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Water and Sanitation Infrastructure Service
System Description

Abstract

The system-of-interest for this System Description is the Water and Sanitation Infrastructure Service. This
Water and Sanitation Infrastructure Service is described as an Enterprise situated in an Ecosystem.

This System Description focuses on the following elements:

= QOrganizations that own water and sanitation Technology Systems.
Capabilities provided by the organizations

= The network of organizations that deliver the infrastructure service.

® The various types of ecosystems (terrestrial and aquatic) that interact with this infrastructure service.
The Water and Sanitation Infrastructure Service is described as an Enterprise at a level of an Industry Sector
with the full value system from producer to consumer.
PDF: System Description: Enterprise as a System of Systems (SoS), Version 0.21, 27-Septermber-2026
The Water and Sanitation Infrastructure Service is situated in an Ecosystem that identifies the biophysical
boundary for the service. This may be a City-Region, bioregion, etc. The definitions used in this System Descrip-
tion are based upon the Ecological System (Ecosystem) system description.
PDF: System Description: Ecological System (Ecosystem), Version 0.4, 06-November-2023
NOTE: Most of the infrastructure services also relate closely to the appropriate United Nations Sustainable
Development Goals. The Water and Sanitation Infrastructure Service supports Goal 6.
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System Description: Water and Sanitation Infrastructure Service

The system-of-interest for this System Description is the Water and Sanitation Infrastructure Service. This
Water and Sanitation Infrastructure Service is described as an Enterprise situated in an Ecosystem.

This System Description focuses on the following elements:
= QOrganizations that own water and sanitation Technology Systems.
Capabilities provided by the organizations
The network of organizations that deliver the infrastructure service.
The various types of ecosystems (terrestrial and aquatic) that interact with this infrastructure service.

The Water and Sanitation Infrastructure Service is described as an Enterprise at a level of an Industry Sector
with the full value system from producer to consumer.

PDF: System Description: Enterprise as a System of Systems (SoS), Version 0.21, 27-Septermber-2026

The Water and Sanitation Infrastructure Service is situated in an Ecosystem that identifies the biophysical
boundary for the service. This may be a City-Region, bioregion, etc. The definitions used in this System Descrip-
tion are based upon the Ecological System (Ecosystem) system description.

PDF: System Description: Ecological System (Ecosystem), Version 0.4, 06-November-2023

NOTE: Most of the infrastructure services also relate closely to the appropriate United Nations Sustainable
Development Goals. The Water and Sanitation Infrastructure Service supports Goal 6.

The Water and Sanitation Infrastructure Service uses the Infrastructure Service (SoS) model based upon the
Enterprise (SoS) model. This model can also be used to model an entire industry sector that includes research
and suppliers. The Water and Sanitation Infrastructure Service System Description covers the operational
aspects of this infrastructure service.
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View: System Name and Class

This section identifies the system of interest for this system description
Name: Water and Sanitation Infrastructure Service
Based on: Human Activity Infrastructure Service and Ecosystem
See the correspondence section for information about integration with the Enterprise SD and the Ecosystem SD
and the definition of new classes for use in this infrastructure service. The resulting specific classes for water
and sanitation will be used to create models for the Water and Sanitation Infrastructure Service.
This set of definitions also uses the Ecological System (Ecosystem) conceptual model.
PDF: System Description: Enterprise as a System of Systems (SoS), Version 0.21, 27-Septermber-2026
PDF: System Description: Ecological System (Ecosystem), Version 0.4, 06-November-2023

Water Terminology

Key terms for water in Ecosystems and the Water and Sanitation Infrastructure Service.
Groundwater.

Aquifer

both confined and unconfined

the underground soil or rock through which groundwater travels.
Saturated zone and unsaturated zone .. relates to water table.
Water Table

the level below which the ground is saturated with water
Watershed

the land area that drains to a point of concern. e.g. lakes and rivers have watersheds. Drainage is done through
gravity (e.g. natural).

This allows the ridges to provide boundaries.

Catchment Area

Surface Water.

Occurs on freshwater and seawater in streams, rivers, reservoirs, wetlands, bays, estuaries and oceans. Also
appears in solid forms such as snow and ice.

Terms related to water quality
BOD - Biochemical Oxygen Demand

= Nitrogen Loading

® Phosphorus

= QOrganic Matter
DO - Dissolved Oxygen

Dissolved oxygen is required to maintain a balanced community of organisms in lakes, rivers and the oceans.
OD - Oxygen Deficit

Difference between the demand / use of oxygen and the rate that oxygen can be resupplied to the water.
Thermal stratification of lakes and reservoirs.

NOM - Naturally Occurring Organic Matter
Groundwater Reclamation or Re-mediation
Use of trees to absorb ground water and store water.

Untreated Water.

Treated Water.
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Ecological System (Ecosystem) Conceptual Model
Hydraulic Conductivity and Porosity

Intentional or unintentional inputs (additions to water).

Sanitation Terminology

Key terms for sanitation in the Water and Sanitation Infrastructure Service.

Waste Water Treatment

= Resource Recovery

General Terminology related to Water and Sanitation Infrastructure Service

= Chemical concentration
= Suspended Particulates
® Chemical reaction

= Air/ Water Equilibrium
= Atmospheric Transport.

Dynamics
®m Kenetics (rates of reaction)

= Sorption (Ad and Ab)
® Mass Balance

= Energy Balance

® Heat Balance

= Max Flux Density
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View: System Purpose

The purpose of the Water and Sanitation Infrastructure Service is to provide the following services:
®  Clean water (production to consumption)
®  Drinking, cooking cleaning, and other household uses
® Sanitation (removal of waste and used water)
= River water quality (runoff from city regions)
®  Use of water for irrigation / food production and energy.
®  Storm and Flood Water Management

Primary SDG Goal 6. Ensure availability and sustainable management of water and sanitation for all
Primary SDG Goal 13. Take urgent action to combat climate change and its impacts*
9 onmemons: [ 13 Soov

& | &

Goal 6. Ensure availability and sustainable management of water and sanitation for all
6.1 By 2030, achieve universal and equitable access to safe and affordable drinking water for all

6.2 By 2030, achieve access to adequate and equitable sanitation and hygiene for all and end open defec-
ation, paying special attention to the needs of women and girls and those in vulnerable situations

6.3 By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing release of haz-
ardous chemicals and materials, halving the proportion of untreated wastewater and substantially increasing
recycling and safe reuse globally

6.4 By 2030, substantially increase water-use efficiency across all sectors and ensure sustainable with-
drawals and supply of freshwater to address water scarcity and substantially reduce the number of people
suffering from water scarcity

6.5 By 2030, implement integrated water resources management at all levels, including through trans-
boundary cooperation as appropriate

6.6 By 2020, protect and restore water-related ecosystems, including mountains, forests, wetlands, rivers,
aquifers and lakes

6.a By 2030, expand international cooperation and capacity-building support to developing countries in
water- and sanitation-related activities and programmes, including water harvesting, desalination, water effi-
ciency, wastewater treatment, recycling and reuse technologies

6.b Support and strengthen the participation of local communities in improving water and sanitation man-
agement
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View: System Properties

This section identifies the system properties. Suggested headings have been included. These can be tailored..

Systemic Measurable Variables

Related to the Water and Sanitation Infrastructure Service
= Volume of water available per day
= \/olume of water used per day
= Volume of sewage produced per day
= Volume of sewage processed per day
®  Cost of water and sanitation per Household
= |nvestment in maintenance of the Water and Sanitation Infrastructure Service
= Volume of water lost due to leaks in distribution

Systemic Capabilities or Functions

The following capabilities are established:
= Provision of Potable Water.
= Provision of different types of water (usable but not potable)
= Removal of Waste Water
= Removal of Storm Water
Response to events:
® Flood Management Organizational Capability
® Drought Management

System States

The following states apply to the operational Water and Sanitation Infrastructure Service
= Normal Operation.

Flood Active

Drought Active

Pollution / Contamination Event

Systemic Quality Properties

Water Quality
® DO: Dissolved Oxygen Levels (necessary for aquatic life)
® Pesticide and Herbicide Levels

= Nitrogen and Phosphorous level (target / actual).
]

System Quantity Properties

The following measurements reflect the environmental conditions:
= Amount of Rainfall during a period of time
= Temperature of water supply
= Number of Users of the Water and Sanitation Infrastructure Service
= Volume of water in reservoirs (storage capacity)
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View: System Stakeholders and Concerns

The Stakeholders and their concerns or interests in this system-of-interest are described in this section.

The Stakeholders and their concerns or interests in this system-of-interest. Some of the stakeholders can have
global interests and others relate to a specific bioregion or city-region, or watershed or other delineated bio-
physical space.

Government (State)
= National Standards (national planning framework)
® | ocal Implementation (local plans)

UK Environment Agency (State)

® national policies and programmes
®  quality of rivers, forests, and soil.
= Flood prevention
= scope (water, air, land, etc)
Water and Sanitation Supply (Thames Water)

= Provide drinking water. (to quality standard)
= Distribute supply to consumer
= Remove Waste Water from Consumer
= Treatment of Waste Water (rain, household)
= Recycle or release treated water.
= Maintenance of the system (fix leaks)
Consumers
All human activity systems, such as:
= Household, Enterprise, Banks, Government, Community of Practice
® |nfrastructure services (see list).

These relate to a specific watershed, bioregion, or catchment as these are the underlying ecosystems for the
stakeholders.
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View: System Environment (Context)

The environment and the potential impacts on the system-of-interest.
The various organizations (add picture):
= Environment Agency
= National Government
® | ocal Government
= Human Activity Systems (acting as consumers)
Water / Sanitation Enterprises key interface for the organizational environment for this infrastructure service.
Other Enterprises that can impact the Water and Sanitation Infrastructure Service. These can increase the risks
of water pollution or excess consumption.
® Farms
= Manufacturing plants (food processing, petroleum based processing, mining (mineral extraction), clean-
ing and painting, etc)
= | andfill sites
= High population density cities (e.g. mix and number of houses)
Ecological (Environmental) Events in Aquatic or Terrestrial Ecosystems.
® Droughts
= Floods
® Fires
®  Storms (High Winds - hurricane)
® Damage to species populations (biodiversity)
u

The Water and Sanitation Infrastructure Service is also dependent upon other infrastructure services. The multi-
dimensional model of all of the systems provides a context for the Water and Sanitation Infrastructure Service
within a city-region.
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This diagram shows the other infrastructure services that this infrastructure service is dependent upon. These
are:
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Energy

Water and Sanitation (also a user).
Transportation

Education

Health

Information Technology and Communication
Food

Waste and Recycle

Built Environment

Emergency Services.
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View: System Structure (Pattern of Organization)

Identification and Composition of System elements and their relationships. This section generally includes a sys-

tem conceptual model.

Subsystem: Identification and Relationships
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Water System Elements

This section defines and Water System Capabilities:

Water Source
The water source may be:

= Wells
m Rivers
® Storms

= Recycled Water
Water Collection

= Reservoir (without Dam)

® Dams

® Storage Tanks

Water Treatment

Types of water
®  Untreated Water

®m Potable Water that is Palatable for Humans

Treatment includes removal raw-water constituents using:
®  Coagulation / flocculation with sedimentation and / or filtration
® Hardness Removal with calcium and magnesium

= Filtration

® Disinfection

® Membrane Processes
= Adsorption
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Water Distribution

Transporting water to consumer for use
Connections with the correct water pressure

Storm Water System Elements

Storm Water can be included as untreated water and use the same capabilities of the water system.
This allows all of the water system elements except water treatment to be used to handle the untreated water.
This untreated water (if considered Grey Water) if not seriously polluted can be used for many uses:

= Fire fighting

= |rrigation

= Some Cleaning
Flood Management
One issue with storm water is the capacity of the distribution / collection systems and the resulting overflow or
flooding of areas.
The area of flooding is both a capacity and environmental issue.
The overall structure of the Storm Water System must include a overall view of flood prevention and man-
agement. Flood Management also has a connection to the Emergency Services HAIS.
Flooding can also be a source of unwanted pollution depending upon the scale of the flooding (e.g. overflow
from sanitation systems).
(see behaviour).

Sanitation System Elements

This section defines and Sanitation System Capabilities:
Waste Water Collection

Domestic waste water

highly polluted with conventional pollutants

Industrial waste water.

vary in quantity, composition and strength

may contain heavy metals, radioactive materials and refractory organics
guidelines and pretreatment required for some types of pollutants.
Waste Water Distribution

possibly includes, Storm Water Runoff

The distribution of the waste water from the collection point to the treatment plant.
There may be some pre-treatment occurring along the journey.

Waste Water Treatment

Typical Treatment Steps:
® Pretreatment
® Primary Treatment
®m Secondary Treatment
= Tertiary Treatment to remove nutrients (N, P)
= Disinfection
Resource Recovery
Recovery of any recyclable items
® Recovery of treated effluents
®m Recovery of any biofuel related items
® recovery of any nutrients or other minerals
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View: System Behavior (Structural Changes)

In order to establish the behavior of the system-of-interest, some understanding of the physical architecture of
the system is necessary. This allows us to understand the behavior of the system at various points in time.

This physical configuration relates to the type of ecosystem that is of particular interest. This ensures that the cor-
rect system elements are considered in each of the areas of behaviour triggered in the system.

Configuration / Scenario:

This section describes the typical configurations for the Water and Sanitation Infrastructure Service.
m City-Region
= Bioregion or watershed
® Rural area

National Parks

Each of these areas has different configurations in the following areas:
= Capacity of the systems.
= Sources of water.
®  Storage and Distribution of Water.

Cyclical (Repeating / Regular) Processes
These cyclical processes relate to the behavior taken in the various processes. The identified trigger initiates a
process that may result in internal changes (structural changes).
The basic processes in this area relate to the following:
Normal Cycles or Repeating Processes
® Demand Trigger: Normal production and distribution of potable water.
= Billing Trigger: Normal billing cycle for invoices and payments
= Normal waste water removal processes and treatment
Normal event processes:
= Storm Trigger: Normal Flood Management and maintenance activities
® Drought Trigger: Normal demand reduction activities until the drought is clear.
® Earthquake Trigger: assessment of structural damage and initiate maintenance activities

= Contamination / pollution Trigger: Normal handing of issue related to the Water and Sanitation Infra-
structure Service.

Development Life Cycle Processes

Development relates to changes in the life cycle or major designed structural changes.
Continual Improvement of the Water and Sanitation Infrastructure Service:
= QOrganizational Capability
= Technology (SoS)
Water quality
= Fit within the various ecosystems.
Participating in the Planning Processes to ensure that the capacity of the Water and Sanitation Infrastructure
Service is adequate.
Provide consumer education on how to manage or reduce demand.
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Correspondences

The following correspondences apply to the Water and Sanitation Infrastructure Service

EntSoSADF CORO02: Water and Sanitation Infrastructure Service as an Enterprise

EcoSysSD_CORO03: Ecosystem Concepts / Classes extended for use in Water Infrastructure Service
EcoSysSD CORO05: Ecosystem Concepts / Classes extended for use in Sanitation Infrastructure Service
SysADF _CMO02: Extend Ontology Elements for new System Type

The following diagram highlights the reference architecture approach for the Water and Sanitation Area.
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EntSoSADF_CORO02: Water and Sanitation Infrastructure Service as an Enterprise

ID and Title

EntSoSADF_CORO02:Water and Sanitation Infrastructure Service as an Enterprise

Description

The Water and Sanitation Infrastructure Service can have multiple generalizations .. each generalization
allows the individual ontology elements to be redefined in a local conceptual model.

The model being extended is based upon the Enterprise (SoS) System Description (an AD Element)
PDF: System Description: Enterprise as a System of Systems (SoS), Version 0.21, 27-Septermber-2026

Methods Used

SysADF CMO02: Extend Ontology Elements for new System Type

Correspondence Results

The following model shows the new elements created for the Water and Sanitation Infrastructure Service.
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EcoSysSD_CORO03: Ecosystem Concepts / Classes extended for use in Water Infrastructure Ser-
vice

ID and Title
EcoSysSD_CORO03: Ecosystem Concepts / Classes extended for use in Water Infrastructure Service

Description
The Water and Sanitation Infrastructure Service has a number of connection points to a wider ecosystem.
This correspondence creates sub-classes of ontology elements for use in a Water Infrastructure Service as
an Enterprise situated in an Ecosystem. See EcoSysSD_CORO5 for the Sanitation Infrastructure Service.
The model being extended is based upon the conceptual model in the Ecosystem System Description (an
AD Element).
PDF: System Description: Ecological System (Ecosystem), Version 0.4, 06-November-2023

Methods Used
SysADF _CMO02: Extend Ontology Elements for new System Type

Correspondence Results
The following model shows the new elements created for use in the Water and Sanitation Infrastructure Ser-
vice situated in an Ecosystem
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EcoSysSD_CORO05: Ecosystem Concepts / Classes extended for use in Sanitation Infrastructure
Service

ID and Title

EcoSysSD_CORO05: Ecosystem Concepts / Classes extended for use in Sanitation Infrastructure Service

Description

The Water and Sanitation Infrastructure Service has a number of connection points to a wider ecosystem.
This correspondence creates sub-classes of ontology elements for use in a Sanitation Infrastructure Service
as an Enterprise situated in an Ecosystem.

The model being extended is based upon the conceptual model in the Ecosystem System Description (an
AD Element).

PDF: System Description: Ecological System (Ecosystem), Version 0.4, 06-November-2023

Methods Used

SysADF _CMO02: Extend Ontology Elements for new System Type

Correspondence Results

The following model shows the new elements created for use in the Water and Sanitation Infrastructure Ser-
vice situated in an Ecosystem
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Systemic Problems

The following are descriptions of the systemic problems identified in the Water and Sanitation Infrastructure Service

Overall Maintenance of both the Water and Sanitation Technology.
= Repair of Leaks
= Cleaning of pipes (elimination of FatBurgs)
Better handling of flooding
Spills from processing plants.
= Waste Water treatment plants
®  Manufacturing plants
® Chemical pollution
Leaching from Landfill sites into the water systems.
Water Availability
®  during Drought conditions
= waste in usage
®  Future development projections (increased population, increased housing)
® Freshwater withdrawls
® underground aquifers
= Rivers
Biodiversity
Health of species in water habitats
= DO Concentration,
= Nitrogen and phosphorus levels
®  population as feed source
= Water quality
Water for leisure pursuits
= Swimming
= Boating
= Walking
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Systemic Solutions

This section includes the description of possible solution options.

Better maintenance
Wider view of the water system (bioregion or city region)
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References

Environmental Engineering, James R. Mihelcic, Julie Beth Zimmerman

Environmental Engineering
Fundamentals, Sustainability, Design

The Physics of Living Systems, Fabrizio Cleri

The Physics of Living Systems
Basic textbook providing an understanding of the physics of living systems.

Animate Earth, Stephan Harding
Animate Earth

Earth System Science, Tim Lenton

Earth System Science, A Very Short Introduction
Pages 14 to 17 Defining the Earth system

Ecosystem Services, Mark Everard

Ecosystem Services

The Systems View of Life, Fritjof Capra and Pier Luigi Luisi

The Systems View of Life

This book is supported by the Capra Course which provides a 12 week course covering the four dimensions of
life: Biological, Cognitive, Social, and Ecological.

A Capra Course Glossary is available in the Capra Course Alumni Network - A global Community of Practice
related to the book.

See chapter 14 for information on Social Systems
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