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1. Project Information

1.1 Objectives of the Project

The main objective of this project was to generate an interactive three dimensional
geological model of the pre-glacial trench found in central Dublin. The model would be fully
interactive where geological units could be viewed together as a whole, in relation to one

another or in isolation. The scene view would have the ability to rotate in three dimensions.
The overall objectives for the project were as follows:

o Define a study area that would provide sufficient information to produce a model
representative of the geology

e Collect and collate all relevant data within the study area

e Create cross sections based on original data

¢ Review logs and simplify to produce model

¢ Gain an understanding of the geotechnical properties of the material found in the
study area

o Create a master database in gINT Geotechnical Logging Software

e Generate contours for each strata using Surfer contour and mapping software

e Create a georeferenced database for Arcmap

e Produce three dimensional triangulated irregular network files for each stratum

e Generate a three dimensional model in Arcscene

The work carried out to date specific to the deposits found in the preglacial trench was

undertaken by Transport Infrastructure Ireland (T11) and to a lesser extent the Geological
Survey of Ireland (GSI). The work carried out by TIl was focused on the original proposed
alignment of the metro north (Fig.1.1). A two dimensional cross section along the route of

the metro was produced based on site investigations specific to the job (Fig.1.1).

Farrington (1929) identified the existence of a pre-glacial channel just north of the River
Liffey. It is most dominant towards the north of the present channel of the River Liffey near
the city centre and returns near the current mouth of the river. Near Houston Station on the
west side of the city the channel crosses over the present river course to the south forming
a more localised deeper zone. It is unclear whether widely varying sea levels, tectonic
movements or some weakness in the underlying rock gave rise to the channel. However

from an engineering point of view, it has significant importance in that is it generally filled



with deposits of glacial and fluvio-glacial gravels rather than the more normal boulder clays
which underlie most of Dublin. Long et al. (2012) discuss some issues and experiences with
constructing deep basements within the deposit. However the nature and distribution of the
deposits within the trench is poorly understood, hence the motivation for this project. A
study of the nature and extent of the deposit is particularly pertinent at the present time

due to the proposed construction of Metro North which will pass through the area where the
trench is located.
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Figure 1.1: Work carried out by Tl




The GSI have created models that are related to pre-glacial trench. These include the three
dimensional rock-head profile for Dublin and a three dimensional model for the Quaternary

deposits found in Dublin.

The model produced for this project is believed to have progressed beyond the state of the
art. The previous work carried out specific to the area as mentioned was undertaken by TII
where they produced a long cross-section over a narrow area (Fig. 1.1). The model here has
taken that information and expanded on it creating a three dimensional section that shows a

greater lateral extent of the deposits.

It is difficult to compare the model produced for this project with the GSI's Quaternary
model as they have different goals. The GSI's Quaternary model shows the extent of the
deposits over the entire Dublin region. The interactive model produced by the GSI allows
you to create two dimensional cross-sections where you like throughout the area. The model
produced here is more detailed and is over a much smaller scale. This allows for a quicker

visualisation of the deposits within the area.

All objectives were met within the allocated timescale.

1.2 Implementaion

At the beginning of the project it was agreed that it should take six months to generate the
3D model (Fig 1.2).

To achieve this the project was broken down into six phases. Phase five and six were carried
out simultaneously. Each phase represented a milestone. Progress meetings were scheduled
for once a month. The work produced at the time of each meeting was presented. The work
was discussed, suggestions and comments were made. On the back of this review future

deadlines were created.

Phase 1 Phase 3 Phase 5 & 6
¢ Months 0-1 e Months 2-3 *Months 4-6 \
Phase 2 Phase 4 /
*Months 1-2 *Months 3-4

Figure 1.2: Timeline



1.2.1 Phase 1 Data Collection

In Phase 1 the extent of the study area was defined (Fig 1.3), all relevant borehole data was
collected and collated and traditional cross sections were hand draw. Fourteen cross-

sections were hand drawn to scale and presented in metres below groundlevel (mbgl).

The first major milestone was reached when the extent of the study area was defined and

the geology in the area was understood.

Borehole Location Plan and Extent of Study Area
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1.2.2 Phase 2 Data Entry

In Phase 2. All the borehole date was inputted into gINT geotechnical software (Fig 1.4) this

forms the Master database for the 3D model.

Strata main description

[Geology group]

Top | Base Description Legend 2nd Geol - Geo2

depth | depth code Geology = Line  Reference

[m] [m] Code Type
it : [optional) :

0 4.5 MADE GROUND 103 MG MG
4.5 13|Fine to coarse sandy GRAYEL with occasional cobbles and | 504 R H 566
boulders
13 14 |Fine to coarse shghtly silty GHAVEL 503 ClaG [llBG
14 16 |Fine to coarse GRAYEL with cobbles and boulders 06 GG GG
x

Figure 1.4: gINT logging software interface

The project was then exported in Excel format (Fig 1.5 and Fig.1.5a)

I WOME  INSERT  PAGTLAYOUT  FORMULAS  DATA  ROVIEW  VIOW  DBLUCDEAM Stephen Kealy = |
- X cut ye o4 P EUB 7] ﬁ D Crem=FuF
§ B3 Cugy - : s 8 Change Settmgs
R R T - ® a Batch PF
Clipposnd 0 Funt Alignmen Humbiei styte Ll Eding Blusteam
a1 - * & fi | Pointip]
c o E L M N o P [*] R
no;_gm_auu VERC| HOLE VERE| N MATH| HOLE MAT. m|n£ GL|HoLE 6L Et|HOLE Lock|HoLE toc)
] 315791 235350 [ z
u 315786 234843 [
u 315782 234468 [
u : . 315768] 234606 [
e I R 31579| 234585 a8 31579 224585 o ]
I (I R = — 7.3 0| 31574k 235489 16 315755 235489 o .
u (= : -4 7 315740) 235389 [
u [ 315851 235483 [
I, EEPNY I i 315843 deass 0 |
u (=] -90) 315825 235493 0
12 226-BH09 u ] -a0) 315800 235467 [
13 2368401 u cp 0 316132 222287 2.81 316132 224382 [
14 236.BHOZ u cp a0 316126) 734394 591 316156] 724384 0
15 2371-BH1E u CPHAC a0 316145] 235071 4. 314145 235021 [
| ~ ~ 30| 16243 234534 33 I o .
90| 234543 3.1 £ [
u -1 234525 3.1 20 239525 [
u 43 2.29)  -90 234537} 3.4 316116| 234537} 0
f u cp 102 -90 234407] 10,3 116226 234407} [
21 2577-BM03 u [ 157 o0 234752 7.29) 315714 234752 9|
22 2579.BHOZ u cp 55 0| 234522 229 315700 224522 [
73 (2579 BHO3 u cp 5.5 L 732397 429 315787 734497 0
74 265-BHOL u cp 5.38] a0 : 724229 [
15 3T13-RH0Y L1 = 1L 7| <50 EE "ﬂi‘ L
2712-BHOL | - e | __jee =18 _W.I A4 L E— | S S
2712 BHO3 1] & 12.7] 0 734327] [ [
2712-BH04. u =3 116[ -0 ¥ 234375 0| 0|
9 [FIINEHOS. | — —1 1 __Je» &5 30 225716 234387| L o o

Figure 1.5: Excel sheet showing point data
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Chetoard n Font 3 Anignmest % N n Eating thuebeam
o1 - & GEQL _DESC
h ] c ] i F G M 1 ] K L M H ) e Q 3 H
1 PointiD * |Dep * |GEOL_BA » |GEOL_DE! = |GEOL_LI * |GEOL_GE{ * :GEOL_GEE ¥ | GEOL_GEOLGEE * | GEOL_ST/ = |Layer_Line_Tyf = |FILE_F5 =
2 |1473-RH01A o 2.3 MADE GRON 103 MG MG
3 1473-BH01A 3 4.3 Very stiff br 208 LBBC Lﬂ.rﬂc
4 1473-8H01A 4.3 8.5 Hard blatk s 208 LBKEC LBKBC
5 200-BHOZ o 5 MADE GROL 103 MG MG
6 200-BH0T 5 G4 Medium des 520 GG a6
T 200-BHOY 8.4 10,3 Soft dark g 310 ks AESS
B | 200-BHOZ .5 114 Grey fine to 520 GG GG
9 200-BHO4 [ 2.1 MADE GROU W03 MG MG
10 | 200-BHOS 1 5.5 Densetove 504 GG GG
11 |2273-8H03 [} 3.4 MADE GROL 102 MG MG
12 :2223-BHO3 14 B.3 Fine to coer 525 GG GG
13 2223-8H03 &3 £.5 Stiff groy bl 230 LRRBC LEKBE
14 127223-8M03 85 2.8 Grey black L B34 WrR WrR
15 224-BHOL o Q.4 Concrete an 103 MG MG
16 228-BHOL 04 5 Fine 1o toan 046G G
17 [ 224-BHOL 5 7.5 Hard black g 206 UBRBC LBkEC
15 224:8HO2 [ 0.3 Concrete an W MG MG
13 2M4-BHOZ a3 4.5 Dansefine t 504 GG GG
o |726-BHOZ [} 1.2 MADE GROU 103 MG MG
21 226-BHO2 12 3 Soft motthec 202 LB<BC LBBT
A1 I6-BHOZ E§ 7.3 5t6f to hard P08 LRRRC LRKART
23 226-BHO4 o 1.5 MADE GROL 103 MG MG
24 126-BHOA 5 2.3 sofrwofirm 204 LBeBC LBrac
25 226-BHO4 i3 5.2 Firm to stiff 304 LBrRC LBrBC
26 226-BHO4 52 6.5 Stiff to hard 208 LOKBC LBREC
21 728-BHOS [ 14 MADE GROU 103 MG MG
25 226-BHOS 14 3.6 Soft 1o firm 220 LBrBC LBraC
79| 226-BHOS 36 £.3 very stiff/h; 236 LBKEC LEKBE
30 |225-BHOT 0 L& MADE GROL 103 MG MG

Figure 1.5a: Excel showing geology data

The coordinate data in the point sheet was combined with the geology sheet (Fig 1.6). This
gave each geological unit in each borehole an X,Y and Z coordinate. A Z value was assigned
for both the top and bottom of the strata (Fig.1.6).

fLE HOME PAGELAYOUT  FOAMULAS  DATA  REVIDW  VIOW  BLUCBEAM & Stephen |
S, Fcut Calibri Bre BrWnpTet Genenl - 2 putosum - v B D crestepie
Paste BB Copy. - = o Condtional Formatas Cell  bngert Delete Fomst He- ;n& Fing B Change Seq
. ¥ fomubune B 1 M7 REAE | i MegemCener = || w6 =267 Formalling= Tabe Styless = = % | &Clear e Select  OF Datch POT
Fophknard [ Fant : angrment . Humbee T Stylry el Faliting Rluehram|
Qs = L
A ] C ] E v G H I J 3 Lo M N O [ q
1 |PointiD - |pep - |GEOL_BA! - |Easting « |Worthing ~ |6L ~ |Upper e - |Lower le ~ |GEOL DE{~ |GEOL_L{+ |GEOL GE{~ |GEOL GE(~ |GEOL GEOLGEC « |GEOL STi - |Layer Uine Tyg-[FE rsi=| |
2 |1473-BHOLA [i 3.3 315794 235350 17| 17.8] 14.5|MADE GRO 103{MG MG I L.
3 |1473-BHOLA 3.3 4.3 315791 235350 17.8) 145 13.5)very stiff brl LBrEC LBrac
43 &5 215791 235350) 17.8] 135 8,3|Hard black LBKEC LBKEC
[ 5| 315785 234348 3.39| 339 1.61|MADE GROM 3 MG MG
5 b 315780 239448 3.39) 161 -3.01|med Gt
315788 SR i -3.01 'quﬂﬁ“ﬂ_‘st - —AESS S
315786 234445 3.39) A b -8.01{Grey fine to GG
315783 732068 3.39] 138 0.79|MADE GROA MG
315782 234368, 211D to vy a6
: MADE GRUY MG
13 |2223-BHO03 8.3 8.5 Stiff grey bl LBkeC
14 12273 BHOZ £5 .8 Griry Black L Wi | ]
158|222 BHm i 0.4 MG
16 Lk AROY o4 5| L)
01 3 7.5, F kg LBKBC
102 0 0.3 4.6 Concrete an MG
19 224-BHO? 03 45| 04| Do fine a6
0 | 276 BHO? i 1.2) 14.8{MADE GROY MG
21 | 426-BHOZ 1.2 3 LBrEC
22 | 226-BHUL 3 73 _jekec | L.
23 | 226-BHO4 0 25 MG
24 |276-RHD4 25 13 LBAC
25 33 5.2 10.8|Firm to <1l 1RAE
24 |2 5.2 (X 9.5|5t:ff to hard |LBkBC
A o 14 LLGIMADE GROY S L S
F 14 EX 12.4|50ft to firm LerBC
= EX 23 7.7|Very stitlfh LekEC
0 326 BHOT n 1.3 14.2|MADE GROL Ma
POINT | GEQL i

Figure 1.6: Excel sheet showing combined point and geology data



In completing Phase 1 the second major milestone was reached where the project now had

a master data set.

1.2.3 Phase 3 Contouring

Surfer 8 contour and mapping programme was used to create contours. The base of the

strata was used for defining and contouring all strata with the exception of the top of the

bedrock. Grid files were created from the Excel spreadsheets previously made for each unit.

The X, Y and Z values for each borehole were then used to generate the grid. The Kriging

method was used for gridding (Fig: 1.7).

Contour Map of Fluvio-Glacial Deposits
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Figure 1.7: Contour Map of Fluvio-Glacial Deposits
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Any over extrapolation created in the gridding method was later edited when they were

converted to TIN files.

Contour maps were then produced for each unit using the appropriate grid files. These were

then exported as a Drawing Interchange Format (DXF).

The third major milestone was reached on completion of Section 3. Contours were produced

for each strata which would form the foundation of the TIN files.

1.2.4 Phase 4 Arcmap

Arcmap was used in this project in a number of ways. The primary uses were to geospatially
reference all data, create a database of all referenced data to view graphically in ArcMap,
produce TIN (triangulated irregular network) files from the DXF files produced in gINT and

carry out post map editing.

The DXF contour files were added to the map. The borehole data for each stratum was
projected onto the map. This allowed for analysis of the data to make sure that points were

matching contours and that the spread of the data was even.

On completion of this phase the fourth milestone was reached. All data was now geo-

referenced and available to view graphically in Arcmap.

1.2.5 Phase 5 Modifications

Due to the complexity of the geology modifications to the data needed to be carried out.
The area was broken down into seven sections (Figure 1.8). A number of cross sections
were then created in gINT to cover the area for each section. When interpreting the cross
sections it became apparent there was likely to be significant overlap of the contours. To
overcome this each unit was given a point in all boreholes whether or not the unit was
found in the borehole. These points were created based on interpretations made from the
two dimensional cross-sections (Fig.1.9). This gave more control over the contours rather

than letting Surfer carry out extrapolations.

11



Borehole Location Plan and Modified Sections
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Figure 1.8: Modified Sections
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Figure 1.9: gINT cross section showing points created for the Upper GTD

The logs were then changed in gINT to reflect the additional points for contouring. The logs
were exported from gINT. The Excel files used for contouring were reviewed and contours

for each stratum created.

The contour DXF polylines were then used to create TIN files. A TIN file is a vector-based
representation of the physical surface that is going to be created. In this case these surfaces
are the bottom of the geological units (with the exception of the bedrock) found in the study

area.

The milestone achieved at this point was done so in conjunction with Phase six. The result

of which is a complete model.
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1.2.6 Phase 6 Arcscene

ArcScene is a visualisation application that is used to view GIS data in three dimensions. Like
ArcMap it allows you to overlay many layers of data. These layers can then be viewed in a

three dimensional scene.

All boreholes were projected in Irish Grid. The TIN files were then edited to accurately
represent the data. To do this shapefiles were created in Arcmap and the TIN file was

clipped accordingly.

The TIN files were then reviewed in Arcscene. Minor adjustments needed to be made with
regards to some of the contours. These adjustment were made in Surfer and the layers
were recreated. The TIN Layers were once again imported into Arscene and the final model

was produced. Some post map editing was carried out to annotate the map.

On completion of this in conjunction with Phase 5 the final milestone was reached where the

model was now complete (Fig.1.9 ).
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Figure 1.9:Complete Three Dimensional Model
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1.3 Outputs

The outputs for the project are as follows:

e a gINT geotechnical database for the boreholes in the area
= from which geotechnical borehole logs can be generated,
= cross sections can be generated using the borehole data,
e an understanding of the geotechnical properties of the geology found in the study
area,
e aset of two dimensional cross-sections for the entire study area,
e a georeferenced database that can be viewed in Arcmap,
e an interactive three dimensional model of the geology found within the study area
(Fig.1.9).

1.4 Impact Value of The Project

One of the immediate impacts of the project is the ease with which the distribution of the
Quaternary deposits within the study area can be viewed. The interactive design of the
model enables the user to view the deposits from multiple angles and to add or remove
layers as they wish. This allows the user to gain a good understanding as to the ground

conditions in the area.

The model has been generated from an engineering geology/geotechnical perspective and
could greatly enhance a desk-study carried out for engineering purposes. The model would
also be very useful when trying to optimise a site investigation where it could give good
guidance to targeting boreholes. A request to view and use the data from this project has
already been made by a consulting firm with regards to future works within the area. As has

been noted previously the line of the proposed Metro North passes through this area.

Due to this model being developed from an engineering geology/geotechnical perspective
the future impacts are likely to be the same as the immediate impacts. The process behind
developing this model could however be adopted to other geological models. If this were the
case the basis of the model could be used in many industries from the mining and quarrying

sector to the petroleum sector.
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2 Project Expenditure & Deviations From The Budget

3.

3.1

Item Cost €

Personnel costs 18000
Student fees 6550
Consumables 0
Travel (incl. Fieldwork) 450
Other (please specify..) 0
Total 25000
Contribution (cash & in-kind), if applicable 0
Total requested from GSI 25000

GSI Funding Programme

Positive

This project has had the following positive outcomes:

(0]

help understand geology, geological process that led to the formation of the pre-
glacial trench,

understand the nature of the deposits and any sub-layers within the deposits
understand engineering behaviour of the deposits

explore the use and applicability of 3D geological mapping using the existing GSI
datasets as a basis to build upon and explore both economically and practically the
benefits and limitations/constraints of creating a detailed applied geotechnical
ground model

identify additional uses of a detailed 3D geotechnical ground model e.g. preliminary
identification of potential settlement receptors as a result of tunnelling in an urban
environment.

provided Master level education to Stephen Kealy. This programme, funded by the

GSlI, has provided a great opportunity for Stephen to further his education and to

17



work on a project that will be used at industry level. Without the funding provided by

GSI it would not have been possible for him to undertake a Masters. It is a valuable

programme and hopefully it continues further.

3.2 Suggestions

To further embellish the programme and to continue efforts into the development of 3D

mapping it would be worthwhile to have several meetings or presentations with staff of the

GSI that have an interest in the specific research area. It would likely give more focus to the

project and develop a more collaborative approach.
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