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Densely populated underground 
(1km long road 47km UU according to MTR)

屯盛街近青山公路 – 青山灣段
因水管爆裂，屯盛街來回方向介乎
青山公路 – 青山灣段與屯發路之
間的全線現已封閉。駕駛人士請考
慮改用其他道路。 9 Sep 2020
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Source: Wong K. guest lecture for LSGI, PolyU, 12 March 2014



Accidents about UU
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Damaged 

11kV buried 

live electric 

cable

Damaged 

220V buried 

live electric 

cable

Damaged PVC 

telecom cables

Reasons: Implementation of Permit to work/dig, slant drill bit, unknown alignment of a 
pressurized main during road re-surfacing, CP’s competency…. (Source: MTR)



6 common NDTSID-UU technologies to be standardized in specs

1,1 Pipe Cable Locator
EM method to trace and locate buried UU 

alignment using passive or active method

1,2 Ground Penetrating Radar
EM method to located buried objects and detect 

abnormalities like voids and water seepage 
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1,3 Laser Scanning
As-built survey of open trench

2,1 Visual Inspection
pipe and manhole 

condition

2,2 Acoustic Emission
Source water seepage and locate 

leak points 

2,3 Flow Survey
Measure flow velocity and depth of 

fluid in pipe 

Solutions based on technologies 

analogous to medical imaging and 

diagnosis



Accuracy guidelines of UU mapping survey (BSI PAS 128:2014)
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PCL

PCL

PCL

GPR

GPR

GPR

PAS 128-2014 
Specification 
for 
Underground 
Utility 
Detection, 
Verification 
and Location



Development of Specifications and Standards for Underground Utility (UU) 
Survey based on Nondestructive Testing, Surveying, Imaging and Diagnostic (NDTSID) 
Approaches funded by Innovation Technology Fund - General Support Scheme project 

Funded by Supported by



Technologies for all surveys including 
(1) mapping and (2) imaging and diagnosis: Specifications and Accreditations
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Mapping

Pipe cable locating/ 
electomagnetic locating

Mapping & 
Diagnosis

Ground penetrating radar

Mapping

Laser Scanning

Diagnosis

Visual inspection

Diagnosis

Acoustic Emission 
Method  for leak 

detection in pressurized 
water –carrying utilities

Diagnosis

Flow Monitoring for 
gravity water-carrying 

utilitiesA set of six underground utility survey specs (funded by ITF and to be 
implemented by HKAS through HOKLAS in 2021 Q1), freely download at 
https://www.polyu.edu.hk/lsgi/uusspec/en/publications/ 



Spec based on 4M 1E for accreditation (Not interpretation!)

Man/Woman 人

• Staff Qualification and Certification

• Training Record

• Duty record

• …….

Machine機

• Labelling (Identification of the equipment)

• Annual calibration plan

• Calibration certificate

• Maintenance records

• …….

Environment 環
• Testing environment

• Workplace

• Material Storage 8

Material 物

• Procedure for taking, preserving and/or storing 

samples

• Procedure for receiving samples

• Labelling system

Method 法

• Documentation (traceability)

• Working procedures/ Testing manual

• Analytical calibration methods

• Repeatability and accuracy control

• Uncertainties

• Validation of results



Spec 1,1 PCL/EML

Part C 
Man/ 
Woman Part E and F 

Methods, 
Materials, 
Environment

Part D 
Machine Part G and H 

Deliverables

https://www.polyu.edu.hk/lsgi/uuss

pec/en/publications/ 
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Spec 1,2 GPR

Part C 
Man/ 
Woman

Part E and F 
Materials
Methods, 
Environment

Part D 
Machine

Part G and H 
Deliverables

https://www.polyu.edu.hk/lsgi

/uusspec/en/publications/ 
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Man/Woman 人 (e.g. 1,1 PCL/EML)
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Machine 機 (e.g. 1,1 PCL/EML)

Setup (on 
plan) for 1 
year depth 
verification 
of PCL/EML

15m Cable wire

15m

15m

15m

PCL/EML 
receiver 
position, at least 
50 cm from the 
cable wire

Acknowledgement: Mak Wai-Fung, Wilfred 3M (Hong Kong) Ltd.
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Material 物 (e.g. 1,2 GPR)
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Before raining

After raining



Method 法 (e.g. 1,2 GPR)
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Site

Data collection 
and processing

Imaging

Tess X.H. Luo, Wallace W.L. Lai, Ray K.W. Chang, Dean Goodman. 

GPR imaging criteria, Journal of  Applied Geophysics, 165: 37–48, 2019.
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Method 法 (e.g. 2,2 Acoustic Emission for Leak Detection in 
pressurized water mains)

Site

Calculation

Data collection 
and processing

Red 
station

Blue 
station



Method 法 (e.g. 1,1 PCL/EML; 1,2 GPR Accuracy)
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Method 法 (e.g. 2,2 ALD Accuracy)



Environment 環 (e.g. 2,1 Visual inspection)

Source: HKCCEC (2009), Utility Training Institute, HK
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Limitations in 4M1E (e.g. 1,1 PCL/EML)

Case A
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Magnetic field 
distribution

Case B

Magnetic field 
distribution

K. L. Siu and Wallace W. L. Lai. A lab study of  coupling effects of  electromagnetic 

induction on underground utilities. Journal of  Applied Geophysics, 164:26-39, 2019.

https://www.sciencedirect.com/science/article/pii/S0926985117306894
https://www.sciencedirect.com/science/journal/09269851


Limitations in 4M1E (e.g. 1,1 PCL/EML)
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Case A

Non-disturbed 
cable detection

Case B

Disturbed 
cable 
detection 
coupled with 
others D. Depth range limits

E. Site constraints
F. Pipe size restrictions
G. Material
H. Under construction



Limitations in 4M1E – GPR

Frequency and depth? Resolution? 
Scattering? Near/far-field? Uncertainties? 
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Limitations in 4M1E – Acoustic Leak Detection
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How can Technologies of Nondestructive Utility 
Survey be Standardized in Specifications?

Is that all ??? What is the next step?



A typical office and witness assessment in an on-site visit

Morning

Opening 
meeting
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Technical assessor 
check personnel, 
equipment, materials 
and procedure related 
to the tests. Approved 
signatory and test 
operators are required 
to demo upon request.

Lead assessor 
check quality 
assurance (O-
chart, training 
record, 
calibration 
certificate) check 
by lead assessor

Afternoon

Interview of approved 
signatory and test 
operators

Private discussion 
between the lead 
and technical (3rd

party) assessors
Closing 
meeting



An example of Non-conformance (NC) for 
assessment in spec 1,1 PCl/EML

Two questions would be raised in this 

demonstration of Pipe Cable Locator (PCL) 

during on-site assessment.

1. Which part(s) of 4M1E is/are not conformed, 

and under which clause?

2. Grading of NC or observations

• Observations?

• Minor non-conformance (NC)?

• Significant non-conformance (NC)?

• Critical non-conformance  (NC)?
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Accidents about UU : 

Can the spec and HOKLAS accreditation help?

26

Damaged 

11kV buried 

live electric 

cable

Damaged 

220V buried 

live electric 

cable

Damaged PVC 

telecom cables

Reasons: Implementation of Permit to work/dig, slant drill bit, unknown alignment of a 
pressurized main during road re-surfacing, CP’s competency…. (Source: MTR)



Training and validation
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- PolyU LSGI and Black & Veatch’s design of a 19000 sq. ft training ground of U/G water leak 

detection for WSD in Tsing Yi

- Construction to be finished by Q1 2021.
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Training and validation

Laser scans 
of as-built 
records of 
utilities
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Latest work (multi-channel GPR surfing in highway speed)

vs

Arriving to PolyU in January 2021
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Utility Research and consultancy in PolyU

Ground Penetrating Radar
- Algorithms of velocity in materials (Janet)
- Leak/void diagnosis (Tess, Bella, Yimin)
- Multi-channel full coverage imaging and 

diagnosis (Ray, Sabi, Yimin)
- Uncertainty Analysis due to water distribution 

and scattering (Frank, Rex)
- Standardization of 3D imaging and image 

matching (Tess)
- Robot-driven GPR for full-scale 3D imaging 

(Ray, Nelson)
- Corrosion of steel bars in concrete (Phoebe)
- GPR psychology (Bella)

Infrared thermography
- Pipewall composite diagnosis (Janet, Samuel)
- External wall composite diagnosis and BIM (Lydia)
- Active/passive thermography algorithms (Janet, 

Samuel)

Let’s fly
- Drone IR and laser scanning 

for as-built information (Sahib, 
Nelson, Ray)

Acoustic emission for leak 
detection
- Ground-based noise logging 

and leak noise correlation 
algorithms and applications 
(Ray, Sahib, Bella)

- Leak detection and AI via in-
pipe survey with acoustic 
sensors with high-pressure 
water flow (Ray, Sahib, Bella)

Sahib

Janet
Nelson

Wallace

Frank Ho

Ray

Tess
Bella Phoebe

Rex

Lydia

Yimin

http://www.lsgi.polyu.edu.hk/academic_staff/Wallace/index.html
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Take-home message

- 4M1E does not guarantee all survey results are correct but the process of accreditation 
contributes to making sure qualified people doing reasonable things.

- Procurement stage: 

1. Identify the most related PolyU LSGI’s UU specifications in the required scope of service
2. Include the specification as part of contract document
3. Award contract to those accredited service providers/lab

- Monitoring stage: 

1. use the accuracy table in the specifications as a guideline.
2. recognize and refer to the limitations in the specifications as a guideline.
3. use the report section of the specifications as required deliverables of services.



“Make the invisible visible”



Thank you!

Any questions?
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