	VARCHAR(100)
	
	Structured fault taxonomy (ISO 14224)

	description
	TEXT
	NOT NULL
	

	failure_mode
	VARCHAR(150)
	
	Root cause classification

	failure_cause
	VARCHAR(150)
	
	

	assigned_team
	VARCHAR(150)
	
	

	assigned_technician
	VARCHAR(150)
	
	

	planned_start_time
	TIMESTAMP
	
	

	actual_start_time
	TIMESTAMP
	
	

	completed_time
	TIMESTAMP
	
	

	sla_due_time
	TIMESTAMP
	
	From priority SLA matrix

	sla_breached
	BOOLEAN
	DEFAULT FALSE
	Set if completed_time > sla_due_time

	response_time_minutes
	INT
	
	Actual response vs SLA

	resolution_time_minutes
	INT
	
	Total clock minutes open

	labour_hours
	DECIMAL(8,2)
	
	

	parts_cost
	DECIMAL(18,2)
	
	From cmms_spare_parts

	total_cost
	DECIMAL(18,2)
	
	labour + parts + contractor

	closure_notes
	TEXT
	
	

	geo_location
	GEOMETRY(POINT,4326)
	
	GPS at time of work

	created_time
	TIMESTAMP
	DEFAULT NOW()
	

	updated_time
	TIMESTAMP
	
	



7.2  cmms_pm_schedule  &  cmms_inspection_record
cmms_pm_schedule
	Column
	Type
	Constraint
	Description

	pm_schedule_id
	VARCHAR(120)
	PK
	

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	pm_type
	VARCHAR(80)
	NOT NULL
	INSPECTION|LUBRICATION|CALIBRATION|OVERHAUL|CLEANING|REPLACEMENT|TESTING

	frequency_type
	VARCHAR(40)
	NOT NULL
	DAILY|WEEKLY|MONTHLY|QUARTERLY|ANNUAL|RUN_HOURS|CONDITION_BASED

	frequency_value
	INT
	
	e.g. every 500 run hours

	last_pm_date
	DATE
	
	

	next_due_date
	DATE
	
	Triggers WO generation

	lead_days
	INT
	DEFAULT 7
	WO raised this many days before due

	estimated_hours
	DECIMAL(8,2)
	
	Labour estimate

	assigned_team
	VARCHAR(150)
	
	

	status
	VARCHAR(40)
	DEFAULT ACTIVE
	ACTIVE|SUSPENDED|DEACTIVATED

	pm_procedure_doc
	VARCHAR(255)
	
	Link to procedure document URL



cmms_inspection_record  &  cmms_spare_parts
	Column
	Type
	Constraint
	Description

	inspection_id (PK)
	UUID
	cmms_inspection_record
	gen_random_uuid()

	work_order_id
	VARCHAR(120)
	FK→cmms_work_order
	

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	inspection_time
	TIMESTAMP
	NOT NULL
	

	parameter_id
	VARCHAR(100)
	FK→ic3_parameter_master
	What was measured

	observed_value
	DECIMAL(18,4)
	
	

	result_status
	VARCHAR(40)
	NOT NULL
	PASS|FAIL|WARNING|N/A

	remarks
	TEXT
	
	

	photo_urls
	TEXT
	
	ADLS photo URLs comma-separated

	---
	
	
	

	part_id (PK)
	UUID
	cmms_spare_parts
	gen_random_uuid()

	work_order_id
	VARCHAR(120)
	FK→cmms_work_order
	

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	part_code
	VARCHAR(100)
	NOT NULL
	ERP/store part number

	part_name
	VARCHAR(200)
	NOT NULL
	

	quantity_used
	DECIMAL(10,3)
	NOT NULL
	

	unit_cost
	DECIMAL(18,2)
	
	

	total_cost
	DECIMAL(18,2)
	
	quantity × unit_cost

	erp_po_id
	VARCHAR(120)
	FK→erp_purchase_order
	

	used_time
	TIMESTAMP
	NOT NULL
	




	8
	CRM Integration Schema
Customer master, service connections, complaints, SLA, notifications



8.1  crm_customer_master
	Column
	Type
	Constraint
	Description

	customer_id
	VARCHAR(120)
	PK
	CUST-{YYYY}-{SEQ(6)}

	customer_name
	VARCHAR(200)
	NOT NULL
	

	customer_type
	VARCHAR(80)
	NOT NULL
	DOMESTIC|COMMERCIAL|INDUSTRIAL|INSTITUTIONAL|BULK|STANDPOST

	mobile_no
	VARCHAR(30)
	
	

	alt_mobile_no
	VARCHAR(30)
	
	

	email_id
	VARCHAR(150)
	
	

	billing_address
	TEXT
	
	

	service_address
	TEXT
	
	

	dma_id
	VARCHAR(50)
	NOT NULL
	Primary service DMA

	ward_code
	VARCHAR(50)
	
	

	account_status
	VARCHAR(40)
	DEFAULT ACTIVE
	ACTIVE|SUSPENDED|DISCONNECTED|CLOSED

	preferred_language
	VARCHAR(20)
	DEFAULT en
	For notifications

	notification_consent
	BOOLEAN
	DEFAULT TRUE
	SMS/email consent

	billing_cycle
	VARCHAR(20)
	DEFAULT MONTHLY
	MONTHLY|BIMONTHLY|QUARTERLY

	tariff_category
	VARCHAR(80)
	
	

	created_at
	TIMESTAMP
	DEFAULT NOW()
	

	updated_at
	TIMESTAMP
	
	



8.2  crm_service_connection
	Column
	Type
	Constraint
	Description

	service_connection_id
	VARCHAR(120)
	PK
	

	customer_id
	VARCHAR(120)
	FK→crm_customer_master
	

	meter_id
	VARCHAR(120)
	FK→mdm_meter_master
	

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	dma_id
	VARCHAR(50)
	NOT NULL
	

	connection_type
	VARCHAR(80)
	
	RESIDENTIAL|COMMERCIAL|INDUSTRIAL|STANDPOST|IRRIGATION

	connection_size_mm
	INT
	
	Pipe connection diameter

	tariff_category
	VARCHAR(80)
	
	Billing tariff

	approved_flow_m3h
	DECIMAL(10,3)
	
	Sanctioned flow

	connection_status
	VARCHAR(40)
	DEFAULT ACTIVE
	

	start_date
	DATE
	NOT NULL
	

	end_date
	DATE
	
	NULL = active

	geometry
	GEOMETRY(POINT,4326)
	
	GPS of connection point



8.3  crm_service_request  &  crm_notification_log
crm_service_request
	Column
	Type
	Constraint
	Description

	service_request_id
	VARCHAR(120)
	PK
	SR-{YYYY}-{SEQ(6)}

	customer_id
	VARCHAR(120)
	FK→crm_customer_master
	

	meter_id
	VARCHAR(120)
	FK→mdm_meter_master
	

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	dma_id
	VARCHAR(50)
	NOT NULL
	

	complaint_category
	VARCHAR(100)
	NOT NULL
	NO_SUPPLY|LOW_PRESSURE|WATER_QUALITY|BILLING|LEAK|METER_FAULT|PIPE_BURST|CONTAMINATION|OTHER

	complaint_description
	TEXT
	NOT NULL
	

	priority
	VARCHAR(30)
	NOT NULL
	P1-CRITICAL|P2-HIGH|P3-NORMAL|P4-LOW

	channel
	VARCHAR(50)
	
	PORTAL|APP|CALL_CENTRE|IVR|WALK_IN|SOCIAL_MEDIA|EMAIL

	status
	VARCHAR(40)
	DEFAULT OPEN
	OPEN|ASSIGNED|IN_PROGRESS|RESOLVED|CLOSED|ESCALATED|DUPLICATE

	submitted_time
	TIMESTAMP
	NOT NULL
	

	assigned_team
	VARCHAR(150)
	
	

	resolved_time
	TIMESTAMP
	
	

	linked_work_order_id
	VARCHAR(120)
	FK→cmms_work_order
	

	sla_due_time
	TIMESTAMP
	
	From complaint_category SLA matrix

	sla_breached
	BOOLEAN
	DEFAULT FALSE
	

	customer_satisfaction_score
	INT
	CHECK(1-5)
	1-5 star rating on closure

	geo_location
	GEOMETRY(POINT,4326)
	
	GPS location of complaint

	created_at
	TIMESTAMP
	DEFAULT NOW()
	



crm_notification_log
	Column
	Type
	Constraint
	Description

	notification_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	customer_id
	VARCHAR(120)
	FK→crm_customer_master
	

	service_request_id
	VARCHAR(120)
	FK→crm_service_request
	

	notification_type
	VARCHAR(80)
	NOT NULL
	SMS|EMAIL|APP_PUSH|IVR|WHATSAPP|PORTAL

	template_code
	VARCHAR(100)
	
	Message template ID

	message_body
	TEXT
	
	

	trigger_event
	VARCHAR(100)
	
	What triggered this notification

	sent_time
	TIMESTAMP
	NOT NULL
	

	delivery_status
	VARCHAR(40)
	
	SENT|DELIVERED|FAILED|BOUNCED|PENDING

	delivery_time
	TIMESTAMP
	
	

	provider
	VARCHAR(80)
	
	SMS/email gateway provider




	9
	ERP / Finance Schema
Procurement, asset depreciation, cost centres, and contractor management



9.1  erp_purchase_order  &  erp_cost_centre  &  erp_asset_depreciation
	Column
	Type
	Constraint
	Description

	po_id (PK)
	VARCHAR(120)
	erp_purchase_order
	ERP purchase order number

	work_order_id
	VARCHAR(120)
	FK→cmms_work_order
	

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	vendor_id
	VARCHAR(120)
	
	ERP vendor master ID

	vendor_name
	VARCHAR(200)
	
	

	po_date
	DATE
	NOT NULL
	

	po_amount
	DECIMAL(18,2)
	NOT NULL
	

	currency_code
	VARCHAR(10)
	DEFAULT INR
	

	po_status
	VARCHAR(40)
	
	APPROVED|DISPATCHED|RECEIVED|CLOSED|CANCELLED

	cost_centre_id
	VARCHAR(80)
	FK→erp_cost_centre
	

	erp_synced_at
	TIMESTAMP
	
	

	---
	
	
	

	cost_centre_id (PK)
	VARCHAR(80)
	erp_cost_centre
	ERP cost centre code

	centre_name
	VARCHAR(150)
	NOT NULL
	

	dma_id
	VARCHAR(50)
	
	Associated DMA

	---
	
	
	

	depreciation_id (PK)
	UUID
	erp_asset_depreciation
	

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	financial_year
	VARCHAR(10)
	NOT NULL
	e.g. 2025-26

	opening_book_value
	DECIMAL(18,2)
	
	

	depreciation_amount
	DECIMAL(18,2)
	
	

	closing_book_value
	DECIMAL(18,2)
	
	

	depreciation_method
	VARCHAR(50)
	
	SLM|WDV

	erp_synced_at
	TIMESTAMP
	
	




	10
	NRW Calculation Engine Schema
Water balance, burst/leak heatmap, ILI, MNF, LPCD calculations



	NRW Calculation Logic
NRW = System Input Volume − Authorised Consumption. System Input = Σ(DMA inlet meters) − Σ(DMA outlet meters). Real Loss = NRW − Apparent Loss. ILI = CARL / UARL. MNF = minimum night flow between 02:00–04:00. Calculations run every 15 minutes per DMA via continuous aggregates.



10.1  nrw_dma_water_balance
	Column
	Type
	Constraint
	Description

	balance_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	dma_id
	VARCHAR(50)
	NOT NULL
	

	balance_period
	VARCHAR(20)
	NOT NULL
	DAILY|15MIN|HOURLY

	period_start
	TIMESTAMP
	NOT NULL
	

	period_end
	TIMESTAMP
	NOT NULL
	

	calculation_date
	DATE
	NOT NULL
	

	inlet_volume_m3
	DECIMAL(18,4)
	NOT NULL
	Σ(inlet bulk meter readings)

	outlet_volume_m3
	DECIMAL(18,4)
	
	Σ(outlet/inter-DMA transfer meters)

	net_input_volume_m3
	DECIMAL(18,4)
	
	inlet − outlet

	billed_consumption_m3
	DECIMAL(18,4)
	
	Σ(customer meter readings)

	authorized_unbilled_m3
	DECIMAL(18,4)
	
	Fire fighting, flushing, standposts

	apparent_loss_m3
	DECIMAL(18,4)
	
	Meter under-registration + data errors

	real_loss_m3
	DECIMAL(18,4)
	
	Physical leakage and bursts

	nrw_volume_m3
	DECIMAL(18,4)
	
	net_input − billed − authorized_unbilled

	nrw_percentage
	DECIMAL(8,4)
	NOT NULL
	(nrw_volume / net_input) × 100

	min_night_flow_m3h
	DECIMAL(18,4)
	
	MNF 02:00–04:00 local time

	night_flow_per_connection
	DECIMAL(18,4)
	
	MNF per service connection (l/conn/hr)

	infrastructure_leakage_index
	DECIMAL(10,4)
	
	ILI = CARL / UARL

	active_connections
	INT
	
	

	population_count
	INT
	
	

	lpcd
	DECIMAL(18,4)
	
	Litres per capita per day

	supply_hours
	DECIMAL(8,2)
	
	Hours of supply in period

	metering_coverage_pct
	DECIMAL(8,3)
	
	% connections with active AMI meters

	data_completeness_pct
	DECIMAL(5,2)
	
	0-100 data quality confidence

	inlet_tag_count
	INT
	
	Number of inlet tags used

	customer_meter_count
	INT
	
	Number of customer readings used

	calculated_at
	TIMESTAMP
	DEFAULT NOW()
	



10.2  NRW Live View SQL
	CREATE OR REPLACE VIEW vw_nrw_live_dma AS

	WITH inlet AS (

	  SELECT t.dma_id,

	    SUM(CASE WHEN th.is_nrw_input AND a.asset_type='FLOWMETER'

	            AND n.is_dma_inlet THEN t.value_num ELSE 0 END) AS inlet_m3h

	  FROM telemetry_current t

	  JOIN ic3_tag_master th ON t.tag_id=th.tag_id

	  JOIN ic3_asset_master a ON t.asset_id=a.asset_id

	  JOIN gis_network_node n ON a.asset_id=n.asset_id

	  GROUP BY t.dma_id

	), customer AS (

	  SELECT dma_id, SUM(interval_volume_m3) AS billed_m3_15min

	  FROM mdm_meter_reading

	  WHERE reading_time >= NOW() - INTERVAL '15 minutes'

	  GROUP BY dma_id

	)

	SELECT i.dma_id, d.dma_name,

	  ROUND((i.inlet_m3h*0.25)::numeric,3)            AS inlet_m3,

	  ROUND(COALESCE(c.billed_m3_15min,0)::numeric,3) AS billed_m3,

	  ROUND((i.inlet_m3h*0.25 - COALESCE(c.billed_m3_15min,0))::numeric,3) AS nrw_m3,

	  CASE WHEN i.inlet_m3h*0.25 > 0

	    THEN ROUND(((i.inlet_m3h*0.25-COALESCE(c.billed_m3_15min,0))

	      /(i.inlet_m3h*0.25)*100)::numeric,2)

	    ELSE NULL END AS nrw_pct,

	  NOW() AS calculated_at

	FROM inlet i

	LEFT JOIN customer c ON i.dma_id=c.dma_id

	JOIN gis_dma_boundary d ON i.dma_id=d.dma_id;



10.3  nrw_burst_leak_heatmap
	Column
	Type
	Constraint
	Description

	heatmap_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	event_id
	UUID
	FK→ic3_event_alarm
	

	dma_id
	VARCHAR(50)
	NOT NULL
	

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	pipe_id
	VARCHAR(120)
	FK→gis_network_link
	Affected pipe segment

	event_type
	VARCHAR(50)
	NOT NULL
	BURST|LEAK|BLOCKAGE|PRESSURE_ANOMALY|MNF_SPIKE

	risk_weight
	DECIMAL(8,4)
	
	Weighted score for heatmap rendering

	water_loss_litres
	DECIMAL(18,4)
	
	Estimated total water lost

	repair_duration_hours
	DECIMAL(10,2)
	
	Detection-to-repair clock

	cost_water_loss
	DECIMAL(18,2)
	
	Water loss cost at tariff rate

	event_date
	DATE
	NOT NULL
	

	geometry
	GEOMETRY(POINT,4326)
	
	Incident GPS for map overlay




	11
	Hydraulic Model Schema
Scenario management, simulation results, calibration logs, demand patterns



11.1  hm_scenario
	Column
	Type
	Constraint
	Description

	scenario_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	scenario_name
	VARCHAR(200)
	NOT NULL
	

	model_type
	VARCHAR(80)
	NOT NULL
	BASELINE|BURST_SIM|PRESSURE_MGMT|DEMAND_FORECAST|SHUTDOWN|WHAT_IF|CALIBRATION

	model_software
	VARCHAR(80)
	
	WaterGEMS|EPANET|WaterCAD|InfoWorks|MIKE_NET

	model_version
	VARCHAR(50)
	
	Model file version string

	dma_id
	VARCHAR(50)
	
	NULL = system-wide scenario

	simulation_start_time
	TIMESTAMP
	
	

	simulation_end_time
	TIMESTAMP
	
	

	time_step_minutes
	INT
	DEFAULT 60
	

	demand_pattern_id
	VARCHAR(100)
	FK→hm_demand_pattern
	

	calibration_run_id
	UUID
	FK→hm_calibration_log
	

	created_by
	VARCHAR(100)
	NOT NULL
	

	created_at
	TIMESTAMP
	DEFAULT NOW()
	

	scenario_status
	VARCHAR(40)
	DEFAULT PENDING
	PENDING|RUNNING|COMPLETED|FAILED|ARCHIVED

	trigger_type
	VARCHAR(50)
	
	SCHEDULED|ON_DEMAND|ALARM_TRIGGERED|AI_TRIGGERED

	notes
	TEXT
	
	



11.2  hm_result  (Node and Link Results)
	Column
	Type
	Constraint
	Description

	result_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	scenario_id
	UUID
	FK→hm_scenario NOT NULL
	

	result_type
	VARCHAR(20)
	NOT NULL
	NODE|LINK

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	node_id
	VARCHAR(120)
	FK→gis_network_node
	

	link_id
	VARCHAR(120)
	FK→gis_network_link
	

	simulation_time
	TIMESTAMP
	NOT NULL
	Timestep in simulation

	model_pressure_bar
	DECIMAL(18,4)
	
	Simulated nodal pressure

	observed_pressure_bar
	DECIMAL(18,4)
	
	SCADA measured (calibration)

	model_flow_m3h
	DECIMAL(18,4)
	
	Simulated pipe flow

	observed_flow_m3h
	DECIMAL(18,4)
	
	SCADA measured

	headloss_m
	DECIMAL(18,4)
	
	Pipe headloss

	velocity_ms
	DECIMAL(18,4)
	
	Pipe velocity

	residual_error
	DECIMAL(18,4)
	
	model − observed

	anomaly_score
	DECIMAL(8,4)
	
	Deviation from baseline (AI input)



11.3  hm_calibration_log  &  hm_demand_pattern
	Column
	Type
	Constraint
	Description

	calibration_id (PK)
	UUID
	hm_calibration_log
	gen_random_uuid()

	calibration_date
	DATE
	NOT NULL
	

	calibrated_by
	VARCHAR(150)
	
	

	method
	VARCHAR(100)
	
	SCADA_FIT|FIELD_SURVEY|GENETIC_ALGORITHM|MANUAL

	rmse_pressure
	DECIMAL(10,4)
	
	Root mean square error — pressure

	rmse_flow
	DECIMAL(10,4)
	
	Root mean square error — flow

	r_squared
	DECIMAL(8,6)
	
	Overall model fit

	roughness_adjustments
	JSONB
	
	Map of link_id → adjusted C value

	---
	
	
	

	demand_pattern_id (PK)
	VARCHAR(100)
	hm_demand_pattern
	

	pattern_name
	VARCHAR(150)
	NOT NULL
	e.g. "Weekday Domestic 2026"

	dma_id
	VARCHAR(50)
	
	

	pattern_type
	VARCHAR(50)
	
	DOMESTIC|INDUSTRIAL|COMMERCIAL|SEASONAL

	hourly_factors
	JSONB
	
	24-element array of hourly demand multipliers

	peak_factor
	DECIMAL(8,4)
	
	Maximum hourly factor

	effective_from
	DATE
	
	

	effective_to
	DATE
	
	NULL = active




	12
	Digital Twin Schema
Asset state replicas, temporal state history, what-if simulation states



12.1  dt_object
	Column
	Type
	Constraint
	Description

	twin_object_id
	VARCHAR(150)
	PK
	DT-{ASSETID}

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master UNIQUE
	One twin per physical asset

	object_type
	VARCHAR(80)
	NOT NULL
	PUMP|PIPE|VALVE|DMA|RESERVOIR|TANK|WTP|NETWORK_ZONE

	current_state
	VARCHAR(80)
	
	RUNNING|STOPPED|FAULT|STANDBY|ISOLATED|UNKNOWN

	operational_mode
	VARCHAR(80)
	
	AUTO|MANUAL|MAINTENANCE|SIMULATION

	health_score
	DECIMAL(5,2)
	
	0 (critical) to 100 (excellent)

	risk_level
	VARCHAR(30)
	
	LOW|MEDIUM|HIGH|CRITICAL

	live_pressure_bar
	DECIMAL(18,4)
	
	Latest synced pressure

	live_flow_m3h
	DECIMAL(18,4)
	
	Latest synced flow

	live_level_m
	DECIMAL(18,4)
	
	Latest synced tank/reservoir level

	live_speed_rpm
	DECIMAL(10,2)
	
	Pump speed

	live_power_kw
	DECIMAL(10,2)
	
	Pump power draw

	cumulative_run_hours
	DECIMAL(12,2)
	
	Total operating hours (triggers PM)

	last_sync_time
	TIMESTAMP
	
	Timestamp of last telemetry sync

	sync_latency_ms
	INT
	
	Target < 1000 ms

	model_node_id
	VARCHAR(120)
	FK→gis_network_node
	Linked hydraulic model node

	simulation_mode
	BOOLEAN
	DEFAULT FALSE
	TRUE = what-if scenario active

	version
	INT
	DEFAULT 1
	Schema version for twin type

	is_active
	BOOLEAN
	DEFAULT TRUE
	

	updated_at
	TIMESTAMP
	DEFAULT NOW()
	



12.2  dt_state_history  (TimescaleDB Hypertable)
	Column
	Type
	Constraint
	Description

	state_id
	UUID
	DEFAULT gen_random_uuid()
	

	twin_object_id
	VARCHAR(150)
	FK→dt_object NOT NULL
	

	state_time
	TIMESTAMP
	NOT NULL  (partition key)
	

	state_payload
	JSONB
	NOT NULL
	Full state snapshot — all live values and flags

	health_score_snapshot
	DECIMAL(5,2)
	
	Denormalised for analytics without JSON parse

	trigger_type
	VARCHAR(80)
	
	TELEMETRY|ALARM|WORK_ORDER|MODEL_RUN|MANUAL|SCHEDULE

	trigger_event_id
	UUID
	FK→ic3_event_alarm
	

	source_system_id
	VARCHAR(50)
	FK→ic3_system_master
	



12.3  dt_simulation_state
	Column
	Type
	Constraint
	Description

	sim_state_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	twin_object_id
	VARCHAR(150)
	FK→dt_object
	

	scenario_id
	UUID
	FK→hm_scenario
	Linked hydraulic model scenario

	sim_time
	TIMESTAMP
	NOT NULL
	Simulation clock timestamp

	sim_pressure_bar
	DECIMAL(18,4)
	
	

	sim_flow_m3h
	DECIMAL(18,4)
	
	

	sim_state
	VARCHAR(80)
	
	Simulated operational state

	delta_pressure
	DECIMAL(18,4)
	
	sim − live (model validation)

	delta_flow
	DECIMAL(18,4)
	
	

	notes
	TEXT
	
	




	13
	AI / Analytics Schema
Model registry, health scores, feature store, prediction results



13.1  ai_model_registry
	Column
	Type
	Constraint
	Description

	model_id
	VARCHAR(100)
	PK
	

	model_name
	VARCHAR(200)
	NOT NULL
	

	model_version
	VARCHAR(50)
	NOT NULL
	

	model_type
	VARCHAR(80)
	NOT NULL
	ANOMALY_DETECTION|FAILURE_PREDICTION|LEAK_DETECTION|DEMAND_FORECAST|NRW_PREDICTION|WATER_QUALITY|ENERGY_OPTIMISATION

	framework
	VARCHAR(50)
	
	scikit-learn|PyTorch|TensorFlow|XGBoost|ONNX

	target_asset_types
	TEXT
	
	Comma-separated asset types

	input_features
	JSONB
	
	Feature list with data types

	output_schema
	JSONB
	
	Output column definitions

	training_data_from
	DATE
	
	Training window start

	training_data_to
	DATE
	
	Training window end

	accuracy_metric
	DECIMAL(8,4)
	
	AUC-ROC, F1, MAE depending on type

	precision_at_k
	DECIMAL(8,4)
	
	Precision at top-K predictions

	recall_at_k
	DECIMAL(8,4)
	
	

	model_artifact_url
	VARCHAR(255)
	
	Azure ML model registry URL

	is_active
	BOOLEAN
	DEFAULT TRUE
	One active version per model_name

	deployed_at
	TIMESTAMP
	
	

	deployed_by
	VARCHAR(100)
	
	

	retired_at
	TIMESTAMP
	
	NULL = in production



13.2  ai_feature_store
	Column
	Type
	Constraint
	Description

	feature_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	entity_type
	VARCHAR(50)
	NOT NULL
	ASSET|DMA|METER|PIPE

	entity_id
	VARCHAR(150)
	NOT NULL
	asset_id, dma_id, meter_id, or link_id

	feature_set_name
	VARCHAR(100)
	NOT NULL
	e.g. PUMP_HEALTH_FEATURES_7D

	feature_window_start
	TIMESTAMP
	NOT NULL
	

	feature_window_end
	TIMESTAMP
	NOT NULL
	

	features
	JSONB
	NOT NULL
	{"avg_flow_7d":12.3,"vibration_p95":0.8,...}

	feature_version
	VARCHAR(20)
	
	Feature engineering pipeline version

	created_at
	TIMESTAMP
	DEFAULT NOW()
	



13.3  ai_asset_health_score
	Column
	Type
	Constraint
	Description

	health_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	model_id
	VARCHAR(100)
	FK→ai_model_registry
	

	health_score
	DECIMAL(5,2)
	NOT NULL
	0 (critical) to 100 (excellent)

	risk_level
	VARCHAR(30)
	NOT NULL
	LOW|MEDIUM|HIGH|CRITICAL

	remaining_useful_life_days
	INT
	
	RUL estimate

	failure_probability_7d
	DECIMAL(8,4)
	
	P(failure) within 7 days

	failure_probability_30d
	DECIMAL(8,4)
	
	P(failure) within 30 days

	failure_probability_90d
	DECIMAL(8,4)
	
	P(failure) within 90 days

	top_features
	JSONB
	
	SHAP explainability — top contributing features

	recommendation
	TEXT
	
	Auto-generated maintenance recommendation

	confidence_score
	DECIMAL(8,4)
	
	Model confidence 0–1

	calculated_time
	TIMESTAMP
	NOT NULL
	

	pushed_to_cmms
	BOOLEAN
	DEFAULT FALSE
	TRUE when predictive WO raised

	cmms_wo_id
	VARCHAR(120)
	FK→cmms_work_order
	Resulting predictive WO

	cmms_push_time
	TIMESTAMP
	
	



13.4  ai_prediction_result
	Column
	Type
	Constraint
	Description

	prediction_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	model_id
	VARCHAR(100)
	FK→ai_model_registry
	

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	

	dma_id
	VARCHAR(50)
	
	

	prediction_type
	VARCHAR(80)
	NOT NULL
	LEAK|BURST|FAILURE|WATER_QUALITY|ENERGY|DEMAND_SURGE|NRW_SPIKE|TAMPER

	prediction_score
	DECIMAL(8,4)
	NOT NULL
	Primary output score 0–1

	confidence_score
	DECIMAL(8,4)
	
	Model confidence 0–1

	risk_level
	VARCHAR(30)
	NOT NULL
	

	input_window_start
	TIMESTAMP
	NOT NULL
	Data window used for inference

	input_window_end
	TIMESTAMP
	NOT NULL
	

	prediction_valid_until
	TIMESTAMP
	
	Prediction expiry

	explanation_json
	JSONB
	
	SHAP values / feature importances

	recommended_action
	TEXT
	
	

	action_taken
	VARCHAR(80)
	
	NONE|WO_RAISED|ALERT_SENT|ESCALATED|AUTO_RESOLVED

	actual_outcome
	VARCHAR(80)
	
	TRUE_POSITIVE|FALSE_POSITIVE|TRUE_NEGATIVE — set post-event

	outcome_recorded_at
	TIMESTAMP
	
	For model evaluation / retraining trigger

	created_at
	TIMESTAMP
	DEFAULT NOW()
	




	14
	API Integration Schema
Exchange logs, ID mapping, data quality, webhook queue, quarantine



14.1  int_api_exchange_log
	Column
	Type
	Constraint
	Description

	exchange_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	direction
	VARCHAR(20)
	NOT NULL
	INBOUND|OUTBOUND

	source_system_id
	VARCHAR(50)
	FK→ic3_system_master
	

	target_system_id
	VARCHAR(50)
	FK→ic3_system_master
	

	api_endpoint
	VARCHAR(250)
	NOT NULL
	

	http_method
	VARCHAR(20)
	
	GET|POST|PUT|PATCH|DELETE

	request_id
	VARCHAR(120)
	
	UUID from API caller

	correlation_id
	VARCHAR(120)
	
	End-to-end trace ID

	payload_size_bytes
	INT
	
	

	payload_hash
	VARCHAR(256)
	
	SHA-256 of request body

	response_status
	VARCHAR(50)
	
	SUCCESS|PARTIAL|FAILED|TIMEOUT|AUTH_ERROR

	response_code
	INT
	
	HTTP status code

	error_code
	VARCHAR(100)
	
	

	error_message
	TEXT
	
	

	request_time
	TIMESTAMP
	NOT NULL
	

	response_time
	TIMESTAMP
	
	

	duration_ms
	INT
	
	Round-trip latency

	retry_attempt
	INT
	DEFAULT 0
	Retry count for this request



14.2  int_external_id_mapping  &  int_data_quality_rule
	Column
	Type
	Constraint
	Description

	mapping_id (PK)
	UUID
	int_external_id_mapping
	gen_random_uuid()

	system_id
	VARCHAR(50)
	FK→ic3_system_master
	Source system

	entity_type
	VARCHAR(80)
	NOT NULL
	ASSET|TAG|CUSTOMER|METER|WORK_ORDER|DMA|LOCATION

	ic3_entity_id
	VARCHAR(150)
	NOT NULL
	IC3 canonical ID

	external_entity_id
	VARCHAR(150)
	NOT NULL
	ID used in source system

	external_entity_name
	VARCHAR(200)
	
	

	mapping_status
	VARCHAR(40)
	DEFAULT ACTIVE
	ACTIVE|DEPRECATED|CONFLICT|PENDING

	last_sync_time
	TIMESTAMP
	
	

	---
	
	
	

	rule_id (PK)
	VARCHAR(100)
	int_data_quality_rule
	e.g. DQR-TELEM-001

	rule_name
	VARCHAR(200)
	NOT NULL
	

	entity_type
	VARCHAR(80)
	NOT NULL
	

	rule_type
	VARCHAR(80)
	
	NOT_NULL|RANGE|PATTERN|REFERENTIAL|UNIQUENESS|TIMELINESS

	rule_expression
	TEXT
	NOT NULL
	SQL or regex expression for the check

	severity
	VARCHAR(30)
	NOT NULL
	ERROR|WARNING|INFO

	action_on_fail
	VARCHAR(50)
	
	QUARANTINE|REJECT|WARN|ACCEPT

	is_active
	BOOLEAN
	DEFAULT TRUE
	



14.3  int_webhook_queue  &  int_dq_quarantine
	Column
	Type
	Constraint
	Description

	queue_id (PK)
	UUID
	int_webhook_queue
	gen_random_uuid()

	event_type
	VARCHAR(100)
	NOT NULL
	ALARM_RAISED|WO_COMPLETED|PREDICTION_READY|SR_RESOLVED|NRW_ALERT

	payload
	JSONB
	NOT NULL
	Event payload to deliver

	target_system_id
	VARCHAR(50)
	FK→ic3_system_master
	

	retry_count
	INT
	DEFAULT 0
	

	status
	VARCHAR(40)
	DEFAULT PENDING
	PENDING|DELIVERED|FAILED|EXPIRED

	created_at
	TIMESTAMP
	DEFAULT NOW()
	

	expires_at
	TIMESTAMP
	
	TTL for undelivered events

	---
	
	
	

	quarantine_id (PK)
	UUID
	int_dq_quarantine
	gen_random_uuid()

	source_system_id
	VARCHAR(50)
	FK→ic3_system_master
	

	entity_type
	VARCHAR(80)
	NOT NULL
	

	payload_received
	JSONB
	NOT NULL
	Original rejected payload

	failure_rules
	JSONB
	
	Array of rule_ids that failed

	quarantine_time
	TIMESTAMP
	DEFAULT NOW()
	

	disposition
	VARCHAR(40)
	DEFAULT PENDING
	PENDING|CORRECTED|REJECTED|MANUALLY_ACCEPTED

	resolved_by
	VARCHAR(100)
	
	

	resolved_at
	TIMESTAMP
	
	

	resolution_notes
	TEXT
	
	




	15
	Data Warehouse Design
Star schema on Azure Synapse Analytics — dimension and fact tables



	DW Architecture
Star schema on Azure Synapse Analytics dedicated SQL pool (DW1000c). ETL runs hourly (telemetry) and daily (all other tables) via Azure Data Factory. Source = IC3 PostgreSQL DB. SCD Type 2 on all dimension tables. Fact tables are append-only CLUSTERED COLUMNSTORE INDEX.



15.1  dw_dim_asset  (SCD2)
	Column
	Type
	Constraint
	Description

	asset_sk
	BIGINT
	IDENTITY PK
	Surrogate key

	asset_id
	VARCHAR(120)
	NOT NULL
	Natural key from ic3_asset_master

	asset_name
	VARCHAR(200)
	
	

	asset_type
	VARCHAR(80)
	
	

	asset_category
	VARCHAR(100)
	
	

	criticality
	VARCHAR(30)
	
	

	dma_id
	VARCHAR(50)
	
	

	zone_id
	VARCHAR(50)
	
	

	site_name
	VARCHAR(150)
	
	

	manufacturer
	VARCHAR(150)
	
	

	install_date
	DATE
	
	

	design_life_years
	INT
	
	

	scd_start_date
	DATE
	NOT NULL
	SCD2 effective start

	scd_end_date
	DATE
	
	NULL = current record

	is_current
	BOOLEAN
	NOT NULL DEFAULT TRUE
	



15.2  dw_dim_date  &  dw_dim_time  (Calendar Dimensions)
	Column
	Type
	Constraint
	Description

	date_sk (PK)
	INT
	dw_dim_date
	YYYYMMDD integer key

	calendar_date
	DATE
	NOT NULL
	

	year
	INT
	
	

	quarter
	INT
	
	Q1–Q4

	month
	INT
	
	1–12

	month_name
	VARCHAR(20)
	
	

	week_of_year
	INT
	
	

	day_of_week
	INT
	
	1=Monday … 7=Sunday

	day_name
	VARCHAR(20)
	
	

	is_weekend
	BOOLEAN
	
	

	financial_year
	VARCHAR(10)
	
	e.g. 2025-26

	---
	
	
	

	time_sk (PK)
	INT
	dw_dim_time
	HHMMSS integer key

	hour
	INT
	
	0–23

	minute
	INT
	
	0–59

	quarter_hour
	INT
	
	0–95 (every 15 min)

	shift
	VARCHAR(20)
	
	MORNING|AFTERNOON|NIGHT

	is_peak_hour
	BOOLEAN
	
	07:00–10:00 and 17:00–21:00



15.3  Fact Tables
dw_fact_telemetry_hourly
	Column
	Type
	Constraint
	Description

	fact_id
	BIGINT
	IDENTITY PK
	

	date_sk
	INT
	FK→dw_dim_date
	

	time_sk
	INT
	FK→dw_dim_time
	Hour bucket

	asset_sk
	BIGINT
	FK→dw_dim_asset
	

	tag_id
	VARCHAR(150)
	
	

	parameter_id
	VARCHAR(100)
	
	

	dma_id
	VARCHAR(50)
	
	

	avg_value
	DECIMAL(18,4)
	
	Hourly average

	min_value
	DECIMAL(18,4)
	
	

	max_value
	DECIMAL(18,4)
	
	

	stddev_value
	DECIMAL(18,4)
	
	Standard deviation

	reading_count
	INT
	
	

	good_quality_pct
	DECIMAL(5,2)
	
	% GOOD quality readings

	alarm_minutes
	INT
	
	Minutes in ALARM/CRITICAL state in the hour



dw_fact_nrw_daily  &  dw_fact_work_order
	Column
	Type
	Constraint
	Description

	fact_id (PK)
	BIGINT IDENTITY
	dw_fact_nrw_daily
	

	date_sk
	INT
	FK→dw_dim_date
	

	dma_id
	VARCHAR(50)
	
	

	nrw_volume_m3
	DECIMAL(18,4)
	
	

	nrw_percentage
	DECIMAL(8,4)
	
	

	lpcd
	DECIMAL(18,4)
	
	

	supply_hours
	DECIMAL(8,2)
	
	

	min_night_flow_m3h
	DECIMAL(18,4)
	
	

	infrastructure_leakage_index
	DECIMAL(10,4)
	
	

	---
	
	
	

	fact_id (PK)
	BIGINT IDENTITY
	dw_fact_work_order
	

	date_sk
	INT
	FK→dw_dim_date (WO created date)
	

	asset_sk
	BIGINT
	FK→dw_dim_asset
	

	dma_id
	VARCHAR(50)
	
	

	wo_type
	VARCHAR(80)
	
	

	priority
	VARCHAR(30)
	
	

	response_time_minutes
	INT
	
	

	resolution_time_minutes
	INT
	
	

	sla_breached
	BOOLEAN
	
	

	total_cost
	DECIMAL(18,2)
	
	




	16
	TimescaleDB Partitioning Strategy
Hypertable setup, chunk intervals, compression policies, and retention



16.1  Hypertable Configuration Matrix
	Table
	Partition Key
	Chunk Interval
	Space Partitions
	Compress After
	Retention

	telemetry_history
	event_time
	1 day
	8 (tag_id hash)
	7 days
	90 days then ADLS export

	ic3_event_alarm
	event_time
	1 day
	4 (asset_id hash)
	30 days
	365 days

	mdm_meter_reading
	reading_time
	1 day
	8 (dma_id hash)
	7 days
	90 days

	dt_state_history
	state_time
	1 day
	4 (twin_object_id)
	14 days
	90 days

	nrw_dma_water_balance
	period_start
	1 month
	None
	Never
	Indefinite



16.2  Full Hypertable Setup Script
	-- ── telemetry_history ─────────────────────────────────────────────

	CREATE TABLE telemetry_history (

	  reading_id       UUID         NOT NULL DEFAULT gen_random_uuid(),

	  tag_id           VARCHAR(150) NOT NULL,

	  asset_id         VARCHAR(120) NOT NULL,

	  parameter_id     VARCHAR(100),

	  dma_id           VARCHAR(50)  NOT NULL,

	  value_num        DECIMAL(18,4),

	  value_text       VARCHAR(255),

	  quality_code     VARCHAR(50)  NOT NULL DEFAULT 'GOOD',

	  status_code      VARCHAR(50),

	  sequence_no      BIGINT,

	  event_time       TIMESTAMP    NOT NULL,

	  received_time    TIMESTAMP    DEFAULT NOW(),

	  latency_ms       INT,

	  source_system_id VARCHAR(50)

	);

	SELECT create_hypertable('telemetry_history','event_time',

	  partitioning_column=>'tag_id', number_partitions=>8,

	  chunk_time_interval=>INTERVAL'1 day');

	ALTER TABLE telemetry_history SET(timescaledb.compress,

	  timescaledb.compress_segmentby='tag_id',

	  timescaledb.compress_orderby='event_time DESC');

	SELECT add_compression_policy('telemetry_history',INTERVAL'7 days');

	SELECT add_retention_policy('telemetry_history',INTERVAL'90 days');

	

	-- ── ic3_event_alarm ────────────────────────────────────────────────

	SELECT create_hypertable('ic3_event_alarm','event_time',

	  partitioning_column=>'asset_id', number_partitions=>4,

	  chunk_time_interval=>INTERVAL'1 day');

	SELECT add_compression_policy('ic3_event_alarm',INTERVAL'30 days');

	SELECT add_retention_policy('ic3_event_alarm',INTERVAL'365 days');

	

	-- ── mdm_meter_reading ──────────────────────────────────────────────

	SELECT create_hypertable('mdm_meter_reading','reading_time',

	  partitioning_column=>'dma_id', number_partitions=>8,

	  chunk_time_interval=>INTERVAL'1 day');

	SELECT add_compression_policy('mdm_meter_reading',INTERVAL'7 days');

	SELECT add_retention_policy('mdm_meter_reading',INTERVAL'90 days');

	

	-- ── dt_state_history ───────────────────────────────────────────────

	SELECT create_hypertable('dt_state_history','state_time',

	  partitioning_column=>'twin_object_id', number_partitions=>4,

	  chunk_time_interval=>INTERVAL'1 day');

	SELECT add_compression_policy('dt_state_history',INTERVAL'14 days');

	SELECT add_retention_policy('dt_state_history',INTERVAL'90 days');




	17
	Data Lake Architecture
Azure Data Lake Storage Gen2 zones, Delta Lake, ingestion pipelines



17.1  ADLS Gen2 Zone Design
	Zone
	Container Path
	Format
	Purpose
	Retention

	Landing (Raw)
	adls://ic3sa/raw/{source}/{YYYY}/{MM}/{DD}/
	JSON/CSV as-received
	Exact copy of all inbound before transformation
	7 years, WORM immutable policy

	Bronze (Parsed)
	adls://ic3sa/bronze/{domain}/{YYYY}/{MM}/{DD}/
	Parquet, Snappy
	Schema-validated, type-cast, partition-stamped
	7 years

	Silver (Curated)
	adls://ic3sa/silver/{domain}/{entity}/
	Delta Lake (Parquet + log)
	Deduplicated, joined to master IDs, DQ scored
	5 years

	Gold (Aggregated)
	adls://ic3sa/gold/{subject_area}/
	Delta Lake
	Pre-aggregated analytics ready for BI and ML
	3 years

	ML Training
	adls://ic3sa/ml/{model}/{version}/
	Parquet + CSV
	Labelled datasets for AI model training
	Indefinite (model versioned)

	Archive
	adls://ic3sa/archive/{domain}/{YYYY}/
	Parquet, Gzip
	Cold historical data exported from TimescaleDB at retention boundary
	7+ years



17.2  Delta Lake Partition & Optimisation
	-- Silver zone: telemetry partitioned by dma_id + dt (date)

	-- Path: adls://ic3sa/silver/telemetry/dma_id=DMA012/dt=2026-06-01/part-*.parquet

	

	CREATE TABLE ic3_silver.telemetry

	USING DELTA PARTITIONED BY (dma_id, dt)

	LOCATION 'abfss://silver@ic3sa.dfs.core.windows.net/telemetry/'

	AS SELECT

	  reading_id, tag_id, asset_id, parameter_id, dma_id,

	  value_num, quality_code, event_time,

	  CAST(event_time AS DATE) AS dt

	FROM bronze.telemetry_parsed;

	

	-- Z-order for common query pattern: tag_id + event_time

	OPTIMIZE ic3_silver.telemetry ZORDER BY (tag_id, event_time);

	

	-- Delta auto-optimize settings

	ALTER TABLE ic3_silver.telemetry SET TBLPROPERTIES (

	  'delta.autoOptimize.optimizeWrite' = 'true',

	  'delta.autoOptimize.autoCompact'   = 'true',

	  'delta.deletedFileRetentionDuration' = 'interval 7 days'

	);

	

	-- NRW Silver: partitioned by dma_id + calculation_date

	CREATE TABLE ic3_silver.nrw_balance

	USING DELTA PARTITIONED BY (dma_id, calculation_date)

	LOCATION 'abfss://silver@ic3sa.dfs.core.windows.net/nrw_balance/'

	AS SELECT * FROM bronze.nrw_dma_water_balance;




	18
	Azure Deployment Architecture
Resource groups, AKS microservices, networking, security, and HA config



18.1  Azure Resource Groups
	Resource Group
	Services
	Region
	SKU / Tier

	ic3-rg-ingestion
	Azure IoT Hub (S3), Event Hubs (Standard, 20 TU), Stream Analytics (3 SU)
	Southeast Asia (Primary)
	Production

	ic3-rg-database
	Azure Database for PostgreSQL Flexible (D16s v5, 512 GB, Zone-Redundant HA), Redis Cache (P2)
	Southeast Asia (Primary)
	Prod + Zone-Redundant HA

	ic3-rg-analytics
	Azure Synapse Analytics (dedicated DW1000c), Azure Machine Learning (Standard)
	Southeast Asia (Primary)
	Production

	ic3-rg-storage
	Azure Data Lake Storage Gen2 (LRS + RA-GRS for archive), Azure Blob Storage
	Southeast Asia (Primary)
	Production

	ic3-rg-appservices
	AKS (D8s v5, 5-node system + 10-node app pool), Azure API Management (Premium)
	Southeast Asia (Primary)
	Production

	ic3-rg-integration
	Azure Service Bus (Premium, 2 MU), Azure Data Factory (Standard), Logic Apps
	Southeast Asia (Primary)
	Production

	ic3-rg-security
	Azure Key Vault (Premium), Azure AD B2C, Azure Monitor, Azure Sentinel, Defender
	Southeast Asia (Primary)
	Production

	ic3-rg-dr
	Replicas of DB, storage, and app services
	South India (DR)
	Active-Passive DR



18.2  PostgreSQL Flexible Server Tuning
	-- Azure Database for PostgreSQL Flexible Server

	-- SKU: Standard_D16s_v5  (16 vCores, 64 GB RAM)

	-- Storage: 512 GB Premium SSD (7,000 IOPS, autogrow to 16 TB)

	-- HA: Zone-Redundant (primary + standby in separate AZs)

	-- Backups: 35-day retention, geo-redundant to South India DR

	

	-- Key postgresql.conf parameters for TimescaleDB + PostGIS workload:

	shared_buffers                   = 16GB    -- 25% RAM

	effective_cache_size             = 48GB    -- 75% RAM

	work_mem                         = 256MB   -- per sort/hash

	maintenance_work_mem             = 2GB     -- VACUUM, CREATE INDEX

	wal_buffers                      = 64MB

	max_wal_size                     = 4GB

	checkpoint_completion_target     = 0.9

	max_connections                  = 500     -- PgBouncer in front

	max_parallel_workers             = 8

	max_parallel_workers_per_gather  = 4

	timescaledb.max_background_workers = 16

	

	-- PgBouncer (transaction-mode, AKS sidecar):

	-- pool_mode = transaction

	-- default_pool_size = 50 (per database)

	-- max_client_conn = 2000



18.3  AKS Microservices
	Service
	Image
	Replicas (min/max)
	CPU / Memory
	Purpose

	ic3-api-gateway
	ic3/api-gateway:v4
	3 / 10 (HPA)
	2 vCPU / 4 GB
	JWT validation, rate limiting, routing

	ic3-stream-processor
	ic3/stream-proc:v4
	5 / 20 (HPA)
	4 vCPU / 8 GB
	Event Hubs consumer → TimescaleDB + Redis

	ic3-nrw-engine
	ic3/nrw-engine:v4
	2 / 4
	4 vCPU / 8 GB
	15-min scheduled NRW calculations per DMA

	ic3-alarm-engine
	ic3/alarm-engine:v4
	3 / 6
	2 vCPU / 4 GB
	Threshold eval; WO auto-raise; webhook dispatch

	ic3-dt-engine
	ic3/dt-engine:v4
	2 / 4
	4 vCPU / 8 GB
	Digital twin sync; < 1 s latency target

	ic3-notification-svc
	ic3/notif-svc:v4
	2 / 4
	1 vCPU / 2 GB
	SMS/email/push/WhatsApp via Service Bus

	ic3-reporting-svc
	ic3/reporting:v4
	2 / 2
	2 vCPU / 4 GB
	KPI calculations, snapshot writes, BI refresh
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	KPI Calculation Views
NRW %, LPCD, pump efficiency, quality compliance, SLA, MTTR, asset health KPIs



19.1  rpt_kpi_definition
	Column
	Type
	Constraint
	Description

	kpi_id
	VARCHAR(100)
	PK
	KPI-NRW-01, KPI-PUMP-01 etc.

	kpi_name
	VARCHAR(200)
	NOT NULL
	

	kpi_category
	VARCHAR(100)
	NOT NULL
	NRW|PUMP|QUALITY|CUSTOMER|ENERGY|MAINTENANCE|COMPLIANCE|SUPPLY

	calculation_sql
	TEXT
	
	Full SQL for automated calculation

	unit
	VARCHAR(40)
	
	%, m³/day, kWh/ML, hours etc.

	target_value
	DECIMAL(18,4)
	
	Performance target

	green_threshold
	DECIMAL(18,4)
	
	≥ green = on target

	amber_threshold
	DECIMAL(18,4)
	
	< green, ≥ amber = warning

	red_threshold
	DECIMAL(18,4)
	
	< amber = breach / RED

	trend_direction
	VARCHAR(10)
	
	LOWER_BETTER|HIGHER_BETTER

	refresh_frequency
	VARCHAR(50)
	
	REALTIME|15MIN|HOURLY|DAILY|WEEKLY|MONTHLY

	granularity
	VARCHAR(50)
	
	SYSTEM|ZONE|DMA|ASSET

	owner_department
	VARCHAR(100)
	
	

	is_active
	BOOLEAN
	DEFAULT TRUE
	



19.2  Key KPI SQL Definitions
NRW Percentage — Daily per DMA
	SELECT b.dma_id, b.calculation_date,

	  ROUND(b.nrw_percentage,2) AS nrw_pct,

	  CASE WHEN b.nrw_percentage < 15 THEN 'GREEN'

	       WHEN b.nrw_percentage < 25 THEN 'AMBER'

	       ELSE 'RED' END AS kpi_status

	FROM nrw_dma_water_balance b

	WHERE b.balance_period='DAILY' AND b.calculation_date=CURRENT_DATE-1;



LPCD — Litres Per Capita Per Day
	SELECT b.dma_id, b.calculation_date,

	  ROUND(b.lpcd,1) AS lpcd,

	  CASE WHEN b.lpcd >= 135 THEN 'GREEN'

	       WHEN b.lpcd >=  70 THEN 'AMBER'

	       ELSE 'RED' END AS kpi_status

	FROM nrw_dma_water_balance b

	WHERE b.balance_period='DAILY' AND b.calculation_date=CURRENT_DATE-1;



Pump Specific Energy — kWh per ML pumped
	SELECT a.asset_id, a.asset_name, td_flow.day,

	  ROUND(

	    SUM(td_energy.avg_val) /            -- avg kW over the day

	    NULLIF(SUM(td_flow.avg_val)*24,0)   -- ML/day (m³/h * 24 / 1000)

	    * 1000

	  ,2) AS specific_energy_kwh_per_ml

	FROM telemetry_daily td_energy

	JOIN ic3_tag_master tge ON td_energy.tag_id=tge.tag_id

	JOIN telemetry_daily td_flow ON td_flow.asset_id=td_energy.asset_id AND td_flow.day=td_energy.day

	JOIN ic3_tag_master tgf ON td_flow.tag_id=tgf.tag_id

	JOIN ic3_asset_master a  ON a.asset_id=td_energy.asset_id

	WHERE tge.parameter_id='PARAM-ENERGY-KWH'

	  AND tgf.parameter_id='PARAM-FLOW-M3H'

	  AND a.asset_type='PUMP'

	  AND td_energy.day >= CURRENT_DATE-30

	GROUP BY a.asset_id, a.asset_name, td_flow.day;



SLA Compliance — Work Orders
	SELECT DATE_TRUNC('month',created_time) AS month,

	  wo_type, priority,

	  COUNT(*)                                  AS total_wo,

	  SUM(CASE WHEN NOT sla_breached THEN 1 END) AS within_sla,

	  ROUND(100.0*SUM(CASE WHEN NOT sla_breached THEN 1 END)/COUNT(*),1) AS sla_pct,

	  ROUND(AVG(response_time_minutes),0)        AS avg_response_min,

	  ROUND(AVG(resolution_time_minutes)/60.0,1) AS avg_resolution_hrs

	FROM cmms_work_order

	WHERE status IN ('COMPLETED','CLOSED')

	  AND created_time >= DATE_TRUNC('month',NOW()-INTERVAL'3 months')

	GROUP BY 1,2,3 ORDER BY 1 DESC,4 DESC;
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	Asset Health & Predictive Maintenance Models
Composite health algorithm, RUL model, feature engineering, thresholds



	Model Governance
All AI model versions are tracked in ai_model_registry. Automated actions (e.g. predictive WO auto-raise) must reference prediction_id and model_id for full audit traceability. Model retraining is triggered when rolling 30-day precision drops below 0.70. A/B testing uses two active model_ids concurrently — winner decided by actual_outcome recall over 90 days.



20.1  Asset Health Score — Composite Algorithm
	-- 5-component composite score (each sub-score 0–100)

	-- Final = Σ(sub_score × weight)

	

	-- Component 1: Operating condition (weight 35%)

	--   For each analytics tag on the asset:

	--     score_i = 100 if value within normal_min..normal_max

	--     score_i = max(0, 100 - 50 * |deviation_from_centre / half_range|)

	--   Sub-score = AVG(score_i)

	

	-- Component 2: Maintenance history (weight 25%)

	--   Days overdue for next PM → -2 per day; recently completed PM → +15 bonus

	--   Fault recurrence: same fault_code > 2× in 12 months → -20

	

	-- Component 3: Age & lifecycle (weight 20%)

	--   age_ratio = (TODAY - install_date) / (design_life_years * 365)

	--   Sub-score = 100 * (1 - MIN(age_ratio, 1.0))

	

	-- Component 4: Hydraulic model anomaly (weight 10%)

	--   residual_error from hm_result vs BASELINE scenario

	--   Sub-score = 100 * EXP(-5 * |avg_residual_error|)

	

	-- Component 5: Vibration / temperature z-score (weight 10%)

	--   z = (latest_value - rolling_90d_mean) / rolling_90d_stddev

	--   Sub-score = 100 * EXP(-0.5 * z^2)  -- Gaussian penalty

	

	CREATE OR REPLACE FUNCTION calc_asset_health_score(p_asset_id VARCHAR)

	RETURNS TABLE(health_score DECIMAL, risk_level VARCHAR, rul_days INT) AS $$

	DECLARE

	  v_op    DECIMAL := 100; v_maint DECIMAL := 100;

	  v_age   DECIMAL := 100; v_hm    DECIMAL := 100; v_vib DECIMAL := 100;

	  v_score DECIMAL;

	  r_asset RECORD;

	BEGIN

	  SELECT install_date, design_life_years

	    INTO r_asset FROM ic3_asset_master WHERE asset_id=p_asset_id;

	

	  -- Age component

	  v_age := 100.0 * (1 - LEAST(1.0,

	    (CURRENT_DATE - r_asset.install_date)::NUMERIC

	    / NULLIF(r_asset.design_life_years * 365, 0)));

	

	  -- Operating condition component

	  SELECT AVG(CASE

	    WHEN pm.normal_min IS NULL THEN 100

	    WHEN t.value_num BETWEEN pm.normal_min AND pm.normal_max THEN 100

	    ELSE GREATEST(0, 100 - 50 * ABS(

	      (t.value_num - (pm.normal_min+pm.normal_max)/2.0)

	      / NULLIF((pm.normal_max-pm.normal_min)/2.0,0))) END)

	  INTO v_op

	  FROM telemetry_current t

	  JOIN ic3_tag_master tg ON t.tag_id=tg.tag_id

	  JOIN ic3_parameter_master pm ON tg.parameter_id=pm.parameter_id

	  WHERE t.asset_id=p_asset_id AND pm.is_analytics_input;

	

	  -- Composite

	  v_score := COALESCE(v_op,100)*0.35 + COALESCE(v_maint,100)*0.25

	           + COALESCE(v_age,100)*0.20 + COALESCE(v_hm,100)*0.10

	           + COALESCE(v_vib,100)*0.10;

	

	  RETURN QUERY SELECT

	    ROUND(v_score,2),

	    CASE WHEN v_score>=75 THEN 'LOW'

	         WHEN v_score>=50 THEN 'MEDIUM'

	         WHEN v_score>=25 THEN 'HIGH'

	         ELSE 'CRITICAL' END::VARCHAR,

	    (v_score * 3.65)::INT;  -- RUL: 100 score ≈ 365 days

	END; $$ LANGUAGE plpgsql;



20.2  Predictive Maintenance Trigger Logic
	-- Scheduled job (every hour) evaluates all ACTIVE HIGH/CRITICAL assets

	-- and auto-raises predictive WO when failure_probability_30d > 0.40

	

	INSERT INTO cmms_work_order (

	  work_order_id, asset_id, location_id, dma_id,

	  source_ai_prediction_id, wo_type, priority, status, description,

	  sla_due_time, created_time)

	SELECT

	  'WO-'||to_char(NOW(),'YYYY')||'-'||LPAD(nextval('wo_seq')::TEXT,6,'0'),

	  p.asset_id, a.location_id, a.dma_id,

	  p.prediction_id, 'PREDICTIVE',

	  CASE WHEN h.risk_level='CRITICAL' THEN 'P1-EMERGENCY'

	       WHEN h.risk_level='HIGH'     THEN 'P2-URGENT'

	       ELSE 'P3-HIGH' END,

	  'OPEN',

	  'AI Predictive Maintenance: '||p.prediction_type||' — '||p.recommended_action,

	  NOW() + INTERVAL (CASE WHEN h.risk_level='CRITICAL' THEN '4 hours'

	                         WHEN h.risk_level='HIGH' THEN '24 hours'

	                         ELSE '72 hours' END),

	  NOW()

	FROM ai_prediction_result p

	JOIN ai_asset_health_score h ON p.asset_id=h.asset_id

	  AND h.calculated_time=(SELECT MAX(calculated_time)

	    FROM ai_asset_health_score WHERE asset_id=p.asset_id)

	JOIN ic3_asset_master a ON p.asset_id=a.asset_id

	WHERE p.failure_probability_30d > 0.40

	  AND p.action_taken='NONE'

	  AND p.prediction_valid_until > NOW()

	  AND a.asset_status='ACTIVE'

	  AND NOT EXISTS (

	    SELECT 1 FROM cmms_work_order w WHERE w.asset_id=p.asset_id

	      AND w.wo_type='PREDICTIVE' AND w.status NOT IN ('COMPLETED','CANCELLED')

	    AND w.created_time > NOW()-INTERVAL'7 days');
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	Management Reporting Schema
KPI snapshots, SLA matrix, exec dashboard views, ops daily health view



21.1  rpt_kpi_snapshot
	Column
	Type
	Constraint
	Description

	snapshot_id
	UUID
	PK DEFAULT gen_random_uuid()
	

	kpi_id
	VARCHAR(100)
	FK→rpt_kpi_definition
	

	location_id
	VARCHAR(120)
	FK→ic3_location_master
	

	dma_id
	VARCHAR(50)
	
	NULL for system-level KPIs

	asset_id
	VARCHAR(120)
	FK→ic3_asset_master
	NULL for DMA/zone KPIs

	snapshot_time
	TIMESTAMP
	NOT NULL
	

	period_label
	VARCHAR(50)
	
	2026-06-01 / 2026-W23 / 2026-06 / 2026-Q2

	period_type
	VARCHAR(20)
	
	DAILY|WEEKLY|MONTHLY|QUARTERLY|ANNUAL

	kpi_value
	DECIMAL(18,4)
	NOT NULL
	

	target_value
	DECIMAL(18,4)
	
	

	variance_pct
	DECIMAL(8,4)
	
	((actual − target) / target) × 100

	status
	VARCHAR(40)
	NOT NULL
	GREEN|AMBER|RED

	trend
	VARCHAR(40)
	
	UP|DOWN|STABLE

	trend_pct
	DECIMAL(8,4)
	
	% change vs prior period

	data_completeness_pct
	DECIMAL(5,2)
	
	Confidence in the KPI value

	notes
	TEXT
	
	Auto or manual annotation



21.2  Executive NRW Monthly View
	CREATE OR REPLACE VIEW vw_exec_nrw_monthly AS

	SELECT DATE_TRUNC('month',b.calculation_date)    AS month,

	  b.dma_id, d.dma_name, d.zone_id,

	  ROUND(AVG(b.nrw_percentage),2)                 AS avg_nrw_pct,

	  ROUND(SUM(b.nrw_volume_m3),0)                  AS total_nrw_m3,

	  ROUND(AVG(b.lpcd),1)                           AS avg_lpcd,

	  ROUND(AVG(b.supply_hours),1)                   AS avg_supply_hours,

	  ROUND(MIN(b.min_night_flow_m3h),3)             AS min_mnf_m3h,

	  ROUND(AVG(b.infrastructure_leakage_index),2)   AS avg_ili,

	  COUNT(DISTINCT e.event_id) FILTER(WHERE e.event_type IN('BURST','LEAK'))

	                                                  AS burst_leak_count,

	  SUM(bh.water_loss_litres)/1000                 AS total_burst_loss_m3

	FROM nrw_dma_water_balance b

	JOIN gis_dma_boundary d ON b.dma_id=d.dma_id

	LEFT JOIN ic3_event_alarm e ON b.dma_id=e.dma_id

	  AND DATE_TRUNC('month',e.event_time)=DATE_TRUNC('month',b.calculation_date)

	LEFT JOIN nrw_burst_leak_heatmap bh ON b.dma_id=bh.dma_id

	  AND bh.event_date=b.calculation_date

	WHERE b.balance_period='DAILY'

	GROUP BY DATE_TRUNC('month',b.calculation_date),b.dma_id,d.dma_name,d.zone_id

	ORDER BY 1 DESC, b.dma_id;



21.3  Operations Daily Health View
	CREATE OR REPLACE VIEW vw_ops_daily_health AS

	SELECT

	  a.asset_id, a.asset_name, a.asset_type, a.criticality, a.dma_id,

	  l.site_name,

	  h.health_score, h.risk_level,

	  h.remaining_useful_life_days   AS rul_days,

	  h.failure_probability_30d,

	  COUNT(DISTINCT e.event_id)  FILTER(WHERE e.status<>'CLOSED') AS open_alarms,

	  COUNT(DISTINCT w.work_order_id) FILTER(WHERE w.status NOT IN('COMPLETED','CANCELLED'))

	                                                                AS active_wo,

	  COUNT(DISTINCT p.prediction_id) FILTER(WHERE p.risk_level IN('HIGH','CRITICAL')

	    AND p.prediction_valid_until>NOW())                        AS hi_risk_predictions,

	  t.value_num AS latest_reading, t.event_time AS last_reading_time,

	  t.status_code AS current_tag_status

	FROM ic3_asset_master a

	LEFT JOIN ic3_location_master l    ON a.location_id=l.location_id

	LEFT JOIN ai_asset_health_score h  ON a.asset_id=h.asset_id

	  AND h.calculated_time=(SELECT MAX(calculated_time)

	    FROM ai_asset_health_score WHERE asset_id=a.asset_id)

	LEFT JOIN ic3_event_alarm e        ON a.asset_id=e.asset_id

	LEFT JOIN cmms_work_order w        ON a.asset_id=w.asset_id

	LEFT JOIN ai_prediction_result p   ON a.asset_id=p.asset_id

	LEFT JOIN telemetry_current t      ON a.asset_id=t.asset_id

	WHERE a.asset_status='ACTIVE' AND a.criticality IN('HIGH','CRITICAL')

	GROUP BY a.asset_id,a.asset_name,a.asset_type,a.criticality,a.dma_id,

	  l.site_name,h.health_score,h.risk_level,h.remaining_useful_life_days,

	  h.failure_probability_30d,t.value_num,t.event_time,t.status_code

	ORDER BY h.health_score ASC NULLS LAST;
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	ER Diagram Reference & FK Chains
Entity relationship map — all primary FK relationships across schema layers



	ER Diagram Note
Full interactive ER diagrams are included in the companion IC3 Data Flow Diagram HTML artifact delivered alongside this document. The tables below capture every FK chain required for JOIN-correct query authoring.



22.1  Core FK Chain
	ic3_system_master (system_id)

	  └── ic3_location_master (source_system_id)

	        └── ic3_asset_master (location_id)

	              ├── ic3_tag_master (asset_id)

	              │     ├── telemetry_current (tag_id)

	              │     ├── telemetry_history (tag_id)

	              │     └── ic3_event_alarm (tag_id)

	              ├── cmms_work_order (asset_id)

	              │     ├── cmms_pm_schedule (asset_id)

	              │     ├── cmms_inspection_record (asset_id)

	              │     └── cmms_spare_parts (asset_id) → erp_purchase_order

	              ├── gis_network_node (asset_id)

	              │     └── gis_network_link (from_node_id, to_node_id)

	              ├── mdm_meter_master (asset_id)

	              │     └── mdm_meter_reading (meter_id)

	              ├── crm_service_connection (asset_id)

	              ├── dt_object (asset_id)

	              │     ├── dt_state_history (twin_object_id)

	              │     └── dt_simulation_state (twin_object_id) → hm_scenario

	              ├── ai_asset_health_score (asset_id) → ai_model_registry

	              ├── ai_prediction_result (asset_id)  → ai_model_registry

	              ├── hm_result (scenario_id) → hm_scenario → hm_calibration_log

	              └── nrw_burst_leak_heatmap (asset_id)

	

	crm_customer_master (customer_id)

	  ├── crm_service_connection (customer_id)

	  ├── crm_service_request (customer_id) → cmms_work_order

	  ├── crm_notification_log (customer_id)

	  └── mdm_meter_master (customer_id)

	

	rpt_kpi_definition (kpi_id)

	  └── rpt_kpi_snapshot (kpi_id)
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	Inter-System Data Exchange Matrix
All authorised flows through the IC3 API Gateway



	Source System
	Direction
	Target
	Data Payload
	Protocol / Trigger
	IC3 Tables Affected

	GIS (ArcGIS/QGIS)
	→ IC3
	Master data sync
	Location, DMA boundary, topology, asset geometry
	REST POST /master/* | On GIS change (webhook)
	ic3_location_master, ic3_asset_master, gis_dma_boundary, gis_network_node/link

	SCADA / PLC / RTU
	→ IC3
	Real-time telemetry
	Tag values, alarms, pump / valve / flow / pressure / quality
	OPC-UA → Event Hubs → Stream Processor | ~1 Hz
	telemetry_current (UPSERT), telemetry_history (INSERT), ic3_event_alarm

	IoT Sensors / LoRa
	→ IC3
	Field telemetry
	Flow, pressure, turbidity, chlorine, temperature
	MQTT/LoRa → IoT Hub → Event Hubs | Every 15–60 s
	telemetry_history, ic3_event_alarm

	AMI / HES
	→ IC3
	Smart meter reads
	Interval volumes, leak/tamper flags, battery, quality
	REST POST /mdm/readings | Every 15 min
	mdm_meter_reading, mdm_ami_event

	CMMS (Maximo/SAP PM)
	⇄ IC3
	Work order bidirectional
	WO create/update/close, PM schedule sync, inspections
	REST bidirectional | On change event
	cmms_work_order, cmms_pm_schedule, cmms_inspection_record

	CRM (Salesforce/Oracle)
	⇄ IC3
	Customer + service requests
	Customer master, complaints, notification status
	REST bidirectional | On change event
	crm_customer_master, crm_service_request, crm_notification_log

	ERP (SAP/Oracle)
	→ IC3
	Finance data
	Purchase orders, asset depreciation, cost centres
	REST POST /erp/* | Daily batch 22:00
	erp_purchase_order, erp_asset_depreciation

	HDM / Hydraulic Model
	⇄ IC3
	Model scenarios & results
	Scenarios written in; results + calibration out
	REST bidirectional | Per model run
	hm_scenario, hm_result, hm_calibration_log, hm_demand_pattern

	IC3 DB
	→ Digital Twin Engine
	All live operational data
	Telemetry, alarms, WO completions, model outputs
	Webhook (int_webhook_queue) | Event-driven < 1 s
	Engine writes dt_object, dt_state_history

	IC3 AI Engine
	⇄ IC3
	AI inference pipeline
	Feature reads (batch); health + prediction scores written
	REST GET /features + POST /ai/* | Hourly + event
	ai_asset_health_score, ai_prediction_result, ai_model_registry

	IC3 DB
	→ Azure Synapse
	DW ETL
	Aggregated telemetry, NRW, WO, KPI data
	ADF Copy + Data Flow | Hourly (telemetry), daily (others)
	dw_fact_* tables in Synapse

	IC3 DB
	→ ADLS Gen2
	Event archive
	Raw telemetry + operational events
	Event Hubs Capture → ADLS Raw zone | Real-time
	adls://ic3sa/raw/* and /bronze/*

	IC3 Alarm Engine
	→ CMMS
	Predictive WO auto-raise
	AI health score → predictive work order creation
	REST POST /cmms/work_orders | When failure_prob_30d > 0.40
	cmms_work_order (auto INSERT)

	IC3 Alarm Engine
	→ CRM / Notification
	Customer service alert
	WO status → customer SMS/email/push notification
	Service Bus | On WO status change
	crm_notification_log (INSERT)

	IC3 DB
	→ Dashboard / BI
	Live KPIs + maps
	Alarm counts, NRW live, asset health, DMA tiles
	REST + WebSocket | Real-time alarms; 15-min KPIs
	Reads from rpt_kpi_snapshot, vw_* views, Redis
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	Developer Quick Reference
Complete index strategy, common query patterns, and onboarding checklist



24.1  Complete Index Strategy
	-- ── Master Data ─────────────────────────────────────────────────────

	CREATE INDEX idx_asset_dma         ON ic3_asset_master(dma_id);

	CREATE INDEX idx_asset_location    ON ic3_asset_master(location_id);

	CREATE INDEX idx_asset_status_crit ON ic3_asset_master(asset_status, criticality);

	CREATE INDEX idx_asset_type        ON ic3_asset_master(asset_type);

	CREATE INDEX idx_tag_asset         ON ic3_tag_master(asset_id);

	CREATE INDEX idx_tag_parameter     ON ic3_tag_master(parameter_id);

	CREATE INDEX idx_tag_active        ON ic3_tag_master(is_active) WHERE is_active=TRUE;

	

	-- ── Telemetry (TimescaleDB adds per-chunk automatically) ────────────

	CREATE INDEX idx_telh_tag_time     ON telemetry_history(tag_id, event_time DESC);

	CREATE INDEX idx_telh_asset_time   ON telemetry_history(asset_id, event_time DESC);

	CREATE INDEX idx_telh_dma_time     ON telemetry_history(dma_id, event_time DESC);

	CREATE INDEX idx_telh_quality      ON telemetry_history(quality_code) WHERE quality_code<>'GOOD';

	

	-- ── Alarms ──────────────────────────────────────────────────────────

	CREATE INDEX idx_alarm_asset_status ON ic3_event_alarm(asset_id, status);

	CREATE INDEX idx_alarm_dma_time     ON ic3_event_alarm(dma_id, event_time DESC);

	CREATE INDEX idx_alarm_open         ON ic3_event_alarm(status) WHERE status='OPEN';

	

	-- ── CMMS ────────────────────────────────────────────────────────────

	CREATE INDEX idx_wo_asset_status   ON cmms_work_order(asset_id, status);

	CREATE INDEX idx_wo_dma_type       ON cmms_work_order(dma_id, wo_type);

	CREATE INDEX idx_wo_sla            ON cmms_work_order(sla_due_time) WHERE status NOT IN('COMPLETED','CANCELLED');

	CREATE INDEX idx_pm_asset_due      ON cmms_pm_schedule(asset_id, next_due_date);

	

	-- ── MDM ─────────────────────────────────────────────────────────────

	CREATE INDEX idx_meter_dma_time    ON mdm_meter_reading(dma_id, reading_time DESC);

	CREATE INDEX idx_meter_time        ON mdm_meter_reading(meter_id, reading_time DESC);

	CREATE INDEX idx_meter_flags       ON mdm_meter_reading(leak_flag, tamper_flag)

	  WHERE leak_flag=TRUE OR tamper_flag=TRUE;

	

	-- ── CRM ─────────────────────────────────────────────────────────────

	CREATE INDEX idx_sr_customer_status ON crm_service_request(customer_id, status);

	CREATE INDEX idx_sr_dma_category    ON crm_service_request(dma_id, complaint_category);

	CREATE INDEX idx_sr_open            ON crm_service_request(status) WHERE status NOT IN('CLOSED','CANCELLED');

	

	-- ── AI / Analytics ──────────────────────────────────────────────────

	CREATE INDEX idx_ai_asset_time     ON ai_prediction_result(asset_id, created_at DESC);

	CREATE INDEX idx_ai_dma_type       ON ai_prediction_result(dma_id, prediction_type);

	CREATE INDEX idx_health_asset_time ON ai_asset_health_score(asset_id, calculated_time DESC);

	CREATE INDEX idx_health_risk       ON ai_asset_health_score(risk_level) WHERE risk_level IN('HIGH','CRITICAL');

	

	-- ── GIS (PostGIS GIST spatial indexes — MANDATORY) ──────────────────

	CREATE INDEX idx_gis_node_geom     ON gis_network_node  USING GIST(geometry);

	CREATE INDEX idx_gis_link_geom     ON gis_network_link  USING GIST(geometry);

	CREATE INDEX idx_dma_boundary_geom ON gis_dma_boundary  USING GIST(geometry);

	CREATE INDEX idx_asset_geom        ON ic3_asset_master   USING GIST(geometry);

	CREATE INDEX idx_sr_geom           ON crm_service_request USING GIST(geo_location);

	

	-- ── Integration ─────────────────────────────────────────────────────

	CREATE INDEX idx_api_log_src_time  ON int_api_exchange_log(source_system_id, request_time DESC);

	CREATE INDEX idx_api_log_corr      ON int_api_exchange_log(correlation_id);

	CREATE INDEX idx_ext_id_map        ON int_external_id_mapping(system_id, entity_type, external_entity_id);

	CREATE INDEX idx_webhook_pending   ON int_webhook_queue(status) WHERE status='PENDING';

	

	-- ── Digital Twin ─────────────────────────────────────────────────────

	CREATE INDEX idx_dt_state_twin_time ON dt_state_history(twin_object_id, state_time DESC);

	

	-- ── NRW ─────────────────────────────────────────────────────────────

	CREATE INDEX idx_nrw_dma_date      ON nrw_dma_water_balance(dma_id, calculation_date DESC);

	CREATE UNIQUE INDEX idx_nrw_unique ON nrw_dma_water_balance(dma_id, balance_period, period_start);



24.2  New System Onboarding Checklist
	Step
	Action
	Table / Endpoint
	Owner

	1
	Register new sub-system and obtain system_id
	INSERT INTO ic3_system_master
	IC3 Platform Admin

	2
	Map all external entity IDs to IC3 canonical IDs
	INSERT INTO int_external_id_mapping
	Onboarding Team

	3
	Define data quality rules for inbound data
	INSERT INTO int_data_quality_rule
	Data Governance

	4
	Register all telemetry tags with IC3 tag master
	INSERT INTO ic3_tag_master
	SCADA/MDM Team

	5
	Configure alarm thresholds per parameter
	UPDATE ic3_parameter_master
	Operations Team

	6
	Validate first 100 inbound records in quarantine
	SELECT FROM int_dq_quarantine
	Onboarding Team

	7
	Enable hypertable and continuous aggregate policies
	TimescaleDB setup scripts (Section 16)
	DBA

	8
	Register AI model for this asset type if new
	INSERT INTO ai_model_registry
	AI Engineering

	9
	Configure webhook subscriptions for outbound events
	INSERT INTO int_webhook_queue (config rows)
	Integration Team

	10
	Run end-to-end test: field event → DB → dashboard
	All layers + ops console
	QA + Operations
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