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Guidelines for the development and application of

engineering geological models on projects

HEETE TR ERA(EGM) 28 K ERTES

INTRODUCTION
s

The purpose of these Guidelines is to provide succinct, practical, accessible and authoritative advice
on the effective use of Engineering Geological Models in a wide range of applications including civil
engineering, mining, geohazard studies, offshore studies, land-use planning and environmental
assessments. The Guidelines are broad ranging, intended for use or reference by stakeholders in
projects of all scales that interact with or require an understanding of the ground. They are intended

to have worldwide application.

AT TR E A RI(EGM) i KRS [0 B ERILETR - EA - S EA E B3R
it 0 WIRENE FIERDZ AU (RIS AR TAR ~ $RU% ~ HUE SCEWITE ~ BERHITE ~ TN AR E
FERIEEFL ) > DAsss TRERWE RIS - 955 Frs SR EEREZ - n A FEIRRE
EZETET - SEBHHEI A B AR st O HIF HAVER - IS AE5 (e >
FEA -

An Engineering Geological Model (EGM) is a comprehensive knowledge framework that supports
the interpretation and assessment of the engineering geological conditions and allows the interaction
of these conditions with the proposed project to be evaluated, so that appropriate engineering
decisions can be made throughout the life cycle of the project from inception to decommissioning. In
adopting this definition, the intention is to move beyond the concept that a ‘model’ is a simplified
and static three-dimensional representation of the ground conditions and recognise that the
formation and development of the EGM is an on-going process of knowledge accumulation that

provides direction and control to the ground engineering throughout a project.

THeE A (Engineering Geological Model, DL [N fijf# EGM) /& —{E&r & ~ SEREAVIRIFSRAITENR
FHEAA B8 30 TARE B IR B RERT o0 A7 - MR RG R VAS TAR B IR B S 25 T2 2 eI AH LA
% > LIEEt SRR RIS REy A e B FRREMU R EAVAR - PR LAUESR > By TH
FIAR R L 2 —TEA(E - BB AR =4t R 2 S - IS RET8 (L EGM HYEEE AT
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T > ST THE AR RAREER AR - IRt e (L A TSRV AR > B
IREEZIT RS IR TAE M B R 42 -

The Guidelines have been developed to provide guidance to practitioners on the 'TEGM approach’,
including 3D digital modelling techniques, and to inform consultants, clients, owners, government

bodies and regulators about the use of Engineering Geological Models on projects.

AFESHRBHEEESE N B AR EGM J77R" (B 3D B B Rin) HY IR AT - MEReafrg A e ~ &
F T - BUTFHSEBISES ZE AR > TR ER ST E PR T E A -

The Guidelines were developed by members of the IAEG C25 — Commission for the Use of

Engineering Geological Models — and represent the consensus views of the contributors.

\

AFESIH IAEG Z 88 C25(TEMEFAEAZ B E)EERTE © FrENE RS R &
FIFy R -

It is intended that these Guidelines will be translated into other languages for dissemination
internationally within the ground engineering community. The Guidelines will be reviewed and

revised after one year in response to feedback from their use in different parts of the world.

EGM 55| € e IRBRCLALE S ARG ZREF{EREISE EBUK TR AT IR - A3 IR
FEHER R A e R - R E R

The Guidelines comprise three parts:
EGM 55 & DU F =814 -

I. Advisory Clauses for the development of EGMs (Part |). Advisory Clauses indicate how an

appropriate EGM should be developed for any project that interacts with the ground.

1. HH EGM(FE—E04Y) © BRI E > F B Aig HEA A E R A B s Ze st B R B
(5 EGM -

2. Commentary on the Advisory Clauses (Part 2). The Commentary provides additional supporting
information, where necessary, for each Advisory Clause and is structured with the same

paragraph numbering to allow ease of referencing; hypertext links are provided where relevant.

2. EGM EERRPRRHIIESR (S5 80 0) © HINE—THER IR > FENER - RAt G AR VEEE
Al o & BUERCRTOR M ERV B RS - UER 2% MHRIHYE T &R St s Sl bz -

3. Examples of EGM applications (Part 3). The Examples provide overviews of the application of

EGMs to a variety of project types.

20of 129
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3. EGM JERH#iB(Z5 =&B57) « #iflieft EGM & E R X K E = A E AL -
Notes:
S

I. The purpose of these Guidelines is to provide information and assist decision making; the

Guidelines are not intended to define a standard of work.
1. Af55188Y - EETREHE &R B ARAVEE » A E M TAERUAEAE -

2. The Guidelines should not be interpreted as prescribing a course of action or procedure on
model building as there may be variations in approach and method to account for specific

engineering geological and project needs.

2. A4S R O T B 7 S SR BB 77 SR T R S5 7R
K o AR AT BRI -

Background

B

Je
=EA

The use of ‘models’ in engineering geology was discussed by Zaruba and Mencl (1954 in Czech) and
Morgenstern and Cruden (1977), although the first time a cross section through the ground was
created to illustrate the geological conditions for an engineering project was, arguably, the first
engineering geological model. An example is the work of William Smith and the development of
geological maps and sections associated with canal construction in the UK in the [18th century.
Fookes (1997) brought the idea of models in engineering geology to a wider audience but referred
to the models simply as geological models. Fookes et al. (2000) refined the approach to include the
concept of the ’total geological history,’” that is, that the engineering characteristics of the ground
result from the entire geological and geomorphological history of the area. Knill (2003) suggested
that a ‘geological model’ is inadequate on its own for engineering purposes because it does not
sufficiently define the engineering conditions within the natural ground or help deliver a design. He
proposed that it was more useful to think of geological models, ground models and geotechnical
models, with the type of model being related to the progression of the project. Bock et al. (2004)
provided a perspective on the relationship between the disciplines of engineering geology, soil
mechanics and rock mechanics, the areas of interest of the associated international learned societies

and the nature of geological models and ground models.

3 of 129
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BRI TR E B2 A EF 2 — 38 > BT LUBMIF] 1954 FHE e TREE 22
Zaruba & Mencl (1954) LKz 1977 4F Morgenstern fl1 Cruden (1977) & im L 2 AHRES 5 > #EZRA
N TR R SR S IR < st I - BORE R DL f TAR M E A Gt B e -
PRI/ VHAC TRy William Smith A AESEETEE 1+ FiToe A E [ Ko A st B E i ple s
JE:Z 1] LBZ G © Fookes (1997 )RAHRIFIRE 7 TREME W52 B s 0 R+ - (B2
HELARHRAME AT By 3 B AU - Fookes et al. (2000) 49 A" St EL A S AT, - RISt R AY A%
TES(F B a2 L Se BE Rt B RT3 50 R S AR - Knill (2003)58 By B AL K B e LUE.
PHEAN TREER - WEEIA R ERL B AR N TR R - LRI TR

Knill B —0 R R St A ~ S AR AR TR S =AY - AR IE— P 4SS LG
SEEARRN SR & LA - Bock et al. (2004)RIZH2 i TAEHE R - I8 B2
1B = (EREIs R S AR RRME I CARE & » 0B b = <H i BRI BRIPR B2/ 1 & Pl L
HIRRRE » —OFaTamith B AL B A AR A FAGARAS -

IAEG Commission C25 published an interim report (Parry et al., 2014) that defined a model as “an
approximation of reality created for the purpose of solving a problem”, outlined a methodology for
developing engineering geological models, differentiated the conceptual and the observational
component of that process and provided examples. This approach has been adopted in recent
guidelines (for example, The Geological Society, London, Engineering Geology Special Publication, 28,
for glacial and periglacial terrains, Giles et al,, 2017). However, the C25 approach has not yet been
incorporated in National and International Standards.

IAEG C25 Z 2 & i A I HRHY A0 #i i (Parry et al., 2014) » RV AU TE S Ry By 1 i R B P TR
i alERYEL AT LIS - R T 2R EGM 1YT70A52 > &5 T EGM BB ifE rh it &l oy B 22
Aoy ZARNE MR TERG - EEE TR — RS [T A R - B MBOEE g
TAEHERFHISE 28 5F - KRR /K [F/KGHE (Giles et al, 2017) - ZA1fi » C25 HEARAVEIZS
W BRI BRSO BIPRARAE -

A

Baynes et al. (2021) expanded on the C25 interim report and emphasised that the EGM is a
knowledge framework that can be used to understand and communicate everything that is known
about the geological and associated engineering information at any stage of a project.

Baynes et al. (2021)#j1 1 C25 Y ¥ i5HIRIE > W 58HH EGM 2 —MERRAIENR - AT DERTEHY
BPEES - T R A T E BT AR AERE &R

These current Guidelines were developed by members of the IAEG C25 - Commission for the Use
of Engineering Geological Models - following the IAEG 12th Asian Regional Conference in 2019 at
Jeju, South Korea. A first draft of the Guidelines was presented at the IAEG 3rd European Regional
Conference in Athens in October 2021. The Guidelines were subsequently revised following
comments received at and after the Athens meeting, including a contribution from IAEG C28 -

Commission for Reliability Quantification of the Geological Model in Large Civil Engineering Projects.
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RIS | AEG C25( TR BT FIZ B8Rk EL - 1E 2010 (RN BT
IAEG 5 12 JEETHUBSR Gtk 2 (£ FTHIT - I3 I00UIRINL 2021 4F 10 FENESEALFTAY AEG 5=
BN g IR - ARG SRR DU R UG BRI R R R - BT T AES I
5] (H A A 1AEG €28 KA+ AR TREET = It B A i SR/ B (b2 R & HYEER) -
Contributors to the Guidelines and their countries of origin are listed in Appendix A.

btk A Bl EGM F55 Ay #5eTe & BLEL AT B RS -
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Guidelines for the development and application of

engineering geological models on projects

BEFIETEMERE (EGM) 2R MRS

|. ADVISORY CLAUSES
1. EREX
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1.1 EGM DEVELOPMENT PRINCIPLES

1.1 EGM TEMEHEAERE K ERTES

I.1.1  Definitions

LIl EFHE

Important terms that are used throughout these Guidelines are defined here; other terms are

defined where they appear in the text.

BEEIE e A5 5 [ {58 FHRVEE B S SEAMTE © B ERN LR E Ze &R E S LRI 2 2% -
e Model — an approximation of reality created for the purpose of solving a problem.
o MHEL - Ry R E ST (RS -

e Engineering geology — The application of geological, geomorphological and hydrogeological

knowledge to engineering.
o TIEHWEER — RHEER ~ HUPERRK SO E SRR A i AR B2

e Engineering Geological Model (EGM) — a comprehensive knowledge framework that allows for
the logical evaluation and interpretation of the geological, geomorphological and
hydrogeological conditions that could impact a project and their engineering characteristics.
The EGM comprises both conceptual and observational components and may consist of a
number of interrelated models and approaches. The Geological Model, the Geotechnical Model

and a Geohazard Assessment are outputs from the EGM knowledge framework.

o TREHEMBA! (EGM) -EGM Ry—(E&RE ~ SERAVEERIIESR - Fralst B RER B TAZAT
2R H TR RS ~ P AUKCOEIRE - TSR - EGM i
FOBHIRA R Sy - =] AE FE A AL BRI AL S AR » HUE R ~ #th TR
W SEERHES > $9EH EGMERAIRE A FTEH -

e Conceptual Model — a model based mainly on engineering geological concepts and

interpretations and the knowledge that certain engineering geological conditions and processes

are likely to have certain engineering characteristics.

o MESIEE - EEEGN TREMS - SRS > LU e TR 2 #thE
ARDURIE I Z ARRE A -

e Observational Model —a model based mainly on engineering and geological observations and
measurements that are constrained in space by 3D data (xyz) or in space and time by 4D data

(xyz plus time). Increasingly, the observational model is developed within a digital environment.
7 of 129
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BNAR] — FB(AERY TAZ BRI S E Rl SRR &SR P e 2 A RN
ZERHI = 4EERE (xyz) BAEMLER PR - R RFERFZERIDULEER » 5D - HATARCKR
S R IR AR B IR M2 EAY -

Engineering geological units — volumes of the ground with a similar geological history and

similar engineering characteristics that are established in the context of the project engineering.
THREME BT - ETREEEET - BRI SR TR PR S s b i ] -

Engineering geological mapping — the preparation of a map depicting the distribution and
surface boundaries of engineering geological units, geological structures, gecomorphology and
hydrogeological conditions that are of significance to the project using appropriate symbology
carried out at a scale and level of detail determined by the purpose of the mapping, that might

range from regional resource assessment to confirmation of foundation conditions.

TR E RS - (EREENVAE AL > el Tt SR A EE TR LI E BT -
HEREHS ~ MIPRHEBBUKCOE IR T 2 22 ARSI - B LR L HAE R8T
HI A FIR =TI 2 1B - SulE] mlE e s R R RIS R e R PR R URERE > L
INEZIL R Rl = IS R

Geological Model — an output from the EGM knowledge framework that represents the
distribution in 3D space of the engineering geological units, hydrogeological conditions and

geological and geomorphological processes.

HYE AL — EGM RIGEARIVE T Z — » F DURZL TRE S BT = 4R 228 2 s Te
RSO - DA E RIS ER] -
Geotechnical Model — an output from the EGM knowledge framework that provides the

engineering characteristics and/or geotechnical parameters of relevant aspects of the

Geological Model.
i TR — EGM SRAMEZRAVER Z — » TR (LB E AR 2 TR () T 2% -

Analytical Model — a simplification of the Geotechnical Model developed for the purpose of

engineering assessment, analysis or design.
AT — pRth TR BIRAVERIR LRI AR TAERYAS ~ o ieast -

Digital Model — collation and presentation of data within a software environment to allow
visualisation, interpretation and aid in communication of parts of the EGM, increasingly

developed in 3D.

8 of 129
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o SRR — FEB AT T RN 2R S - FE DGR - B > REhERT EGM 1Y
HoNE - EREMAMSHBA S L =P E -

e Digital visualisation — the output of a digital model, usually a graphic display in 2D or 3D of

selected parts of the data.
o EURERE - BB L TR > EE B E AR =R

¢ Ground Model — type of model, often specified as a deliverable in contracts or required by
Standards, that provides a summary of the understanding of the ground and groundwater
conditions at a site at a specific point in time. This may include geotechnical parameters for the
various units contained within it. The meaning of this term varies in different codes and

standards.

o HPRRAEAY — FROLHOIRF R E R E RS o B Tk R MR AT KRR IR SR -
BEs TEME TR RE T2% » JFESBRREFTE ORI ZHER - AALESE
fEB A R ERAI R T aT RE & A A [ 2 B0 -

e Geohazards — geological and geomorphological processes or phenomena that can adversely
impact a project, for example, karst development, landslides, underground mining, ground gas,

seismic activity etc.

o HEKE - ARG LT EEE AN AN E B P E SRS - SRt -
LLIAR ~ MU PRAE ~ M T 5REe ~ RS Eh S -

e Project — the purpose for which the EGM is being developed. EGMs are commonly used to
assess the ground response to an engineering project but they are also used for broader

application such as the assessment of natural resources, regional geohazard assessments etc.

o HETMGHE - #E EGM Z HHY - REB/THY EGM M H A el —(E CAZa Atz i
f& - Bt a2 HER > PIATE RETRATEHS s EE L -

I.1.2 Fundamental principles

.12 FEARHTE

I.1.2.1 The EGM evaluates interactions between the project and the ground

1.1.2.1 EGM FIR b S 25T 2 Bt ey 2 AU 1 A

9 of 129
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The purpose of the EGM is to evaluate the ground response to change and usually involves
consideration of the possible interactions between the project and the ground. An effective EGM

should anticipate what might be in the ground and how the ground might respond to the project.

e P HE LTS BB Ry T RE A 2B RV A AITE A > DNIEEETT EGM 2 H Y Ry fifith A8 S fe o2
b - 58% 2 EGM FRERES TR IR AR > DAR AR AT TRE RS 18 R e A &P -

[.1.2.2 The EGM knowledge framework
1.1.2.2 EGM 3RAIHEZE

The EGM knowledge framework represents an understanding of the geological conditions that are of
engineering significance to the project and that can be used to solve engineering problems, (Figure |-
1). The EGM is not one ’'model’ but multiple dynamic models, as well as being the repository of the
underlying data (if that is not held within the models themselves), the supporting documentation (for
example, the site investigation reports) and the knowledge framework that holds these components
together. To the extent that is practical, the EGM should be based on all available and relevant
knowledge, should be logically constructed following the principles established in these Guidelines,
should be focused on the relevant geological conditions and engineering characteristics of

significance to the project and should be clearly communicated.

EGM SUAIREZR IR ST B 5 T8 S B IR A - 1 L ] DU AR A A B Y A2 T R (EGM
PR ZEE T e dn i E A B REE 1-1) © EGM AIEE(E R —(EFAL" - EGM 2“%&E” H B
“BIREVHVREAY > EGMNEERMEFRE(EFEIMEAER) - At s 2B HERATE
MHBAREEN S (A THE T ) - DU SRS LAl BRI 2 Al - BEAKE - EGM JERE
FVA AT e ~ AHRARYARIER - $2 04455 (AT e E A - DIRA B ME T =0ERs - 10 HER R
FEE TR EAHRE 2 BRI b > SEEE EGM (i FE B TR VA I AR A ey i

Three key outputs from the EGM for a project are the Geological Model, the Geotechnical Model

and a Geohazard Assessment.

H—(EHEEIMNS > EGM ={Ef AV I R E A « 3 TR DU R SEERTAL -

10 of 129
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Project Lifecycle

Inception Investigation Design Construction Operation Decommissioning

I ENGINEERING GEOLOGICAL MODEL (EGM) KNOWLEDGE FRAMEWORK
| Typical inputs to the model building process |

| Engineering geological mapping

Geological Project Desk @ Site Design Construction | |Performance
maps & models | |requirements Study Investigation | |requirements| |Opservations Monitoring

i \ i ! v ! i

ENGINEERING GEOLOGY MODEL (EGM) BUILDING PROCESS
Conceptual component

w— ———

K led

now&e LA SR C°;‘A‘;Zpefl"°l — Observational Model
Experience | <——

[Assess EGM Development Level I% Observational component

Il
¥ Y Y U Y Y
Site Engineering I ENGINEERING GEOLOGY MODEL
Conceptudlisation| |Investigation | | Geological (EGM) DOCUMENTATION
Design Map

| Factual & Interpretive content differentiated ||

| Geohazard | | Geological Geotechnical
Assessment Model Model |
L (if required)
=8
1
Typical outputs from the model \'4
building process - will vary 3D digital model
depending on project requirements
|— Documentation requiring inputs from the EGM |
Ground Risk Geotechnical | [Observational
| model Register A‘:‘mﬂeﬁql Baseline approach to |
| (Eurocode) Report redesign |
e ——
Figure 1-1 A schematic visualisation of the EGM development through the project lifecycle.
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1.1.2.3 EGMs comprise conceptual ideas and observational data
1.1.2.3 EGM AU S B E SRS

The balance of conceptual ideas and observational data within an EGM will vary depending on the
project type, its scale, the geotechnical complexity of the site and the stage of the project (Figure |-
). Evaluation of the ground at the start of a project is primarily conceptual in that it is based mainly
on knowledge, experience and reference to other published examples of similar geological and
geomorphological conditions. As the project progresses and increasing amounts of observational
data become available the EGM evolves but the conceptual model remains as the framework for

assessing the interpretation of those data.

f£ EGM Hy2E b > IS EUABEREEIAE R 2 IRk - RO RS TR A
RRAEE ~ THEEH TARREME DU TRER R PE B IR 1-1) - AE TARZET SR Aala L - STt
B ARG+ Ry HEE AN TR B S0 - ER54EEs - DUJRUtE AR
JUN ~ EARERZEN - lEE TR EATERE - AR E gL > EGM JRfER
DHEHE - RSB PR R I R T S AR A% O -

The techniques involved in developing conceptual models and observational models are different.
The first involves the act of conceptualisation and the second involves the act of evaluating data and
assembling information. However, their use in the development of EGMs is so profoundly interlinked
that, in reality, they form two different but essential and complementary tools that must be

combined at all stages of the project to generate an appropriate EGM.

B A BRI R ROty ) T A R R 2 540 BB RS EIIIE R - &R Ra &
FHEFEA S - AR E EGMAVEIREM L > WEESHUIHEY - CfTEE N mEs
[~ BB L M TE - E TS MR RS aWE - DEAEGHY
EGM -

At any stage of the project engineering analysis should proceed cautiously until conceptual ideas and
observational data have been reconciled and any residual discrepancies can be managed as project

risks accepted by all relevant parties (Figure 1-2).

TELRZE TR E— P& - TREDMTE RS EMIET - BRI EABER B R —2 - 5
EMERARTHA - (HHERE TR BV E AT rTESIyEE - el R I7aiEe - TR
o T8 AH LR (e i LR A R ] 1-2
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ENGINEERING GEOLOGICAL MODEL

DESK STUDY

il

CONCEPTUAL COMPONENT
based on available information and
experience, models created to anticipate
what might be encountered that has
engineering significance to the project
what do you think is there?

OBSERVATIONAL COMPONENT
based on a mixture of geological and
engineering observations acquired
during an INVESTIGATION which
constrain the models in time and space
MAPPING IS AN ESSENTIAL ACTIVITY
what did you find during the investigation?

AT ANY STAGE OF THE PROJECT
ARE THE OBSERVATIONS
COMPATIBLE WITH

THE CONCEPTS?

NO

YES

GEOLOGICAL MODEL
GEOTECHNICAL MODEL
GEOHAZARD ASSESSMENT
suited to project stage

Results of
engineering ) . ENGINEERING ANALYSIS
analysis may ' Engineering analysis at any stage of the project
provide insights i using the analytical methods formulated to suit
relevant to the the EGM and parameters derived from the
EGM Geotechnical Model .

Figure 1-2  Engineering analysis should proceed when observations are compatible with concepts.
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1.1.2.4 An EGM should be developed for all projects

1.1.2.4 (L TiEETE BIEEE EGM

An EGM should be developed for all projects that interact with the ground and is equally applicable
for very large and very small projects and over a variety of geographical scales. Note that for very
small, simple projects, the EGM can be presented in a single short interpretive report.

A emibHE RS TARARE AN - FrA G Bl d O HIsg 8 TR TS ERE —E EGM -
WFEBRHBN ~ HE A TAEETE - EGM KR e — AME M E R RS -

1.1.2.5 The EGM is relevant throughout the project life cycle
1.1.2.5 HZFRl TARE T =y A ap AN AR 2 EGM

The EGM development should commence at the project inception stage and be revised throughout
the life cycle of the project, potentially passing between multiple owners and consultants, and
provides a transparent and logical framework for developing ground related project deliverables
(Figure 1-1). The EGM knowledge framework should also be an integral part of the project
management system because the EGM documents what is known about the ground and, therefore,
should form part of the contract documentation (depending upon the contract delivery mechanism)
and the basis of design.

BB TRZETEARANY EGM - JEE TRZETHE 2 GRIERE 10 - MRl TAEatE 4
BEIAPFRHEMELE - DIe—EAH - B H & PEEAEIFIESRGEE 1-1) - EERERARE A
RE A BUE R [EIRYE T R A T 281 o lH7Y EGM ifE T AR AVAERART M - (RIMLFERT
EGM &N TR EEH LG T - FERFEZ R SIS — B3 (BUAT & 425 R -
A A THEAE T -

I.1.2.6 Knowledge of geology and engineering is required to develop an EGM

1.1.2.6 FE EGM FRodiiE 52 K THE 7 S A

Knowledge and experience of both geology and engineering is required to develop an effective EGM
but the emphasis should be on geology. This knowledge should be based on education, ideally
involving at least a first degree in geology or a degree with geology as a major component and,
ideally, postgraduate training in engineering geology or geological engineering, or a significant period
of mentoring under the supervision of an experienced engineering geologist. In some circumstances
and on simple projects, a competent geotechnical engineer with significant geological knowledge
and/or with valid practical experience in the geological setting of the project should be able to build
a reliable EGM.

FEREARHYT EGM - [l IR E DU TREH B AR LS - (ERASR Y REIES - 53
HER - R RAGRIEZ RN s - St E SR eERE DU B2 R E RV 2R FEAGE
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A LRt B B S TR CHIREIAVAISR ~ B L Re S b & S oy AR B Rl 5 58— By

=
M o FEHEERPEE N - HIARRT S Ay - ARt TAZA AL RAFAVHE S5 & > B0

SBUGI TR E R 2 THEETE - B TS S0E 5 - TREERF LRI 5ERY EGM T0E -
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EGM DEVELOPMENT PROCESS

EGM ZEEfF

Overview of development process

EGM 7 B i ittt

| Initial steps

| WIa 5

The following key questions should be asked at the beginning of the project:

Fo T HEEE EGM - R IR TEALAANT - JESLIRYIL YRR

Where is the project located (geography/geology/geomorphology/environment)?
TAZETEMIALE ! (E S 5 PR

What is the type and scale of the project, how will it interact with the ground, what are the
key dimensions and design requirements, including the design life, and what are the key

geotechnical constraints, concerns or consequences of failure for a project of this type?

TRES TSV AR B 7 1 e (42 R iE R T Bl T AR R (B s TR IR)? T T
TEatE 2 B A TAZRR ~ BHERGE TR SRR IR Ry 2

What existing information with respect to the possible ground conditions is available?
BRI AR n] eI B SR DIt (PR (R ey 275 SRR

What is the geological/geomorphological/anthropogenic history of the region/site that might be

of engineering significance to the project?

BN TRt S Tt - BAERTEZEZME « s A\ Rb s 5
What geohazards may be present?

AIRE S B S Ry (2

What are the groundwater and surface water conditions and how could they impact the

project?
KR /KA RAE - R A TRt EZ 28R

What is the current status of the project, for example is it on hold, seeking financial backing,

under construction etc?
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TReaETEE H ARG R fm? G140 © HATESTHEEE(E - SR B SR sIE AR TP -

Answering these key questions remains relevant throughout the project life.

TE TA2sH B A ar B - FrEtERy EGM - [EFF RSN R i2 LoprHR I -

[.2.1.2 The development process

1.2.1.2 EGM EEEFF

The EGM development process involves the following essential steps, usually with repeated

iterations of most steps:

EGM BRI FPEFE NS THNENTAER - KEL 7 HI BRaE T fR S R 5 ST

Assemble team, define scope and purpose.
HRER - ERETEE R H

Assemble relevant engineering and engineering geological information of significance to the

project in a desk study.
PRENPEAR - B E RN RE)HN I ERAEEER I TR R T E &S
Undertake an initial reconnaissance mapping by a competent engineering geologist.

H B A SRR ) LA ER  TREMERT - BT )20 HYHH 2 B T -

Conceptualise the likely engineering geological conditions based on the knowledge and
experience and the desk study at the beginning of the project but re-evaluate using other

information as it becomes available at later stages of the project.

FRETEWIAARE L - MR EEEAIE - 5B R = W FIRYEER - & b el sE Y TR B IR -
REtEREISE - EE AR THYEN - ST — sy -

Identify and document key uncertainties in a risk register. This register is used throughout the

project’s life cycle and needs to be updated on a regular basis.

PrakBR SR AR - MRFEECRRGY B B R (Risk Register) 1 - WL JEfa EZEZRGRE Y T
TEatERy e arEIAR - ARG (E A B e TR -

Acquire observations through investigations (these may include, but will not be limited to,
remote sensing, mapping, geophysics, exploratory holes, sampling and testing); the importance

of engineering geological mapping in investigations cannot be over emphasised.

19 of 129

IAEG C25 EGM Guidelines v1.0 14 December 2022




EGM Development and Application 14 December 2022

A A ERUHBARYE RN (R D EFEEN Mg - HEERYIEEON ~ $EEE - Hibk Keale
) - WEEHESERH TS B - HEEMEEA = Ay -

e Combine the observations and the concepts to develop an interpretation of the site conditions;

if necessary, re-evaluate the conceptual model.

o ROFEREBHBMISEL - HH TAEAYMHRR RME - BB RAVAIRIRER I - RN
JEEE X R S AY -

e Define engineering geological units, interpret their distribution and generate a Geological

Model.
o EREHRSITIEMEEIT  SRIAEEZERAIAR - WA I — (S E B -

e Characterize the engineering geological units, the hydrogeological conditions and the geological
processes using geotechnical parameters developed from the desk study, investigations and

experience and generate a Geotechnical Model.

o LFEZENNIA - FEEMFRERERITER KM TIES 8 - h4gH TREME T » /K0
BRI E (E R > DU — (R TARAEAY -

¢ Identify significant uncertainties, gaps and discrepancies in the knowledge framework; these are

potential risks to the project and should be added to the risk register.

o FESRHMEART - SRR BE AREN: - BRUEE LRI —2CZE - EEEER L
REEtENE R - W H IR B E Rt

e Evaluate the risks and, if necessary, undertake additional investigations to improve the

knowledge framework, minimise unknowns and reduce risks.

o SRR - RIS ETIE - DUBERRAIRESR - EATEREHTER 3R
Flfz/b o DURRE R -

The EGM development process is illustrated in Figure |-3 and detailed below.

EGM ‘& e fratfiE 1-3 - WaRHTAT -
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Define scope and assemble team

ENGINEERING KNOWLEDGE | Project overview, location, GEOLOGICAL KNOWLEDGE
Personal experience general arrangement, Education, personal experience
Precedent, design, construction,  designs, schedules, costs,| Geological environments, structural,
geotechnical engineering, soil brief geomorphology, hydrogeology,

mechanics, rock mechanics mapping, logging, site investigation,

project involvement

Desk study, regional knowledge, global tectonic '
models, site scale engineering geological and
geomorphological models, reconnaissance mapping

CONCEPTUALIZATION

o ANTICIPATION INFORMATION

v 4
ENGINEERING GEOLOGICAL MODEL

MODEL BUILDING PROCESS +

——1 QUESTIONS _)TERPRETATlONs _|
Is further expenditure : OBSERYAT|ONS S
to answer questions , p ENGINEERING GEOLOGICAL MAP
and reduce uncertainty T8t | GEOLOGICAL MODEL
justifiable? GEOTECHNICAL MODEL
GEOHAZARD ASSESSMENT
3 MAPPING SUBSURFACE =
COST BENEFIT Engineering Boreholes
100% ——10 geology units Probes
§ z Structure Test pits
E g Geomorphology ~ Geophysics al:TPUT QUALITY CONTROL .
E| g Processes Laboratory testing Segﬁsons n
‘ eont = IMngtr:::gI%ntatlon Setting, Stratigraphy, Structure
] 9 Surface/subsurface processes )
vV N : Surface/subsurface water O
NO [YES : - Engineering geological units 0
: [ Engineering characterization of
 SITEINVESTIGATION units, water and processes [
Bk o dote st e Project sgnifcance esaplished
y evelopment level, g st =
identified project critical ground I;;sekfr;dvelgwhlied and manageable [
a2 0
Gofckiions ard peed o Fedros Overall understanding reasonable
exposure to risk
e AS CONSTRUCTED ASSESSMENT
CONSTRUCTION
Feasibility demonstrated As encountered conditions checked
Uncertainties understood and if different then further questions
costs & risks acceptable and design changes

Figure 1-3 The EGM development process.
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1.2.2  Choice of development level of EGM

1.2.2 EGM Z:fHSEaf st

The level of development of the EGM that should be adopted is a function of the geotechnical

complexity considered in the context of the project complexity and the consequences of failure;

guidance on the choice of the level of development is provided in Tables |-1 and [-2. The

development level should be revised if the investigation indicates that the geotechnical complexity is

higher than anticipated.

FEE EGM HYELR - (RIIE M TIEHEREREE - DU AR IR ST AR eI S8 AT REHY
RIRIMIE - FPEIRHFES AR |- MR -2 FoR o & RHEGREUS AN TREAERREE SR

THEARS - AV ER AL HE T ES

Table 1-1 EGM development levels related to project and geotechnical complexity. **

-1 EGM AR (88 R R TR R i e ™

Geotechnical complexity of the ground that could influence the project - as indicated by the
conceptual model developed in accordance with these Guidelines

AIRER B T REat AV TR — JRE LSRR (AT 5 [Frr)

Project SIMPLE/UNIFORM:
Complexity™ | BE—(//F5/E 117

ST E Gently dipping or horizontal
strata, uniform soils, no
geohazards, few
geotechnical constraints

HIE RO RS
 IE I - i
BEE DR TR
PR

MODERATE/VARIABLE:

PSR L T
-

Variable folding and/or
faulting, variable soils,
unconformities, few

geohazards, some potential
geotechnical constraints

e E ARG
SEnE - SRR I
FREGERE - AHE K
=~ BB ERAS,
TAEPRA

COMPLEX/HAZARDOUS:

R B aha iy |

Highly variable folding and/or
faulting, deep irregular soils,
unconformities, considerable
geotechnical complexity,
significant geohazards such as
major landslide complexes,
active faults, karst or the
potential for geohazards
magnitude and/or frequency
to be increased by the project

= B LRI RE R
g ~ JEIE HAE
T3 AREER - T
R R TAZMEE - F
BRI S (1
WRILESREE GRS
EENETE ~ R

1) - et e SEE R K/
S A PRINE T 56
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SEME I -

Minor
engineering
development,
small

footprint, low

consequence
of failure Level | Level |

/NI T A2
2 ~ it
B T
FBER

Medium sized
engineering
development,
with medium
consequence
of failure

A TAEGH
%~ TRE
SRAE T E

Major
infrastructure,
large linear
projects,
regional
studies, high
consequences
of failure

AR
it ~ RAGR
ARETE - &
s - T
FERZE

—

=]

** When assessing the appropriate EGM development level, advice should be sought from a competent engineering

geologist.

PRS- BRI B ERAY TR B AT R (R R - DASHAL TAZ R R 4, -
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##* Project complexity is subjective; low and medium consequence of failure would typically be limited to financial impacts;
high consequence of failure would typically be associated with loss of life; failure is when the project does not perform in

accordance with the design/specified performance.

# TREat EAVEAE R EBERERTEE R o (RSP TR E —RAEMRP I ENRE § & AT
REAE R AT« TRASUEE B RGHE ARG RGBT -
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Table 1-2  Guidance on scope requirements for EGM development levels

% 1-2 EGM AR AR A SIS T RS S|

Level | Level 2 Level 3
Specialist studies | None None Commission separate geohazard
e e T ft studies (where applicable)
Possibility of specialized geological
studies
Possibility of ground / structure
interaction studies
ZRtEEAYHE K ETTE(RITT
)
AT B T 5T
AR TR /SR O IR
Mapping Minimum of site visit, Engineering geological Engineering geological mapping
b e reconnaissance mapping, | mapping including cross including cross sections of project
TR A engineering geological sections of site and site and surrounds, at a variety of
4 sketch map/cross section | surrounds scales
of site
TARHE e B i | S AEEE ] TR e e B
PE=1 S S \ =) o
DRI - AN | e wiETAE | mEEE - ETESET
BllE - HSTIEME | il B
2R T/ T
Subsurface Single stage minor Subsurface investigations | Multistage subsurface

investigations

U N RN

subsurface investigations
for example, trial pits,
boreholes as appropriate

B PEE/ N T
EEEGT R R
EHAVREALIEE
PR A

as appropriate using
boreholes, cone
penetrometer tests,
geophysics etc.
Instrumentation

e AR
P~ [EEE AR
(CPT) ~ BRI
AFEGEHE - Bk
BRERS

investigations using methods such
as boreholes, in situ testing,
geophysics etc., instrumentation
and long-term monitoring as
appropriate. Base line data
collection

Sl NRE - R
P~ Bt~ ERPIEER
AEG > EHEE - AJHRE
S B S IR s S R R B
A > FAEER A

Laboratory
testing

HEr=mlR

Limited or no laboratory
testing

AR ENE R
=l

Laboratory testing as
appropriate

HEE O ETERE
A

Extensive and possibly specialised
laboratory testing as appropriate

EEE > EITARRHEEDN
JE&72 Ry e A B o = st

Documentation

SCHR LT

Documentation of the
EGM in a simple
combined factual and
interpretive report

EGM ik S F Ry BE—

Documentation of the
EGM in factual and
interpretive reports

EGM &8t & B
TN E R AT

Documentation of the EGM in
factual and interpretive reports.

Consideration of 3D digital
visualization
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GHfHIEE ~ i

sy
—

O

EGM &0k U F 2 5 H1LHY
SCE RS

FEHEH =R EREE
27}

Team Possibly a single Small team of engineering | Large multi-disciplinary group
y individual responsible for | geologists and responsible for the works
E the works geotechnical engineers - . [
P . responsible for the FHRHRIE ~ PSR BB
AEEHE— AEEE | works EEILEE
=
EEMNE AT AN
TAZRMH R/ N E
e
Review Internal Review"* Internal/External Peer External Review/Panel of
. . Review™ Experts™
EENEN Pl A

PRI 8 D [ 47

4 NS [ 7 A B R /N

*+ Company specific review requirements may exist.

A REF ES A E R EREEEK
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1.2.3  Details of the development process

1.2.3 EGM 52 FR4m e

1.2.3.1 Assemble team, define scope and purpose
1.2.3.1 KH@REIRR ~ o2 FeHes ke H R

The composition of the team will depend on the likely complexity of both the project and the
ground. This could range from an individual with the necessary geological and engineering knowledge
for a small project to a multi-disciplinary group and a review panel for a major project. Roles and
responsibilities of the team, the reviewer(s) and the approvers should be documented. The team
should start off by defining the scope and purpose of the EGM and should take account of any
planned changes to the ownership of the EGM, for example where the EGM is developed by a
government agency then transferred to the winning bidder for the contract. Where the team joins
the project at a later stage, or the project is transferred between contractually separate parties, then

the existing project documentation should be reviewed to identify any gaps or inadequacies.

BEEREVSHREUA T BT EA S R AEREE - BBGRE RN ER B A LEHE & TR
EHE AN BT /NS KEFREEEHER EE/NIFTAIETS - $TER - FEAR
#EANBZBACKREIIECIESR - BRIt Ta S0 EES EGM AY#iE & HE -

I H S FE R THIHNAY EGM Fra HERSEE - (130 EGM HHBUMIERI & F IR 112 - "REgERGE
AR EERR - MRSTEFRZENSRIFEEA A > RESETEREE STV F R
e - RIERHIX A Bt - IRA A S 2 A e &SR -

1.2.3.2 Assemble relevant engineering and geological information in a desk study
1232 EEANHFISERRRAERN TR E SR

A desk study is an information gathering exercise to assemble relevant material so that the
maximum value can be derived from existing available sources prior to spending time and money
collecting new information. Primary information will likely be geological maps and memoirs,
topographic maps, any existing site investigation data such as boreholes, remote sensing data,
geohazard information etc. Historical data should not be disregarded as a consequence of being

superseded by more recent datasets or being recorded in a style not in line with current standards.
EATHE LA BRSNS R - T ERERAEE - [NIEICsE - ferfHH
BEANERZAT - ZRFHHAE DERTA UM BRI B USRS » E A SURE R AT RE 2
HEE ~ HEACE: - P EEUEFERAR TIEREER - R - EIER - WE CEERS -
FEE SRR BE N Ry A TRV AT DA > BEC et A 3R S PR M ER AT & A B8
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As part of the desk study reconnaissance mapping should be undertaken where practical. This allows

the evaluation of the desk study data and assists conceptualisation.

AR AT > JEEFTE AN =TI —3 5y ERBREHE E N ERREE IS
b

1.2.3.3 Conceptualise the EGM
1.2.3.3 f#f:&{E EGM

Conceptualisation is the process whereby all the available information is considered and an
understanding is developed of what the ground conditions at the site are likely to be and how they
developed over time. This should take place initially after the desk study but then should be carried
out periodically as additional information is acquired. Conceptualisation allows an assessment of
what conditions and what variations may be present and the geological and geomorphological

processes that have produced them and that could be of engineering significance to the project.

bR —EEE - EEfEBEET  RATA T HENSRES - BRI —EE AT ARG
A RTRE AT » LA TR TS e 25 - i EREEOIAPE BRI FITR HETT - B
BRI ENHVAS - FFEMRVETRES B R - BES bR DEHEIPEE S AIRE A TEE
FMICRAFEAZA(E » DURIERGE SR e E b Z B EAREEH] -

During conceptualisation the following aspects of the site should be considered:

FERESEAVAETET - FRE 8 ThEAY MY (E S -

1.2.3.3.1 Project Setting
1.2.3.3.1 TAEEHERE

This should be based on an appreciation of:
ENERZ AR DL T ada -
e The overall tectonic setting and regional geology of the project location.
o TEEZEITEFE LHRYEASH B S s RS E -
e The current, past and potential future climatic settings of the project location.
o TREETEFTE THAVIRAE » BRI REHY A R -

e The requirement to look beyond the immediate site area, for example the evaluation of

landslide hazards originating from outside the site area.
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L

o THREFZEI|HAHY THEESLISMIEEE - Iz E L Tk EES MY E
1.2.3.3.2 Stratigraphy — rock and soil types and relationships

12.3.3.2 b feg -5 o R - 3R DR A G g

This requires an understanding of rock-forming and rock-modifying processes as well as the

processes of soil origin and transportation and deposition that produced the rock and soil types in
the project area. This allows consideration of rock mass and rock and soil material properties, the
likely characteristics of engineering geological units, including the boundary conditions of the units,

plus their likely geometry, distribution and relationships - both with each other and with the project.

FE T RH TR E S QPR EAIERE - DR HEERERE - #RE - iR ieaEa
HYHSRELUR TR - BB EIER ~ ah ~ NSRS - TREE SR THY T RER Rl &
2 TR E BITHYB SR ~ TR BT I RERIARMIES ~ 7341 ~ HH AR R-E 2 E e
IR - DA S SRR s T SR R BR -

The stratigraphical age of the materials and the identification of the sequence of geological events
that the materials have been subject to since their formation should be understood. This supports
the application of the total geological model approach in which all of the engineering characteristics
of the ground are interpreted as resulting from the entire geological and geomorphological history of

the area.

fEs% T st J @Ry AEAR R I AR P &C R R E SR RIS - 15 R LU B e E R
ST AR o BRI TR L R E S R S

1.2.3.3.3 Geological Structure

1.2.3.3.3 Hi B S

An understanding of geological structures should be developed, including the presence of tectonic
features at all scales and the nature of the boundaries of engineering geological units and the
discontinuities within them, their origin, geometry, spacing, extent, characteristic features and their
engineering significance. This understanding should also include the timing and sequence of rock and

soil forming events, deformation phases, landform development and stress relief effects.

FEZIL B THEME RS 2 5250 - BN EREAVERA SR G TREMEETHER - DIk
Hrp 2 AEEm - HAER ~ AR - i it - R DU TR Z B - PRI
iz E HIRELE O R ~ DUROP IR ~ SPIEE: ~ " E - IR 2 -

1.2.3.34 Surface and subsurface processes
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12.3.34 2 St T LR

Identification of possible active or potentially reactivated geohazards and an initial evaluation of their
likely variations in magnitude and frequency over time is required. The surface and subsurface water

conditions and how they might change over time should also be evaluated.

sl Ly T RE S AR B PSR VBB B KT I3 A E B K S IR T T S 2R Y R RERRABE KR
FRELHEIT I AHE - ERRAHEHR Kt N ACL R AT AL -

1.2.3.3.5 Initial engineering geological characterisation

12.3.3.5 e AR B R UL

It may be possible to attribute geotechnical parameters to parts of the conceptual model, based on
existing data or knowledge, insofar as is reasonable given the data available, for example, soil and
rock strength, stiffness, permeability, geomorphological process rates, etc. Evaluation of potential

geotechnical risks (and possible project opportunities) can be used to populate an initial risk register.

FABrA BRI - DURFRPSEE AT &k} ﬁU\HﬁﬁﬂﬁI&%%&(@JﬁDj:i%E&EEE'%F“ )
JE ~ /KM~ g B EeR) T A R RS Ay — TEAE A AR U (R T REHY R 2R
sTERG) HYSHE > AT A AR b R -

1.2.3.3.6 Initial Geological Model
1.2.3.3.6 HIdEH B A

Conceptualisation will generate an initial Geological Model that can be used to plan the site
investigation. The Geological Model is then refined by acquiring observational data from the site

investigations.

M bA ez Ppat B A > BT POAR S TR EETE - i Takaa & pr B EUAE R AT DU
A Il 58 3 4 LAY

1.2.3.4 Acquire observations of the project area through investigations
1234 KR EEEH R EEAENER

Information acquired during the desk study is the starting point for developing both conceptual and
observational models. However, most observations are acquired during the site investigation stage(s)

of the project. Further observations should be added during construction and operation.
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WESHARIATEDAI A E - #OMEZ S U= RSy &R BaEaakh - 2800 - REE
BN R BB AT S TR A TS B JEIGHY i TN 0 B L 3 e — D AR A
HIESE -

Site investigations that consist solely of observations and interpretations without the use of a

conceptual framework are likely to be fundamentally flawed and should not be accepted.

ThEFAE AT A\ E BTG R DU iR - RS A TR E SR A - M RSk
RAFEARAVERYERRE - HATEWRREZ -

Following conceptualisation there should be a broad understanding of the possible characteristics
and distribution of engineering geological units at the site, the nature of any geohazards and any
suspected gaps in the knowledge framework. This understanding should then be focussed on the
ground characteristics that are critical for design and used to identify investigation targets and plan

investigations that will improve the understanding and reduce uncertainty in those critical areas.

PRFEE TRt B M b2 1% - FEBHIRE SURDZ 1 AR B RE A1 Ik Ay AR 3 B B TR PR 0 AT
HE SCERFE - DURAE TR E R T SE I AEAVERREGE 22 © I T RERE e mﬁﬁAi‘f
ERGY el EEE Db A R I D iRV AR A e e o e A R R S P Y& R k-1 ST 9
TREEEA > MR DA EE TR

The importance of mapping that includes observations and interpretations in investigating any
project is emphasised. All projects should have an engineering geological map compiled and 'owned’
by the team responsible for carrying out the investigations. Essentially, such maps must be developed
out in the field, although increasingly the field component involves ground truthing of maps prepared
in the office by combining observations derived from various data sets within a 2D or 3D digital

environment or from interpretation of remote sensing imagery.

FIGRE - AT HZEETE AP AP P g BB (B U B i) IR EE Y - FrAsT
I THE LIFHEBEEZ RS S A B B OV LA - #E2AEEMAGSHY T
HEEE Eﬁﬁéﬁiﬁﬂ‘é)ﬂ  BALZE A 2D B¢ 3D B BRI AT & [F A BUH BRI B AL -
SHE NGRS - (BEEA L - BEETE Tt S EE 2 0 /R E I B Bt soal -

For larger projects or more complex sites or critical structures, the site investigation is usually
multi-staged with the acquired observational data being compared to the conceptual model to see
which areas of uncertainty and which risks remain to be explored in successive stages of the

investigation.
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BRI S ~ NIRRT hE B EAEREY) - THEH A S S I - SRS IE R E
AR EBDIE R ML SR L - DT M TS A TR R HEE M~ DIPLD s 15 1 1% S
THEF AR Z T

The investigations will acquire observational data that typically includes:
B ARG B SR A

e Topographic survey, and increasingly using LIDAR (Light detection and ranging) generated
DEMs (Digital Elevation Models).

o M HIELER » DL EARHEL 2 3 (55 A ¢ 22 (LIDAR, Light detection and ranging) FitA= Y
FUEEEES (DEM) -

e Engineering geological mapping at various scales ranging from regional studies, project area
studies, geotechnical component studies and individual foundation studies. All mapping
should be seamlessly integrated into the one data set that can be viewed at a variety of

scales.

o HRERVERYTIEMEE - BAEICERGEE - HEETE THERE - Rt TR T 2R
&~ FERERYAERERE - B —(EER R AR ER > WA
EEPIR M i -

o Information from intrusive investigation techniques such as boreholes, test pits, shafts, adits

etc.
o RAMFHEAVER - PlansEes - St - BIF - i -
e Downhole data such as borehole imaging, geophysics and other tools.
o HNEEE > Pl ~ thERYEEH NI A T -
e Installed instrumentation and the results of monitoring.
o ELEAVETAIEESSIETHIGER -
e Laboratory and field test results.
o EhpEMHMEERGR -
¢ Groundwater and surface water measurements.
o HITN/KHIMFIKHIEER -
e  Geophysical survey results.
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o MERVIHEPRAR

e Descriptions and classifications (for example, rock types, rock strength classes using

recognised systems and terminology).

o IMUNISFERIR (B0 > EfEAY ~ EdET T S TR AR SR T R4S
)

e Measurements such as intersection depths of engineering geological units in a borehole,

strikes and dips on strata and discontinuities.

o HFEEMBIR - PlanEHeh TREME BT SR - i DU EA ST 2 5E [F A
festr -

e Remote sensing techniques such as InSAR (interferometric synthetic aperture radar).

o ENFMERNE  PIAER - FHERFLIELEZ (InSARERLZ &Y -

e Other observational data including temporal observational models (for example, time series
of seismicity, rainfall, landsides etc) that are critical for predicting the frequency of future

geohazards.

o HAFHEEMNER » GIEH FHIR M E SRR 22 BF E AR RSB A AL (B
HiRE ~ PR~ LLARSFAVIRFEIFPST)

Mapping should commence following the development of the conceptual model and can initially be
based on remote sensing; where practical, this can be evaluated during field reconnaissance. Detailed
mapping can be undertaken using a variety of techniques ranging from simple tape measure surveys
from control points to locating the observations on a high-resolution DEM (where available) or

orthophotos.

ke TAZHE B EAE RS RISEBR B - Bl HENEE T T - HEB L > EaLUEEH
s T ARG HE T - AR TRt B ] m] A2 fiRG = ey R BE Y R RUATE. - S0A1 I = i
BUEMAES (AR A DS ) SUESR G DTS IR 2 e (i B3 A R T4 -

It is essential that any engineering geological mapping also captures geological patterns (for example,
lineaments, structural patterns, discontinuity types and contact traces etc.) as well as the

geomorphology.

HENE » A LR EEEEREEZEM R (G > &P - MSEeE - A gy
fEEnE ) LUK -
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1.2.34.1 Input data verification
12341 i AR BREG

Before any interpretation of the observational data there should be a data review and collation step
where the key questions of accuracy, usefulness and representativeness should be tested for each
dataset. Any concerns about accuracy and representativeness of the dataset should be documented

with possible explanations discussed.

FESER BB E R TR Al > B E R T B - BRaE I E R A A
B MR ~ mT R ~ (ARMS - (SR EREREA R ASEE - #ECH T
A& > AT A A AR -

1.2.3.5 Combining conceptual ideas and observational data together in the EGM

1.2.3.5 R @ EUAN S A B E RS &7 EGM

Combining the conceptual and observational components involves interpretation.

TR SR SR AU R 7y 2 AR T s B A T

Interpretation has traditionally involved the creation of paper-based maps, sections, sketches and
text but is now increasingly carried out in a digital model environment. This involves ’surface
interpretation’ during the development of a 3D digital model in which engineering geological maps,
geomorphological maps, LIDAR, topography, field mapping and observations etc. are collated and
used to interpret the ground conditions. It is essential that such surface interpretation should be

ground truthed in the field.

TR L 4B B ] ~ HilE RO e S T R YRR o (BB AER
AR R e B SR R AR - 3D B AR TIAAE o OF R (AR M BT ) ST e
i SR AR AT IS L R R (AR S R Sz T AE s B ] ~ el Sz ~ WP &R - B
SNIE AT R A ZERY, - 3D B AT E AR th R 2 S S/REOB S MR R T LA
TSR, ©

This iterative process of combining the conceptual and observational components of the EGM in an
interpretation should be traceable, documented and structured. Subjective judgments by those
responsible for developing the EGM should be avoided and replaced with objective and assessable
sources (for example, models and case histories from literature, mapping, geotechnical investigation,
geotechnical monitoring, etc.) together with the reasoning behind their adoption in the

interpretation.

35 of 129

IAEG C25 EGM Guidelines v1.0 14 December 2022




EGM Development and Application 14 December 2022

HEFTHVE BT > 455 EGM Rl MR AR AR A A (UEAE - DEE IEM - BCkNIgh
FEIERY - EE EGM R f & A\ B 2 FEHE - SRR EA R ZE Bl 2 A5THE
AHACIR (B0 - 142 E STRR ~ HEEE ~ Ath TR A RN S Z AR ZE B SE) S HL AR A it
B 1% R -

Field-based engineering geological and geomorphological mapping is rarely undertaken as a matter of
course on projects, yet it is a technique that requires both field-based observation and conceptual
interpretation to be carried out concurrently and, in doing so, generates the quintessential 2D
visualisation of the EGM in the form of the map. Some form of engineering geological and

geomorphological mapping should be an essential part of every project.

BN B TR E Rt SO T E TRV E (F— 0% - EEalERE&RE B
FE AR ST 4E R b EGM T 212l - [FlRF > JHE— Rl R AR H SRt 3 A R

{LAERERTE 245 & - TR BRI SURIE R (A s DA 20 230 e & B AR E T A

BRST

1.2.3.6 Defining and characterizing engineering geological units
1.2.3.6 EF% ML TREHE BT

A key product of any EGM is the definition of engineering geological units that are based on an
understanding of their engineering geological characteristics/geotechnical behavior and are
appropriate for the project engineering. The definition of engineering geological units supports the

development of the Geological Model.

EGMVEZFEH Z — RERTIEHEEIT > M— TIF /5N T E R B TR
NET R TR DRy &2 TR EEEEN - €8 LI E BT
HE AR FLEEE o

A common approach is to adopt engineering geological units based on the distinctive litho-
stratigraphical divisions identified on the site (that is, the units of soil and rock that can be
differentiated) that are usually subdivisions of the chronostratigraphical units (age based units)
provided on the geological map. However, lithostratigraphical units may not correspond to the most
useful engineering geological units (that is, they may not take into account distinctive
geomorphological processes, geotechnical behavior, hydrogeological characteristics etc.)

Furthermore, the resolution of stratigraphical units may not suit the purpose of the model.

R TR E BEITHY Tk - BN ER AR e Mt g e T & (BT Ry e
TS AETT) o WNAEE S S EE ARtV EHE BT (DM EFEAEIHE
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TL) o 2RI 0 M BT AT AR S A R B TR E BT (A M B BT AT RE AR R
TERBUELERE « R TRDSET R - KOOEREE ) - 1A - eVt g BT & H e
IRAREN G E TR B A HAY -

Nevertheless, engineering geological units should not cross published lithostratigraphical boundaries,
such as boundaries shown on geological maps. The lithostratigraphical unit contains a distinct
geological history and different geological histories should not be combined in a single engineering
geological unit, even if the geotechnical characteristics are similar. The exceptions to this are fault
zones that may need to be considered separately and that, by definition, cross the litho-
stratigraphical boundaries. Note that these boundaries will be scale dependent — the boundaries for

a regional model may be different from the boundaries for a site scale model.

EEA - TAEME BT A eSS RV a5 4R Pt BB ERURaTith 57 eR - =
P BRI T S TR ERTRE RS Eﬂﬁjtﬂtlkﬁ‘rﬁﬁ{u HAFIRYHEE S Ay A e
Of Fo— (8 TAZHE BT - ZAMET T BION - RER - BgTg oleattt g - EEFER
AILASNE RS - LR TR E BB R EUA N B EE PR > REE ~ BT T
TR E BT S A RE B N ] - TR THERUSEAY TAR B BT i8S E -

The engineering geological units chosen should reflect those conditions that are of significance to the
project and may include geological controls such as weathering, alteration and faulting. Figure |-4
outlines the operations involved in establishing engineering geological units and thus developing the

Geological Model.

TREHE BT A BRI R N TRE B 2T E A EREE RO > L - e rIE = (F
F o [@l 1-4 M T A0 e TR MBS B T A — D A B A .

As with other aspects of the EGM, the resolution and scale of the engineering geological units should
be clearly linked to the EGM scope and purpose. The engineering geological units adopted should be

reviewed as additional data become available.

/ﬁi EGM Y EEH A —2 - TAEHE BCEl ) 2 ST ORI R e EL EGM HYHENS K H Ay fElRS -
S E BRI - ER R AR AR LR E s A e -

Hg
‘ﬁ
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STAGE 1 - GROUPING AND DIVISION

From knowledge of the project and the regional and site
scale conceptual models, identify the main issues and
the most obvious engineering geological features that
may be of significance to the project and GROUP the
ground into broad regions with similar characteristics CHECK

DIVIDE up the broad regions into engineering geological

units bounded by stratigraphic or structural boundaries \
with distinctive engineering characteristics that are
of significance to the project engineering

n

STAGE 2 - GEOMETRICALLY CONSTRAIN AND
CHARACTERIZE THE GEOLOGICAL MODEL

Assemble all observations acquired from investigations

relating to the distribution of the engineering geological

units and interpret the 3D distribution of boundaries and
the relationships between them

i

Describe and classify the materials and structure of the
engineering geological units within the boundaries,
characterize the hydrogeological conditions, assess the
activity and process rates of identified hazards

i

REVIEW THE GEOLOGICAL MODEL NO
DOES IT MAKE SENSE? )

YES
|

PROCEED TO ENGINEERING
CHARACTERIZATION

Figure 1-4 Establishing engineering geological units and the basis of the Geological Model.
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1.2.3.6.1 Geotechnical complexity
1.2.3.6.1 R TR RN

In geotechnically complex areas, geotechnical properties may vary rapidly, potentially across a wide
range, within the project site. Geotechnical complexity should, where possible, be reflected in the
Geological Model in the form of sufficient engineering geological units with appropriate distributions
and interrelationships. Where this is not possible, simplification may be necessary and the EGM
documentation should describe the geological processes and geological history that produced the
geotechnical complexity, the nature of any simplifying assumptions used in generating the engineering

geological units and illustrate the potential complexity using a visualisation of the conceptual model.

FEAR S TARE RIS - 3th TP i RE S e S BB e 2 e T B R R P
EI’] b o b TAEREMEIE S AT RERY SCBAE RS AR A o > Sz DL T AR B BT A L BRl AR Ay 5 24
IR TR - ﬁﬂ%#@iiﬁ%ﬂhi RREVE S R A E B AR o > HIATRERR B TRE (L
A EGM ST rh i e 20 TR MR R T’E)ﬂ/ﬁﬂt BRESE ~ BSR4 AR E BT RE

AT b fERE - Lx&@%ﬁﬁi‘%gﬂ:ffﬁ% AR AR

1.2.3.7 Engineering characterisation

1.2.3.7 TfEREIE

Engineering characterisation involves evaluating and assigning geotechnical parameters relevant to
the project engineering to each engineering geological unit in the Geological Model, that then

evolves into a Geotechnical Model.

TR UL E &R s Bt AR 2 Kt T2 S e B A g —(E TR E R IT - &
R LAEIE & nlEEE R Ry R TREEAY -

The process commences during conceptualisation although any parameters assigned at this stage will
probably be associated with considerable uncertainty. The site investigation involves in situ and
laboratory testing to assist with the evaluation of the relevant geotechnical parameters that will vary
depending on both the ground conditions and the type of project. The results of the investigations
will improve the characterisation of the engineering geological units and reduce uncertainty but may

differ from what was envisaged in the conceptual model.

TR R BULRG B ERE R - BEZAIL— PR FTsa E 2 BT SE A E RIYAREEM: - Tk
A EHSN B - HLEHEERE TE2 8 BRI REHR CrAF st EE
HIME - THERESFROOE TR S BT AR R Eaise DA e Tt - (B r] AE S B A o
MR A FTAE] -

T“w \\>§y
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The Geotechnical Model might involve a simplification of the details contained within the Geological
Model, for example, with respect to a complex fault zone, this might reduce to the bounding
surfaces and some simplifying assumptions on the strength, stiffness and permeability of the entire
fault zone. However, any simplification should not remove key engineering geological units that need

to be considered separately due to their geotechnical behaviour.
Hh TAEAT AT RE A K F (LI B AR AL ch B S VAR - DUERERVET R B R > Aty TR AT A]
fE R BB R HES > WETERHYRE - SRS ERR bR o 2800 > EM L
A FEMH SR PR ot 77 R SR 1 7 22 B e Bl T RE s =Ee -
The following approach should be adopted:
TAEFF MR EULEPR LU 77 -

e The focus should be on engineering characteristics that are relevant to the project.

o ETHERE BB TAZ BN TR L -

e Group the laboratory and in situ test results for each engineering geological unit identified.

o [JEFHEFHTIEHE BT T B B RIS s R A R B R el -

e Material properties and geotechnical parameters should be assigned primarily from the site-
specific investigations. However, these may be supplemented with values derived from
experience, theory, correlation or empiricism provided that the method of determination is

explained, justified and referenced.

o MORMEEMIM T8 E LRSS TR &SR - 2800 - SR e EindlE -
Higm ~ MHEME SRS A RIS - AR HIE R AR EI T3 ~ awas s -

e Consider bias resulting from sampling and testing difficulties and the number of tests for
each unit and decide the range of representative values for the engineering geological unit.
Averaging of material properties that masks the presence of significant weaker zones should
not be undertaken, and the full range of results must be assessed to identify the probability

of values being higher and/or lower than the representative values.

o FHEHURHERNE DU EE TR E BrsiB R Sl RE > STES LIEEE
TCSBERIEEEE - 1A > AEHT S AT IR TS > /A
s RS R 2 #E - DRSS BB E s R BRI (AR ERY A RENE: -

e Compare the representative values with experience and published values for similar units.

41 of 129

IAEG C25 EGM Guidelines v1.0 14 December 2022



EGM Development and Application 14 December 2022

o Frallaigi e 2 RFRE - SRS BT 2 &g (E K Ea Rk 2 (AR E#ETIEE -

e Consider and explain any anomalous or extreme results. These may indicate that the

engineering geological units may need refining.
o R NAFRR(E T S sk 2 G5 IR o 15k n]RE R I TR B T AT RE R A R U
e Highlight any limitations in the data or the analysis.
o TRHBEREOIMT P RIBRA -

Note that the choice of engineering parameters for use in analysis by the designer should be based
on the above information, ideally presented graphically, coupled with considerations of project

engineering objectives, risk and possibly code requirements.

LR SGETEBEREAN T TS BIERARN LAl EEEN - BERELENER S EER
S [FlF TR S EOREES e TR B - e seAy & oK -

1.2.3.7.1 Zoning
1.2.3.7.1 bR

Once the engineering geological units have been defined and the geotechnical characteristics
assessed it may be useful to define zones or domains with the same geotechnical characteristics. The
zones may be defined by geomechanical behaviour, seismic velocity, rock mass classification etc. but
may also be based on any attribute of engineering significance to the project, for example acid
sulphate potential, landslide susceptibility, or groundwater geochemistry, so that the EGM can be
used for a variety of engineering analyses, risk assessment, constructability assessment etc. The
decision on appropriate zoning should be made in conjunction with designers and the broader

engineering team.

—HIER 7 LM E TS T TR - B e#E—20 2 2 B HH EH TR M i ean & -

ey n] DUBAE I E ST Ry ~ W ~ SR EARE R - AR ERA TER
FETEMACESRR » PIARBLEVESS « (IARB RIS N A BB S - EGM a] TR #%

TR ~ Ebgerh ~ e THRAESE - BE 2 oEEhsEtE N TREEBRIERE -

The scale at which zoning is undertaken should reflect the nature of the data and how the outputs

are to be used. Zoning should neither be more detailed nor less detailed than the data allow.

TR RIERER B E R AE DU R G - Hr B ERE R EENERER - e
EEE RIS - A EEEERbENS -
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A common mistake is to zone the ground at, say, borehole scale, then try to ‘join the dots’ between
boreholes. It is almost impossible to factor in the broader geological setting and total geological
history using this method. For the EGM to effectively contribute to engineering analysis and design,
the sensitivity of the analyses to certain critical zones defined by the model should inform the

resolution and scale of the zoning.

Bisn— &l H RAY SRS s R B T 0 - PR SEFLEHE RN DAERE - PE57R5% T
A AT BERF R 2 HY M oy SR B ”J—*EEZW\%E ° kT i EGM HRE A TAE AT RIS - &
R ch T E AR T & AR SR Z R - FERER U KA EAEL IRz & -

1.2.3.8 Uncertainty, gaps and discrepancies in the EGM

1.2.3.8 EGMIYAHEEM: ~ Eallg 2l A —2

During the development of the EGM there should be periodic assessments of the degree of
agreement between the evolving conceptual ideas and the progressively acquired observational data.

These assessments will typically take place at agreed project reporting stages.

{ERETE EGM (IS + I T R A SR M S T A R RS
725 L A 3 P BT -

If there is a disconnect between what is anticipated to be present and what has been found during
investigations, the reasons for this need to be identified and the EGM improved. If during design the
EGM does not allow a realistic prediction of how the ground will respond to the project with the
required level of certainty, then more information is needed to improve the EGM. Improvements to
the EGM to mitigate identified risks may take the form of further investigations or design strategies

such as increased conservatism or the adoption of the observational method during construction.

WIRTRIIE B E 2 BIREREEEER - FEF GRS RIFERILHSOE EGM » (1IRAER
sTHAME] EGM B N 2GR % vl RE bR < i S - SRR (Hm e Ry e R ER 2 0 -

AR TE B 2 &K EGM © B F SHYFHA - PRESOR~T s T B it THAM PREGR A (B
Mt TR ELL Bl 5= > A LA EGM SR Ar s 20y i -

As a project moves into the construction phase, the exposed ground conditions should be evaluated
against the conditions anticipated by the EGM. Then an assessment must be made as to whether or
not these variations could potentially impact on the design or construction methodology and

whether or not these methodologies need to be changed or if the risk register requires updating.

ERFEEAN TR - ek EGM TRIGHHIER (RIF BRI O AR ORI TR > FRE =&
AR O HRGETEE AR E DR EE UG T ASE bR B R -

43 of 129

IAEG C25 EGM Guidelines v1.0 14 December 2022




EGM Development and Application 14 December 2022

Throughout the development of the EGM uncertainty, gaps and discrepancies may be manifested as
risks. Where potential risks to the project are judged to be significant, these should be recorded in
the risk register. Management of those risks should be based on an understanding of the level of risk
that is acceptable to the client, the general public and as determined by any legislation. The risk
appetite/risk tolerance of the client should be based on an informed understanding of the known

ground conditions that should be communicated using the EGM.

f£ EGM (YR (EEEEIE T - AHEEM: - BRUEE A — B R - REE T ET
HET A EARB R L > R EERT - e BRI 58 T R Y
b E R AR 2 T > WAT S AR © S B b (i B K 2 T M2 AR A
EGM JiE B AR (R ERAR L 2T AY -

1.24 EGM and Eurocode
124 TREME R KB EE R

The approach described in this section is an overarching process suited to developing an EGM
knowledge framework for engineering decision making on any type of project at any stage of the
project lifecycle. The Eurocode approach has a more restricted application to select stages of certain
types of projects and there are terminological differences notably with respect to the components of
a ‘ground model’, whilst the concept of an Engineering Geological Model developed throughout the

project lifecycle is not mentioned.

AEf I T > a2 EE AR T EGM AVAIEREZSHIIE R - DIFHR LR JERI THE
Pt E A A AR & PR BT TAZRSRIN 275 - BUEREI PTG T E 2 0775 » IAIEEeR e st EnyiEE
RIS 2 ERIIRS - R Rl ERERY “Hh i AL RS A E Y BV SR - HIERINE
et A oINS PEE R I TR ERANE — 1% » WORFABRERARE P e & -

Refer to Commentary Section 2.2 EGM DEVELOPMENT PROCESS for further information

eSS 2.2 | EGM B ERE
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1.3 ASSEMBLY AND COMMUNICATION OF THE EGM

1.3 EGM 4HRELEE

1.3.1 Introduction
1.3.1 547

The EGM should be documented in a format that can be used to communicate the various

components of the EGM, principally to consultants and contractors, but also to other audiences.

EGMIE LA AT (e AR 2 5] ~ A Bl R e Hof <2 i 2 IO A Ge sk - Bl N A E B FEEGM A 4H Bk

The documentation should include text, maps and sections as a minimum but more often will consist
of detailed text and accompanying diagrams, tables, logs, photographs, maps, sections, data sets,
processed data and digital models that should each be essentially transparent, self-explanatory, self-

contained and be able to be clearly and easily understood.

Efrscio e 2 DRIESOR ~ SPmEEAEEE > B BRI S ORISR AE ~ 2R
L&CE: ~ IRA -~ SPHEENEIEE - BeE - mEBEER - REERA - gilE R SR AR
EY - AEEW - SR AR S 1E

All encoded EGM data should be processed/preserved within a centralised, standardised and
integrated data management and presentation system. The data can range from hand-drawn maps
and sections to 3D (spatial) models including, sometimes, sophisticated software-generated models

and 4D (spatial and temporal) models that describe process rates.

BT A RS RAVEGME R ENEIE B S IR AE SR T ~ FR b S B EHE R T - BER
T REE T4 P BRI S E 213D (Z2fH) FA > A& 2 A RE B A ARG A A R AT 5L
e A E (I EPRA4D (ZE RN ) 55 -

1.3.2  Brief for documentation of EGM components
132 EGM &HRRA ST Z SRS T

Table 1-3 is an example brief for consultants to follow when documenting the various components
of an EGM. For small projects many of these items could be described in single paragraphs and the

entire documentation presented in one brief report.

=(113

R -3Z RN A S ERC SREGMAY B EAH B ple oy 2 FEZE RV - B/ NG - HPar % IE

H o] U BB it - FEEEGMAC % S i LUR— (o iR 5 -
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In some circumstances, a site investigation may be designed using an EGM but upon completion of
the investigation the contractual requirement may the production of a Factual Report only. The
result will be that documentation of the EGM will be incomplete because it is lacking an interpretive

content and this should be acknowledged and documented by all parties to the contract.

FERCEERRSL T - EGMARE] " THEFRE - [EAEFHESERUR - BEYAREEEORIZRCE RS - ILE
o AT BE B EGMAVAC# LA 588 - NEGRZ RN - G4 T AER MR sk E KT -

For large projects there may be several volumes of different reports in which the EGM components

are included.
KRGS > TTREE AT M BIEGM B 4H R /7~ s -

When tendering for geotechnical services for large projects the provision of all of the components
of an EGM should ideally be a separate scope item alongside and related to the provision of Factual
and Interpretive Reports. In those circumstances, the Request for Tender documents should
specifically describe the EGM development expectations, whilst the Tender evaluation process
should consider the proponent’s EGM capabilities and appropriate budget allowances should be

made at project inception.

FE B TAHRR 2 KBS 2G40 - EGMAVRTASERNE - B8 LIER S E S MR &
FILHR - FEEMERN T - RS e B e EGM@%M?E,EHEJZ% AR F B (L AR NS
R R EEGMAVRE Y] - IER K E T 4wy E FHEHT -

1.3.3  Project procurement implications

133 HZEEHEREZIER

Documentation of the EGM components prepared in accordance with these Guidelines should
ideally be included or referenced within the project documentation. Depending on the Client’s
project procurement strategy, there should be identifiable preservation points within the project
schedule when the documentation of the EGM components should be completed and preserved as a
record of what was known at that time. As the project progresses, the documentation of the EGM
components can then be revised to reflect the changing knowledge. The following are typical

preservation points:

FRIETES [FT L AVEGMRE R 7T Z&CHk LM - i &R B 2T L e et SRS [ -
{RIZSELAVET PRI RES - et ERER T ERETEGMEE %R - DIAIBEAREGMSE R ]
EAERZACH: - SR EAVER > nRIBAERZ RRREIFUEIEEGM » DU E MBI BB
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e For small projects there will be a single preservation point, usually at the completion of the site

investigation.

o HHVNEETE - WA TR ESE AR G A —(E BB H AL -

e For larger projects some, or all, of the following preservation points may apply:

o

At the completion of the Desk Study.

At the completion of each stage of the Investigation.
At completion of each stage of Design.

At finalisation of the contract for the Main Works.

At the agreement of Baseline Conditions, if applicable.

At agreed milestones during construction related to the completion of various project

elements, for example, dam foundations, tunnels etc.

o HJRAAUETE o DUNER BB R AR AT AR -

O

FEZE WIS R -

8 A B P et oy -

FE TAESG A RREPE B e s -

FEEH LR TAEH H A e E -
FEHLAER(T(Baseline Conditions) ¥y (415) 1ZiEf%

TNt THAME 51220 H g e iy AR SE ply - BIAIRIGARRE ~ BRE S -

When tendering for the main works the contract documentation should ensure that the EGM is

transferred to tenderers, where contractual arrangements allow.

FESS F 2 TARE AR, » AR A ERECR EGM RIfEG YRR MRS IAREHH -

Table 1-3  Brief for documentation of EGM components

% 1-3 EGMHRAR T Z S8R SRR

I. Documentation of the EGM components should follow the IAEG Guidelines for the
development and application of engineering geological models on projects.
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EGM &HRE 7 2 dC ek S HERETE |AEG $55 | - GRS LIRS TR E
ZHEM -

The EGM Development Level agreed with the client (the scope of the study) should be
indicated.

FESRIHELZE £ e (WTFEdEis ) #Y EGM sk ek -
A Factual Report should be presented that provides the results of all investigations,
observations and laboratory testing including information from all previous studies.

CERSERMFTERE - BUAIN=NsEeraER - WEREemiRiFTra &R -

An Interpretive Report should be presented (possibly as separate reports) that includes:

e (FIRE(E R By ) MERLTS
(i) The findings of the Desk Study.

= T HIREEER -

(ii) The Conceptual Model and the initial key risks identified.

RIS B P el AT 4mlee S e e -
(iii) The rationale for the site investigation design taking into account the conceptual model and
the key ground risks.

=5 RN R AN BH s bt 2 J b P AR B BR B e T 4
(iv) The identified Engineering Geological Units - volumes of the ground with a similar geological
history and a similar geotechnical behaviour in the context of the project engineering.

TREMEETEEER - FREETESIENTRSE [ - A DME R SEAAE Y
M TR PR H SR R Iak G -

(v) A Geological Model that presents the distribution in 3D space of the engineering geological
units, hydrogeological conditions and geological processes and how those might change in
time.

FEAT A R TAEHE BT ~ /KSOMVE IR E AR 2 3D 22 [ 7347 DA K BB ey (it
B EF AT E A -

(vi) A Geotechnical Model that presents the engineering characteristics and relevant
geotechnical parameters of every aspect of the Geological Model. For every engineering
geological unit identified an engineering description and geotechnical parameters should be
provided.

FEITAE UM B AR oh 2 BE T TR IR ATAR BRIt TS B A TAREAY > di b (g
AR HE BT TRy AR R ity T 28 -

(vii) Maps, plans and sections at appropriate scales should be provided to illustrate the
interpreted Geological and Geotechnical Models and to inform the engineering assessment
of all geotechnical elements of the project. The combination of geological, geotechnical and
project engineering information in the one drawing or set of drawings is often useful.

FEAtE & EL O R AP B A S ] - AR SRR & 2 B AR RN A TAZAAY - D
teftZ BEETEAIFTE I T2 82 TIESHEATRE - fEft—TRe—HBGHE ~ T
THEHEFETEERNERT - BERAH -

(viii) A Geohazard Assessment if needed
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it SR A= N =
(ix) If a 3D digital model forms part of the documentation a 3D Digital Model Report should be
provided.

W15 3D BERAS EGM &0kl fF 2 —8R5y - fEfR Ot 3D BEHAAIERE -

.34 Reporting the EGM

.34 EGM ity

The reporting should be clearly differentiated into:

e B 70y

e Factual information and observations.

o HIFEREEEE

e Interpretations, including conceptualisations.

o fEFEMAC - BEERES(E

e Opinions.

o IR

The recommended reporting requirements for the following report types are described below.
PUR A48 El e R FR R -

1.3.4.1 Factual Report

1.34.1 s&fEFHwE

A Factual Report should include, but may not be limited to, the following information:

CEBEEASE > EARNEI &R

Objectives and agreed scope.

[}
o

H B fh 7 Y A dehes
e Location and description of the project site.
o HEEIETHAYI BB THERAL -

e Description of the regional and local geology and any anthropogenic modifications to the

project site based on pre-existing data.
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o USREATOR  RHEEHE T B - B DR A TR T
-2 -

e Details of any previous investigations at the site or in close proximity.

o R THEBGHATA DI TR R A

e A plan showing existing and current investigation locations.
o BEAMBREREE 2 FHE -

e Investigation methods employed.

o PRAIRVERE AL -

e Results of investigations and information acquired.

o FRERRIERIER -

e Laboratory and in situ testing carried out and a summary of the results.
o PRHAVENEERMIEREAES - DU s A4S -

Any interpretation undertaken as part of the factual report, for example, the assigning of lithological
or stratigraphical units, or geophysical interpretation, should be clearly recorded as such and the
uncertainty associated with it, including alternative interpretations, documented. A ’limitation
statement’ relating to any interpretive aspects of what is primarily the factual content of the report

may be included.

(BT TR (I © SRR E15) » M BRI R AR
ADMEHEN ST S R R e e s (RAORRRE » WIAC BRI A FE TR » TS R
] -

1.3.4.2 Interpretive Report

1.3.42 fEREHE

The Interpretive Report should include, but may not be limited to, the following components:

i S e S E A TR LU NI
e Reference to the data upon which the interpretation is based (the factual or data report).
o HRIAMRERIF2EIIER (LEXNERRE) -
e The findings of the desk study.
o ENWHHILR -
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The conceptual model and the initial key risks identified.

P A B T PR 1) O B o e -

The rationale for the site investigation design taking into account the conceptual model and the

key risks and uncertainties.
ML Tk RS b s A > FTAREIRRSE A (FE 2 E -

Based on the findings of the investigation, sufficiently detailed and documented information

relating to the following aspects of the project is required:
RIGFHAELER - FE MIBETEARR - At aE ] &Ry &R
o Stratigraphy, lithology, age, weathering and alteration.

o Mg - =~ £ BYbAIRER -

o Structural setting, defect or discontinuity characteristics.

o &G - BAFAEAEEE AR -

o Geomorphology and relevant surface and subsurface processes.

o MU SRR Z A T EA

o Surface and groundwater conditions.

o MK N AKFRM: -

o Total Geological History relevant to the likely ground conditions.

o LM FROAHRBREY it E RS -

o Details of any anthropogenic modification to the project site.

o HZGFTETHEPEM A RiEBIFrg e Ea s &R -

The identified Engineering Geological Units and the basis for their adoption.
FIREHY TREH B BT S H BT PR AR -

A Geological Model that presents the distribution in 3D space of the engineering geological
units, hydrogeological conditions and geological processes and how those might change in time,
their controls and boundary conditions and groundwater, geomorphological processes and
geohazards that have been observed or interpreted to occur on and around the site. The

Geological Model should characterise units of the ground with similar engineering properties
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and describe boundaries where changes in conditions may occur. The regional context of the
Geological Model should be discussed. Uncertainty in the Geological Model should be
characterised. Depending upon project and reporting requirements, the Geological Model that
is presented may have a specific project-related focus and may be better described as, for

example, a hydrogeological model or a rock mass model.

REE IR TARMWE BT ~ ACCHE RO E (R FIRY 3D 2= o Mfii LU E e r sty ] 52
{EZ M EEA ~ HAZERINZNIE SR ~ oK~ s F AR ChE DR & E A 2 55
so B SEE RTINS (CF o WEERIEREE AR OISR ETT - Wi AR ks
{EHYIESE o B A st B R M T DA R - TR CRAEBU b)) M B AR A e T -
RIZFZETEREEOK > Frigthiayith B HA B R LR e ERHRE - Pl HE G E
[68] L EEL TR Ry 7K S B AR sl A 1R

A Geotechnical Model that presents the engineering characteristics and geotechnical
parameters of every relevant aspect of the Geological Model, considering the project to be
procured. For every engineering geological unit identified an engineering description and
geotechnical parameters should be provided. The range of material properties should be
described and the typical range of parameters provided. Uncertainty in the Geotechnical Model
should be characterised. The choice of engineering parameters for use in analysis should be

based on the above information.

BEE NG T M E SR BT H T AR SO e 2 T 80y TR o SBH5{[E & 57
HY TAZHET BETT » FEEFeft TAZRF M ot T S8 0 FE R AOb DR M S B RO R (AL
YR B ERE > T TR A E M B R A CRAEUE) » MR IR AR S B AL
atE RN DASEE -

Any zoning that has been used or domains that have been defined and the basis for their

adoption.

EMEME AR EREEFRAES - DURERHEHIRE -

A Geohazard Assessment where needed.

HHE ST BTG G A A ) ©

An engineering interpretation of the implications of the ground conditions for the project.
MR (R r] RE R B B FEE TR AU LA iR -

Maps and sections at appropriate scales covering the site and surrounds should be provided to

illustrate the interpreted Geological and Geotechnical Models and to inform the engineering
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assessment of all geotechnical elements of the project. Depending upon the project, the
combination of information relating to the Geological Model and the Geotechnical Model in
the one drawing can be useful as the basis for providing presentations to clients, shareholders,

insurers, or the general public.

o JEPROLIAZE THEA A E Ce B R VRS EE - DR Ry s e A
RO TSRS - 6 Ryt SEATA it TSIH Y TR TR (&N - S SEETEAVRIE - AR
EHE SR TAERIEEE - AAREEE - BE ~ (RS R -

e If a 3D digital model forms part of the documentation a 3D Digital Model Report should be
provided that communicates digital model uncertainty and reliability. All relevant database files
that include interpreted data and the 3D data files (for example, the mesh files for the

engineering geological boundary surfaces) should be included.

o IR 3D EERT R UIRZ —E ) - FETR At 3D BUERAAIH & LIER IR A W 1
FIRSERE - ELFEERRR ORI 3D BkHE (B > TR BB R RmAVAS &) FEMNHY
FirA tHE B RHERE ZE S R L -

e Recommendations for further work, if relevant or necessary.
o WIFHRHELLE - BT TAZH B R AT TRV -
e Uncertainties remaining.
o SHMIFEERIAREEME -
e A’limitations statement’ relating to any aspects of the report, where this is deemed necessary.
o YR/ ALE > FRUHEHVERIN TREE” -
1.3.4.3 Geotechnical Baseline Report
1.3.4.3 Kith TARA R

In some larger projects, particularly underground works, the Owner and their engineers may opt to
prepare a Geotechnical Baseline Report (GBR) to allocate the risks associated with the ground

between the employer and the contractor.
FE—SERRIETE T - FEER T TR » SR R H TARAN A] DUSE R (Rt TAR AL A
(Geotechnical Baseline Report, GBR) » 2f<E 52 T 17 5 2 e BAL 8% AH R JE e

1.3.4.4 Engineering Geological Maps and Sections

1.3.4.4 T fHh'E E g E
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Engineering Geological maps and sections are a fundamental part of the EGM knowledge framework

and should be prepared in accordance with these Guidelines.

TR R RIS A EE: EGM HIEHEARAY B A RHES 7T - FEZ AT S 4R -
1.3.5 Creating and visualising a 3D digital model
135 EILLUR AL 3D Bifir iRy

There has been a recent but fundamental shift to using software to create 3D digital models, typically
for medium to large scale projects or where complex geology is encountered. This, in turn, has led
to a step change improvement in the interoperability of the EGM knowledge framework with other

disciplines. A typical 3D digital model development process is shown in Figure |-5 below.

AT HAfE PR 1L 3D B AR 2% - Ry RIEAE TR B SR BB B © IR EGM
RG2S S EL A B S SRk y B B PR o » BHURUHY 3D BT RS TR AR 4N S 1-5 Fors -
1.3.5.] Modelling Software

1.3.5.1 ZEfHdEE

There is a wide range of software packages that can be used to produce 3D and 2D digital models.
BA A ZEEREG A U R 3D K 2D HYEHirHAd -

1.3.5.2 Data Sources and Management

1.3.5.2 &Rl R ELE T

Clear, retrievable records of how datasets are created/modified/interpreted/stored, as well as of
verification and other stages of the development process should be retained. To assist in the
check/reviewl/verification/approval process it is important to retain clear, retrievable records
(metadata) of how datasets are created/modified/interpreted/stored. The linkages between original
datasets and the modified model datasets are useful to maintain consistency, accountability and to

provide insight into model uncertainty.

JE B R i 20T RIS AU AR - A B B LU S B AR % A AR ELAT P EL B ~ AIie AT
B o Ry T ihBhie A A e AR AR o CREARHHY QO AT RE U R R B SR A ~ =]
Rk (AR JERER - FUnEREHESUR ARSI SR 2 HEZ A —2
M~ TG EM: - HREABINHZEERI A EEE: -

1.3.5.3 3D digital model documentation

1.3.5.3 3D B ARSI
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Each significant version of a 3D digital model should be accompanied by a 3D Digital Model Report.
FHEEE Y 3D BB AIRRCACEL IENT A 3D Bl -
The 3D Digital Model Report should document:

3D Ffir AR ERCE: -

e The project, the purpose and the scope of the model.

o EZGTEMT o HAAY HAYMIHE -

e A summary of the site engineering geology.

o THEZ THEHEERIL

e The geographical extent, scale and applicability of the model and the coordinate system used.
o FREAZARRER - DUSAHAIY I E Ze s ~ ELB RN A M -

e The inputs into the model, including subsurface data, map data, surface and subsurface point data
and surfaces and meshes that have been used to formulate the digital model, an assessment of
the quality and reliability of the different datasets and what manipulation/transformation has been

undertaken for them to be incorporated into the model.

o CUBMFEAIHVEM AER) o BUFRHE NER - HUEEOR - NI MR R LU R B BB
R AT ~ SRR BE RN B AT SEMEAEHEGER - DU E M AR T
T REL R -

e The units and bounding surfaces shown in the digital model, that may be geological, engineering

geological, geomorphological, hydrogeological or geochemical, depending on the model purpose.

o EUFRAITEURH TS E BHoTAE Sl - rIREEHE - TREIE ~ #it - AKCOE
HERAEERRFIERE T - BAGRUARY ALY HAY -

e The data that have not been used and why they have been omitted.
o REMNERIIAFEREEERNENA -

e The reliability and status of the model and an outline any other assumptions and uncertainties in

the model, including model reliability and related risks.

o TERIHYHISERENGIRAE > MR ACARY TP T T BEA A EE T - RS a] SE AT R
Jaf -

e  Evidence of verification.
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o HEMEREG T o
e A summary of outputs produced from the model, including any limitations.
o GraEMERI AL Z AR o AR A S e B R AT (TR -

e The Model Decision Register and a listing of the data management/version development of the

3D digital model including:
o Date of decision.

o Detail of decision/change.

O

Justification for the decision/change.
o Verification/review comments.
o TRERSVERIZAN 3D B HAINE RV EH/RUAR S5 - 5 ¢
o ARHH -
o ARIEFHHYFEAMEN
o E/EHYE HIEMEMRTS o

o BIELFH -

The 3D Digital Model Report should be updated each time the 3D digital model is re-issued. On
larger projects where investigations are occurring on multiple fronts the model can be updated daily
as the model can be linked directly to databases and new data are automatically incorporated. A
competent engineering geologist should check new data when they are imported to confirm the
appropriateness of the existing interpretation and to perform any manual editing required to

incorporate the new dataset.

B EH A 3D BRI - AOE SR 3D BRI - FER TR ERVRBIHEETE - 1

R o] DI E RS E R B B &k - NSRRI A IR E R - SRR A SR ER
I - FESCHIRERH (R BRI BiklEy) ~ TRl TR AT ES &R Tha s - DIHEE B EhH)
FRGERAVEEME » FER T EhREATHRFBIAE -

1.3.5.4 Review of 3D digital models

1.3.5.4 3D B FAIZEE

Review of 3D digital models should demonstrate their reliability with emphasis on the quality of the

process involved in their construction, clarity of understanding and transparency with respect to
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uncertainties. Above all else, the review should demonstrate the agreement between the outputs of

the digital model and the reality of the observed and interpreted engineering geological conditions.

3D AR R A 2R A SR > EENEEE 3D BRI anE R B EE MR
HEEMEAEIE - R SR A2 IR - SR A R B R R A DU i
T HE R TR BRI > W Z A — 2R -

Whenever 3D digital models are developed, it is recommended that illustrative 2D plans and
sections should also be generated to ensure that linkage to the underlying EGM is transparent and
can be explored by non-technical individuals without the use of proprietary viewing software. The
development of illustrative plans and sections is also often a useful way of detecting engineering

geological ’irregularities’ in the model.

FEEE 3D B FEAIR - ERIE PR ERR A Y 2D P EAI S AE - HECREL EGM Z[H]
TEBEIHEPE - A H BRI & mIAEA (R S e Z 15000 IS EGM o Y A5 1 8] 28
A RAR MR P A IR VA RUT % -

The checklist in Table 1-4 below provides specific items for consideration during review and

verification where a 3D digital model has been developed.

% |-45851] 3D B AN E ENBES AR S R AVR EHE -

57 of 129

IAEG C25 EGM Guidelines v1.0 14 December 2022




EGM Development and Application 14 December 2022

|
| Subsurface data Map data Surface and subsurface Surface and meshes |
I Penetrative investigations Historical maps, point data Processed LiDAR/InNSAR |
| (e.g. boreholes, CPTs) engineering geological | | Drone point cloud, laboratory proposed project |
geophysical data mapping, GIS outputs, data, discontinuity data, engineering, interpreted
: (downhole or transect). remote sensing. topographical survey surfaces :
| | |
I l |
I I
| Database(s) I
| Preference to |
| use a single |
I database |
| l I
: Chsctk a:jnc: = ” Informed by project I
update data oose appropriate . . :
| interpretation modelling software engineering requwements I
| 7 and the conceptual model |
J | e [ e I
v

Input into

modelling

software

(preferable live
link to database)

Modeller to be familiar
with project requirements,
relevant geology, and the
selected modelling

Clarify the scope
and purpose

of the EGM software
Creation/modification
of 3D digital model
representing Check/review
N engineering geological |+ |cycle
units or parameters L
v
v
Check and Review of
Model Surface and volumes
decision (independant of
register Modelling)
4
/ Outputs - presented in an interpretive report
S 3D 2D
3D Model Digital Report OtI[\De; E - surfaces - cross/long sections
- summary of model - 3D- D ) - meshes - maps
- purpose and findings -3Dprinting - analytical inputs - figures
- indications of uncertainty| | - augmented reality - analytical inputs.

Figure 1-5 Typical digital 3D digital model development process.
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&R 1 B & R Bt T BRI HE AR E R |
o EEEE ° ELEX o mAKLE o FEIlRERER . | |
(MBHER - CPTS) | | @ TEHEHE AN B2 LiDAR / |
o itk EEH o GSELEZ | | @ FEAEEN INSAR & #)
GHESE T E) o ERLR o it/ E o REEFERIHME |
| | | |
! I
H (% 4) |
| IR E A |
BB T AR
REMSR |
A BELBRERE (R ERHETRE |

KA RAEERE

WMAZZETRE
(BEEEREELRD)

BEEBRAEERM
SSRAR Rt B R A
ESEGMRY BB RS

HEMEHN
A 4
NI /FAEEIDEMIREL ‘_—E
TRINEETISY wll i
A 4
4 Rk EETEMEES
BRERERERE ToERREMEERE
Hl%= HENZERBIINE
BETE)
/ WHAR - RBERSPRY
DB EIRE Ht 3D 2D
- EEIE - 3D-PDF - HhE - TRETE /AR
- BR9FEIR - 3D BN - At - FEE
- MEARHEEM - FEIBEIR(AR) - BENEAANS || - EMER
- BENBARNS

I-5 HRIEE (L 3D B B
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Table 1-4 Checklist for review of 3D digital models.

= 1-4 BRI A R

Key activity
LHEIFH

Status
Tz aE R

Has the purpose of the model been clearly defined?

ERIHEER 7R HAY ?

Does the model extent cover the area of interest to the project and the extent of possible effects
of the project, if the model is to be used for assessments of effects?

QERERIE FTREHE B G TP &N BAREE S B T EHETERTA AT
RERZ R HIE 7

Have the sources of data used to formulate the model been clearly identified?

{E R AR E RS A S AR A 7

Is the quality of the data available sufficient for the purpose of the model?

(E AV E RS E S S RESR e B2 I A H Y 2

Do any other potentially useful data sources need to be incorporated into the model?

EEHHM AT REA R ER BRI ?

Are data that have been specifically omitted from the model reasonable to disregard and have
reasons been given why these sources have not been considered applicable?

A RN IV E R S ST sl i Ry TS S B R L R A 2 2
H ?

Are there an adequate number of data points and a reasonable distribution of points across the
model area to make a reasonable representative interpretation?

AR E R E R e 5 - B e S e DUSHE S ERAY AR MR ©

Is the manipulation of the data that has been used applicable and geologically reasonable?

HEERNEREHE TS GEA - (et E AR E R S EAY ?

Has the model been reviewed in accordance with the EGM Development Level?

EIRE EGM B FRAMHARIEI TR & ?

Has the Reviewer been 'walked through’ the model by the Modeller?

BRE R G Wi B IR R I AR A 2

Have illustrative maps and cross sections been provided?

T TR (HEs H A A B~V A e ] 2

Has a 3D Digital Model Report been prepared that includes a Model Decision Register, identified
uncertainties and associated risks and recommendations to improve reliability?

A 30 By - H P EFEERIARE TR - E A e EATE R
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B

1.3.5.5 Outputs of 3D digital models

1.3.5.5 3D B R i o

Once the 3D digital model and the outputs have been checked and verified and are ready for issue
the digital model itself and the specified outputs can be delivered. The nature of the outputs will
influence how the information is presented. They might be 3D or 2D outputs (or both) depending
on the project requirements but there may be no need for visualisation software if this is not the
most effective method of communication — maps, charts, cartoons, presentations etc. may be more
effective. The form in which the outputs are presented, and the level of detail included, should be

tailored to the audience.

— H. 3D SR K AR SR BRI BRasall e (i S84 > ko] AP SR B A B A S EHY
fRE o 3D B I B R BN E BT 2 - BT > M DUE 3D
22D it (BB SR ) - ERENEHRATHREITE » IR ARG EEE - A
RefEsthlEl ~ B~ R~ SR RNFEAREE AR o &8 JEZLUEG 2R T 23R A
AR AT -

Refer to Commentary Section 2.3 ASSEMBLY AND COMMUNICATION OF THE
EGM for further information

MR RE S AR 2.3 i : EGM HYAH AT
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1.4 MANAGING EGM UNCERTAINTY

1.4 B EGMHYAREE M

1.4.1 Introduction
14.1 51

Uncertainty within the EGM has the potential to reduce the reliability of the project engineering and
increase the potential for project risks. The uncertainty should be assessed and strategies developed

to reduce the uncertainty and the associated project risks to agreed levels.

EGM By HfEE A nT AR R R TR TSR I SEE - MY IS ZEETE M - MBS EGM AYA HiE
TEMEHETTRFAL > M S 400 ] e (Bt A ffe 1 B R B S R 2 1T e > AP (R 2 A BT S
e o

.42  Sources of uncertainty

142 NiEEMHARIR

The way that the knowledge is accumulated within the EGM reflects the dynamic relationship
between the conceptual component and the observational component. These two fundamental
components of the EGM are characterized by different sources of uncertainty: conceptual

uncertainty and observational uncertainty.

EGM IR R A5 2USCHE T e il o RO ZE R 2 R ENRERE (% » iERI (R EGM B ARHRHEN 7>
BARENAHEEEAN © TS EEN: ) 1 VBN EEE, -

e Uncertainty occurring in the conceptualisation process is due to a lack of knowledge or bias.
This is also known as epistemic uncertainty but for ease of reference these Guidelines have
adopted the term conceptual uncertainty. Conceptual uncertainty primarily reflects the
appropriateness of the concepts underlying the EGM that, in turn, are heavily dependent on the

knowledge and experience of those involved.

o HEIMISLBEPRAHEEN: - BRHEINGRZAEERR - WL TR TEN, o &
THER2E > 55 EERA TS TEENE ) BEiE o MESAMEE M E ML T EGM Tk
IBRAYRESHVEEME - MELERES SHER AR E_ BRI A AHE A BRI AL s -

e Uncertainty in the data within the observational model is due to variability and randomness of
the intrinsic properties of the ground and the measurement accuracy of the testing devices. This
is known as aleatory uncertainty but for ease of reference these Guidelines have adopted the

term observational uncertainty. Areas with fewer direct observations are likely to be more
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uncertain than areas with frequent direct observations. Note that any interpretation of the data

within the observational model will be associated with conceptual uncertainty.

o BRI ERE S SR AR RS R RIS DU s R N &S
FEIERKAY - B Ry THEATEEN: ) - HR TENRSE - KESIERA T TEAAHEEN:
—ad - BB REER/VHEE T RE LIS H BRI BA AT - 5EE - B
TR ch DRt R AT BN S e e A B

1.4.3  Holistic assessment of EGM reliability by review
143 FIFIEACE EGM A SErE e TG

Review of the project should assess the reliability of the observational and conceptual components
of the EGM holistically, rather than separating them. The Development Level of the project provides

guidance as to the type of review (Section 1.2.2. — Tables I-| & 1-2).

FEB AR - fEST T EGM HURH BRI AL R HY AT SR T R AGRYAS - AR e
oo Bras - FHEAVBHEER (et @ PplEGSEEERE) DUE TFE =0 (565 12261 - & |-
FI1-2) -

e For Level | projects internal reviews will provide a basic check of EGM reliability. Another
engineering geologist from the project team responsible for the EGM should undertake a check
of the development and refinement of the model. The reliability of the conceptual component
should be benchmarked against appropriate conceptual analogues derived from education,
experience and the literature and the compatibility of the observational component with the

conceptual component evaluated.

o WSS | GRHVETE - EGM HSEERVA AR E AHREEN ENEF TR - FEEK EGM 5t&

B TAZH R - MU RS - Bty TP SEREIE RS 508 - S8R
RSB MBI TELRE > 51 > WUBLL B AR 53 BUFTR AH RE S A ST
itk

e For Level 2 projects the review will be as for Level | but undertaken by external reviewers.

These may be external to the project team or external to the organisation itself.

o HNER 24RAVETE > AR | A (HEFRINIEEZRET - BEAREE
SNEREY > AT RESEAHARAS S T MY

ik

TEER

e For Level 3 projects an expert review panel consisting of acknowledged experts should ideally

be used to assess the reliability of an EGM by independently reviewing and commenting on the
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content, completeness and reliability of the project documentation. These should be appointed

by the client as independent specialists.

o TS 3YHVETE - BF IR B ERAERMAE RN - BRI I F AT E
LSRN ~ EREVERITISERE » DAFFAL EGM AV ISR « SR IEHE PRIk E R
JEITES

.44  Other methods of assessing the uncertainty and reliability of the EGM
|44 HAEHE AR BB RA b AT R SERERY U504

All the information that contributes to the EGM needs to be assessed to evaluate both uncertainty
and reliability. For the observational component of the EGM, such checks are relatively

straightforward and can be undertaken either quantitatively or qualitatively.

AT EGM HYE NS FR A1 T A e PEAT A SEFERTAS - 5 EGM HYFEEBUNR Y - SR &
HRGHERE - v UE E8UEMEHIETT -

However, quantitative methods cannot realistically assist in reducing reliability errors stemming from
inaccuracies in conceptual understanding. Only by checking the veracity of the concepts through

qualitative approaches can this component of the EGM be assessed and, thus, its level of reliability

confirmed.

PRI > RSB RS T E S ] SERE R R SRR E B 7R IR KRR - EGMAY
Ry ITEEREKEE > HEE B e T A e B SHVBE E M - A RE T LANET -

1.4.4.1 Assessing the reliability of the conceptual component
|.4.4.1 SHERESRCTHY A SEE

An approach to the assessment of the conceptual component of the EGM is illustrated in Figure |-6.
This approach should be adopted at all stages of the project by individuals, peer reviewers and

expert panels.

-6 25831 T 5Pl EGM T HY 575 - BT ERIFTAIGE > Am2EHEA - FEFEE
F/NEHEE - EERMERTE -

The best means for assessing the reliability of the conceptual component is through expert panel or
peer review. However, basic qualitative checks of the conceptual reliability of an EGM should also

made as it is developed. Self-checking, as well as internal checking, should always be carried out, the

results of which should be documented.
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\1

AIG]

aPfl TRESEOY ISR ) AU AR B R/ N B E R AT
JES EGM i TS A 5EE | BETAEARTEN:
SR A S

PRI > {£ EGM Bsdifed -
Bibtad - FREETRE S e > da

What features of significance to the project
can be anticipated from the conceptual

component of the EGM knowledge <
framework at this stage of the project?

Compare the anticipated features against real
world catalogue examples presented in many
textbooks and publications, historical records
of geo-hazard occurrence, personal
experience and the knowledge of experienced
independent engineering geologists

Y

Are there any features or conditions that Review
have been observed that are not anticipated | YES | conceptual
in the conceptual model ? model

NO
Y

Consider the conceptual component of
the EGM to be reasonably reliable for
this stage of the project

Figure 1-6 Approach for assessing the reliability of the conceptual component of the EGM

ESRFEEERER - ATEEERN

sxsEEAS o roMEmER | <
S P B R PR AR ARG?

U

REGMIREIS ARV ER - BBERIE -
AR ~ B K ER LT ~ BA
AR DURAESBR S B HYBIL h E AN I
SHAESSEBHREMETER

@ -

ARBRUERAEEAMSHNENZE | = | M
SR B R TR ZIRY? < il

&
U

R EEEPEER - ERFTEEGMAVH
SRAZEE - N

&\

|'6 Dzl:{éf EGM *E%/Ln \m‘igﬂf\jﬁiz
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1.4.4.2 Assessing the reliability of observational component - qualitative approaches
1.4.4.2 SR EBCMR AT SEE - 2574

The reliability of the observational component of the EGM can be communicated qualitatively using

methods such as thematic maps and the classification of the reliability of datasets.

AT DA LR~ S AR rI SEREE M 574 - BF(E EGM S A B IR Y n] 58
i

1.4.4.3 Assessing the reliability of observational component - semi-quantitative approaches
1.44.3 HERHEBIAE AR SEE - -FERTTA

Various methods have been devised in which the components of the EGM are graded and the

various scores combined to provide an ordinal numerical assessment of reliability.

HATE&H 574 rl 1 EGM HUFREBUIIE ) i SEREHEFT /4 - MRe 258 oy B Sl Ak
PLE@HF)EFSEE -

1.4.4.4 Assessing the reliability of observational component - quantitative approaches
|.44.4 SPASREBIAETHYASEE - €8 TA

Quantitative assessments are limited to evaluating the observational components of the EGM, and

three families of tools can be employed:
TE SR ERIER TR EGM BYFH ARy - A DU =fE T EAF

e Random Field simulations and Random Finite Element Method (RFEM involves the use of
random virtual ground combined with finite element analysis within a Monte Carlo

simulation).

o [EHISHEENIERATRTZRE (RFEM Z LIS -REE S P iy Bt i e TRoT R
o) e

o Geostatistical methods (both stationary and non-stationary, such as kriging methods).
o MELETTE (BfREEMEEIRER M o B4 kriging 75) -

e Stochastic simulations.

o [EIRIRASLE -

Refer to Commentary Section 2.4 MANAGING EGM UNCERTAINTY for further information
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H2E TR 2.4 6 BT EGM KU RHEE "
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1.5 ENSURING EGM QUALITY

1.5 ®Efr EGM &
[.5.1  Checking the quality of the EGM development process
1.5.1  EGM FAs#iiferyan B fni%

An EGM of appropriate quality should be achieved if these Guidelines are implemented. A QA/QC
(Quality Assurance/Quality Control) checklist for adherence to these Guidelines is set out in Table

I-5.

ET&E EGM I55 [HyaENy - e UG E—( RAFinEHY EGM - & 1-5 Z4RIE EGM 155 [Fral
VHIEHE PR B R (QAIQO) e AR -

Table 1-5 EGM QA/QC Process Checklist

Z% 1-5 EGM 5B (R EEHIIZORIER

Key activity Status

EHEIFH PR S

Has an effective, competent team, including a reviewer, been assembled?

TEAAHR T AR A EIR (B IEEFEE)!

Has the scope and purpose of the EGM been clearly defined?

B CITEE S EGM JE SIS & HHY?

Is the EGM compliant with the tender documents/specifications?

EGM B BT GRS BAR A5

Has the relevant engineering and geological information of significance to the project been
assembled in a desk study?

AT RIS B BN a0 A B et R Ay TR B B 2 2

Has an appropriate geographical extent and scale been defined to present the EGM?

B O E E#R EGM AR HyEEIEIEL AR ?

Have observations been acquired through investigations and documented as facts?

BN SRS DRI G RE T T DI E R #R?

Are the sources of data used to formulate the EGM clearly identified?

B MR B T EGM A5 [ ARV ERIARJR?

Is the quality of the data available sufficient to meet the purposes of the EGM?

AT &R an B 2 A e EGM 2 T7HY H Y2
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Are there any other potentially useful data sources?

el EA HM AR HEVERIAR?

Have data been specifically omitted from the EGM and is that reasonable?

B AR IR g RS HE RS

Have observations been related to the concepts and a range of engineering geological
conditions been conceptualised and interpreted?

R BB RS e B TR B PRI AE St TR BRI 2 A5 R R (b2

Have engineering geological units and their engineering characteristics been defined?

B EE R LIEME BT R H TR

Has a Geological Model been presented?

1 PR B AR

Has a Geotechnical Model been presented?

BRI TR

Has a Geohazard Assessment been presented?

TR HE K ERAL?

Have significant risks, gaps and discrepancies in the knowledge framework been identified?

B P L AIERAEZR cPEARS AV ~ ERUE 2= A — B2 pR!?

Has information for use in engineering analysis been provided?

Rt TR AR A

Has the entire EGM knowledge framework been documented?

A E S L EGM YAk EZ?

Have maps and sections been provided to illustrate the engineering geological conditions that
are of significance to the project?

ST DA i B A i e s B e -2 B B R e AR B IR 2

Has further knowledge required to improve the EGM, reduce the risks, facilitate upgrade to the
design or deal with claims been indicated?

B Rt e DAE TR E A ~ RS ~ Tt aea T onE B EDRIE T — b &
afl?

If a 3D digital model has been developed has the checklist in Table 1-4 been completed?

WIS T 3D B FHE > BECIMRE 1-4 58pdnix!?

Has the EGM been reviewed by a suitably qualified and experienced engineering geologist
appropriate to the level of complexity of the geology and the project?

EMG BB 45AH H &K n e e TR E R TR S FEETERE TN LB L1 4 FH
B TIREHRE -
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Refer to Commentary Section 2.5 ENSURING EGM QUALITY for further information

HHEN &N A2 H e AR 2.5 &) : fEfR EGM m'E
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