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The role of BIM and GIS in HS2 historic 
environment data management, an 
overview of HS2 Phase 1, UK 
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The HS2 historic environment programme undertaken for Phase One of HS2 
between London and the West Midlands has resulted in a substantial digital archive, 
including Geographic Information Systems (GIS) data. According to the BIM 
(Building Information Modelling) approach, HS2 historic environment assets are 
considered as part of the construction assets, alongside the other disciplines assets 
such as highways, bridges, tunnels, and fencing. The GIS and spatial data play the 
role of a glue to demonstrate the interrelationship and hierarchy between 
archaeological assets, recording their location and geometry. 

Designating a unique asset ID (UAID) to each archaeological asset, and joining them 
to their attributes table and relating documents, creates a relationship between 
historic environment assets GIS data and their respective non-GIS data. According 
to HS2 digital engineering with BIM approach, HS2 historic environment core and 
primary assets have been identified, which the hierarchical order of them is as 
follows: Location Specific Written Scheme of Investigation (LS-WSI) and Project 
Plans (PPs) as core assets, and Written Scheme of Investigation Interventions (WSI-
Interventions), Archaeological Features, and Archaeological Objects as historic 
environment primary assets. Such an efficient, transparent, and readable asset data 
structure provides a lasting and valuable legacy for the lifecycle of the project digital 
data. 

Four different systems combine to form the digital legacy of the project, which 
complement the physical archive. These four systems are: HS2 Asset Information 
Management System (AIMS) and GIS systems, as well as Online Access to the 
Index of Archaeological Investigations (OASIS), and supporting digital data curated 
with the Archaeology Data Service (ADS) systems. As significant parts of the 
programme legacy, HS2's historic environment physical and digital archive establish 
an unprecedented opportunity for knowledge creation. 

 

 

 



   
 

1. Introduction 
High Speed Two (HS2) railway as the backbone of Britain's transport network, is 
more than a railway project. Beside building bridges, tunnels, tracks, and stations, 
the HS2 project includes the largest single archaeology programme ever undertaken 
in the UK. This programme is revealing more than 10,000 years of British history, 
from prehistoric times through to World War Two buildings. 

A key aspect of archaeology is its association with location. Archaeology is one of 
the interdisciplinary fields like construction and economy in which 'place' matters. 
Without location, any archaeological data is lacking identity. Therefore, it is obvious 
that spatial data analysis is an integral part of the manipulation and management of 
archaeological data. 

This article explains the role of GIS and BIM in manipulating historic environment 
spatial data in different lifecycles of this project. 

2. HS2, Phase 1 Historic 
Environment Programme, scope, and 
background 
The land required for construction of Phase One of HS2 from London Euston to 
Birmingham in the West Midlands (HS2 2017a), includes approximately 406 km2 
(40600 Hectares) of land, which is over 230 km (140 miles) long. The land required 
to be constructed in Phase One of HS2 along the route from London Euston to 
Birmingham and the West Midlands, includes approximately 406 km2 (40600 
Hectares) of land, which is over 230 km (140 miles) long. The route was divided into 
three areas for the enabling works – north, central, and south. Most of the 
archaeological works were undertaken by the Enabling Works Contractors (EWCs) 
and their specialist supply chain, and some archaeological works have been carried 
out by the Main Works Contractors (MWCs) and their specialist sub-contractors. 

The remarkable aspect of this programme is the fact that historic environment 
considerations have been fully integrated with the overall HS2 construction 
programme, as an evolution of existing and recent approaches to the design and 
delivery of historic environment works associated with major infrastructure projects. 
To put this approach into practice, the Generic Written Scheme of Investigation: 
Historic Environment Research and Delivery Strategy (GWSI: HERDS) was 
developed (HS2 2017b). The HERDS is the lead document for all historic 
environment works, and delivers the commitments set out in the Heritage 
Memorandum (HS2 2017c), one of the Environmental Minimum Requirements 
(EMRs) for the HS2 project (HS2 2017d). The HERDS outlines the detailed 
implementation plan for the preservation and protection of the cultural and historic 
heritage of the areas affected by the project. The HERDS includes the strategies for 
research, assessment, and delivery of mitigation including measures aimed at 

https://intarch.ac.uk/journal/issue65/5/index.html#biblioitem-HS22017a
https://intarch.ac.uk/journal/issue65/5/index.html#biblioitem-HS22017b
https://intarch.ac.uk/journal/issue65/5/index.html#biblioitem-HS22017c
https://intarch.ac.uk/journal/issue65/5/index.html#biblioitem-HS22017d


   
 

minimizing the impact of the HS2 project on the historic environment. It requires the 
project to have regard for National Planning Policy Framework (NPPF) (Ministry of 
Housing, Communities and Local Government 2021), archaeology and built heritage 
standards, national guidelines and codes of practice appropriate to the project. 

A series of technical standards support the HERDS and set out the more detailed 
guidance for technical methodologies and procedures. The specification for Historic 
Environment Investigations (HS2 2019a) defines the principal investigation 
techniques; all these different historic environment activities are captured within the 
GIS data. 

The specification for historic environment investigation (HS2 2019a) under the HS2 
GWSI: HERDS outlines the procedures, methods, and guidelines to be followed 
during the investigation process. It provides a common framework for the 
assessment and management of the historic environment, ensuring that all 
investigations are conducted in a consistent and effective manner. According to that 
technical standard, 30 different intrusive and non-intrusive investigation activity types 
have been determined to carry out Phase 1 historic environment evaluation and 
mitigation works. 

3. HS2 historic environment data 
management 
Data management and recording is one the significant aspects of specifications for 
historic environment investigation. The guiding principle of HS2 historic environment 
data management are the use of a BIM strategy combined with GIS, and an asset 
information management system (AIMS) to set out requirements for the collection, 
management, and preservation of data and information generated during the project 
lifecycle, including design, construction, and operational stages 

3.1 Historic environment data as spatial data 

A key aspect of any historic environment data is its association with location. 
Archaeology is among the fields in which Place matters. Without location, any 
archaeological data are devoid of identity. Geographical location is an integral part of 
archaeological surveys. Like any spatial data such as census data and land use 
data, archaeological data is captured across geographic space, and is joined with 
geometrical shapes, such as historic buildings, test pits, trial trenches, and 
intervention areas in a specific location with a certain geographical coordinate 
system. Geographic Information Systems (GIS) is used to understand and analyse 
complex relationships and patterns in historic environment spatial data. GIS is a 
combination of software and hardware pieces, such as sensors, cameras, drones, 
scanners, monitors, software packages, printers, servers, video projectors, that 
systematically work together. GIS provides experts with powerful tools for capturing, 
gathering, storing, cleaning, analysing, visualising, mapping, and delivery of historic 
environment spatial data in different stages of evaluation, mitigation, and post-
excavation archaeological works (Greene and Moore 2010). 
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Figure 1: A trial trench in Dews Farm, Hillingdon: HS2 Phase One. Image credit: HS2 Ltd 

3.2 The Use of Building Information 
Modelling (BIM) and GIS in the HS2 Project 

Building Information Modelling (BIM) is a digital tool that allows architects, engineers, 
and construction professionals to work together to create an accurate, up-to-date 
model of buildings or structures by defining the assets of the construction This model 
can be used to visualise the design, simulate construction processes, and manage 
data effectively during the buildings' lifecycle. Additionally, BIM allows project 
stakeholders to make informed decisions based on real-time data and simulations, 
reducing the potential for changes and rework later in the project (Department for 
Business, Innovation and Skills 2012). 

The integration of GIS into the BIM model provides a more accurate and 
comprehensive representation of the project and its surroundings, including the 
location and context of the assets. This information can be used to improve 
visualization and enhance asset management. 

On the HS2 historic environment programme, a combination of BIM and GIS being 
used to enhance collaboration and coordination between design and construction 
teams, improve construction efficiency, and reduce the risk of errors and delays. To 
fulfil these important demands the BIM approach and GIS have been deployed in 
HERDS (HS2 2017b), which enable: 

• Historic environment elements and investigations to be created as HS2 project 
assets; 

• A unique asset ID to be provided for each historic environment asset; 
• The location and geometry of the archaeological investigations and historic 

environment assets to be recorded as spatial data (using GIS); 
• Historic environment assets attribute table to be specified; 
• The interrelationship and hierarchy between historic environment assets to be 

established. 
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3.3 HS2 Asset Information Management 
(AIM) 

Assets are the core components of BIM models and are represented in the model as 
objects with properties and attributes. These objects can include walls, floors, 
windows, doors, mechanical equipment, electrical systems, and other elements of 
the asset. An asset portfolio refers to the collection of physical assets registered and 
managed by an organization's BIM model, such as buildings, roads, bridges, and 
other infrastructure. The term “asset information” is a generic term covering a range 
of information and data types which may sit within the asset portfolio (HS2 2015). 
These include, but are not limited to: 

• A record of a virtual (design) or physical asset and the unique identification of that 
asset; 

• Attributes about that asset, e.g. make, model, serial number, age, capacity; 
• Asset performance, condition and serviceability information; 
• Past, present and future costs associated with the asset; 
• Drawings of the asset; 
• Spatial information detailing the location, boundaries and extent of assets; 
• Configuration and systems engineering information; 
• Operation and maintenance instructions and other documents related to the asset; 
• A history of the asset and the work undertaken on it; and 
• Photographs, video and multimedia representations of the asset. 

Asset Information Management (AIM) is the process of managing information about 
an organization's assets portfolio. The purpose of AIM is to ensure that the right 
information is available to the right people at the right time, to support decision-
making related to asset management (Figure 2). 

3.3.1 HS2 Asset Information Management System 
(AIMS) 

The HS2 Asset Information Management System (AIMS) is a software system that is 
used to manage asset information, and includes a database that stores information 
about assets, as well as tools for data analysis and reporting. An AIMS is designed 
to provide a central repository for information about each asset in the asset portfolio 
and BIM model, including data on asset performance, maintenance history, and 
other important information. 

Also, it is integrated with other HS2 software systems, such as BIM, GIS, and 
Electronic Document Management System (EDMS) to provide a more 
comprehensive view of asset information. AIMS enables storage and access of the 
followings (HS2 2015): 

• Asset ID; 
• Asset Location; 
• Asset Classification; 
• Asset Function; 
• Asset Status (Cost and Time); 

https://intarch.ac.uk/journal/issue65/5/index.html#biblioitem-HS22015
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• Asset Criticality; 
• Asset Attributes specific to the class and function of the asset; and 
• Levels of detail shall be specified for each design stage. 

 
Figure 2: The core components of HS2 historic environment assets Information management 

in BIM. Image credit: HS2 Ltd 

3.3.2 DST 

The Data Structure Table (DST) is a critical component of the HS2 asset 
management system (AIMS), providing a consistent approach to recording assets 
information. The DST outlines the information required by HS2 assets, and the 
format in which this information should be stored (HS2 2021a). 

The DST includes the following elements: 

• Asset type definition: a clear definition of each asset type and its purpose. 
• Attributes: a list of attributes that should be associated with each instance of the 

asset type, such as location, date of construction, significance, and condition. 
• Relationships: guidance on the relationships between the asset type and other asset 

types within the asset management system, including dependencies, links, and 
relationships between assets. 

The DST is system agnostic, meaning it is not tied to a specific software or 
technology, but rather provides the detail necessary to create consistent, system-
specific data standards and schemas. The HS2 historic environment DST has been 
developed in accordance with the HS2 Historic Environment technical standards and 
procedures, and HS2 Building Information Management (BIM) documents, ensuring 
consistency with the overall approach to historic environment investigation and 
management outlined in these documents. By providing a consistent approach to 
recording historic environment assets information, the DST helps ensure that all 
relevant information is captured, stored, and managed accurately and effectively, 
providing a comprehensive view of the historic environment assets within the HS2 
project area. 

https://intarch.ac.uk/journal/issue65/5/index.html#biblioitem-HS22021a
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3.3.3 Asset Data Dictionary Definition Documents 

The HS2 Asset Information Management System (AIMS), Asset Data Dictionary 
Documents (known as AD4s) serves as a printable digital template form allocated for 
each asset, in which the information related to an asset is registered and stored on 
AIMS. The attributes which are required to be filled in through investigations for 
identifying an asset, have been set out in AD4s according to their respective asset 
class DST. The use of the AD4 standardises the information about each asset, 
allowing for effective and efficient management and decision-making for the 
protection and preservation of the historic environment assets. 

3.4 HS2 historic environment assets 

Historic environment assets refer to physical remains and cultural heritage sites that 
have historical, cultural, and/or architectural significance. These assets can include 
buildings, structures, landscapes, objects, and archaeological sites that have value 
and importance for their heritage, cultural, historical, or aesthetic significance. HS2 
Historic environment assets based on their significance and function are divided into 
three categories, namely core assets, primary assets, and other assets. 

3.4.1 HS2's historic environment core assets 

The top levels of Historic environment assets are core assets. These assets play a 
vital role in archaeological investigations. The geometry and location of core assets 
is decisive. Historic environment core assets are defined to record the location and 
extent of HS2 archaeological investigations. The information of core assets is 
recorded both in HS2 GIS systems and AIMS system. Also, the GIS and non-GIS 
information of other historic environment elements and assets is linked to these core 
assets through a Unique Asset ID (UAID), which is allocated for each core asset. 

The HS2 historic environment core assets are (Figure 3 and Figure 4): 

• Location Specific Written Scheme of Investigation (LS-WSI), as areas of land that 
largely are defined to meet construction needs, represented with polygon GIS layers; 
The information of LSWSI is recorded in their AD4 on AIMS as well as their GIS 
polygon feature class. 

• Project Plans (PPs), as areas with specific packages of archaeological activities to 
achieve certain objectives of investigation, e.g. a series of geophysical surveys, a 
building recording survey, archaeological excavation etc., which are all carried out 
within a boundary of a certain piece of land. PPs are represented with a polygon 
feature class and data-wise they are linked to LSWSIs through LSWSIs UAID in 
'UAID_LSWSI' field embedded in Project Plans polygon feature class, as well as their 
AD4 in AIMS. Aside from Project Plans UAIDs, for each Project Plan a unique 'site 
code' is allocated by HS2, which is recoded both in a field in the Project Plans 
polygon feature class GIS data and Project Plan AD4. 

3.4.2 HS2's historic environment primary assets 



   
 

Under the core assets, the HS2 historic environment assets hierarchy comprises 
three primary classes of assets, which spatially situate within the core assets, and 
are related to them by Unique Asset IDs UAIDs (Figure 4). The information of 
primary assets only is recorded on the HS2 GIS system, however the core assets 
relating to them (LSWSIs and Project Plans) can be tracked on AIMS, as well. 

These primary assets are: 

• Written Scheme of Investigation Interventions (WSI-Interventions), as the extents of 
single archaeological activities (e.g., borehole surveys, trial trenches), with their 
boundary also recorded as a polygon feature class. A UAID is allocated for each 
WSI-Intervention, and the data of WSI-Interventions is joined to their relating Project 
Plans with 'UAID_PP' field. Also, a unique reference number, created by the 
contractors to identify each WSI-Intervention, is allocated to each of them, and is 
recorded in 'WSIIntID' field in their GIS feature class. This UAID is prefixed by the 
Site Code of the relating project plan (Figure 3 and Figure 4). 

• Archaeological Features, as human-made non-portable elements with certain 
historical period, which their location and geometry are recorded in a polygon GIS 
feature class. For example, an intervention area with trial trenching activity type, may 
uncover features such as postholes or ditches. The data captured for each 
Archaeological Feature found within a project plan is linked to their relating WSI-
Intervention through 'WSIIntID' fields in their GIS feature class. A unique reference 
number, prefixed by the Site Code of the related project plan is assigned to each 
Archaeological Feature and recorded in the 'FeatID' field of its associated GIS 
feature class. This helps to distinguish and track each Archaeological Features, and 
helps to identify the features' location and context (Figure 3 and Figure 4). 

• Archaeological Objects, e.g., rings, coins, or coffin plates found during archaeological 
investigations, which their location is represented with a point GIS layer. The data 
captured for each Archaeological object found within a project plan is linked to their 
relating Archaeological Feature, WSI-Intervention through 'FeatID', 'WSIIntID' fields 
in their GIS feature class. A unique identifier, comprised of a prefix from the related 
project plan's Site Code, is given to each Archaeological Object and recorded in the 
"ArchaeologyID" field of its corresponding GIS feature class. This identifier allows for 
easy differentiation and tracking of each archaeological object and facilitates the 
identification of its location and context (Figure 3 and Figure 4). 

 
Figure 3: A schematic diagram of HS2 historic environment core and primary assets and 

their spatial relationship. Image credit: HS2 Ltd 
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Figure 4: The hierarchical relationship between HS2 historic environment core and primary 

assets GIS data. Image credit: HS2 Ltd 

3.4.3 HS2's other historic environment assets in HS2 
BIM, recorded in AIMS 

There are other historic environment assets that their geometry and location is not as 
significant as core asset and primary assets, and that is why they are not recorded 
as GIS data. The information about these assets is collected according to their own 
special AD4, and the data is registered in HS2 Asset Information Management 
System (AIMS) only (HS2 2021b). 

These assets are classified in seven types, as follows: 

• Funerary Monuments, 
• Historic Streetscape Elements, 
• Historic building Salvage Materials, 
• Historic Railway Salvage, 
• Monument Finds, 
• Physical Archive, and 
• Public Art and Sculpture. 

4. HS2 historic environment GIS data 
management 
An efficient process for managing historic environment data within the HS2 project 
has been created. The process involves collaboration between the HS2 supply 
chain, third-party data providers, the HS2 Historic Environment team, and HS2 
stakeholders, such as Archaeology Data Service (ADS) and Historic Environment 
Records (HERs) at local authorities, who use the data. The workflow covers all 
stages of data management, from data capture to delivery, and includes tasks such 
as cleaning, analysis, and visualization. The goal of the integrated workflow is to 
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improve efficiency and provide benefits to all parties involved in the use and 
management of the historic environment data. For example, all the HS2 historic 
environment fieldworks GIS data, undertaken by HS2 contractors and supply chain, 
is assured, and processed according to HS2 historic environment standards and 
specifications, and deposited with HERs. This HS2 historic environment information 
can be used against the planning-related queries, development-control works and 
land management within the respective local authorities. 

GIS data submitted is assured and processed by a dedicated HS2 Historic 
Environment Data Manager, who has the responsibilities of overseeing and 
monitoring the delivery of historic environment GIS data within the HS2 project. This 
includes tasks such as developing and assuring technical documents, responding to 
contractors' requests for information and clarifications, quality controlling the 
delivered GIS data, and processing and uploading the data onto the HS2 server. The 
goal is to ensure the delivery of high-quality GIS data for the HS2 project. On the 
other hand, another responsibility of the HS2 Historic Environment Data Manager is 
to deliver historic environment GIS data to HS2 stakeholders. This includes using 
tools such as the HS2 Electronic Document Management System (EDMS), and 
enterprise Bridge (eB) transmittal system, the internal HERDS Digital Platform site, 
and the G-Viewer, an internal web mapping application, to provide access to the 
data. The aim is to make the GIS data accessible and usable to all HS2 
stakeholders. 

 

Figure 5: HS2 historic environment GIS data circulation and management. Image credit: HS2 

Ltd 

4.1 Historic Environment GIS Specifications 

According to the nature of Historic Environment surveys and activities data 
collection, there are five different GIS Schemas (HS2, 2019b), which each of them 
has its own datasets as follows: 

https://intarch.ac.uk/journal/issue65/5/images/figure5.jpg


   
 

• HERDS GIS schema (Figure 6), for recording LSWSIs, project plans and their 
relating objectives and document lists, intervention areas, archaeological features, 
and archaeological finds (Vector data and their relating tables); 

• Geophysical Survey results (Figure 7), comprising raster data in RasterCatalog, and 
their interpretation layers in Vector format); 

• Cultural Heritage Settings (Vector data); 
• Surface Collection survey results (Vector data); 

• Remote Sensing survey results interpretations (Vector data). 

 
Figure 6: Archaeological features, predominantly grave cuts in St James Gardens, visualised 

on G-Viewer, HS2 Phase 1. Image credit: HS2 Ltd 

 

Figure 7: A part of Geophysical Survey Results in Northamptonshire, visualised on G-

Viewer, HS2 Phase One. Image credit: HS2 Ltd 
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4.2 Relationship between GIS data and non-
GIS data 

In accordance with HERDS strategy, GIS schemas were used to create a system, 
which connects historic environment assets spatial data to their respective non-GIS 
supporting documents (HS2 2019b). The goal is to make the management and 
analysis of archaeological data more efficient and organized. To build this 
relationship, the core assets UAID play the key role (Figure 8). 

 

Figure 8: Unique Asset IDs used to relate Project Plans GIS data to their respective non-GIS 

data. Image credit: HS2 Ltd 

4.3 HS2 historic environment GIS data 
processing 

Historic Environment evaluation and mitigation works GIS data packages are 
submitted by the contractors, and then quality controlled, and assured by the Historic 
Environment Data Manager. The data is then processed and prepared to be 
uploaded on HS2 server and visualised and published on HS2 G-Viewer. For 
implementing this GIS data processing, a variety of GIS software and hardware 
pieces are utilised. The main GIS tools established on HS2 GIS systems are based 
on Esri ArcGIS products, Safe Software FME, and Python scripts. 

5. Recording HS2 historic 
environment data system 
specifications and digital archive 
As mentioned in the previous paragraphs, the HS2 Phase One contractors were 
required to submit all the digital data generated during the implementation of the 
historic environment programme in different reports and data formats. According to 
HS2 GWSI: HERDS (HS2 2017b, HS2 2019a) and historic environment DST 

https://intarch.ac.uk/journal/issue65/5/index.html#biblioitem-HS22019b
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(HS2 2021a), this digital information is stored and archived is four different data 
recording systems, as follows (Figure 9): 

• The information of historic environment assts is recorded on Asset Data Dictionary 
Definition Documents (AD4s) on HS2 AIMS; 

• Online Access to the Index of Archaeological Investigations (OASIS) is an online 
platform for documenting events affecting the historic environment in the UK, 
managed by the Archaeology Data Service (ADS) with support from Historic 
England. It records project-related metadata and reports from all investigations in the 
field of historic environment. HS2's metadata, reports, and archive information is 
stored in OASIS, allowing for easy access and export by HS2, ADS, and interested 
parties. The system also creates a connection between the physical archive and the 
digital archive maintained by ADS. The OASIS data is uploaded directly by Enabling 
Work Contractors (EWCs) and Main Works Contractors (MWCs). 

• Supplementary archaeological data, which sits behind those summary records and 
final reports will be deposited with the ADS for long-term preservation and 
dissemination. Supplementary archaeological data, which is directly transmitted to 
ADS by Enabling Wok Contractors (EWCs)/Main Works Contractors (MWCs) and 
their supply chain, is provided in a clear hierarchical directory (file folder) structure 
identified by the appropriate, metadata, OASIS ID and then divided into sensible data 
types and/or file formats. The main supplementary archaeological data types are 
images, CAD files, spreadsheets, raw geophysical data, Close-range 
photogrammetry (CRP), Reflectance Transformation Imaging (RTI), aerial survey 
(photographic), 3D laser scanning and Light Detection and Ranging data (LiDAR), 
Medical Imaging Data, audio recording, and video recording. 

• The historic environment surveys and mitigations spatial data in GIS packages, are 
captured and submitted to HS2 by Enabling Wok Contractors (EWCs) or Main Works 
Contractors (MWCs) and their supply chain, according to HS2 Historic Environment 
GIS schemas and procedures. Then, GIS data submitted, is assured and approved 
by a dedicated HS2 Historic Environment Data Manager, and eventually is sent to 

ADS directly via HS2 Electronic Document Management System (EDMS). 

 
Figure 9: Historic Environment Data Recording System Specifications. Image credit: HS2 Ltd 
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6. The role GIS and BIM to build a 
relationship between HS2's different 
historic environment 
publications/archives 
As HS2's vision for the historic environment programme is to provide access to the 
artefacts and information in a variety of interesting ways that will enable people to 
learn about the story of a nation. The creation of HS2's historic environment physical 
and digital archive is an integral part of the lasting legacy of the programme to fulfil 
the above vision. 

• Digital Archive: The HS2 historic environment digital archive, including GIS data, will 
be publicly curated by ADS (HS2 2021b). 

• Physical Archive: According to HS2 Historic Environment Archive Strategy, as well as 
using the CIfA Archive Selection Toolkit, HS2 historic environment physical archive 
(the artefacts and analogue records) will be deposited, where possible locally within 
line-of-route museums/archive repositories according to their geographical collecting 
areas. 

The interrelationship and hierarchy between HS2's historic environment assets, 
which have been recorded through their UAIDs in HS2 GIS systems and AIMS, are 
the glue for connecting the HS2 digital archive and physical archive. 
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