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3D geological modeling and management system for Singapore
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This presentation describes the procedure for the establishment of a 3D geological modeling and
management system for Singapore based on borehole data collected by the Building and
Construction Authority (BCA) of Singapore and the 3D geological model and geotechnical
models that have been built so far. More than 60,000 borehole data with geotechnical testing
data are available to be used for this project. The first step was to screen all the data. This
involved in removing errors and duplicates from the database as well as identifying and
adjusting missing data in the database using the SubsurfaceViewer software. Geological
consistency was also checked by comparing among adjacent boreholes. The second step was to
construct fence diagrams zone by zone. Different zones were connected using common
boundaries. Finally, 3D geological models were constructed using all the fence diagrams and the
digital elevation model. Some sections of the models are shown in the presentation. For critical
areas where changes in geological formations are involved, the use of extra data and extra fence
diagrams to reduce the uncertainties in the geological model is also illustrated in the
presentation. The plan for future online access of the 3D geological model and the services that

the model could offer is also outlined in the presentation.
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— Geology of Singapore
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Objective

* To establish a geodata modelling and management system
(GeM2S) to transform 60,000 borehole data and geotechnical
testing data to 3D geological and geotechnical models for future
underground developments in Singapore.

» The key deliverables are the 3D geological model, geotechnical
models and a web-based design tool for future underground
projects.

» The models are to be verified by a tunnelling project by the Land

Transport Authority (LTA) and apply it to the master plan by the
Urban Utility Board (URA).

* It will be BIM ready and form part of the Digital City program
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Project Milestones

Geological
borehole data
2D - e - : :
Geological e Establishment of Proposing uncertainty
at validation method: analysis method to
) to select correct evaluate the mean value
Geotechnical and useful trends of geo-data and
Identify “abnormal”

Testing data geo-data
data point

Milestone 6

School of Civil and Environmental Engineering

MT1: Processing of Borehole Data
1) Compiling digital BH data (.ags) into access database
Total No of BH BH data in .ags BH data in pdf files

59,275 48,828 10,447

BH data from LTA
BH data from HDB

BH data fromBCA, MPA,
URA and private sectors

BH data from JTC

48,828 digital BH data in .ags (SG) digital data transfer format include:

Site specific information: geology, core, fracture, ground water condition, etc.

In-situ testing data: geophysical, permeability, SPT, PMT, etc.

Lab testing data: physical, chemical, compressibility, consolidation, stiffness, strength, etc.
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MZ2: Validation of Geological and Geotechnical Data
1) Geological data

1st Step: Using SubsurfaceViewer to identify and adjust missing data

= 1.H0LE\,
GUID -1 _HOLE ID - | HOLE_TYPE - | HOLE_NATE - HOLE_NATN - HOLE_GL - HOLE_FDEP - | HOLE_STAR - HOLE REM - HOLE ENDD - HOLT _BACD - HOLE_CREW -
cP 33935 33880 103.35 2195 41011970 14411970 141411970
970-108 4454 33866 33859 103.41 19.81 4/5/1970 4/9/1970 41911970
HDB-1970-10B 24455 CP 33788 33857, 103.44 17.37 4111970 4/411970 4/411970
HDB-1970-10B 24456 CP 33853 33965 103.48 2134 17/411970 21/4/1970 211411970
HDB-1970-10B 24457 CcP 33930 33950 103.5 1585 23/4/11970 27/4/1970 27/411970
HDB-1970-10B_24453
ERCNd e
GEOL_BASE ~ GEOL_DESC ~[GEGL_LEG - |GEOL_GEOL - | GEOL_GEOZ -| GEOL_GEO3 -
1970-10B 579 7.92 Dense greenish cemented SAND 401 S K
7.92 8.84 Dense greenish cemented fine SAND with yellowish brown mottles 401 SAND S K
HDB-1970-10B 24453 884 11.28 Dense yellow cemented SAND 401 SAND s K
HDB-1970-10B 24453 11.28 16.15 Dense grey cemented fine SAND 401 SAND S K
HDB-1970-10B 24453 18.9 Dense yellowish grey cemented fine SAND 401 SAND s K

£y
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M2: Validation of Geological and Geotechnical Data
1) Geological data
2nd Step: Translate Geological Code 1&2 to Code 3

e
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All Agcess Obj.. ‘GEOLTOP +|GEOL BASE - GEOLIDESC | GEOLIEG -] GEGLGEOL | GEOLGEOZ <[ GEOLBEDE ™|
= 5 167767 HDB-A0SG-14E7A 20403 105 CoyeySUT
Tabler ~ 167626 HDB- 19861461 00 75 Coyey ST
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= oo 167816 HOB-1986.13%0 2082 165 CayeySLT |1
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: 7832 HDB-1996-1473 e o5 1055 Very donse st 502 ClayeySLT b1
s 167833 HOB.1996-1473 o 5 1510 Very cense pupst 202 CiyeySLT 1
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@ o a0 2 0.1 Very dense red i 302 CiyeySUT
& 16763 HOB.1985.1571 a1 215 35 43 Very dense red i 302 CayeySLT 1
- 167526 HDB. 1981465 20 105 225 Vory dense purpe. 302 oyt
o w 167606 HO.1986-1450 2 15 1037 Very cense grey ar 302 CoyeyST
o 55 167916 HDB-1986-1410 2 25 315 ey loose 0loose CoyeySIT 1
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IM2: Validation of Geological and Geotechnical Data

1) Geological data

‘ 3rd Step: Check inconsistency in geological data ‘

T T
00 (2861389 20062.45) 335223 (2990376 31990.51)

NANYANG

TECHNOLOGICAL
3 UNIVERSITY

SINGAPORE

M3: Establishment of 3D Geo-models

1. Software used:
SubsurfaceViewer 6_MX SKUA GoCAD 15.5 Leapfrog Geo 4.0.1

Shallow e
3D geological modelling =

D.eeP .
3D geological modelling

3D geotechnical modelling
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M3: Establishment of 3D Geo-models

2 Geological modelling-Nine sub-zones

, GECLOGICAL MAP OF SINGAPORE

N

BH data from LTA
BH data from HDB

BH data fromBCA, MPA,
URA and private sectors

BH data from JTC

by i
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Ma3: Establishment of 3D Geo-models .

2 Geological modelling-zone 1 O

Fence diagrams [

Cross-sections (15)

0OOEoOO0ECOO0E0O000

3D geological model

» Zaxis 30 times scaled
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M3: Establishment of 3D Geo-models

2 Geological modelling-zone 3

Cross-sections (10) Fence diagrams
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M3: Establishment of 3D Geo-models

2 Geological modelling-quality control method

Fence diagrams quality control (Adding sub-cross-sections)
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M3: Establishment of 3D Geo-models

2 Geological modelling-quality control methods

3) 3vd method: Layer boundary quality control (Based on boreholes and geological map)
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M3: Establishment of 3D Geo-models

2 Geological modelling-quality control methods
3) 34 method: Layer boundary quality control (Based on boreholes and geological map)
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M3: Establishment of 3D Geo-models

SPT Geotechnical modelling-BH selection criteria

+ Geotechnical Data in hand
« 43,054 boreholes all over
Singapore
+ 416,366 rows of SPT data
2N +« Other types of geotechnical data
- ' are given as attachments
Error form
+ Duplicated Hole ID
++ Conflicted BH information
+« Over lapping segments
+»+ Conflicted soil data for re-bored
BH

< Selection criteria
% If soil data is conflicted in re-bored BH, use the new one
« Contradicting BH data is filtered by majority of the nearby BH
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M3: Establishment of 3D Geo-models

SPT Geotechnical modelling - BH data processing

Models with two levels of details are to be produced regarding the SPTN value
Coarse model — for the whole Singapore

Fine model — take sample boreholes and form smaller models all over Singapore

Coarse model - five categories
N <12, N 12-25, N 25-50, N 50-100, and N >100 (very hard layer)

Fine model - ten categories

For sandy soil For clayey soil

N-value Consistency Category Noake | Consstency Cﬁff:i‘m:‘\

(tentatively) : ﬁm@‘fl“
7] g T 4 Very Seft to Soft Cl
4-10 Loose §2 M{ Fllm (
1030 Vedum Loose 5 #D S a
30-30 Dense ! 1330 Very Stff 4
>0 Very Dense 8 >0 Hard (s
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M3: Establishment of 3D Geo-models

3 SPT Geotechnical modelling- Coarse Model

W st
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[JspT
Ol speT
M st

Contacting pointe==%  Contacting surfaces= Model volumes

Z axis 30 times scaled

Legend

N <12

N 12-25
N 25-50
N 50-100
N >=100

Coarse model

M3: Establishment of 3D Geo-models

3 SPT Geotechnical modelling- Fine Model

3 Legend for Caterogy
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M4: Moving on from GeM2S to online 3D models

Milestone 4

eviewer,
0g, Gocad, etc.

Data

) excha

- -
Geotechnical
esting data v

~

/’ Web-GIS Geo-data

management system

‘ |
1
, Can search and watch cross- |
\ / ( | sections of random location |
| path, 3D models of different !
! 1
| 1

On-line

Easy to obtain, visual angle as well as
simple to operate, . borehole logs.
interactive visualization S -

Web-based 3D Geo-models

) NTU Geological Model: X '( New Tab. x [ - o X
€ C {} | © locathost/ntu/PengPei/demoZ htmi# e @ 2 4 0
s Bockmaris [ lons || Code LanChuang [) GeBIZ R Publications & Rese: ArcGiS Api [ 3Geoinfo

2D View |, \ 3D View

Eartratar Gos At 05 | Esn HERE Gamn
GEOL_TOP | GEOL_BOTTOM

2D map is easy for finding address, 3D view is good for presenting 3D
boreholes and drawing cross-section line models, boreholes as well as BIM models

arc e G5 User Co. . |

] GEOL_DESC

ki System operation interface

TECHNOLOGICA| The visible content of 2D and 3D view are synchronized. When visible extent in 2D view is changed,
UNIVERSITY . . A N s el

SINGAPORE such as zoom in/out and pan, the 3D view will automatically change to same visible extend
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Web-based 3D Geo-models

3D model extraction allows userto
specify an area to extract and display on 3D
view by drawing a geometry on 2D view
using rectangle, circle and free polygon.

2D View

e - PR — -

I — L m—
e SaveasPDF X
760630, Singapore, SGP o
pp— aagaon
i i Fu o
760631, Singapore, SGP =, Swarch Boraholes g " il —
5 nas z e W
. - i “
760632, Singapare, SGP by e o O« W=
- Bt e
760633, Singapore, 5GP rase=
W4 760634, Singapore, SGP @ Sworch Boraholes e N
= o x
—
— - .
s
Address Search widget allows Borehol d ‘o Lo
user to search address by inputting road orehole query widget allows user —

to search boreholes by inputting BH ID,
location and radius, address and radius.

name, land mark name and postal code

Web-based 3D Geo-models

3D View

S 4 . LR, G ot S PS8 ot s

s .
Geon Tor Geon_soTToM | eeon oese

Query random cross-sections
NANYANG " . "
@BW&%W'C“ allows user to get the cross section profile by drawing horizontal
SINGAPORE polyline on the 2D View
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Web-based 3D Geo-models — Access

Username

Different levels of user NIl s
access privileges Password

¥ Remember me

Forgot password?
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In Conclusion

* In the past 18 months we have established
+ The 3D geological models of 9 sub-zones;
» The 3D SPT model and other geotechnical models are ongoing;
* A working procedure for the Web-based GeM2S system

« Coming up:

. Complete the 3D geological model;

. Complete the 3D geotechnical models;
Setup the online access platform;

Verify the system using a tunnelling project;
Merge it with Digital City Program.
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