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Abstract. In the context of rapid urbanization, detailed investigation of underground objects in the shallow
layer is very important for safe and efficient urban planning, construction, and operation. With many out-
standing advantages, Ground Penetrating Radar (GPR) technology has been increasingly applied worldwide
in shallow geophysical surveys. However, in Vietnam, applying GPR for surveying and measuring objects in
the above spatial range is only in its early stages, and there are no official standards or regulations. This
paper uses the GPR method to develop technical standards for investigating and mapping underground ob-
jects within 0-6 m depth. The research methodology includes synthesis analysis of international standards,
expert consultation, and field experiments. The main results of the study include: (1) Proposing a 9-step de-
tailed GPR survey process; (2) Specific technical regulations for GPR survey work; (3) Classification of 4 qual-
ity levels of products (QLB1-QLB4) with specific requirements; (4) Guidelines for representing and presenting
maps of underground objects. This standard will be the first document to standardize the application of GPR
in measuring and acquiring information on underground objects in Vietnam, contributing to promoting the

widespread application of GPR technology in practice.
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1. Introduction

1.1. Importance of surveying underground
objects in the shallow layer for urban
development

In recent years, along with the rapid development of cit-
ies, the increasing demand for land use has led to urban
underground space being increasingly exploited and in-
stalled with many technical infrastructure systems such as
water supply and drainage pipelines, power cables, tel-
ecommunication cables, lighting systems, transportation,
etc. These are important “arteries” for the development
of cities. However, the management, exploitation, and
protection of these underground technical infrastructure
works face many challenges due to the lack of complete
and accurate information about their location, status, and
depth.

On the other hand, the increase in construction activi-
ties on the ground also poses potential risks of affecting
and damaging underground structures. In reality, acci-
dents due to the rupture of underground pipelines and ca-
bles cause traffic insecurity, flooding, and power outages,

which occur quite commonly, causing great damage to
people and property. The main reason is that underground
works are not mapped and accurately located, or informa-
tion about them is not updated and complete. Therefore,
measuring and mapping to update the current status of
underground objects and works is extremely urgent.

1.2. Introduction to GPR technology and
applications

Ground Penetrating Radar (GPR) is a non-destructive geo-
physical method that uses high-frequency electromagnetic
waves to detect and locate objects underground. The op-
erating principle of GPR is based on emitting and receiv-
ing radar waves reflected from physical boundaries in the
ground.

In recent years, modern non-destructive measurement
technologies such as GPR have been widely applied in
surveying and measuring underground works, thanks to
the ability to accurately determine the location depth and
detect abnormalities of underground structures without
affecting the structure above. GPR measurement results
provide a detailed 3D image of underground objects in
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an intuitive way. This helps create highly accurate under-
ground infrastructure maps, meeting the requirements of
safe and efficient management and operation.

Globally, GPR has been widely applied in many fields,
such as archeology, engineering geology, environment,
construction, and infrastructure management. In Vietnam,
GPR is gradually being applied in urban underground in-
frastructure surveys but is still limited compared to the
application potential of this technology.

1.3. Current status of GPR technology
application in Vietham

In Vietnam, applying GPR in surveying and mapping un-
derground objects is only in its initial stage. Some projects
and studies have experimented with using GPR, but there
are still many limitations:
= Lack of standardized technical procedures for GPR
survey and data processing.
= No standards on accuracy and technical require-
ments for underground object map products.
= Lack of specific guidelines on representing under-
ground objects on maps.
= No regulations on the quality assessment of GPR
survey results.
These limitations lead to inconsistent and ineffective
application of GPR, causing difficulties in comparing and
integrating results between different projects.

1.4. Research objectives and scope

Based on the above situation, this paper aims to develop
a comprehensive technical standard for surveying, measur-
ing and mapping underground objects within the shallow
layer (0-6 m) using the GPR method in Vietnam.

The scope of the research includes:

» Underground objects within 0-6 m depth below

ground.

= Urban underground technical infrastructure works

and natural objects.

= Technical process from field survey to data process-

ing and map creation.

This standard aims to provide a unified legal and tech-
nical framework, creating a basis for the widespread and
effective application of GPR technology in the mapping
field in Vietnam.

2. Data and methods
2.1. Research data

Documents, studies, and regulations on underground
works and GPR application potential in detection and
mapping by domestic and foreign authors: Notable stud-
ies include Stokes et al. (2002) on tree root mapping using
GPR, Ji et al. (2009) on mine and bomb detection using
GPR, Strange and Yelf (2012) on real-time GPR deter-
mination, Utsi (2014) on fiber optic cable detection... In
Vietnam, studies by Tran (2011, 2012), on underground

works detection using Ramac X3M GPR and solutions to
improve efficiency, Nguyén et al. (2023) on GPR applica-
tion in shallow geological research, Nguyén et al. (2021)
on the technological process to determine underground
discharge objects using GPR...

Related legal documents, standards, and technical
regulations of Vietnam, such as: Decree 39/2010/ND-CP
on the management of urban underground construction
space, Law on Surveying and Mapping 2018, Vietnam
Building Code QCVN 07:2016 on underground technical
infrastructure works (water supply, drainage, electricity,
telecommunications, fuel supply, gas...), National standard
on Georadar method TCVN 9426:2012, Circular 68/2015/
TT-BTNMT on technical regulations for direct topographic
measurement (Bo Xay dung, 2016a, 2016b, 2016¢, 2016d,
2016e, 2016f, 20169, 2016h; Téng Cuc Dja chat va Khoang
san, 2012).

Related international guidelines, technical specifica-
tions, and standards such as: Guidelines on underground
utility mapping standards of Malaysia (AM/FM Technical
Sub-Committee, & National Mapping and Spatial Data
Committee, 2006); PAS 128:2014 standard of the UK on
detection, verification, and location of underground utili-
ties (Institution of Civil Engineers, 2014); ASTM D6432
standard of USA on using GPR method in subsurface in-
vestigation (American Society for Testing and Materials
[ASTM], 1999); ASCE 38 standard of USA on collecting and
depicting existing subsurface utility data (American Society
of Civil Engineers [ASCE], 2002, 2022); AS 5488 standard
of Australia on location and classification of subsurface
utilities (Bennett, 2023; Engineering Education Australia,
2023; Butler, 2019); CJJ 61-2017 standard of China on ur-
ban underground pipeline survey and mapping techniques
(Beijing Surveying Design Institute, 2017)...

Experimental survey data using RIS MF HI-MOD GPR
equipment from projects and tasks of the Institute of Ge-
odesy and Cartography such as Formosa Ha Tinh, Lee &
Man Vietnam paper mill, AB Mauri La Nga... Data includes
raw files, processed files, 2D cross-sections of GPR scan
lines, coordinates and elevations of control points, scan
points, field photos, and resulting maps.

2.2. Research methods

This paper uses a combination of several methods to de-
velop the standard in survey, measurement, and mapping
of underground objects in the shallow layer, using the
GeoRadar method. The main methods include:

2.2.1. Method of inheriting and synthesizing
documents

This method collects, analyzes, and evaluates studies and
standards related to GPR application in shallow engineer-
ing-geological surveys. Specifically:
= Studying domestic works: Analyzing GPR test results
of Vietnam Geological Survey and other scientific
studies to assess the current situation and draw les-
sons from GPR application in Vietnam.
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= Synthesizing international studies: Analyzing reputa-
ble international research works to grasp the princi-
ples, techniques, and latest development trends of
GPR technology.

= Evaluating international standards: Detailed study
of standards such as ASTM D6432-11 (USA), PAS
128:2014 (UK), and CJJ 61-2017 (China) to compare,
cross-reference, and selectively inherit contents suit-
able for Vietnam'’s conditions.

The documents are analyzed and compared to iden-
tify appropriate contents that can be applied to Vietnam's
conditions and identify gaps that need to be supplement-
ed in the new standard.

2.2.2. Expert consultation method

This method is applied through workshops, seminars, and
direct consultations with reputable experts and managers
in engineering geology, GPR technology, and mapping.
The main purposes are:
= Collecting evaluation opinions on the studied and
proposed standards and technical criteria.
= Create a forum for experts to exchange and discuss
each specific content of the draft standard in detail.
= ldentifying remaining issues and proposing solutions.
Expert opinions are synthesized and classified accord-
ing to specific issues, such as survey object lists, quality
levels, and technical processes for easy processing and
integration into the draft standard.

2.2.3. Analysis and synthesis method

The study conducts detailed analysis and comparison of
related international standards such as: Guidelines on un-
derground utility mapping standards of Malaysia (2006);
PAS 128:2014 standard of UK; ASTM D6432 standard of
USA (1999, 2011, 2019 versions); ASCE 38-02 and ASCE
38-22 standards of USA; AS 5488 standard of Australia
(2013, 2019, 2022 versions); CJJ 61-2017 standard of China,
studies, projects, GPR survey tasks in Vietnam.

The analysis focuses on each standard’s structure, con-
tent, advantages, and disadvantages and assesses its ap-
plicability in Vietnam. The results of this step help identify
contents that need to be inherited and adjusted to suit
Vietnam's conditions.

2.2.4. Modeling method

This method is applied to:
= Develop a 9-step detailed GPR survey, measurement,
and mapping process, clarifying the sequence and
content of each step.
= Design sample map forms, field books, and reports
illustrating the products of each step in the process.
= Express the provisions in the standard by models,
diagrams, and visual tables for easy understanding
and application.
The results of this method help concretize technical
regulations and create tools to support the application of
standards in practice.

3. Results and discussion

3.1. List of underground objects in the
shallow layer

Based on the synthesis from international studies and
standards on the classification of underground technical
infrastructure and underground works mentioned above
and an actual survey of underground objects in the shal-
low layer in Vietnam, this study proposes to identify eight
main groups of objects that need to be surveyed by GPR
within the shallow layer (0—6 m) including: discharge works,
water supply and drainage, energy, electricity, telecommu-
nications, chemicals, tunnels/technical trenches and natu-
ral object groups. Specifically, there are eight groups with
31 types of underground objects, as presented in Table 1
below.

Table 1. List of underground objects in the shallow layer in
Vietnam

No. | Object group Underground objects

Underground water supply pipeline

Groundwater extraction wells

Groundwater level monitoring well

1 | Water Supply | Underground clean water storage tank

Surface exposure points of water supply
objects (Water valves, Water technical
chambers, Exposed water technical
chamber points, Fire hydrants)

Wastewater drainage pipeline

Rainwater drainage culvert, combined
sewer

2 | Drainage Wastewater drainage culvert

Underground wastewater settling tank

Surface exposure points of drainage
objects (Exposed connection points and
wastewater collection points...)

Pipeline for gasoline, oil, gas, hot
steam, hot water

3 |Energy Surface exposure points, markers,
valves, and meters for gasoline, oil, gas,

hot steam, and hot water pipelines

Underground power line

Power cable conduit

4 | Electricity Surface exposure points of electrical

objects, transformer stations, power
cable markers

Telecommunication cable

.| Telecommunication cable conduit
Telecommuni-

cations

Surface exposure points of
telecommunication objects,
telecommunication cable markers

Chemical pipeline

Storage tank

6 | Chemicals Surface exposure points of chemical

objects, markers, valves, meters of
chemical pipelines
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End of Table 1

No. | Object group Underground objects

Tunnels, Technical tunnel
trenches, Technical trench
7 | culverts, Technical culvert
. echnical culver
technical
chambers Technical chamber

Water pockets, water lenses

8 | Natural objects | Cracks, voids, karst holes
Artificial holes

This list is based on analyzing and synthesizing re-
search documents, consulting expert opinions, and dis-
cussing with relevant agencies. These are important, com-
mon objects in the shallow underground layer in Vietnam
and can be detected and mapped using the GPR method.
This list will serve as a basis for planning, designing sur-
veys, and representing content on maps of underground
objects.

Compared to international standards, this list has add-
ed a group of natural objects suitable for diverse geologi-
cal conditions; detailed types of water supply and drainage
works, reflecting the characteristics of urban infrastructure
systems; limited survey depth within the 0-6 m range,
suitable for the capability of popular GPR equipment in
Vietnam.

3.2. Analysis of factors affecting the ability to
detect and interpret objects by GPR

There are three factors influencing the choice of antenna
frequency: (1) Estimated depth of potentially distributed
objects (can be referenced from existing plans or as-built
documents); (2) Estimated size of objects to be scanned
(refer to documents or exposed connection points);
(3) Heterogeneity of soil and rock in the shallow layer (re-
fer to borehole data — if available).

Regarding the equation for calculating the frequency
of each influencing factor, f2, 8, f& are calculated ac-
cording to Equations (1) to (3) below. Then, the center fre-
quency to be used f- must meet the criteria presented in
expression (4) within the range between f2,f&,f& . If this
criterion cannot be met, GPR technology cannot detect the
object, and other methods need to be considered.

2 =120 (k) (1
R _ 75 .

- mHo) @
e M
c- 39 (MmHy), 3
fc AT (MHz); (3)
fo: 18 < fo < min (f2.£5). @)

This equation allows balancing between resolution
requirements and survey depth, suitable for soil and
rock types, expected size, and material of objects to be
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detected. Proper selection of antenna frequency will de-
cisively affect the detectability and quality of GPR images
obtained.

Additionally, it is important to note that while antenna
frequency is crucial in determining planar positioning ac-
curacy, other factors, such as depth penetration and reso-
lution, also play significant roles. The choice of antenna
frequency involves a trade-off between resolution and
depth penetration capabilities. Higher frequencies pro-
vide better resolution but limited depth penetration, while
lower frequencies allow for greater depth penetration but
with reduced resolution. This balance is critical in achieving
optimal accuracy in the planar positioning of underground
objects across various environmental conditions and ob-
ject characteristics.

3.3. Regulations on geodetic work and survey
design

Regarding establishing a geodetic control network to
position GPR to scan lines and points, the standard in-
herits existing regulations in Circular 68/2015/TT-BTNMT
on building coordinate networks, elevation networks, and
corresponding positioning methods for each control net-
work class.

Regarding the content and technical requirements of
field survey work, the standard stipulates including a prelimi-
nary survey and analysis of documents related to the survey
area; field survey to identify exposed connection points of
structures, take photos, sketch; survey of soil and rock en-
vironment and hydrological conditions to select scanning
parameters; GPS positioning of characteristic points...

Regarding the GPR measurement layout design: The
scanning grid layout is designed based on the prelimi-
nary survey results and is suitable for terrain, topographic
conditions, and distribution of underground objects. The
square grid size depends on the antenna size to ensure
full coverage of the scanning area. Do not design grids for
areas with fixed topography, complex terrain, or restricted
or dangerous areas. Each scan line is assigned a separate
number and has an appropriate direction to optimize
scanning efficiency.

3.4. Regulations on four levels of positioning
accuracy according to quality levels

Based on analysis of criteria on horizontal positioning ac-
curacy and depth in international standards of Malaysia, the
UK, Australia, and the USA combined with research results
on the influence of equipment characteristics, environment,
depth... on GPR effectiveness, the standard proposes to di-
vide into four quality levels from high to low as QLB1, QLB2,
QLB3, QLB4 with corresponding requirements on horizontal
positioning accuracy and depth as shown in Table 2.

The clear stipulation of these accuracy levels is suitable
for GPR application conditions in Vietnam, creating criteria
for evaluating survey product quality and requirements on
the level of detail when represented on maps.
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Table 2. Proposed regulations on positioning accuracy levels according to quality levels for Vietnam

Quality level | Horizontal accuracy Depth accuracy Supporting data
The object’s horizontal position and depth are detected by multiple
0,
QLB1 < #15cm < £15% of depth techniques, such as combining GPR and EML techniques
The object’s horizontal position and depth are detected by the GPR
O,
Qle2 < x25cm < £40% of depth technique combined with another geophysical technique
QLB3 < 450 em Not determined The GPR techn.lqu? combmed W|th.§nother geophysical technique only
detects the object’s horizontal position
. . An object or part of an object is suspected to exist but has not been
QLe4 Not determined Not determined identified or interpreted, thus represented as an estimate

3.5. Regulations on principles of content
representation and presentation of shallow
layer object maps

Regarding layout presentation (Figure 1), the standard
stipulates that the map includes a heading at the top with
the map name and survey area name. The main content
section shows objects with symbols and legends at the
bottom. Use the national coordinate system VN-2000 to
show the position of objects.

BAN PO POI TUGNG PIA LY DUGI LONG PAT KHU V['C

SO 8

Regarding content representation regulations, the
standard is divided into eight main object groups, as
in Table 1 above. Each object is represented by a point,
line, or area symbol combined with the legend on man-
datory attributes such as position, material, size, and
function. The symbols (in Table 3) follow the principle of
hierarchical representation according to 4 levels: scale,
half-scale, non-scale, and annotation. The display order
is prioritized according to the importance and current
use of the objects.

771
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Figure 1. Proposed layout of the underground objects in the shallow layer for Vietnam
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Table 3. Proposed regulations on symbols of objects on underground object maps for Vietnam
. Symbol Color
No. Object OtheeCt 1:200. 1:500. Explanation
ol 1:1000. 1:2000 R G B
1 Boundary objects
1.1 | National border Line e o e « | () 0 0 0
1.2 | Unidentified national border Line =Rem=es==elq 0 0 0
1.3 [ Provincial border Line | —m=—i—— 0.5 0 0 0
1.4 | Unidentified provincial border Line e e e () 0 0 0
1.5 | District border Line —_——— 0.4 0 0 0
1.6 | Unidentified district border Line v plvoe lewarge () 4 0 0 0
1.7 | Commune border Line ——-—-—0.2 0 0 0
1.8 | Unidentified commune border Line e (02 0 0 0
1.9 |[Province name Hﬁ Nﬁi 0 0 0 Time New RomanB,20
1.10 | District name Ba Pinh 0 0 0 Time New RomanB,16
1.11 | Commune name Ngoc Khanh 0 0 0 Time New RomanB, 13
1.12 |Residential area name Khu phé A 0 0 0 Time New Roman,12
1.13 | Transportation route Line 02 0 0 0
1.14 |Residential area Fill | | 204 204 204
2 Underground objects in the shallow layer
Groundwater extraction Point . 0 9 230
wells 2.5
Groundwater level Point O 0 9 230
monitoring well 2.5
Fire hydrant Point \ Y 0 92 | 230
Wi I Poi 2 2
ater valve oint 25 0 9 30
800: Diameter, 1.5
2.1 | Water supply 800 1.5 !
Lo . o ground elevation, 2.5
Water supply pipeline Line 25 0 92 230 object depth, 1.0 line
e | weight (mm)
15 800: Diameter 800, 1.5
Water supply pipeline . 800— ground elevation, 2.5
(half-scale) Line 2.5 0 %2 230 object depth, 0.2 line
—02 weight (mm)
Underground clean water 15 1.5 ground elevation,
storage tank Fill - .03 0 %2 230 0.3 object depth
Wastewater drainage Point @ 115 38 0
culvert 25
Rainwater dra_lnage Point @ 115 38 0
culvert, combined sewer 25
. Pumping station Point A 25 115 38 0
2.2 | Drainage -
Exposed connection
point and waste Point 115 38 0
collection 2.5
15 800: Diameter, 1.5
Wastewater drainage Line SOOE 212 94 0 ground elevation, 3.5

pipeline

object depth, 1.0 line
weight (mm)
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Continued Table 3
. Symbol Color
No. Object OtheeCt 1:200. 1:500. Explanation
yp 1:1000. 1:2000 R G B
15 800: Diameter,
Wastewater drainage . 800— 1.5 ground elevation,
pipeline (half scale) Line 35 212 % 0 3.5 object depth, 0.2
e U line weight (mm)
Underground wastewater Fill - 199 127 117
settling tank 25
35: Voltage (KV), 1.5
351%5 ground elevation, 0.5
Underground power line |Line 0.5 230 0 169 object depth, 0.6 line
15 35: Voltage (KV), 1.5
Underground power line | . 35— ground elevation, 0.5
(half-scale) Line 0.5 230 0 169 object depth, 0.1 line
2.3 | Electricity 0.1 weight (mm)
6: Number of cable
6—3SE lines, 35: Voltage (KV),
Power cable conduit Line 0.5 230 0 169 | 1.5 ground elevation,
0.5 object depth, 1.0
line weight (mm)
Power cable marker Point A(O;' . 230 0 169
Lighting pole Point “ 20 | o | 169
Transf | Point 230 0 169
ransformer pole oin . 55
Transformer station Point § 230 0 169
2.5
15 100: Diameter, 1.5
L . 100—= ground elevation, 0.5
Telecommunication cable |Line 0.5 112 168 0 object depth, 0.4 line
04 weight (mm)
15 100: Diameter, 1.5
Telecommunication cable |, . 100—= ground elevation, 0.5
(half scale) Line 0.5 12 168 0 object depth, 0.1 line
0.1 weight (mm)
6: Number of cable
L 1.5 lines, 800: Diameter,
Tele(tj:o_Tmunlcanon cable Line 6_80()@ 168 168 0 | 1.5 ground elevation,
54 |Telecommuni- | €N 0.5 object depth, 1.0
© | cations line weight (mm)
Post office Point . 25 168 168 0
)
Telephone booth Point '@" 55 115 115 0
Exposed
connection point of Point A 168 168 0
o 2.5
telecommunication cable
Telecommunication cable Point ,(Oﬁ 112 168 0
marker 125
Function (KT: Coal gas;
HL: Liquefied gas; TN:
KT—SOOE Natural gas...), 500:
2.5 |Energy Energy pipeline Line 1.5 255 0 0 Diameter, 1.5 ground

elevation, 1.5 object
depth, 0.5 line weight
(mm)
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Continued Table 3

Obiect Symbol Color
No. Object + ) o 1:200. 1:500. Explanation
P 1:1000. 1:2000 R G B
KT 5001%5
Energy pipeline Line s
0.1
Energy pipeline marker Point pﬂ 25 255 0 0
Exposed connectlop Point . 255 0 0
point of energy objects 25
Control valve Point Ecg 255 190 190
2.5
Gas storage tank Fill - % 255 | 127 | 27 |13 g[)j?:;d dz';:;t'°”'
Control valve Point é 255 255 0
2.5
Pres.sure reduction Point ! 255 211 127
station . 25
Exposed connection Point 255 170 0
point of energy objects
DM: QOil (pipeline
12 function), 600:
. . . DM-600 — Diameter, 1.2 ground
26 |Chemicals Chemical pipeline Line 1.5 255 255 0 elevation, 15 gbject
= 0.6 depth, 0.6 line weight
(mm)
DM: Oil (pipeline
12 function), 600:
Chemical pipeline (half Line DM-GOOﬁ 255 255 0 Diameter, 1.2 ground
scale) : elevation, 1.5 object
02 depth, 0.2 line weight

(mm)

1.2 1.2 ground elevation,

Technical culvert and

chamber Point

Chemical storage tank Fill | 15 255 255 190 15 object depth
=

800: Width of tunnel/

Technical tunnel/ . 8001'—2 underground pass.age,
underaround passage Line 25 0 0 0 | 1.2 ground elevation,
9 P 9 CErw | 2.5 object depth, 1.5
’ line weight (mm)
Tunnels, 800: Width of tunnel/
trenches Technical tunnel/ 1.2 underground passage,
' . 800— >
2.7 |culverts, underground passage Line 2.5 0 0 0 1.2 ground elevation,
technical (half-scale) 0.2 2.5 object depth, 0.2
chambers line weight (mm)
800: Width of trench,
800E 1.2 ground elevation
Underground trench Line 2.5 0 38 115 25 object depth, 1.5
CECEE- |5 line weight (mm)
12 800: Width of trench,
Underground trench Line 800; 1.2 ground elevation,

(half-scale) 2.5 object depth, 0.2

0.2 line weight (mm)
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End of Table 3
. Symbol Color
No. Object Othe:t 1:200. 1:500. Explanation
P 1:1000. 1:2000 R G B
Water pockets, water .
lenses Point a} 30 0 0 0
8 Natural
’ objects Cracks and voids Point @ 0 0 0
2.5
Geological fault Line 04 0 0 0

3.6. Proposed solutions to improve the
effectiveness of underground surveys using
GPR

To improve survey effectiveness, in addition to applying
the above technical regulations, the standard also pro-
poses some combined solutions such as:
= Using independent geophysical methods such as
electromagnetic, seismic, and electrical resistivity... to
cross-check results and supplement information that
GPR is difficult to detect, such as depth to bedrock,
thick soil layers...
= Integrating GPR data with GIS data, base topo-
graphic maps, and accurate positioning information
by GNSS to improve the accuracy of the position and
shape of objects.
= Conducting GPR measurements at different frequen-
cies, integrating results from multiple antennas with
different parameters to increase the ability to inter-
pret complex objects.
= Building 3D models from 2D GPR data to better visu-
alize objects’ spatial shape and relationship. Building
3D databases of underground objects for easy man-
agement and exploitation later.

3.7. Regulations on equipment inspection and
product quality assessment

Regarding GPR equipment inspection: The standard stipu-
lates that GPR equipment inspection includes two main parts:
static and dynamic state inspection. The inspection aims to
evaluate the operating condition of machinery and equip-
ment before putting them into official use for field scanning.
Specific inspection steps are performed in sequence, includ-
ing observing the wave field on the recording tape in static
mode and comparing results between test measurements in
dynamic mode. Machinery is only qualified when it gives sta-
ble and consistent results through inspections.
Regarding product quality assessment, the standard
stipulates main criteria, including:
= Form and content: Products must have 2D object distri-
bution maps on a 1:500 to 1:2,000 scale, an explanatory
results report, and complete raw data as prescribed.
= Accuracy: Check the horizontal positioning error and
depth of measurement points compared to control

points to classify into one of 4 corresponding quality
levels. Use at least one independent survey method
to randomly verify >5% of detected objects.

3.8. Developing a process for surveying,
measuring, and mapping shallow layer
geography using GPR

Based on the synthesis of the above research results, the
standard proposes an implementation process (Figure 2)
consisting of 9 main steps as follows:

1. Survey the mapping area: Determine the construc-
tion area, survey exposed connection points, ter-
rain, and soil environment, prepare reports, and
propose technical solutions.

2. Preparation work: Collect documents, prepare ma-
chines and measuring equipment, and implement
labor safety plans.

3. Edit base map: Divide sheets and edit content lay-
ers, including control points, topography, hydrol-
ogy, transportation, population, and administrative
boundaries...

4. Design scanning plan: Design grid and scanning
routes, check sections, and labor safety plans.

5. Conduct field scanning: Create ground surface, ar-
range grid, install equipment, set scanning param-
eters, deploy safety plans, and conduct scanning
according to design.

6. Process data: Check data, process GNSS/total sta-
tion data, analyze and interpret images and posi-
tion object coordinates.

7. Edit maps and prepare reports: Edit object layers,
assign attributes, review and compare documents,
and present maps and summary reports.

8. Quality control: Check geodetic work, scanning ac-
cording to design, depth, and object attributes.

9. Package and deliver products according to phases,
including reports, maps, raw data, measurement
books, and inspection results.

This process ensures logic and systematization while
being suitable to the sequence and specifics of GPR sur-
vey work in Vietnam today. Adhering to this process will
improve the quality and efficiency of shallow geological
investigation activities using GPR.
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3.9. Discussion
3.9.1. Applicability of the standard in Vietnam

The proposed technical standard in this study has high
application potential in Vietnam for the following rea-
sons:

Firstly, the standard is built based on selective inheri-
tance from reputable international standards such as PAS
128:2014 of the UK, ASCE 38-02 and ASCE 38-22 of the
USA, and AS 5488 of Australia while adjusting for Viet-
nam'’s conditions to ensure updating and compliance with
international trends while taking into account Vietnam's
specifics.

Secondly, the process and technical requirements are
designed to suit Vietnam's current technology level and
human resources. For example, the division of 4 quality
levels (QLB1-QLB4) allows flexibility in application, de-
pending on the specific requirements of each project and
the capability of the implementing unit.

Thirdly, the standard has considered the diversity of
underground objects in Vietnam, including technical infra-
structure works and natural objects. This helps the stan-
dard to be comprehensive and widely applicable in many
fields.

3.9.2. Comparison of advantages and disadvantages
with international standards

The main advantage of the proposed standard compared
to international standards is its comprehensiveness and
suitability for Vietnam’s conditions. Specifically:
= The standard covers surveys to mapping, creating a
complete and consistent process.
= Particular attention is paid to specific regulations on
map representation that are suitable for urban man-
agement practices in Vietnam.
= Integrates environmental factors characteristic of
Vietnam into calculations and technical regulations.
However, this standard also has some limitations com-
pared to advanced international standards:
= The integration of GPR data with other advanced
survey technologies like US or UK standards is not
yet mentioned in depth.
= No specific guidelines on building and managing 3D
databases for underground objects, a strongly devel-
oping trend worldwide.

3.9.3. Challenges when implementing the standard

Implementing this standard in Vietnam may face some
challenges:
= Human resource training: It takes time to train tech-
nical staff to master new processes and technical re-
quirements. In particular, interpreting and processing
GPR data requires in-depth skills and experience.
= Equipment investment: Some units may need to up-
grade or invest in new GPR equipment to meet tech-
nical requirements. This can create financial barriers,
especially for small units.

= Changing work habits: It takes time for units to
adapt to new processes, especially in data process-
ing and map editing.

= Data synchronization: Integrating GPR data with ex-
isting geographic information systems can be dif-
ficult due to differences in data formats and struc-
tures.

3.9.4. Proposed solutions to overcome limitations

To overcome the above limitations and challenges, the
study proposes some solutions:

= Organize training courses on new standards for rel-
evant units. Emphasis should be placed on practical
training, especially GPR data processing and inter-
pretation skills.
Develop a roadmap for applying standards, allowing
a transition period for units to prepare in terms of
human resources, equipment, and work processes.
Adapt and optimize existing GPR data processing
software for Vietnam's specific conditions, leverag-
ing well-established tools while tailoring them to lo-
cal requirements, enhancing efficiency and reducing
implementation time.
Continue research and update standards to supple-
ment content on integrating new technologies and
build and manage 3D databases for underground
objects.
Promote international cooperation to learn experi-
ences and update the latest technologies in this
field.

4. Conclusions

Using the GPR method, this study has developed a draft
basic standard specifying the technical process of survey-
ing, measuring, and mapping underground objects in the
shallow layer. The main results achieved include:
= Identifying a list of 8 groups of 31 main object types
that need to be investigated by GPR within 6 m from
the ground surface.
= Analyzing and stipulating the main factors affecting
GPR efficiency, such as antenna frequency, environ-
mental characteristics, material, and object depth,
proposing equations to determine optimal antenna
frequency.
= Stipulating basic contents and technical require-
ments on geodetic work, preliminary field survey,
and GPR measurement network design.
= Dividing four quality levels on horizontal positioning
accuracy and depth corresponding to GPR application
capability.
= Stipulating basic principles on content representation
presentation of 2D maps of underground objects.
= Proposing some solutions combined with other
methods to improve GPR survey efficiency.
= Regulations on equipment inspection and main cri-
teria to evaluate survey product quality.
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= GPR's survey, measurement, and mapping process

includes nine main steps.

Furthermore, this study recognizes the importance of
GPR system configurations in surveying applications. While
the standard provides a comprehensive framework for GPR
usage, it also acknowledges that specific project require-
ments may necessitate different approaches. For instance,
the choice between single-channel radars, multi-channel
paired radars, and multi-channel radars with synthetic ap-
erture and the selection of signal strength (stroboscopic,
low-pulse, or high-power) can significantly impact survey
outcomes. These considerations, while beyond the scope
of the current standard, are crucial for achieving optimal
results across various environmental conditions.

This standard, when issued, will be the first document
to standardize the application of GPR in surveying, mea-
suring, and mapping underground objects in the shallow
layer in Vietnam, contributing to promoting the wide-
spread application of this advanced technology in prac-
tice. It will serve as an important legal basis for functional
agencies to manage and control the quality of shallow
geophysical survey activities. Additionally, it will provide
a useful guide for specialized consulting and construction
units in designing and implementing projects for investi-
gation and exploration using the GPR method.

As GPR technology evolves, future research and stan-
dards development should incorporate more detailed
guidance on system configurations and signal strength
selection. This will ensure that the standard remains com-
prehensive and up-to-date, providing thorough guidance
for GPR applications in Vietnam's diverse geological and
urban environments.
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