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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

A utility tunnel is typically constructed underground to carry pipelines. A utility tunnel is also used to carry
communications cables such as telecommunication cables, radio cables and television cables.

In a smart community, a utility tunnel is an important part of the infrastructure that accesses energy
distribution, city information / data acquisition as well as transmission systems, while also being crucial for
the redistribution of social resources. It is a valuable aspect of public infrastructure and a lifeline to ease the

congestion

of community traffic by fully utilizing the community underground space.

If the utility tunnel is well-planned, constructed and managed, it can have the following advantages:
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htes the risk of overhead facility accidents caused by inclement weather, théreby enH
hpe and public safety of the community;

ces community energy carrying capacity and promotes community efficiency and
pment.

nent provides a general overview and framework for the operation and maintenand
hims to provide requirements and recommendations for Stakeholders of utility tunnels
htainability, cost-effectiveness, technology applicationjsustainability and managemen

ment benefits the stakeholders of utility tunnels, including but not limited to, {
developers, operation providers, maintenance“providers, pipeline operators and
bquirements and recommendations for coopération between the public and private {
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n delivering safe and reliable energjrsupply services, improving the quality of commt
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mple, Beijing Government Services?);
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This document encourages a platform-based approach for managing the operation and maintenance of the
utility tunnels. It aims to strengthen information exchange and sharing, and ensure the safe and effective
operation and maintenance of the utility tunnels.

1) https://www.gov.uk/guidance/national-underground-asset-register-nuar

2) https://banshi.beijing.gov.cn/

3) https://www.byda.com.au/
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Smart

community infrastructures — Operation and

maintenance of utility tunnels

1 Scope

This document specifies requirements and recommendations for the operation and maintenance of utility

tunnels in
This docul
maintenan,

This docun

2 Norm

ETTITS Of appHTation, Safety, energy CONMSEr vation, advanced teCotogy amd eCOTIOTIIT
nent aims to ensure the sustainable development as well as safe and stable cop§
ce of utility tunnels.

hent is applicable to communities of any size that have utility tunnels.

ative references

There are o normative references in this document.

3 Term|
For the puj
ISO and IE
ISO On

IEC El¢

3.1

s and definitions
poses of this document, the following terms and definitions apply.
[ maintain terminology databases for use in stanidardization at the following addresse

line browsing platform: available at https://Wwww.iso.org/obp

ctropedia: available at https://www.eléctropedia.org/

utility tunnel

enclosed sf
cables and

Note 1 to en
cables and tf

Note 2 to ef]
utility corri

3.2

ructure and ancillary facility built under the city to access two or more pipelines, e.g
water supply pipes

try: A utility tunnel is also-lised to carry communications cables such as telecommunication (
elevision cables.

try: For the purposes of this document, "utility tunnel” is used, but other terms that can be
Hor, commonservices tunnel, common ditch or utilidor.

utility tunnel body

enclosed sf
service lifd

ructure that can independently withstand the effects of external water and soil within

ationality.
ration and

2]

electricity

ables, radio

sed such as

the design

, including the main body structure of the utility tunnel and the various entranceg

and exits,

maintenan

3.3

ce roadways, ventilation ducts and other structures

ancillary facility
supporting facility of the utility tunnel for the purpose of safe operation and maintenance

EXAMPLE

3.4
pipeline

Firefighting system, ventilation system, power supply system, illumination system, monitoring and
alarm system, water supply system, drainage system and identification system.

pipe or cable utility line that is installed inside the utility tunnel for carrying water, rainwater, sewage,
reclaimed water, gas, heating water, cooling water, steam, electricity and communication data

© IS0 2024 - All rights reserved
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3.5

operation and maintenance management platform

OMMP

integrated platform that meets the monitoring, management, processing, and decision-making needs of
stakeholders of a utility tunnel based on the latest smart community infrastructure technologies, e.g. smart
monitoring, Internet of Things (IoT), big data, building information modelling (BIM), geographic information

system (GIS) and related smart equipment

Note 1 to entry: An OMMP should be reliable, safe, advanced, usable, maintainable, extensible and open.

Note 2 to entry: An OMMP should be able to be accessed to the development map of the utility operator and provider.

3.5.1

building infornmation uludc“iug

BIM
use of a sh
toformar

[SOURCE: ]
3.5.2

hred digital representation of an asset to facilitate design, construction and opetatior
bliable basis for decisions

SO 23386:2020, 3.6]

geographic information system

GIS
informatio
the Earth

[SOURCE: I

3.6

stakehold
organizati
manageme
investor, d

3.6.1
authority

n system dealing with information concerning phenomenasassociated with location

SO 19101-1:2014, 4.1.20]

er
n or individual who obtains investment returns, supply quality, safety guaranteg
nt benefits through the operation and maintenance of utility tunnels EXAMPLE A ut
bveloper, operation provider, maintenance provider, pipeline operator, citizen.

organizatipn that develops, maintains, administers and / or enforces regulations to ensure saf

and perfor
Note 1 to en
EXAMPLE

3.6.2
investor

mance as well as other important aspects of a utility tunnel
try: The role of authority semetimes can be performed by the government or land owner.

Community goverhmental agency.

organizatipn that irlvests in the development of a utility tunnel

processes

relative to

s and city
hority,

bty, quality

Note 1 to ertry«Thé financing institution can also be an investor when they provide funding for the development of a
utility tunnel

EXAMPLE Development bank, commercial bank.

3.6.3

developer

organization that is responsible for the plan, design and construction of a utility tunnel and operation of a
utility tunnel by organizing it in whole, or in part

Note 1 to entry: The developer can delegate utility tunnel operation and maintenance providers to operate and
maintain the utility tunnel.

EXAMPLE

Private developer, municipality.

© IS0 2024 - All rights reserved
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3.6.4
operation provider
organization that is responsible for operating a utility tunnel

3.6.5
maintenance provider
organization that is responsible for maintaining a utility tunnel

3.6.6
pipeline operator
organization that is responsible for operating and maintaining a portion or the entirety of the pipelines

EXAMPLE ICT vendor, water supplier, electricity supplier, gas supplier.

3.6.7
citizen
member ofla smart community who benefits from the development and operation of a utility tunnel

4 Benefits to stakeholders

4.1 General

The main relationship among stakeholders is shown in Figure 1:

Authority Investor

supervise ||feedback  loan||reconstruct

Developer

city ||data
governing |[sharing
deliver| | pay

Operation provider and
maintenance provider

supervise | feedback operate and || pay

maintain

Pipeline operator

Figure 1 — Relationship among stakeholders

The operatiomamd Tmaintenarnce of a utitity tunmet covers the staketotders —bemnefitsinvotvedin the plan,
design, construction, operation and maintenance of the utility tunnel throughout its life cycle. The main
benefits that the stakeholder contributes to the process are as follows:

— improve the level of community governance and operation, to plan and use underground space efficiently,
and to promote the sustainable development for the city authority;

— generate investment income for the investor;
— balance the sustainable development of community construction for the developer;

— realize the safe and efficient operation of the utility tunnel, as well as certain economic benefits for the
operation provider;

© IS0 2024 - All rights reserved
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er;

smart cities for the pipeline operator;

save costs for operation and maintenance of utility tunnels;

ensure smart management in the operation and maintenance life cycle of the utility tunnel.

4.2 Authorities

realize the normal operation of the utility tunnel and specific economic benefits for the maintenance

ensure the safety of pipelines and meet the energy supply needs for the sustainable development of

The authority is responsible for the overall management of the operation and maintenance of the utility

tunnel. Apj

coordi
constr
to pro
maintg

operat]
infrast

ensure

achiev

4.3 Inve
The invest

identif]
requir

under
or loar

contril

4.4 Devq

bl1cation oI this document helps authorities to:

hate the issues and activities in the entire life cycle of the utility tunnel including’pl
uction, handover of the operation and maintenance services, smart operation:arid m4
mote the formulation of requirements related to smart infrastructure, reduce op¢
nance costs, and achieve cost efficiency;

e as a "system of systems" to improve efficiency of the smart utility tunnel as an
ructure;

the safe operation of the utility tunnel through efficient distribution and optimized m4

e a better balance of benefits among all stakeholders.

stors
br focuses on investment returns. Application of this document helps investors to:

y relevant risk during the operation and\niaintenance period by understanding th
ements during the operation period befane investing;

provide a basis for investors to formulate possible operational risk management strategies;

tand the relevant technical requirements of operation and maintenance, and monitor
control more accurately;

pute to decision-making.oh collaborative investment or fund-raising.

plopers

Applicatio

identi

of this document helps developers to:

the relevant requirements during the plan, design and construction stages which c

an, design,
iintenance,
ration and

integrated

nagement;

b technical

nvestment

n improve

the effjciency-and cost control during the operation stage, and increase the developer's income;

contribute to the systematic development of a smart integrated utility tunnel opel

fation and

maintenance system,;

utility

tunnel to the entrusted party.

4.5 Operation providers

Application of this document helps operation providers to:

specify the requirements for the plan, design and construction, and operation and maintenance of the

— develop organizational policies, overall management plans and control requirements for the operations
and maintenance of utility tunnels that suit operation providers’ specific characteristics;

— identifysafetymanagementand emergencyrequirementsto help operational safety and riskmanagement;

© IS0 2024 - All rights reserved
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— adopt new technology to improve the efficiency and profitability of operations;

— guide the evaluation and improvement of the operation level of the utility tunnel;

— ensure a consistent income to contribute to the daily operation and maintenance costs.

4.6 Maintenance providers

Application of this document helps maintenance providers to:

to develop daily maintenance measures;

identi
adopt
under

promo

4.7 Pipe

identify the basic technical requirements and organizational requirements of operation and maintenance

y oafct_y ulauascxucutaud CIIITI BCllLy 1 C\.iuil ClllClltD tU }lC]llJ UlJCl atiuua} bafct_y aud 1 ib}\ I11d
hew technology to improve maintenance efficiency and cost control;
tand the requirements of the maintenance of utility tunnels;

te the adoption and advancement of smart operations and maintenance,

line operators

Application of this document helps pipeline operators to:

— under}{

achiev|

reducs
collect]

4.8 Citiz

tand the safety and operation level of the utility tunnels;
e a cost-effective utility tunnel that is financially acceptable to pipeline operators;

the scheduling waste of pipeline operators, .aiid save resources through data sh
ion and data analysis.

ens

Application of this document improves the livifig environment for citizens by providing:

more ¢

effecti

5 Basid

5.1 Gen

The operat
are the bas

Before the

fficient and reliable infrastructure, resulting in a better quality of life;

ve operation and maintenarnce of utility tunnels and the reduction of community carbon|

elements and.overall requirements

bral

ion andumaintenance of the utility tunnel body, the ancillary facilities, pipelines and
ic elements of the operation and maintenance of a utility tunnel.

nagement;

hiring, data

emissions.

the OMMP

operation and maintenance of the utility tunnel begins, the authority or the develo

er should

reach an agreement with the operation and maintenance provider. The authority or the developer shall issue
an operation license to the operation and maintenance provider, which includes, but is not limited to, the
operable and maintainable objects of the utility tunnel and the types of pipelines that can be accessed. The
organization, personnel and rules of the operation and maintenance provider shall meet the operation and
maintenance requirements. Relevant documents before the operation and maintenance stage, such as plan,
design and construction stages, including BIM and GIS documents, should be submitted to the operation and

maintenan

ce provider.

© IS0 2024 - All rights reserved
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5.2 Utility tunnel body

The utility tunnel body consists of ancillary facilities and pipelines, and the space where operation and
maintenance activities take place. The following basic requirements shall be met:

The design requirements for safety, functionality and durability of the utility tunnel body can be met by
checking the construction acceptance documents of the utility tunnel body.

The utility tunnel body shall take full advantage of the underground space considering the internal and
external conditions;

Functional parts of the utility tunnel such as entrances, vents and pipeline intersections, shall
be constructed according to the design requirements and meet the operational and maintenance

requir
pipelin
Asabd
constr

(CIM)
should

When
loads ¢
to the

5.3 Anci

The ancill{
environme
requireme

Facilit
of coof

The lig
The sy

i Tl o it 1 £11 Ealade o o laololll L. H 1 Aot H |
CIIICTICS. T IIT TTILCT IIdl DPQLC Ul L1IT ULlllLy CUIIIITT SIIdIT UT LUllllJl CllCllDlVCly UCTLCTIIIITIICYU

es, such as type specification, quantity, installation requirements;

sicrequirement of BIM, survey and mapping data of the utility tunnel body shall bé.obta
uction is approved. A BIM+GIS model that meets the requirements of city infarmatior

be trained and authorized to carry out the work;

h defect or damage occurs in the utility tunnel body due to material degradation or use g
luring the service period, it should be recorded as defective and‘effectively disposed o
pbredetermined disposal measures.

llary facilities

iry facilities of the utility tunnel ensure the stable operation of the main body, tl
nt, pipelines and the safety of operations and“maintenance personnel. The follo
hts shall be met:

es for firefighting, ventilation, illumination} monitoring and alarms, drainage, etc. shall
dinated control;

hting system shall meet requirements for operation, maintenance and emergency eva

stem composition, structure.and configuration of the monitoring and alarm facilities

determiined according to the consfruction scale, the types of pipelines, and the operation, m

and m

Monitg
device

hnagement mode of the utility tunnel;

ring devices shall be-installed for pipelines. For example, combustible gas detection
5 shall be installed.in the cabins containing gas pipelines. Thermal detectors shall b

around the electricity cables for fire alarms.

5.4 Pipd

lines

y details of

ned before
modelling

should be established. Individuals or organizations who survey and map ‘the constriiction data

fexcessive
f according

he internal
lving basic

be capable
ruation;
should be

pintenance

and alarm
e installed

The pipelines,can obtain a stable environment through the operation and maintenance of utility tunnels.

The follow

ngbasic requirements shall be met:

During the plan and design stage of utility tunnels, the developer should consider the requirements of
the operation and maintenance of the pipelines.

The pipeline operator should apply to the utility tunnel operator for access to the pipeline to the utility
tunnel, and provide relevant documents such as the pipeline installation, operation and maintenance
plan. The pipeline can be accessed to the utility tunnel with the permission of the utility tunnel operator.
The pipeline owner shall submit the operation and maintenance schedule and emergency plan of the
pipeline to the utility tunnel operator.

After the installation of the pipelines into the utility tunnel, the operator shall ensure that the installation
meets the requirements for the operation and maintenance of the utility tunnel.

© IS0 2024 - All rights reserved
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— The number and type of pipelines entering the utility tunnel should be consistent with the plan and

design

specifications.

5.5 Operation and maintenance management platform (OMMP)

5.5.1 The OMMP is a comprehensive system. The system architecture and functions shall include at least,
the following aspects to ensure effective operations:

5.5.2 Th
least, the f}

the requirements for developing a local smart community;

the scale of the utility tunnels;

the spor‘ifirafinnc for hosted pipp]inpc;

the md

assetn

de for operation and maintenance management.

e basic architecture from layer 1 to layer 4 is shown in Figure 2. The system‘shall inc
inctions listed below:

nanagement;

mecha[:ical and electrical equipment monitoring management;

enviro
data n
inspec
asecu

emerg

mental monitoring management;
anagement;
tion and maintenance management;
Fity alarm;

bncy coordinated control.

ude, at the

_[ Layer 4: Application service ldyer

| Operation provider | | Pipeline operator | | Analysis and training |

| Operation/and management business logic function |

—[ Layer 3: Capability support layer

| Workﬂowservicel | Data service | | GIS servicel | 3D service |

Web service |Interface service|

—[ Layer 2: Network communication layer }
Network Data exchange
management and sharing
[ . . . )
Layer 1: Environment and device perception layer ]
Environmental Device data Control Fire alarm Inspection and
data perception perception system system | |maintenance system

Figure 2 — Basic architecture of the OMMP

© IS0 2024 - All rights reserved
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5.5.3 The platform should allow for safe information exchange among pipeline management units and
relevant information platforms, or reserve a standard information exchange interface. The OMMP should
reserve interfaces to ensure the platform connecting national infrastructure management and pipeline
information networks.

5.5.4 The OMMP’s security architecture shall be aware of local regulations regarding the protection of
information. Measures should be taken to prevent the OMMP and data from attacks, intrusion, interference,
damage, illegal use and accidents, in order to implement stable and reliable operation of the OMMP and data,

and ensure the integrity, confidentiality and availability of the information.

NOTE Local security and confidentiality regulations can apply to the collection, storage, transmission and
exchange of information.

5.5.5 The OMMP should meet the requirements for managing smart cities and integrate with thL following
smart technologies to effectively improve the capability, security, reliability, technology @dvahcement of
the system:

— loT teghnology;

— Dbig datla, machine learning and artificial intelligence technology;

— cloud tlechnology;

— BIM+([S and visualization technology (see Annex B);

— smart pquipment, virtual reality and augmented reality technology.

6 Operations and maintenance

6.1 General

The operation and maintenance of the utility tunnel refers to a series of activities, including planning,
organization, implementation and control, which are carried out during the life cycle of the ut{lity tunnel
body, ancillary facilities and pipelines. Thiese activities can be divided into operations, maint¢nance and
management. They ensure that the utility tunnel operates safely and provides services to stakeholders.
Operationg and maintenance personnel shall have received pre-job training and a qualified certifjicate.
Personnel,|equipment, instrumients and operating procedures which are involved in the operations and
maintenanice in the flammableand explosive zone shall be aware of the explosion-proof safety requirements.
6.2 Operations

6.2.1 Gepneral

In general} ©perations should include at least, duty, detection, monitoring, routine inspectjon, safety
operations and financial management.

6.2.2 Duty

Duty arrangements can be performed by the operation and maintenance provider and pipeline operator, and
shall meet the following requirements:

— appropriate duty systems shall be established for operation and maintenance management according to

operat

ional requirements;

— the personnel involved in monitoring, firefighting, power supply and related professions shall be aware
of the related local regulations;

© IS0 2024 - All rights reserved
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maintenance status;

facility anomalies shall be displayed and the anomaly should be disposed in a timely manner.

6.2.3 Detection and monitoring

the utility tunnel body and its ancillary facilities shall be centrally monitored for operational and

the image for key locations shall be monitored and recorded in real time, and should be analysed in real-time;

any operation and maintenance anomaly shall be alerted to the operator, information about relevant

Detection and monitoring of the utility tunnel body and ancillary facilities shall meet the following
requirements:

the ut
detect

the de

and a 1

constr

resultd

the m
in hyd

structy

the ac

maintg

detect

of its ancillary facilities can be made by the operation and maintenance provider.

6.2.4 Routine inspection

the ted
inform

the md

Hty tunmel body and ancittary facttities shatt be detected onm a regutar frequency, an
on report shall be issued;

ation files;

ected anomalies of the utility tunnel body and ancillary facilities shall‘be‘recorded an
epair plan shall be prepared and implemented;

nitoring plan of the utility tunnel body shall be prepared according to the geological
uction technology, structural form, external environmental ‘conditions or safety {
of the utility tunnel;

nitoring of the utility tunnel body should be implemented when there are significa
rogeology, which can lead to cracks, leakage and other accidents affecting the stab)
ire;

cidents, defects or serious damage of utility* tunnels shall be recorded and analy
nance plan shall be prepared and implementéd;

onand monitoring of the utility tunnel body can be made by a third-party, detection and

a related

hnical indexes of the utility tunnel body shall be detected onsite based on the indexes ¢f technical

d analysed

conditions,
1Issessment

nt changes
ility of the

rsed and a

monitoring

6.2.4.1 (eneral requirements

The routing inspection shall megt the following requirements:

— The inppection shallbe conducted on the utility tunnel body, ancillary facilities, pipelines, the internal
environment and théexternal environment.

— Theinsgpectionpersonnel shall carry the necessary equipment and take appropriate protectivg measures.

— During theunspection, the operating status of facilities shall be checked, the inspection notes shall be
recorded-and anomalies shall bhe reported, ana ed and handled in a timely manne ectiveé measures

shall b

protec

e taken if an emergency occurs.

tinspectors from potential harm in case of hazards.

Each inspection should be controlled and an online report submitted, recorded and stored.
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6.2.4.2 Routine inspection of utility tunnel body

The inspection of the utility tunnel body can be taken by the operation and maintenance provider, and shall
meet the following requirements:

— The routine inspection shall be conducted on the utility tunnel body, personnel entrances and exits,
material hoisting entrances, emergency exit, ventilator shaft, pipeline branch outlet, inspection channel,
ventilation duct, supports and hangers of pipelines, drainage facilities, and other structures.

The inspection plan, content and frequency shall be reasonably determined based on the operating

conditions and external environment, and the operation status of the utility tunnel body should be
checked accordingly.

defect

6.2.4.3 H

The inspec
the followi

The rdg
power
systen|

The in
condit
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Insped
defect

6.2.4.4 f§
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type, detect degree and defect location.

foutine inspection of ancillary facilities

tion of ancillary facilities can be taken by the operation and maintenanceprovider, and
hg requirements:

utine inspection shall be conducted on, for example, firefighting-Systems, ventilatiqg
supply systems, illumination systems, monitoring and alarm systems, water supply an
1s and identification systems.

spection plan, content and frequency shall be reasondbly” determined based on the
ons and external environment, and the operation status of the ancillary facilities
d accordingly.

tion records of the affiliated facilities shall include, for example, inspection time, scope,
type, defect degree and defect location.

upport of pipeline routine inspection
tion of pipelines in utility tunnels'shall meet the following requirements:

utine inspection shall be conducted on, for example, pipelines, pipe fitting, supports a
accompany pipeline construction, and detection and monitoring devices in utility tung

spection and maintenance plan of the pipelines in a utility tunnel shall be developed. TH
Ly tunnels should besinspected regularly and repaired, reconstructed or updated in time
Ires shall be takern.for pipelines that have stopped operating and have been sealed up o

eration provider should be responsible for the daily inspection of the pipeline in utili
puld supperteach pipeline operator to carry out the professional inspection.

erationrand maintenance provider shall provide a safe internal environment of the ut
ddily‘inspection of pipelines which are taken by the pipeline operator.

personnel,

shall meet

n systems,
d drainage

operating
should be

personnel,

hd hangers
el.

e pipelines
Necessary
- scrapped.

ty tunnels,

lity tunnel

6.2.5 Safety operations

6.2.5.1 General

Safety operations can be taken by the operation and maintenance provider and the pipeline operator, and

shall meet

the following requirements:

— the internal environment of the utility tunnel shall meet the requirements of ventilation and lighting for
operation, and the environment shall be kept safe;

— the operation site shall be supervised by specialists, warning signs shall be set up, and the contact with
the monitoring centre should be maintained unimpeded;

© IS0 2024 - All rights reserved
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— protective measures shall be taken in accordance with requirements for special operations;

— the safety protection zone should be set up within the specific area surrounding the utility tunnel body
in order to protect the safety of the community utility tunnel body. it is prohibited to implement activities
such as stacking, unloading, construction, and pouring of corrosive liquids in the safety protection zone;

— the safety control zone should be set up within the specific area which is in the surrounding of the
utility tunnel body in order to protect the safety of the community utility tunnel body. any construction
activities in the safety control zone shall take into consideration the relevant approval procedures.

6.2.5.2 Personnel security

Personnel entering or exiting the utility tunnel shall be aware of the following provisions:

— All work in the utility tunnel shall be detailed and approved.

— Person

— Entering the utility tunnel alone is forbidden.

— Person

indexes meet the safety requirements before entering the tunnel.

— The personnel entering the utility tunnel shall be equipped with @écessary protective

detect

— Except
any fldg

carriedl by personnel shall meet the corresponding explosion-proof requirements.

— Person

work in the zone where the utility tunnel has explosion-proof requirements shall meet the cori
explosjon-proof safety requirements.

— Smoking in the utility tunnel is forbidden.

— Emergency measures shall be formulated for personnel access, and emergency equipme
provided on site.

6.2.6 Financial management

The operat
shall meet

— there {

— the pij

clear and easy to operate;

— if ther

nel shall take safety training before being qualified for working in the utility tunnel.

nel should check the environment and ventilate the tunnel, and confirm that the env

on instruments and emergency equipment.

for authorized work with flames or flammable equipment, personnel are not allowg
mmable and explosive equipment during routine inspection in the gas cabin, and the

nel, equipment, instruments and operating precedures that perform inspection and m

ion of the utility tufinel should include financial management of revenue and expenc
the following reqUirements:

hould be sufficient funds to ensure the safe and normal operation of the utility tunnel

elinessaecessing the utility tunnel should pay a certain fee, and the pricing standarg

ronmental

bquipment,

bd to carry
equipment

aintenance
'esponding

ht shall be

litures and

should be

J

horging yanchanicns A+l n bl EXEEEEEN

43 d 1t 43
toh—ahRtatiteRanee,eectve measures

should

15 o
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be taken to implement it;

— the income from the operation and maintenance of the utility tunnel can be afforded to offset part of the
expenses of the stakeholders, such as the related expenses of the maintenance providers;

— continuous research and innovation of financial management methods in the operation and maintenance
of utility tunnels should be promoted, e.g. investment, financing and charging.
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6.3 Maintenance

6.3.1 General

The maintenance of the utility tunnel shall include the following:

parts and others;

equipment;

taking

test or verification measures regularly on the main performance of the facility;

repair

repair

The maintg
provider, a

Requireme
transmitte]

6.3.2 Re

The operat

and shall meet the following requirements:

The m
be traq
accept|

The m
the pr

Them

guidar
and on

6.4 Man

6.4.1 Emergency management

A maintenance manual shall be(déveloped as a reference for the operation and managemen

of all types of defects in the utility tunnel;
of defective facilities, and repair or replacement of substandard equipment and ¢empa

nance of utility tunnel body and ancillary facilities can be taken by the operation and m
nd the maintenance of pipelines can be taken by the pipeline operator;

nts and procedures of maintenance shall be established and result-in’ an online repoi
d to relevant personnel and authorities.

quirements

ion and maintenance of the utility tunnel can be taken by.the operation and maintenang

hintenance plan shall be developed for the utility*tunnel, and the whole maintenance pr
ked and managed, e.g. the time and cause of task initiation, operation service process
hnce standard.

duct specifications, system maintefiance manual and related technical specifications.

ce on the daily operation and maintenance of the main structure and facilities of the ut
-site accident handlifig)

agement

Emergency

and shall méet the following requirements:

management can be taken by the operation and maintenance provider and the pipelin

maintenance of periodic lubrication, anti-corrosion, fastening, dredging and replacement of consumable

cleaning, dusting and other sanitation tasks of the internal and external environments, facilities and

nents.

aintenance

't, which is

e provider,

ocess shall
hind quality

hintenance of the ancillary facilities shall be carried out in accordance with the requirements of

hintenance of ancillary facilities should be carried out separately for each ancillary facility system.

[, including
lity tunnel

e operator,

Risk identification and assessment shall be carried out for hazard sources that can affect operational

safety according to, for example, the location to which the utility tunnel belongs, type of construction,

status

of pipelines, influence of internal and external engineering construction.

— The utility tunnel operation and maintenance provider and pipeline operator shall formulate special
emergency plans according to the types of potential accidents.

— The emergency management of utility tunnels should establish an intelligent emergency management
system based on information technology and artificial intelligence, e.g. plan management, alerting and
response.
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Regular training and drills of emergency plans shall be organized with a minimum frequency of at least

once a year. The emergency plan shall be revised and improved no less than once a year according to the

situati

on of pipelines and the changes of the utility tunnel body.

6.4.2 Data management

6.4.2.1 Data shall be collected through the whole life cycle of the construction, management and operation
of the utility tunnel, including the historical data of the construction and the real-time data of the operation
and maintenance.

6.4.2.2 The data management shall be conducted into the design of the operational and maintenance

platform, a

dbe classified in different precision levels, according to the functional and securityre

uirements.

6.4.2.3 T
and the ho

The d:

components in the utility tunnel can be identified and geo-located.

The dg

A stan
shall b

6.4.2.4 T

the uti

monit(
smart

6.4.2.5 [
of expansi
standardiz

6.4.2.6 [

6.43 Sp

The space

utility tunmel body, cartbe taken by the operation and maintenance provider and the pipeline op

shall meet

The ut

[ity tunnel inspection and maintenance data, assetdata and revenue data;

he historical data shall include the plan, designing and the construction of both the“ut
sted pipelines. In addition, the historical data should include at least the following reqy

ita shall be integrated into a 3D model of BIM+GIS, if the OMMP hag, anBIM+GIS §

ta framework shall be standardized including at least name, type, format and identific

Hard data import interface shall be established, and the data collection, classification g
e aware of the specific standard interface.

he real-time data shall include the following:

ring data, security data, alarm data, commusijcation data and emergency managemel
decision-making data if the OMMP has a BIM+*GIS system and can provide smart servig

ata management should establish ‘an operational database which should have thg
bn and compatibility of various,types of data. The database should be complete, ac
ed.

ata management shall cofistruct an effective data backup and recovery mechanism.

ace management
management, ingluding the management of pipeline location allocation and the stable

the following requirements:

lity,tunnel operation and maintenance provider shall effectively manage the internal s

the tullmel.

lity tunnel
lirements:

ystem. All

ation.

nd storage

1t data and
es.

functions
curate and

and safety
erator, and

pace inside

requirements.

All types of pipelines and ancillary facilities shall be installed according to the planning and design

When a utility tunnel is shared by multiple pipeline operators, the space inside the tunnel shall be

allocated on a fair and rational basis by the utility tunnel operation and maintenance provider.

The installation of pipelines and pipeline piers (supports / hangers) shall follow the instructions in

the design requirements. Tunnel escape channels, inspection and maintenance channels shall not be

obstru

tunnel

cted, nor shall they occupy the spaces for pipelines inside the tunnel.

s to the outer boundary line of the utility tunnel body should be defined.
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ergy savings and emissions reduction

Energy savings and emissions reduction shall meet the following requirements:

In order to meet operational service requirements and improve the energy saving and emissions

reduction capability, energy shall be used rationally, such as reducing the use of fossil energy or using
renewable energy as a substitute.

The environmental data analysis of the utility tunnel shall be combined with the real-time data analysis

of equipment, conduct online monitoring of the energy consumption data, the energy consumption level
and energy efficiency shall be available in real time, and the management of the energy consumption
data of the utility tunnel shall be realized.

On thgk
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An evaluat]
The evalud
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ted, energy consumption benchmarks shall be established, and energy consumption'a
conservation assessment shall be carried out.
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tual energy consumption situation and consumption trend shall be observed, Through
ual energy consumption with the benchmark energy consumption, the operation inde3
zed, the excess benchmark conditions shall be monitored and give an efergy saving al

ironmental protection plan shall be made and implemented during:the operations ma

ation and continuous improvement

bral

tion should be related to the specific benefits realized by the stakeholders of the utili
mance results can be used as an important basis for the purchaser (owner or user) to
ind maintenance service. The evaluation elements are as follows:

tainable development of the city, al'stakeholders involved in the operation and mainte
in agreed overall goal, and clarify.and conduct the responsibilities and obligations.

Flexible adjustment of the operation and maintenance charging mechanism of the utility tun

ducted in order to:

— obtain reasonable and available revenue of the utility tunnels’ operation and maintenang

re

pr
ch|

op

Huce the risk of-€ost overruns of the utility tunnels’ operation and maintenance;

pmote the sustainable development of the utility tunnels’ economy. The operation and m
arging mechanism should be in accordance with community development in the pe
eratierrand maintenance.

Continueusly improving technologies and equipment shall be adopted for the sake of reliable a

halysis and

comparing
kes shall be
arm.

nagement.

ion system for a utility tunnel shall be established’based on the life cycle of the utility tunnels.

ty tunnels.
pay for the

b1 to get the operation and maintenange Service of the utility tunnels in the best state and promote

nance shall

hels should

aintenance
riod of the

nd efficient

operation and maintenance services, and the promotion of the sustainable development of the operation
and maintenance of the utility tunnels.

Energy utilization and the reduction of energy consumption shall be continuously optimized throughout

the operation and maintenance of utility tunnels. The optimization aims to operate the utility tunnels
with low-carbon emissions and improve the sustainable development of the environment.
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7.2 Sustainability evaluation

7.2.1 Evaluation principles

The principle for the evaluation of the utility tunnel operation and maintenance is sustainable development
and the guiding concept is intelligence.

The operation and maintenance evaluation objects of the utility tunnel include the efficiency, the safety and
the intelligent level of operation and maintenance, the potential impact and the degree level of the impact
on the safe operation and ecological environment of the community. The evaluation shall meet the following

requirements:

Qualitative and quantifiable evaluation elements can be set according to the requirements of the region,

for wh

Evalug
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7.2.2 Ev

The maint
based on {
maintenan
as follows:

mainte
operat

manag
produgd

sustail

ich the historical data and real-time data related to the elements are easy to collect.

tion elements shall reflect the relevance of the utility tunnel, e.g. utility tunnelhchar
phical environment conditions, the level of city management, life span.

aluation indicators should be composed of multiple elements which should systema
tely reflect the level and effectiveness of operation and maintenance of the utility
ement should be independent of each other.

keholders should participate and interact with the evaluation: Evaluation by a thi
mended.

sign of evaluation elements shall highlight the essence ahd characteristics of smart op
nance management of a utility tunnel, focusing on the safety, quality and efficiency of op
nance, which can fully guide the smart operation and maintenance management of the ut

hluation elements

bnance, operation, management and continuous improvement of the utility tunnel arg
afety, efficiency and energy savings. ‘The evaluation elements of the intelligent ope
ce management of the utility tunnels;should be scientifically determined. The basic el

nance: functional maintenanee and safety maintenance;
ion: operation and revefue;

ement: emergencydesponse, energy savings and emissions reduction, liability accident
tion;

hability: technical improvement, management improvement and user satisfaction.

The eleme

7.3 Continuous improvement

ts are provided in Annex A of this document.

acteristics,

tically and
unnel, and

rd-party is

bration and
bration and
lity tunnel.

evaluated
ration and
bments are

and safety

7.3.1 Ge

neral

The operation and maintenance provider of the utility tunnel should make continuous improvements based
on the assessed safety and risk results to ensure the safe operation and maintenance of the utility tunnel
system. This clause introduces the process of continuously improving the operation and maintenance
of a utility tunnel from both management and technical aspects and provides requirements and
recommendations for the positive effects of their interaction.
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7.3.2 Technology improvement

Based on the continuous upgrade of the operation demands for the utility tunnel, the operation and

maintenance provider shall:

— use engineering technology, intelligence technology, new equipment and new materials to continuously

improve the safety levels of the utility tunnel;

— provide training to improve the professional knowledge and skills of the operation and maintenance

provider;

— establish a scientific and efficient OMMP;

— improye the ability to anticipate accidents in utility tunnels to provide a decision-makidg re
the safety of the utility tunnel operation and maintenance, and realize the smartness gradua

The available technical strategies are as follows:

— Inordgrtoimprove the efficiency of operation and maintenance management and community g
level, iptelligent technology can be used.

— In ordér to improve the essential safety level of pipelines, new materials and technologies cal

— In ordér to improve the safety and operation and maintenance capabilities of personnel, new
such ag smart wearable devices can be used.

ference for
ly.

rovernance

1 be used.

technology

— In order to enhance the safety of the utility tunnel body ‘and protect the ecological environment, the

engingering techniques can be used.

7.3.3 Mdnagement improvement

The operation and maintenance management of. the utility tunnel shall be improved by adap
changes calused by community development, such as the community safety and community scale
and maintlenance providers shall collaborate with stakeholders to achieve efficient and s
management improvements.

The management improvement shallmeet the following requirements:

— setting the improvement goals;cooperatively among the stakeholders;

— developing a complete and-detailed plan;

— establishing mechanisms for appropriate implementation and equitable evaluation;

— optimizing mafiagement organization structure.

7.3.4 In‘1provement methods

ting to the
Operation
ustainable

The operation and maintenance provider shall use the plan-do-check-act (PDCA) cycle method for

improvement periodically and to meet the following requirements:
— setting the target level based on the improvement demand;
— analysing and determining the gaps between the target level and current situation;

— developing plans and taking measurements to fill the gaps to achieve improvement goals.
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