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TOM PHILLIPS + ASSOCIATES [ 8 - 11 Lower Bagget Street, Dublin 2, Ireland
Tel +353 1 478 6055 Fax +353 1 478 6054 info@tpa.ie www.tpa.ie

The Secretary

An Bord Pleandia

64 Marlborough Street
Dublin 1

8y Hand

Dear Sir

RE: CONSTRUCT GAS TERMINAL FOR THE RECEPTION AND SEPARATION OF GAS
FROM THE CORRIB GAS FIELD AND FOR A PEAT DEPOSITION SITE, BELLAGELLY
SOUTH, SRAHMORE, ATTAVALLY, BANGOR ERRIS, CO. MAYO

&~
S
Mayo County Councll Register Reference: PO()%@S&

SES

An Bord Pleandla Ref: ‘g;,,oio\ PL 16.207212
N
&

.Q&(\\O
1.0 INTRODUCTION QO\\ A‘\\Q

N

00

1.1 Status of the Appeal &

&

(\

This subrmission hasCBeen prepared by Tom Phillips + Associates, 8-11 Lower
Baggot Street, Dublin 2 in association with Arup Consuliing Engineers, Applied
Ground Engineering Consultants {AGEC) Lid, RSK ENSR, the Swedish
Geotechnical Institute {SGI) and the applicant. It has been prepared on
behalf of the applicant, Shell E & P Ireland Limited, Corrib House, 52 Lower
Leeson Sireet, Dublin 2, in response to a letter from the Board, dated 11
August 2004, requesting the submission of further information on three items in
accordance with Section 132 of the Planning and Development Act, 2000.

The three items requested by the Board relate to the following:

1. The Risk Assessment in Appendix 3A of Section 3 of Appendix 2 of
Volume 1 of the EIS.

2. Peat Stabilisation.

3. Environmental Impaci of Peat Stabilisation.

Eor ease of reference we have repeated the text of the Board's letter under
each the above headings followed by the applicant's response in Section 2.0
below.

Directors Torn A Phillips B4 [Hans) MAUP MA {Urb Des) MATPI MIP| {Managng): T.4.D. Philtips BCOMM. Drp It Arb,
Associates: Govin Lawlor 850C SC MAUP MiPI; John Gannon BSQISURY) MRUP MIPI
Tom Phillips and Associates Limited. Registered in Irefand No. 353333



1.2 General Commentary on the Board’s Request

The questions posed by the Board are of a detailed technical nature, and
relate in the main to the technical oppendices to Volume 1 of the EIS,
detalling the various design aspects of the proposed earthworks, the site
drainage, and the geology, hydrology and global stability of the site. Every
effort has been made by the applicant and its advisors to provide detailed
answers and explanations in response to the letter, however, without direct
communication and interaction between the technical experts it is difficult to
ensure that every aspect of these questions has been inferpreted correctly,
and the relevant explanation provided. We trust that this respeonse satisfies
the Board in respect of the detailed matters raised, howeaver, should the
Board require any further clarification, the applicant would be happy to
provide .

Before addressing the Board's request in detall, we wish to make a number of
general comments regarding the proposed earthworks design, the global site
stability considerations and more particularly the peat stabilisation.

A very experienced design team, consisting of leading engineering,
geotechnical and hydrological consultants both national and international,
including ARUP Consulting Engineers, AGEC LUmited, the Swedish
Geotechnical Institute and RSK ENSR, prepared the terminal earthworks
design. é\\,&'
\Q

The earthworks design has been g{qué?ed following extensive site
investigation (Sl) over the past 4 year 0%\@‘ described in Volume 1 Technical
Appendix 2 Section 2.3 of the EIS). ,&éppltccxn'r gave the earthworks design
team unrestricted scope to deter@*i Ythe nature and extent of this S| with a
view to providing sufficient ianﬂ‘?g\a?ion to inform a robust and conservative
design. G

43
The members of the desfglsﬁecm have specific and detadiled knowledge of
the geotechnical issues\ dnvolved in construction on peat solls. In particular
AGEC Limited have igvestigated the causes of both the Poliatomish and
Derrybrien Iondsllds%(? and have provided advice on recovery and
preventative measures. ARUP Investigated the causes of the Derrybrien
landslide on behalf of a group of residents. The lessons learned from both of
these events have been fully incorporated into the basis of the proposed
terminal earthworks design in order to ensure that the design is safe.

The applicant and its advisors are confident that the design proposed is
sufficiently robust (being both conservative and providing for a number of
contingencies), to ensure that the risk of a geotechnical failure which might
lead to a landslide is negligible.

An environmental assessment has been carried out on all aspects of the
construction methodology. Environmental hazards have been identified and
mitigation measures incorporated into the design where relevant. The
assessment has concluded that there are no likely significant Impacts on the
environment arising from the development of the Bellanaboy Bridge Terminal.

AN BORD PLEANALA
TIME BY
31 AUG 2004
TR-DATED
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2.0 Response to the ltems Raised by The Board

2.1 ltemn 1: The Risk Assessment in Appendix 3A of Seclion 3 of Appendix 2 of
Volume 1 of the EIS

The Board Requested the Following:

1. The Risk Assessment in Appendix 3A of Secfion 3 of Volume 1,
Technical Appendix 2 of the EIS appears to involve a very confident
assessment of all design aspects of the proposed development and
very opfiristic view of the risks associated with the project.

It appears that the values for P and | used in the Register may not be
enfirely consistent or based on objective evidence. For example, the
hazard of "unexpecfed ground conditions” Is given a P rating of 3,
while the hazard of the “failure of an excavated slope” due fo
“encountering previously unknown weaker zone within the rock or
mineral soils”. (i.e. also unexpected ground conditions) is given a
probability rating of 1. Another example is the hazard of flooding
caused by “extended pericds of wel weather” which is given a
probabliity rating of 1 ie. negligible. This appears very optimistic
considering the location and nature of the sife and the occurrence of
the extreme rainfall event that caused@og slidles at Pollatomish in
September 2003. & ,é%o

£5°
You are asked to detail the bga?s\&% which probability (P) values of the
hazards occuring have selected. It Is expected that these
values should be consis @\g&%nd, where possible should be based on
objective scienﬁﬁc/stp?é@al evidence.

ot

Although a nqué? of different causes have been given for the
different hcrzar@\ the likelihood of each cause occurring is not
evaluated seﬁgrately. You are asked fo submit such an evaluation.

The probability of several hazards occuring simultaneously or
sequentially does not appear to have been adequately addressed
(an example would be the hazard of flooding causing the hazard of
the failure of ponds). You are asked to address this issue.

As a result of the above assessments and evaluations it is considered
that revisions will be required fo the Risk Assessment (with more of the
hazards receiving an R rating above 5). This in turn may require revised
design measures and confingency plans being prepared either fo
reduce the probabllity of occurrence or to deal with the hazard
should it occur.’

AN BORD PLEANALA
TIME By,
31 AUG 2004
LYR-DATED FROM
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2.1.1 Response to ltem 1

A geotechnical risk register was provided to demonstrate that geotechnical
risk was addressed in the earthworks design. For clarity, Appendix 3A of
Section 3 of Volume 1, Technical Appendix 2 of the EIS should have been
entitled Geotechnical Risk Register, and not Risk Assessment. The register
identifies and lists the main credible geotechnical risks for both construction
and operational phases, as well as health and safety, environmental, cost and
programme risks. It provides a written record of the geotechnical risks and
how they have been/are to be minimised or controlled through design and
construction measures.

The risk assessment was completed as part of the earthworks design process.
The primary means of minimising and controling geotechnical risks is to
underiake a comprehensive and detailed site investigation which is scoped
to specifically address the geotechnical requirements of the proposed
development, The site investigation undertaken on the Bellanaboy site has
been extensive and provides a comprehensive dataset of information on the
ground conditions on the site,

The main geotechnical risk associated with the proposed development is that
posed by the presence of soft soil in the form of blanket bog across the gently
sloping site. In order to minimise this risk the main terminal platform area is to
be constructed within a site from which peat agél underlying soft soils have
been completely removed. Soll retaining meg@t_ures in the form of sheet piles
and gabions are then provided around ﬂg@ rimeter of the terminal platform.
Site development works outside the’, glatform comprise access roads,
seftlemnent ponds and dromogeo @Eminis’rroﬂon area and temporary
construction facllity, flare stack ang? Fother minor ancillary works. In these areas
the in-sifu peat Is to be strengt gﬁ by peaf stabilisation in order to provide a

stable working platform ano ess roufes, paricularly for the construction
stage. & A&\Q
R

The geotechnical risk rt-'{éls’rer shows the residual ‘post-control’ risks. Thus the
probability and imp values in the register represent the assessment after
toking into accouriall of the design and construction mitigation measures
specifically adopted to ensure that the risks are at an acceptable level for the
construction and permanent works. At the early stages of design the risks
would have been greater in many cases. The purpose of the design, and
specified consiruction controls, are to reduce these risks to an acceptable
level.

In order to illustrate the effect of the proposed controls, the geotechnical risk
register has been expanded to show the risk associated with carrying out the
work in the absence of appropriate design and construction measures. In
addition, the register includes evaluation of how the pre-coniral risks have
been mitigated by appropriate design and construction measures. The
expanded risk register Is enclosed as Appendix 1 of this reponse.

The risk assessment was undertaken and the risk register prepared by the
applicant’s earthworks design consultants Arup Consulting Engineers and
geotechnical advisors AGEC Limited. The design process involved numerous
client/design team meetings at which earthworks desig discussed and

luated in 1 , effi ; ’
evaluated in terms of safety, efficiency, programme, ¢ sfrwomﬁ?mw ALA

design process dlso enabled relevant issues such as th
3 1 AUG 2004

and Derrybrien to be discussed in detail and taken ful
XA TPA Projects - PR\PR02-036 Comity Field, Co Mayo\ Corrito 2\ ABP Fl Request\ﬂJMTEErEBCS\ Response
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should be noted that the Pollatomish and Derrybrien events occurred in the
early design phase of the terminal earthworks design. The lessons learned
from the two events informed the basis of the geotechnical design and
construction with respect to local and global stability.

The risk register was produced following ‘brainstorming’ sessions involving
senior engineers and geologists of the design team, and senior Shell project
staff. The development of the risk register was a qualitative process rather
than quantitative, In line with the guidelines provided by Clayton,(2001)!
(copy of publication included as Appendix 2 of this response). The process
included input from geotechnical specialists with intemational experience
from Arup Geotechnics (UK). Where avdilable, objective scientific data was
considered. Conservative design assumptions and parameters were also
applied (see Technical Appendix 2 of Volume 1 of the EIS).

These designs as presented in the EIS also include levels of redundancy such
as the combined use of sheet piles and peat stabilisation for stabllising access
roads and other paved areqs.

The expanded register provides clarification by means of:

* Information on whether the hazard being assessed Is a construction or
operationdl stage hazard;
= information on whether the risks apply & cost, programme, safety
and/or the environment; and N
* an explanation of the basis forys Sction of the probabilities and
impacts, fo demonstrate a gsistent approach to the overall
geotechnical risk evaluation &
NN
It is important to note howeveﬁua?::’r the key benefit of preparing the risk
register is the identification Sonsideration of potfential geotechnical risks
within the design. Once §h risks have been reduced to an acceptable
level by design, the octffgi%%umbers appearing in the table for the various
probabilities, impacts q[cE:l risks are considered Indicative, rather than being
scientifically or stcﬁsﬁgéhy proven, An accepiable level was considered to be
one which was as I6% as reasonably practicable, l.e. a risk that could not be
reduced further without additional resources which would be considered
extraordinary and disproportionate to the credible consequences of a
hazard.

In addition to the consideration of risks presented in the risk register and the
proposed earthworks design, the gpplicant will in accordance with best
engineering and construction practice implement pre-planned confingency
measures to deal with potential risk items that become evident during
construc’rlon/Tﬁe proposed contract for the earthworks part of the
construction is an IEl remeasurement confract which gives the Engineer on site
the powers to direct the earthworks contractor to undertake alternative or
additional works, if the Engineer deems this necessary in the interest of safety
and risk control. In this way the 'potential’ probability of a hazard occurring
can be significantly reduced to a ‘predicted’ probability by design. To use
the example quoted in the Board's letter, the probability of ‘unexpected
ground conditions’ remains at 3 even with a compreh '
However the probability of *failure of an excavated slofe’ GANBORBPLEANALA
ground conditions can be brought down to a value frivigy © consenﬁﬂve

ing, Londcﬁw.' AUG 20{]4
I—TR-.DAIED—FRQM

XATPA Projects - PRAPRO2-036 Corib Field, Co Maya\ Corrib 2\ ABP FIl Request SﬁMIﬂED DOCRoPONSe e
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design. The design incorporates confingency measures to be implemented
on site as required if ground conditions, such as softer than expected solls or
higher than expected groundwater, are encountered. Similarly the
probabiiity of flooding Is assigned a value of 1 because the surface water
drainage system for the terminal platform is based on accommodating very
low probability (1 in 700 years) storm evenis, including events such as that
recorded at Pollatomish that resulted in the landslides at Dooncarton. The
drainage design is presented in Technical Appendix 3 of Volume 1 of the EIS.

Paragraph 4 of the Board's letter requests that for the different hazards the
likelihood of the occurrence of each cause be evaluated separately. This
evaluation is an Integral part of the risk evaluation. The probabilities and
impacts quoted in the risk register relate to the risk of the hazard occurring.
These take into account the hazard arising from any of the causes listed, or a
combination of causes. The probability of each hazard, as presented in the
expanded risk register, therefore represents the evaluation of the probability
of any or all of the causes arising. This Is consistent with the risk evaluation
methodology recommended by Clayton (2001).

An assessment of the risk of several hazards occuring simultaneously or
sequentially was undertaken as an integral part of the risk evaluation

methodology.
The potential simultaneous or sequential risks fall igfo one of two categories as
follows: §®‘

)
In some cases there is no inter-relatio \%«f@een the hazards. An example s
the hazard of dust from soil s’rrengtgﬁ%ﬁg {no. 13) and the hazard of access
over soft ground (no. 1). Inall othg*r@bses each hazard may be a contributor
to the occurrence of other Q@?@fds but there is no cumulative effect or
increased hazard that hgs'r wdt already. although not explicitly, been
addressed in the risk reglg(’@? &Jme examples are discussed below:

e The risk ossessrqént for hozard number 5 (failure of access road) Is
valid, regord@?» of whether the failure Is due to unexpected ground
conditions {ttizard no.1), failure of dewatering (hazard no. 11), fallure
of soil strengthening (hazard no. 12) or flooding (hazard no. 15, and
has been assessed accordingly.

» The risk associated with the occurrence of a bog slide (hazard no. 20)
is the same regardiess of the factors or other hazards that occurred to
preciplitate the bog slide. The overall impact of a bog slide is difficult
to mitigate against, however the probabillity can be, and has been,
greatly minimised and controlled by undertaking comprehensive
analysis and assessment of global slope stability, and the
implementation of robust and conservative design, construction
control, monitoring and contingency plans

« The risk of unexpected ground conditions Foul&NIBORDPIOEANIBRIA
the other risks assessed in the register, but thirgiges not incregge the risk
above that assessed.

To take the example quoted by An Bord Pleandla 3 1 AUG 2004
LYR-DATE
o Failure of the settlement ponds has been as i_sse ﬁ ?Enm-of-struc'#u:al_._.
faillure of the sheet plled support system, an &

design of fhe ponds to adequately remove suspended solids from suriace
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water runoff before discharge off site (Technical Appendix 2 and
Technical Appendix 3 of Volume 1 of the EIS).

¢ The hazard of flooding Is assessed in terms of the construction phase when
temporary surface water drainage systems are in place (Technical
Appendix 3 of the Volume 1 of the EIS).

+ The impact of flooding in either construction or operational phases will not
increase the risk of structural failure of the sheet piled settliement ponds
which have been designed to accommodate all credible differential
heads of water across the sheet piles (Technical Appendix 2 of Volume 1
of the EIS).

= Similarly, the impact of fiooding on the ability of the settlement ponds to
work effectively is considered within the design of the surface water
drainage system, including the ponds, and addressed accordingly
(Technical Appendix 3 of Volume 1 of the EIS).

The risk register therefore covers the risk of several hazards occuring
sequentially or simultaneously.

To summarise the response to lfem 1 of the Board's letter:

o The risk register is a qudlitative presentation of the main geotechnical risks,
after the implementation of control measures.

» These control meadsures include an earthworks design based on
conservative assumptions and design paraggféters, with design controls
and construction controls in place to ad@%ss all antficipated scenarios,
and with contingency measures in plag Rould unlikely condlitions arise.

+ The earihworks design is based a;%io from a very comprehensive
geofechnical site investigation. . «

» The risk register is provided to&{gﬁ'\onsfmte that the main risks identified
have been evaluated c:nd ed to acceptable levels.

Referring to the risk registe Y @ll key areas of geotechnical risk have been
assessed and reduced t cep’roble levels by design and/or consfruction
measures, including:

¢ Failure of Exccvcﬂed Cut Slope (item 3): Lower bound strength parameters
are used In the design as well as conservative groundwater levels. The
design achieves a Factor of Safety of 1.5 and is caried out to the
recognised sfandard BS6031. Traditional methods of construction are
employed and there is provision for drainage to be introduced where
required.

¢ Failure of Access Road (item 5):. The Derrybrien methodology of 'floating'
roads on peat has been avoided. Roads will be constructed on stabilised
peat thereby avoiding the inherent risks of a) overloading weak peat with
the road construction and any fraffic, and b) excavating peat and
possibly undermining a weak slope.

o Soil Strengthening Failure (tem 122  The design for all zones of
strengthened/stabilised soil assumes @ strength value which gives an
adequate factor of safety in accordance with relevant codes and
standards. This design value is less by a factor of 1.6 than the minimum
strength which is specified to be achieved by the contractor undertaking
the work., This specifled strength will be subject 1o in situ confirmatory

testing. Current testing demonstrates that Thim-m_-‘
and the minimum specified sirength can be adhievaN BORDBLEARALA

with peat. TIME BY
3 1 AUG 2004
X:\TPA Projects - PRYPRD2-036 Corrb Fleld, Co Mayo\ Corrib 2\ ABP Fl RequetMRLBATE DOCS\RW
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e Flooding (item 15): The permanent drainage system has been designed
for a 1in 700 year event and the consiruction phase drainage system for a
1 in 100 year event. These criteria are significantly more onerous than
those typically used In civil projects. In addition the site is located at the
crest of the catchment with no surrounding higher ground.

+ Bog Side (Item 20): The slope on the Bellanaboy Bridge terminal site Is
benign (2 degrees) compared with the failed slopes of Pollatomish (30-60
degrees); the peat at the terminal site is underlain by il not directly by
relatively impermeable bedrock as was the case at Pollatomish.  Also,
historically bog slides have often been caused by man - by loading crest
of slope or excavating at toe; and for the terminal site these aspects have
been addressed through design.

Having regard to the above and the aftached expanded risk register ARUP
Consulting Engineers and AGEC Limited are confident that all aspects of the
proposed earthworks design and the geotechnical risks associated with the
project have been dealt with appropriately.

2.2 Item 2: Peat Stabilisation
The Board Requested the Following:

"2, It is noted that the use of dry cement togfrengthen peat is a new
technology in Ireland. It is further noregii\‘?hat the tests carried out by
Farrell and Hebib, referred to uqéfhg* ElS, were on two peats from
raised bogs rather than on b@’v bog as at Bellanaboy, and that
the tests gave marked diffe ehces between the strengths of the
stabilised mixture formeM the two peats. This may indicate that
the risk of not achnevgﬁ\@i&ff icient strength using cement stabilisation
is greater than usi s\b%er piles, which Is proven technology. It is also
noted that the uws® of sheet piles may have less potential for
environmental act than the use of cement stabilisation.

No results o? strength tests on stabilised peat appear to have been
included in the documents provided fo justify the values used in the
stability analyses. You are asked to indicate what, if any. field tests
have been carried out which would verify strengths obfained from
laboratory tests and. If so. to submit results obtained from such field
fesfs.

Please state if any of the contingency measures in the event of the
required soil strengthening nof being achieved would result in further
excavation and removal of peat from the site. If so, please quantify
the amount.’

2.2.1 Introduction to Response to ltem 2

As detailed in Volume 1, Technical Appendix 2 of the EIS,
being used within the earthworks construction phase prinfarilyd&l B&EB PLEANALA
during construction. All the peat within the terminal footgrinkgrea will be gy,

removed and peat stabllisation is to be used to:

31 AUG 2004

LTR-DATED _____ERQ
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« Provide vehicle/plant access for construction (temporary works).
e Provide permanent support to the main access road and the main
carrier drain.

As there are a number of facets to this question, it is proposed to respond
under a number of principal headings as follows:

» Rationale for the use of peat stabilisation,

+ Sheet Piles vs Peat Stabllisation.

+ Peaqt Stabilisation Design Process.

+ Peat Stabllisailon History of Technology.

» Comparison of Farrell and Hebib Tesis vs Bellanaboy Tests.

« Interpretation of Results of Laboratory Analyses of peat stabillisafion.
+ Confingency Measures.

« Environmental aspects of sheet plling and peat siabilisation.

¢ Factual Information from Site Investigation and Laboratory Analyses

(Swedish Geotechnical Institute Report, enclosed as Appendix 3 of this
&
&
&
NN
2.2.2 Rationale for the use of Peal Stqbilisoiig\o &
&S

L

Peat stabilisation through strengt! SRR of the existing peat by the mixing in of
binders in situ (In peat), was n by the earthworks design team to deal
with the Issues which cris\é&{ao gaining access to and undertaking both
paermanent and ’remporqﬁ‘;@obrks to the terminal site and ancillary features
such as the setflement Qcﬁmds. The main issue is to improve the strength of
peat and other weak so that access roads can be consiructed and used
safely and without %@éﬁfg failures such as occurred at Derrybrien.

reponse).

The reasons for choosing peat stabllisafion are:

» Itis a proven method of constructing tfemporary and permanent works
over soft soils;

« the works can be underfaken progressively from previously stabilised
ground;

+ the factor of safety against failures during construction is often superior
to alternative methods;

» the volumes of materials o be exported and imported from and to the
site can be significantly reduced when compared with alternatives,
such as excavate and replace methods; and

e the method is economic,

Peat stabilisation will establish defined and predictable engineering properties

in the peat, which will remnain in situ, under permane Mporary access
roads and hardstands. The properties of the stabillise pegmvg

in-situ festing. This allows construction to proceed saf ty,ﬁ d avdl n'nﬁﬁﬂALA
more peat from site which would generate additionpl Co i &#c on

31 AUG 2004

public roads.
LTR-DATED Q.
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Other methods of temporary and permanent access over peat were
explored and it was concluded by the earthworks design team that although
these methods were feasible. there would be significant time and working
methodology constraints. A number of these other methods have been
retained as contingencies in the unlikely event that peat stabilisation is not
entirely effective (see below).

2.2.3 Sheet Piles vs Peat Stabilisation

The principal function of the proposed peat stabilisation is to allow access to
the areas where sheet piling is required. It has not been proposed that peat
stabilisation can be used Instead of sheet piles. Safe access cannot be
guaranteed to locations for sheet piling in weak peat without stabllising or
otherwise creating an access road. Peat stabilisation is proven technology for
both temporary and permanent works, and is used on projects in England,
Scandinavia, Japan, America, Canada and the Netherlands,

224 Peat Stabilisation Design Process

Over the past 20 years a design process for peat stabilisation has been
developed. This Is shown graphically befow in Figure 1.

Updated design and Cost analysis
Cost analysis X

Field Trials Preliminary design

Laboratory investigations

cost analysis Field investigations

Execution

Control
Figure 1: The Design Process for Peat Stabilisation2

With respect to the terminal site the following stages have been substantially
completed: field investigations, laboratory investigations, preliminary design,
cost analysis and laboratory test mixing, all of which confirm the feasibility of
the proposal for peat stabilisation on the project. Updated design and cost
analysis are presently in progress being undertaken by peat stabilisation
specialists. Field trials have not yet been underiaken because it is considered
that planning permission is required in advance of such work. Field trials are
nof required to establish the feasibility of the proposed works, but are used as

* Diagram taken from Hansson et al. 2001, Mixing of soft soil and ¢

Tunnel entrance, Stabllisatie van de diepere ondergrond, workshog,
Rotterdam, Holland.

3 1 AUG 2004
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a fool to refine and select the most appropriate technically and commercially
acceptable binder mix(es) and to prove construction methodologies on a site
specific basis.

2.2.5 Peal Stabilisation History of Technology

Peat stabillisation is often referred to as "Deep Dry Mixing”, the term deep dry
mixing refers to dis-aggregation of the soil in-situ and its mixing with binders in
dry form before a surcharge is applied. The soll once stabilised with binders
containing cement will cure in a similar manner to concrete (i.e. it becomes in
layman’s terms “solid“). For additional information, please see the response to
item 11 of the request for further information Reg.Ref:P03/3343,

The method was Introduced simultaneously in the Scandinavian countries and
Japan during the 1970°s. It was developed by the Swedish Geotechnical
Institute (SGI) in Sweden and the Port and Harbour Research Institute in Japan
and is used in different applications, such as:

¢ Reducing seftlement.

¢ Increasing stabillity,

* Increasing bearing capacity.

» Liguefaction mitigation. &
S
» Containment of contaminated groundo,g\@‘
« Improving manageability of excgﬁj@d soil.
%)

g

S

A number of examples of case stt@f@"\of work undertaken on actual projects
are given in the response to l\té\@ 11 of the request for further information

. N
Reg.Ref.P03/3343. \\({g &,\\o
Q N
2.2.6 Comparison of Habib anéggﬁ\rell-‘f Tests vs Bellanaboy Tests

A

QO
Hebib and Farrell (20@ of Trinity Coliege Dublin (TCD) carried out one of the
first frials of peat staBilisation in Ireland. The work carried out by TCD was part
of a Europe -wide investigation Into stabilisation of soft organic soils and many
of the test procedures applied in the Bellonaboy investigations were
developed and standardised during the course of these studies. Hebib and
Farrell (2003) stabllised peat from two different raised bogs in the Midlands.
The properties of the peafs from the TCD study are compared in Table 1 to
peat from two locations, PS35 and PS21 on the blanket bog covering the

terminal site.

Table 1

Properties Raheenmore | Ballydermot PS35 PS21

Natural water 1200 850 1019 1090

content (%)

Crganic content (%) | 98-99 94-98 96-97 *

Von Post H2 H6-H9 7-H8 H6-H7

classification (Hn) A —_[

pH 53 49 - PLEANALA—
Nofe: * = results outstanding Y
: 31 AUG 2004
" Heblb and Farrell (2003). ‘Some experiences on the stabilisafion of Irish peats’, Can. Geotech.
J. Vol. 40, pp 107-120 LTR-DATED FROM

FL
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The organic content of the peats from the TCD study were broadly similar but
the peats were in different stoges of decomposition and, consequently, had
different concentrations of humic acid. The concentration of humic acid has
a significant effect on the strength achleved in soils stabilised with certain
hydraulic binding agents. Hebib and Farrell showed that there was a
significant difference In the strengths achieved in the Raheenmore peat
stabilised with blast furnace slag ond gypsum and the more humified
Ballydermot peat. However, as shown in Figure 2, the differences in strength
for peats stabilised using a binder consisting of 100% cement were less
significant. The proposed peat stabilisation works for the terminal site will be
restricted to cement or possibly a cement/sand mix.

The design of the peat stabilisation for the Bellanaboy site first Involved corng
and sampling the peat using specialist equipment at 34 locations across the
site. The peat was classified using the Von Post classification system by both
AGEC site geologists and the Swedish Geotechnical Institute (SGI). Samples of
the underlying ‘mineral’ solls have also been taken and tested. The thickness
of peat generally varies from 1.5 to 4m, with the deeper peat in the lower half
of the site. The upper half of the peat profile tends to have a Von Post
classification of H4-H6 with the fibrous nature of the peat still evident. Lower
down and closer to the interface between the peat and the mineral soil the
peat becomes increasingly decomposed and amorphous with little tensile
strength. Samples of the fibrous and amorphousfpeats from various parts of
the site were sent to SGI for detalled analysis. @ere, the different peat types
were mixed separately using different blr&Qe?rgsxﬁ\ varying concentrations.
O

Some eighty unconfined compres%@ﬁ@ésts have been completed. These
were tested variously at 7, 14, 28 ghghV0 days after stabllisation - all samples
were not tested at all four interygis The samples were mixed in a dough mixer
and placed inio plastic ’rube&"ci dllowed to cure under water, A surcharge
of 18kPa was placed on ngél\& the stabilised peat 45 minutes after mixing to
replicate the placing of“(@@lm thick blanket of fill. There is a reasonable
comparison between thé strengths achieved for the cement-stabilised peats
in the TCD study c’:"%gﬂﬁose observed In the examination of stabilised peat
samples from Bella oy (see Figure 2 and Figure 3).

Hebib and Farell (2003) examined the cement-peat mixiure under an
electron microscope and showed that the cement particles filled the large
vold spaces in the peat and no interaction was observed between the
hydrated cementation products and the organic matter. Based on the results
observed fo date from the SGI results and Hebib and Farrell (2003) the strength
of well-mixed specimens 28 days and 90 days after curing appears to be
proportional to the cement conceniration.

AN BORD PLEAN
TIME_ BY ALA

31 AUG 2004
LTR-DATED FROM

PL T ——
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Figure 2. Comparison of undrained shear strengths observed from
unconfined compression tests stween TCD study and
Bellanaboy Bridge terminal projegifor 28 days curing.
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Figure 3. Comparison of undrqined shear sfrengths obsenad MM

unconfined compression tesis between TCD study for 90

days curing.

The results from the tests demonstrate that the design strength of 40kPa can
be achieved with a minimum cement content of 150kg/ma.
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2.2.7 Interprefation of Results of Laboratory Analyses of peat stabilisation

The sirength requirements of the stabllised peat have been determined based
on the design requirements, taking into account the actual field strengths
likely to be achieved by the stabilisation process. A reduction factor has been
applied fo the laboratory results to determine the minimum field strength
requirements 28 days after stabilisation. A minimum undrained shear strength
of 40kPa has been specified for most of the temporary works. The stabilised
soll under the main access road will form the foundation for the permanent
road pavement and a higher undrained shear sirength of 50kPa has been
specified. The undrained shear strengths used for the design were 25 to
35kPa, providing an additional factor of safety against potential poor
performance of the stabllised soll,

Frequent probing. coring and laboratory testing will check the effectiveness of
the peat stabilisation at various time intervals after stabilisation. A large pad
test using steel and/or concrete kenttedge blocks will be carried out in one of
the field trial areas to determine the ultimate strength of the stabilised peat.

2.2.8 Contingency Measures

As the site and peat to be stabilised and improved have been subject to a
detailed site investigation and laboratory analyses there s good
understanding of the solls on the site. This work hqg,confirmed the feasibility of
peat stabilisation and strength gain in the sqﬁ" 50lls on the site. If is the
professional opinion of ARUP Consulting Enginé%rs. AGEC Limited and SGI that
peat stabilisation will achieve the requg&j esign strength. Notwithstanding
this, the methodology proposed wil for a number of contingencies
should unexpected conditions arisgQ &
AN

The execution of field trials wil 6@?&&% the binder design and mixing techniques.
All works will be underfc:ke(f%poo closely monitored and quadlity controlled
manner. All peat stabilis@tion works will be subjected to a large range of
regular and close centr%\dzosfreng'rh tests to ensure that target strengths are
being met. When/whgge any zones of underperformance are identified they
will be quorc:ntineg/ d subject to rework. All equipment, work methods,
binder designs and’ soils to be freated will be rechecked prior to further
progressing works In untreated areas. The employment of these types of
rigorous work methodologies will mean that the possibility of
underperformance of soil strengthening techniques would be confined to
small sections of the works and as such they will be then subjected to rework
or the deployment of a suitable contingency measure (see below).

In the unlikely event of the required soil strengthening not being achieved

there are a number of contingency measures availabl t as

noted in response fo ltem 11 of the further InforNIBORPI
Reg.Ref:P03/3343 and the EIS. In the case of enaplipggworks, i.e. ;EEANALA
strengthening of access to areas prior to installing shedt piles; (=
contingency measures are available and will be considefed:

pe= s

31 AUG 2004
¢ Re-stabllisation of the underperforming area. LTR-DATED FROM
* The use of bog mat roads (where temporary acdgest is required). ——

» The application of geo-textile materials to spread loads over
areq.

* Excavation and replacement of soft soils using acceptable materials
sourced either on site or off site.
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It Is not considered likely that there will be a need to excavate and remove
peat from site in order to gain temporary access as outlined above.

In the case of the stabilisation of the permanent site access road, the
foliowing contingency measures are available and will be considered:

* Re-stabilisation of the underperforming area.

e Plled embankments

+ Plled rafts and bridges.

* Concrete columns,

* Floating roads.

e Embankments and roads consiructed using preloading techniques.

» Preloading with vertical drains.

+ Lightweight matericals.

e Excavation and replacement of soft soils using acceptable materials

sourced either on site or off site.

Only in the event that no other alternative is wéikable for the permanent
access road, would there be need for any ex@tvoﬂon and removal of peat
off site. It is considered that this would b\g%@@essory in a localised area only ,
and that the quantities would not ally increase the peat volumes

already stipulated in the EIS. e

SN
The unlikely event of not c:chieglﬁ@?he required strength improvement of the
soll in main works areas, Ish generally be as a result of poor mixing,

insufficient binder Injectiq;;’u\fl{‘é%orrect binder type being used or localised
variations in ground co (@)ons not encountered during site investigation.
These issues will be mesolved by pre-works site iridls to peifect the
methodology., supervi\sjﬁn of work and post construction quality control.

QO

2.2.9 Environmental aspects of sheet piling and peat stabilisation

In respect of the comment made by the Board regarding the comparative
impacts between sheet piling and cement stabilisation we respond as follows:

The potential and predicted environmental impacts arising from the use of
sheet plles to stabilise the peat i.e. prevent it from moving horizontally, and
the use of cement stabllisation to strengthen the peat ie. increase the
allowable bearing capacity of the peat to allow plant to work safely on it, are
very different,

In the case of sheet piles the most significant impact arises from the
generation of noise and vibration during installation with no measurable
Impact in respect of changes to soll or water chemistry as a result of leaching
of iron form the steel piles. This technique is used daily worldwide and there
are no proven negative impacts as a resuli of gaggrobic or qerobic

to Fl master 2 no fracks.doc Page 15
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on the site itself, it is temporary and of short term in duration occuring only
during the early part of the construction phase.

With cement stabilisation the audible and vibration impacts are much lower
than for sheet piling and no different from the use of normal earth works
rmachinery on a site. The potential for the cement and sand binder to be
leached by the presence of groundwater is the main difference. Volume 1 of
the Environmental Impact Statement for the proposed Bellanaboy Bridge Gas
Terminal sections 6,7.8, and 11 as well as the Response o Request for Further
Information by Mayo County Councll dated 17/02/04 presents the impact
assessment of the cement stabllisation process and concludes on the basis of
experience in Scandinavia, Germany and the UK that the predicted impact
l.e. residual impact arising from the leaching of the cement and sand binder
is negligible. This aspect is discussed further below in the response to Item 3 of
the Board's letter.

2.2.10 Factual Information from Site Investigalion and Laboratory Analyses (Swedish
Geotechnical Institute Report)

The results of the testing caried out fo date at SGI are included in Appendix
3a and 3b. As shown in Figure 2 and Figure 3 above the results from the
laboratory study confirm the feasibility of stabilising the peat on the terminal
site and are broadly in line with ihe results from the TCD study and elsewhere.
&

SGI has also provided a response (enclosed o%&ppendix 4 of this response) to
some of the questions raised by the Bo is confirms the feasibility of the
peat stabllisation at the Terminal G&I@%@\fﬁam both a geotechnical and
environmental perspective.

RS
: Q&
2.3 Environmental Impact of Pecn%){\$ sation
The Board Requested the goﬂg&mg
oQ
‘3. It is noted tha c’ﬂ%’e possible environmental impact of cement
stabifisation how it reiates to the EC Water Framework

Directive reglirements are not considered by Farrell and Hebib
and are not elaborated in the EuroSoilStab Design Guide for Soft
Soil Stabllisation. You are asked to state if the chemical properties
of the cement, and the potential shorf, medium and long-term
runoff and/or leaching from stabilised soil have been examined,
and to submit detaifs of any such examination.’

2.3.1 Introduction to Response to ltem 3

The extent of the further information the Board is seeking in respect of this
question is unclear as the issues are considered to have been
comprehensively addressed in Volume 1 of the Environmental Impact
Statement for the proposed Bellanaboy Bridge Gas Ter and in the
Response to ltem 11 of the Request for Further Informatfon
Council. We have provided in this document a respon essing w

believe are the Board's requirements as requested undef this ifermr———__BY

31 AUG 2004
' SRATR_piannifgoy

Blsudgce waters and

2.3.2 Response to ltem 3

The Water Framework Directive (WFD) is a high le
directive, one of the purposes of which is to protect inl
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groundwater bodies. One of the objectives of the WFD is to establish a
framework that will prevent further deterioration and protect and enhance
the status of aquatic ecosystems; ensure the progressive reduction of
pollution of groundwater and prevent its further pollution. It will be the
responsibillty of EU Member States and their nominated Competent
Authorities to implement the Directive. It places no responsibiliies on an
individual developer. Certain provisions of the WFD have been given effect in
Ireland in  various statutory Instruments, in particular the European
Communities (Water Policy) Regulations, 2003 (5.1, No 722 of 2003) (‘the
Regulations’).

The objectives of the WFD have been addressed by the applicant in all
aspects of the design including with regard to peat stabilisation, although not
as part of the River Basin District Management Systems process required under
the WFD, since these are not yet fully in place and such assessment will be the
responsibility of the local authorities and the competent authority in each
member state, In this case the EPA,

The main areas of concern (relevant to the WFD) that have been looked at
by researchers and assessed as part of this development are the availability
of alkaline compounds and heavy metals as leachable components in water
that comes info contact with the cement during emplacement as it cures
and finally when It has solidified.
&

An environmental risk assessrnent has been ¢ od out in a similar nanner to
that In which the EPA ond local out ortfes will be characterig
classifying River Basin Districts pursu n‘?dt the Regulations, to a ess
potential for the cement and any s‘Ennder used to firstly be a
potential poliution, then secondlys Sther or not there is a paihw y@
receptors. it is accepted that it @écepfors would be the local gro
and surface water bodies Inﬁg@vicinlt\/ of the terminal site which
the Bellanaboy River, whig@\ﬁ@urn flows into Carrowmaore Lake.

t
e
1

FROM

The chemical properhe@éof Irish cement and sand have been exa
the Swedish Geotec al Institute (SGI), results aftached (Appendi
potential for leachafé products that will arise from a combination of

3 1 AUG 2004

LTR-DATED

PL

stabilisation process has been reported already In the Response to i
the Request for Further Information by Mayo County Council dated
(Section 3). Further tests by SGI as part of the requirements of the EuroSoilStab
guidance are in progress.

The European Cement Association, The German Cement Works Associafion
Verein Deutscher Zementwerke (VDF) and the Institute for Construction
Research (IBAC) in Germany have carried out extensive research into the
environmental acceptabllity of cement products in the construction industry
[www.vdz-online.de} all of which are referenced in the response to Item 11 of
the further information request. The conclusions reached by the various
research works as well as the applicant’s advisers” work show that the cement
is generally solid after 24 hours by which fime the availability of leachable
components is negligible.

During the reactive phase of cement (if @ cement-sand mixture is used the
sand will be inert in this context) and water, environmentally relevant
substances contained in the cement constifuents can theorstically be
released into the environment if they are present in mobile form. Substances
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that might find thelr way into the surface water/groundwater include soluble
alkalis and frace element compounds. However, frace elements In cement
suspensions are predominantly insoluble and therefore unavailable for
release. Hexavalent chromium is the only frace element that can
theoretically be released from fresh cement at concentrations that might be
environmentally relevani. However, if low concentrations of chromium are
present in the cement then only a very small amount of hexavalent chromium
can be released. In addition to trace elements being released, alkalinity is
released as part of the cement hardening process resulting in an increase in
pH. Increased pH values and chromate contents occur only in the
immediate contact zone of the cement (less than 60mm) and only for a very
limited period of time (less than 24 hours). As hydration progresses, the
dissolved chromate reacts so that in hardened concrete virfually all the
chromium is in an insoluble state. Furthermore, water will be drawn into the
mixing process, as the cement will atiract the peat '‘pore’ water during the
hydration process. Increased concentrations in very thin boundary layers and
for short periods are not environmentally relevant and do not cause any
lasting or significant adverse impact on groundwater (Brameshuber et al4).

The peat stabilisation process is very similar in design terms to that used for
concrete foundations and other concrete sttuctures placed in the ground
below the water table. The earthworks design team will use the Bullding
Research Establishment guidance BRE SD1 for concrete design in the ground.
This leads to classification of the concrete as ACEL class AC-2z for a natural
site with moblle groundwater and pH < 5.5. TQJ;@‘requlres no special measuras
for protection of the concrete against th Ccorrosive effect of the acidic
environment (design class DC-1) wheredow structural performance is required
and concrete sections are >456%# thick and surfoce damage s
acceptable. This demonsirates ﬂqﬁ he cement or cement-sand mix once
cured will not suffer significant Qgejgﬁorotlon in the ground.

A more detailed presen'rgi‘l*u‘\géy‘\ of the leaching process and its potential fo
impact the environment (@bsented in Appendix § of fhis
s
QO
In answer fto the &rd's question on the relaii
stabilisation processfo the WFD we respond as followg:

2.3.2.1 Impflication on the Water Framework Directive

The introduction of cement in to the environment h
of its effects upon groundwater and surface wate
this in terms of the wider implications of the site setting, and
Framework Directive (WFD) are presented below. The proposed mitigation
has been presented in Volume 1 of the Environmental Impact Statement for
the proposed Bellanaboy Bridge Gas Terminal and in the response to ltem 11
of the Request for Further Informatfion by Mayo County Council dated
17/02/04.

The terminal fooiprint represents approximately 1.5% of the area of the
Bellanaboy River catchment and within the site the area to be treated with
cement stabllisation Is much less than that. At any one time there will only be
approximately 400 m? per 24-hour period of cement-stabllised ground that is
curing./ Furthermore in terms of catchment protection the site drainage is

4 Brameshubgh W, Hohberg |, Uebachs S, no date. Environmental Compatibllity of Fresh
Concrete if Contact with Soll and Ground Water
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designed to capture all runoff that has the potential to become
contominated during construction and operation and this is discussed in
detail in Sections 2, 3 and 2 of Volume 1 of the EIS.

It should be noted that the cement stabllisation method is used widely,
particularly in the US, as a method of encapsulating contaminated soil in the
ground.

2.3.2.2 Effects on Groundwater

Groundwater af the site is present in both the overlying peat, the mineral soil
and the bedrock. Locally the ground water in the peat may be lower than
the peat surface but is generally close to or at the peat surface. Therefore the
cement may be emplaced into the peat both below the water table as well
as above.

The geological and hydrogeological setting of the site show that the
emplacement of the cement will be into relatively low permeability materials
(1 to 6x10° m/s) predominantly composed of peat with some emplacement
into mineral soils beneath, which have a slighily higher permeabillity of 1x10¢
m/s.

As stated in Section 8 and Technical Appendix 1 of Volume 1 of the EIS,
groundwater gradients are very low and (i combinafion with low
permeability, this results in very low flow rcxtes,\@i‘ groundwater. Therefore the
effects of the introduction of high pH \q\gt §'into groundwater will be very
localised~ The low flow rates will mea &n\g reactions will have a long fime to
occur and therefore the neutralis H%[&of high pH will be fully completed
before the relatively small quontih@%%collsed high alkdlinity groundwater will
impact any local wofercourgé\@\ Research has further confimed that
increased pH values and ¢ gate contents occur only in the immediate
contact zone of the cems ess than 60mm) and only for a very limited
period of fime (less thcnn<< hours). SGI have previous experience of such
issues which indicate th\cﬁ* no harmful effects are expected from deep mixing
stabilisation. Specific gkperience from Holma Bog in Sweden confirms that at

about 1m from the sfabilised soil it was not possible to detect any leaching.

With reference to the WFD, the effects of high pH porewaters are therefore
expected to remain localised at the source ond the potential for them io
migrate away from the source is expected to be extremely low due to a
combination of very low groundwater flow rates
year in the deeper psat and 3m per year in the shdlowgnpaBRDPTEARALA
soll) and the capacity for the surrounding material unteract ﬂé% high
pH. Therefore the introduction of cement into the b Fesrreeryiron et

will not have any effect on the local drainage basin Water quo_y,'hi. AUB 2004

2.3.2.3 Effects on Surface Water from Run-off LTR-DATED FROM
The potential effects of any surface water rurf-B
stabilisafion process are seen as being the mor
affecting water quaity and therefore the water quality of the local
catchment area. The effects of surface water run-off and transport of highly
alkaline waters is a potential short-term problem. Once the cement has
become set, then the chemical reactions resulting in ithe production of lime
will have ceased and the effect of the sefting of the cement wil be to
hydraulically isolate the cement.
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However, before the cement has sef, any run-off generated will potentially be
able to flow away relatively ecslly, depending on the topography and the
presence of controls to manage this run-off. This would have a short ferm and
relatively locdlised effect on surface water and could constitute a temporary
degradation In water quality. If a sensitive receptor is located nearby then
without the mitigation proposed (perimeter drainage system and silt ponds)
there would be the potential for short term impact and in the case of surface
water localised changes in water chemistry, notably a relatively high increase
in pH. Although the potential effecis will be localised and short lived,
mitigation measures have been incorporated into the design os discussed in
Volume 1 of the Environmental Impact Statement for the proposed
Bellanaboy Bridge Gas Terminal and the Response fo Request for Further
Information by Mayo County Council dated 17/02/04, to ensure potential run
off is minimised, intercepted and treated. Hence, as diready stated in these
two documents, the peat stabilisation works will have no residual effect on
the quality of groundwater or surface waters or their assoclated ecosystems
oufside the Terminal site boundary.

3.0 Conclusion

We consider that this response has addressed the concemns raised by the
Board in thelr letter. The earthworks design for the proposed development is
both robust and conservative. This design has bgen developed by some of
the leading national and international er@neering. geotechnical and
hydrological on the basls of extensive. qnd exceptionally detdiled site
investigation. In this regard, we are congident that the Board will recognise
this fact in considering the merits of ,&épplicoﬁon and in particular the issues
relating to the earthworks design., Q\i@

g
N
S
<<o\ A‘&\Q
R
Yours faithfully &
&
&
Tom Phillips

Managing Director
Tom Phillips + Associates

AN BORD PLEANALA
TIME 8y

31 AUG 2004
LTR-DATED FROM

PL —_—
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Shell E & P Ireland Lid, Bellanaboy Bridge Terminal

Geotechnical Risk Register (expanded)

Changes to Appendix 3A have been marked in blue

APPENDIX 3A GEOTECHNICAL RISK REGISTER

Geotechnical Risk Register

A Geotechnical Risk Register has been compiled to show the degree of risk attached to various
elements of the design. The purpose of the register is to provide an outline description of the hazard,
identify the potential likely cause, describe the consequence or impact of the hazard and identify the
design and construction controls to be implemented in order to reduce the probability to a tolerable
level. The overall application of the risk register will allow the management of geotechnical risk.

Whilst probability of a hazard occurring can be reduced to a minimum by geotechnical design, the
probability cannot be reduced below Negligible. The likelihood of a hazard occurring has been judged
on a qualitative scale. The scale has been derived from Clayton (2001) see Table 3A.1 below.

Table 3A. 1 Qualitative Probability Scales

Scale Probability (P) Chance, per section ¢f Works
1 Negligible <10 %
2 Unlikely 1030 %
3 Likely B 50 %
4 Probable 50 -70 %
- Q S
5 Very Likely - \\Z s >T0%
A

& . .
The severity of the risk (R) is also asgésged qualitatively and depends on the risk tolerance.
The risk results from the combinatiopcdf the hazard and the impact/consequence. A similar
qualitative scale has been derived@feor the impact of the hazard (Table 3A.2).
&

O
Table 3A.2 Qualitative Impact Scales

Scale Impact (T) AN BORD PLEANALA
5 Very High TIME BY
4 High
3 Medium 31 AUG 2004
2 Low
| Very Low :IR'DATEQ—-—-— FROM

The impact of a hazard manifesting itself can be either financial, health & safety or
environmental or combinations of all three.

The degree of risk is determined by combining the probability and impact assessments,
R =P x I It has been judged against a third qualitative scale, the Risk Rating, which
includes a descriptive response. The Risk Rating scale is given in Table 3.
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Table 3A.3 Qualitative Risk Scales

Risk (R) Risk Rating Response
ltod Trivial Monitor
5t08 Tolerable Regular Attention

9to 12 Substantial Early Attention
13 to 25 Intolerable Unacceptable

The probability of a hazard manifesting itself can be reduced by adequate geotechnical design
and sound construction techniques but the impact cannot be influenced*.

*This statement refers to the fact that an impact cannot be removed. However, the
assessment of the impact of a hazard can result in the impact becoming more localized, or of
less magnitude, if detailed knowledge of the site (e.g. through site investigation) can reduce
the uncertainty associated with a particular hazard and enable a more accurate assessment to
be made.
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Shell E & P treland Lad. Bellanaboy Bridge Tenminal
Geotechnical Risk Register (expanded)
No. | Hazard Cause Potential Impact | Before Control | Design Controls Construction After Control Justification of Probabilities Contingency Measures
] e Eabadl 5 P |T|R el Controls PIIR : Chosen :
l Access over soft Ground too soft; the Not possible to carry Specify the use of low Supervision staff on site Bord na Mdna's experience in the area has shown that the solt ground can Provision of bogmats; low
ground upper strong vegetated | out works; plant sinks ground pressure plant; use | fully briefed on ground be accessed and harvested by adopting well proven techniques. There is a ground pressure vehicles to be
layer has been broken; | into the soft ground: of bog mats; working conditions on site. high probability of sofl ground being & hazard it proven techniques are not | available on site at all times;
Hazard considered plant 100 heavy; project delayed. platforms of stone laid on | Thorough induction of all used. By designing for soft ground — carrying out extensive site schedule flexibility, where
during the existence of bogholes. 513 15 | geotextiles; strengthening | personnel in the strength 1 | 3| 3 | investigation (S1) using suitable plant, strengthening the ground, retaining possible, to work around soft
construction phase. the ground work outwards ) of the ground and issues all cut peat faces with gabions or sheet piles - the risks imposed by the soft | arcas.
Risk considered 1o from ground already associated with this ground can be reduced to tolerable and manageable levels, Knowledge
be to the health and strengthened; Avoidance ground. Employment of gained from the SI, from current construction practices and from
safety of the or removal of ‘extremely personnel familiar with construction failures such as Derrybrien is used to properly manage the
construction soft’ material (such as the ground conditions hazards of working in soft ground conditions,
workers, (o bogholes) prior to starting | existing on site, and The site investigations carried out successfully on the Terminal Site have
programme and cost. construction. Installation working in soft ground. shown that sale access over soft ground can be achieved and the hazard of
of drainage to drain soft Site walkovers at start of soft ground reduced to a low probability. With the deployment of suitable
upper ground to improve each day to inspect plant and suitably qualified personnel the soft ground encountered on site
strength. ground conditions and to did not delay the works or give rise to health and safety issues as
alert construction allowances were made for existing soft ground conditions.
personnel to * potential There will be designated specific access routes across the site during the
risk’ areas. construction phase of the project. These will be clearly sign posted,
Construction personnel will be tully bricfed on safe access routes.
2 Unexpected ground Ground conditions Slows down Carry out extensive site Thorough menitoring of Given the Pollathomais and Derrybrien events it was decided that the Works 1o be stopped and the
conditions differing from those construction progress; investigation. Setection of | all works. Personnel design would be conservative to allow for variability in the ground and to ground conditions reviewed.
indicated in site design changes conservative design . involved in monitoring ensure that the impacet of unexpected ground conditions would not be Contingency rock bolting design
Hazard considered to | investigation required parameters o allow @v thoroughly familiar with significant, Also, given the extensive ground investigation and the to be prepared for the intact rock
be during the information. 4 3 | 12 | variable conditions on m@w\ the findings of the site 3| 1| 3 | frequency of exploratory locations in the arca of the works, the likelihood stratum, contingency soil nailing
construction phase. Monitoring and o\isém:mu:o:. of large arcas of unexpected ground conditions is very small, however the to be prepared for non-intact and
Risk considered to observation method w@«czm::n:o: personnel likelihood of localised variability cannot be discounted. mineral soils, contingency
be to the desiga, proposed as part of \&w ed on expected These factors gave the designers confidence that the design and provisions for additional
construclion construction controls. i . %o:&:o:m and to contingencics could keep the impact of any uncexpected ground conditions strengthening of peat.
programme and costs u_%&@\immc: / very low.
of the project. Eo:m.ammm.@.\n:. to any By checking stability and designing for some very low probability
non-foresées) éonditions. scenarios — for example checking the possibility of the peat layer sliding
Work to wa_n%vuﬁ into the terminal {on the basis of zero shear strength between the peat and
on design to be v_,@a. the mineral soils) it has been demonstriated that the design can deal with
Yo ‘unexpected’ ground conditions.. What could cause problems is
v \O\A significantly greater thickness of peat and soft mineral soils — however
&Jm\ given the extent of the S1 within the areas of the works and also the
% understanding of the geological genesis of the site the team is confident,
rom expericnce, of there being a very low probability of any significant
impact from unexpected ground conditions. The extent of site investigation
work carried out on the site is greater than industry norms for such sites at
such an carly stage of the projeet. Literature and experience shows that the
impact of unexpected ground conditions reduces significantly with the
increase in the geotechnical knowledge of a site.
3 Failure of excavated | Encountering Slowing down of Use of conservative soil Provision and monitoring Failure of the cut slope (mineral soils) would only result in the slope Work to be stopped locally,
cut slope previously unknown construction work/ strength parameters and of instrumentation to matedial accemulating in the excavation. Note that the cut slopes all have ground conditions to be
weaker zone within the | additional materials to groundwater levels in record ground movement well in excess of 100m of flat ground at the toe so for any failed material 10 | reviewed, slope to be cut at
Hazard relates to the | rock or mineral soils, be excavated. design; selection of and groundwater travel over this surface to push peat at the other side of the terminal down shallower angle or strengthened
cut slopes in minertt | unexpected jointing of shallow slopes in non- pressures, Careful 1 1 2| 2 | hillis anot a-credible scenasio. To summarise a local failure would not with soil nailing in mineral soils
s0ils {there will be bedrock, permeability 4 2|8 intact rock. Use of monitoring and logging of lead to progressive failure. Even if it regresses up the hill behind the and non-intact rock. Rock
no unsupported cut locally greater that benches at changes in ground conditions as terminal — it will stitl stop on the terminal platform bolting to be considered in intact
slopes in the peat so | expected. Unexpected slope. work progresses and - Exiensive site investigation work has been carried out in the area of the rock. Strengthening to be carried
not considered here) | variability in the thorough familiarisation cut slopes.  Extensive monitoring of the ground water has also been out in the peat stratum.
and the failure of the | ground conditions of supervisory staff with undertaken so there is a relinble and significant amount of intormation
rock slopes is expected ground available on the critical design parameters for slope stability, Buased on AN BORD —..v—lm>2>_L
considered later. conditions. Design tcam robust design, extensive knowledge of the site conditions and good TIME BY
The hazard is to be alerted to changes, construction practices the probability and impact of the failure of excavated
considered to be slopes are low. F w
applicable during the - The design of the cut slopes is based on conservative strength parameter: a >=m Nc—.._._
construction phase - (lower bound parameters have been used) and the design has been carvied
risk to health and out in accordance with British and European standards - BS8002, BS6031. | LTR-DATED FROM
safety of BS8004 and ECT. A minimum [actor of safety of 1.5, was achieved in the § by -
construction design using the conservative strength parameters.
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No. | Hazard Cause Potential Impact Before Contvol | Design Controls Construction After Control Justification of Probabilities Contingency Measures
L BUEITR Controls ] L Chosen
workers, design, - In the arcas of the cut faces in the mineral soil the water table is
programme and costs generally perched within the peat and at depth with the bedrock or mineral
of project soils, The design conservatively assumes the groundwater level at 0.3-
0.5m below the ground surface and continuous through oui the slope. This
is a conservative assumption as it reduces the eficctive stress in the ground
and the capacity of the slope to resist failure.
- There are no unsupponied cut slopes in the peat and this is not considered
in this hazard.
- Due to the progressive excavation of the slopes, coupled with
monitoring and supervision it will be possible to compare expected ground
conditions with those encountered on site. Thus if there are any concerns
the gradient of the a slope can be locally reduced. The small additional
quantities of materal excavated will be negligible compared to the overall
amount,
- There will be strict control of the loading at the top of cut slopes, and
excavation at the toe of slopes, to ensure compliance with the design
conditions.
4 Failure of sheet piled | Sheet piling Delay of construction Use of conservative soil Provision and monitoring - Main concern for stability is the embedment of the sheet pile and the Wark to be stopped locally,
peat lace embedment not work. strength and deformation of instrumentation to extent of excavation in front of the wall. Allowance for construction loads | construction method and ground
sufficient. propping of | Collapse and failure of parameters for design. record ground movement on the retained peat has also been taken into account in the design. 1o the conditions to be reviewed.
Hazard occurs only sheet piling not retained peat. Conservative design of and groundwater event of any movement of the wall, which will be immediately apparent in - | Additiona) strengthening of peat
during the sufficient. Peat depths 4 218 propping system, pressures. Thorough 1 2 | 2 | the monitoring and supervision, the situation can be controlled by providing | stratum to be undertaken.
construction phase as | in excess of those Design check of & monitoring and recording temporary propping. back{illing or removing any load on the retained side Additional propping of the wall
there are no exposed | expected from site implications of over 2 © of depths of embedment of the wall. Also the installation records can be compared to the expected to be installed,
sheet piled peat faces | investigation findings. excavation. @0 achieved. Where ground conditions 10 see, well in advance of any excavation, if any
in the permanent Over excavation. Minimum embedment vembedment depths are unexpected (as in not covered by the design) ground conditions are present.
condition. Health depths and maximum gss than specified design Because of all these controls the probability of tailure is greatly reduced.
and safety hazavd, excavation levels to be .&%\éo be adviscd. - There is extensive geotechnical information available along the line of
programme and clearly specified on the _ﬁ,&‘.@ of additional the sheet piling systems. This information identifies the most onerous
commercial risk also. construction drawings. lem propping design conditions and the closeness of the data points of the SI ficldwork
mzm_na%ec.@. vailable on ensures that. if there are ground changes these can only be very localised.
site duringa \%? tion - The use of conservative parameters for the strengthened peat in the
phase. ), design of the sheet piles also ensure that the probability of the hazard of
Monitoring of sk ..\\@mc failure is reduced. Sce item 12 below.
movements a___:.:m\oo\ 9 - As sheet piled faces are generally on the down hill side of the terminal
construction. \» the failure of these sheet piles cannot lead to a bog slide. Sheet piles are
w,m\o installed on the uphill and downhill side of the main drainage route to the
O settlement ponds and in the settlement ponds double rows of sheet piles,
internally tied, are used.
5 Failure of access Failure of Loss of access 1o Usce of conservative soil Regular monitoring of the - Proven soil stabilisation echnigues will be used for streagthening the Work 1o be stopped locally.
road strengthening of peat works area, delay lo strength parameters for surface of the road for peat layer under the roads. Sce liem 12 below Traffic restrictions, Additional
system, failure of sheet | construction works strengthenced soil for signs of failure, - A surcharge load of 30kPa has been used in design. strengthening beneath and
Hazard considered o | pile retaining system design, monitoring of sheet piles - The stabilised peat. on all main access roads, is confined between lines adjacent to the road to be
be mainly during the Use of conservative sheet | for movement and regular of sheet piling which can be tied together in the event that excessive lateral | undertaken.
construction phase as 4 3 | 12 | pile sections and design of | reporting of construction 1 I | 1 | movement is observed.
the loads and tie where appropriate. conditions to the on site - The extensive monitoring and supervision requirements will ensure that
frequency of loading design monitoring team. all movements will be monitored and action will be taken to reduce the
imposed during the probability of any failure to very low levels. For example if greater
construction settlement than anticipated is observed (but no structural tailure of the road
programme are has occurred) then action can be taken 10 locally re-strengthen the road.
significantly greater - The Dercybrien failure started just below the aceess road. The
than during the assessment of the filure indicated that it was caused. amongst other things
operation of the by an excavator on the aceess road digging a wind wrbine pad. The -
terminal. — failure excavator was digging up hill and dumping downhill of the road.  Also the
can he the complete water in the excavition was being pumped and discharge to the down hill AN momc V—IMDZB | A
failure of the road or side. No such excavations will be carried out in the proposed development. [| TIME BY
a service failure A minimum strength of S0kPa has been specified for the stabilised peat
wherehy under the main access road. However the design uses a lower-value - thus
construction traflic incorpoerating a greater factor of safely into the design and reducing even w _ >cm Ncc*
has to stow down 1o {urther the probability of failure of the access roads.
negoliate an uneven LTR-DATED FROM
surface - programme El — —_—
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No. | Hazard Cause Potential Impact | Before Control | Design Controls Construction Alter Control Justification of Probabilities Contingency Measures
PRI BT Controls PII|R Chosen
and commercial risk
6 Nat used (typo in
_original document)

7 Failure of excavated | Material 100 soft and Loss of access to areas Design capping layer and Monitor condition of Failure of the terminal surface would only impact on the works being Carry out strengthening of
surface in the oo wet 1o be of work. slowing geotextile to deal with formation level, place carried out within the terminal, surface cither by lime/cement
Terminal platform trafficked. Strength down of progress in very low CBR values. Use | temporary haul roads in - A very detaifed S1 has been carvied out within the area of the terminal stabilisation or by placing an
area parameters of excavation, restricted lime or cement arcas of betier ground. resulting in very close spacing ol the exploratory holes. As a result the increased thickness of capping

trafficking surface access 1o areas within 4 1 | 4 | siabilisation to improve Ensure use of proper 1 1 { | locations where soft ground exists under the peat and also the extent of this | fayer. Stop access to ‘wheeled’
The terminal susface | underestimated. Over | terminal footprint strength of formation tracked plant with soft ground are considered to be well understood. This soft ground will be | plant,
will be mineral $0il, | trafficking of some leading to congestion level. minimal use of ‘wheeled” removed. Mineral sail stabilisation will be implemented tor the *marginal’ | Improve and/or install additional
This hazard is areas. in some arcas and an vehicles within the ground — that is ground likely to deteriorate when trafficked. drainage.
considered to be a increased risk of Terminal footprint. - Given the proposed method of peat extraction the exposed surtiace at any
construction hazard danger Lo operatives Ensure loading of one time will be far greater than what is required for traflicking, A
and is a risk o vehicles is at or below the supervisions monitoring programme will be implemented. 1T any area is
programme and design maximum. seen (o be deteriorating, new aceess routes can be prepared and used.
construction costs. Maintain effective surface Remedial action can be taken prior 1o the deterioration of surfaces causing a
There are no long- drainage. delay.
term risks 1o the - Given the extensive S it is possible 10 avoid the known solt areas.
operation of the Availability of space is not an issuc on this site.
terminal and there - Access to *saft’ arcas can be limited w only low ground pressure plant.
are no environmental Observation of the performance of this plant can be used (o determine il
hazard as all water access for heavier plant is advisable.
from the terminal - Road going vehicles, with axles and wheels place relatively high
excavation surfaces & pressures on the ground. Some tracked vehicles place less pressure on the
are directed through 2 © ground than the human fool. The HGVs used on site can be restricted o
the settlement ponds @0 routes specifically designed to carry their heavier loads.
which are designed Lm@
to reduce the b
sediment load of the %00\\@
drainage water. %

8 Failure of gabion Sliding along the base | Movement of gabions Use of conservative Det awledge - Conservative design parameters have been vsed in the geotechnical Provision of ‘bench’ on down

walls of the gabion, on the upper slopes. strength parameters in amongs & ervising design of the gabions and this is demonstrited below, slope side of gabions to prevent
underestimation of danger to operatives design, assumplion of personnel B 1He design - Zero shear strength parameters have been used for the retained peat sudden failure conditions. Carry

This is both a imposed loads on working within the conservative groundwater ..EEEE,“E.,..%@\ which effectively treats the peat as a liguid, out additional strengthening of

construction and gravity structure, terminal platform 3 3 9 | levels and choice of sensitivity of de§ignfp the | | 3| 3 |- Conservative friction values have been taken for the mineral soils under | ground behind the gabion wall.

long-term risk, Itis | underestimation of below. conservative factors of variable 8:&:0:@*@@ the gabion wall to resist shiding. Similar design approach adopied for Increase width of gabion wall

a hazard 1o the health | ground bearing safety. Clear specification | to be encountered on site. overturning and bearing capacity checks. The design was carried out in

and safety for the pressures, of required formation level | Properly installed and wwxo accordance with BS §002,

construction workers conditions for the gabion propped temporary works O - A stability analysis has been undeniaken which examines the very

and the terminal walls. Production of table | that will allow proper unlikely event of the complete tailure of the peat mineral soil interface to

personnel. Itis a of gabion wall excavation 1o formation the north of the terminal. This models a bog slide to the north of the

hazard (or the configurations lor variety level and allow for terminal and the gabion wall has been designed to resist these forces. Sec

programme and for of conditions likely 1o be preparation of formation Scction 4.6 of Appendix 2 of the Volume | of the EIS.

costs. It poses no encountered on site, level 10 match design - The extensive routine supervision and monitocing during construction, as

environmental requirements. detailed in the EIS, ensures that the constiuction works will comply with

hazard as all Monitor movements. the design, See Section 3.9 of Appendix 2 of Volume 1 of the EIS.

drainage rom the Maintain effective

terminal is direcied drainage.

through the

settlement ponds,

9 Difficulties in Frequency of rock Delays to works, Carry oul extensive site Supervision staff 10 have - The extensive ST, in particular rotary cored holes in the rock, has Carry out non-explosive pre-

excavation of rock jointing overestimated | increased noise kevels investigation into the in- detailed knowledge of produced a large amount of high quality, reliable information on the splining of rock body using
and rock strength due to additional rock situ condition of the design proposals and structure, strength and weathering condition of the bedrock. expansive grouts or similar.

Hazard is a underestimated. breaking 4 i 4 | bedrock and determine the | findings of site - Borehole imaging. both optical and acoustic, has been undertaken in the

construction hazard requirements. Rock frequency and orientation | investigation work. 1 | 1 | north east of the terminal where the maximum depth of rock excavation AN BORD PLEAN br

with risk 1o splitting techniques, of joints and rock strength. | Detailed moniloring tlo be will oceur, TIME BY

programme and required. (Blasting Design for conservative carried out during - These images show that the rock is generally fractured in a manner that

costs. There is no will not be used.} slopes within bedrock, construction works. Site will facilitate its excavation, Excavation is expecied 1o be a mixture of har

envirenmental risk, Provide provisional design | staff to have appropriate digging and hard ripping. w _ >cm Nc?_

Note these for the use of pre-splitting | skills in the proposed pre-

difficultics only techniques. splitting techniques UTR-DATED FROM

relate 1o the proposed. ——

extraction of the rock L
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No. | Hazard Cause Potential Impact Before Control | Design Controls Construction Justification of Probabilities Contingency Measures
P Controls Chosen
- so difficulties
mean the rock is
better than expected.
10 Failure of slopes Frequency and Delays 1o work, Carry out exiensive sile Supervision staff to have - The direction of the joints and fractures is generally favourable to the cut | Stop work locally and review
excavated in rock orientation of joints reduced slopes in rock investigation into the in- detailed knowledge of faces so the probability and impact of block failure is low. When the rock face conditions, Carry out
underestimated and surfaces. situ condition of the design proposals and excavation works are underway the monitoring and supervision will detect | bolting of rock blocks to rock
Hazard is both a strengih of rock bedrock and determine the | findings of site any potential block slippages. Allowance has been made for rock bolting or | body,
construction and overestimated 3 frequency and orientation | investigation work. removing any marginal areas. Netting to contain local spalling.
long-term of joints and rock strength. | Detailed monitoring to be - 1 vertical to 1 horizomal cut slope face in the rock excavations is
operational one with Design for conservative carried out during conservative, especially when the ST has shown that the orientation of the
risk to the health and slopes within bedrock. construction works. joints and fractures lics at a favourable angle 1o the cut laces,
safety of the Removal of unstable - Extensive site investigation work has given the designers a very
construction workers blocks. comprehensive picture of the nature, strength and variability of the rock on
and terminal site, As a result unanticipated variability will be local,
personnel. There is - Excavation will be a gradual process and any locally variable rock will
also a risk Lo the be quickly recognised.
programme and - Locally the slope can be made shallower il reguired.
costs. There is no - There is o low probability of significant propagation of the {ailure back
environmental risk. up the slope given the 1in 1 rock slopes and the 1 in 3 mineral soil slopes
and the shoulders at the interface of the strata. See drawing C026.

11 Failure of Dewatering wells too Delays to works, Carry out detailed site Supervising staff fully - Dewatering pumping tests, constant rate tests and step down tests were Install additional wells at closer

Dewatering Process widely spaced, pumps | reduced access to the investigation to measure briefed on the details of carried out. The design of the dewatering system can be based on actual spacings and use additional
not adequately sized lower end of the site. permeabilities of the the dewatering system measured parameters. The use of measured design parameters ensures that | pumping power,

This is only a for conditions Poorer ground varying strata. Carry out and the drawdown the probability of failure of the dewatering systein will be very low.,
construction hazard encountered conditions that 3 dewatering trigl o expected. Full - Design will be carried out in accordance with the appropriate standards.
with risks 1o the allowed for in design. determine design of é% monitering of wells and - In addition to the pumping tests there is a very comprehensive data set
programme and dewatering system. -abservation points by on the groundwater levels on site leading 10 a good understanding ot the
Cosls. @nananﬁ_ personnel. hydrogeological conditions of site,

ﬁm\ \bw - Monitoring and supervision will ensure that the system is properly run
Failure of the 0,%,.&\0 and all appropriate actions are taken.
terminal surface 00\@ >, - In the event that the drawdown of ground water levels is insufficient it
would only impact \\»Qém\ will be possible to install additional pumping wells or to increase the
on the works being «\0\\¢0 capacity of the pumps serving the wells.
carricd out within the AW@MQQ - The impact of the failure of the dewatering system could lead to
teeminal. A local m\\.\\\\Q softening of the formation level. This can be compensated by the
soft area can easily ’ koo\ook placement of stone and geotextile on the formation evel, 1E the dewatering
be dug out and 0& system does not function to the design level in advanee of the installation off
replaced with mww\ the southern perimeter drain it will be necessary for additional sump
rocklill and mmu pumping to be instalied to aveid ponding. The quantities ol groundwater
geotextile infiltration are expected to be quite small and manageable,  Also a series of

grips and stone fill dykes could be installed to direet the ground water to a
sump for pumping.

12 Soil Strengthening - | Overestimation of Delays to works. Use of conservative design | Supervising staff to be - As detailed in the response o liem 2 of the Board's letter extensive tests | Re-do strengthening process.
strength not achieved | strength and parameters for strength fully bricfed on have been undentaken by the Swedish Geotechnical Institate (SGI) (lead Increase binder content. Alse
or deformation deformation parameter and deformation - o be strengthening method and institute worldwide on the stabilisation of soils) o confirm a) that the peat consider the use of structural
failure during design. determined from on site rate of strength gain. from the erminal site can be strengthened using bimders and b)to determine | piles and surface load transfer

Installation procedures 3 3 9 trials and also from Detailed monitoring to be l 2 | 2 | the optimum mix for the binder. The mean strength values obtained in platform 1o carry loads.
This bazard is not adeguate. experience worldwise carried out to check these tests are far greater than the values used in design. Strength values
mainly & within the industry. strength gain is in line used in design are taken conservatively low,
construction hazard Restrict access to heavy with design requirements. - Conservative values of 25kPa are used for the strength of the stabilised
in that the majority traffic to allow Use reputable specialist peat in the design (see Response to liem 2 of the Board's letter)
of the stabilised peat conservative gains in contractor with proven - A further conservatism is added to the design and construction process
functions as an steength, track record in that the minimum (NOT mean) strength to be achieved on site is 40kPa
aceess route for the whilst only 25kPa is used in design.
construction plant.
Reads are also AN moxc U—INPZP_IP
formed by the Y
stabilisation of the TIME B
eat layer but the
““xEv. mw:_Ewca on the w # >Cm MO?—
roads during the
construction process LTR-D ATED FROM
are far greater than e e
the loads that will be PL] ——
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experienced during
the operation of the
terminal. The main
risk is to programme
and costs. There is
also some small
environmental
hazard theough the
use of cement.

12 Soil Strengthening — | Overestimation of Cement powder being Provide detailed method Construction staff to be - In general on a roadway (which describes the vast majority of the lincar Review operational control
strength not achieved | strength and blown around the site. statement on correct fully bricfed on the lengths of peat strengthening we are underaking) progress will be of the methods.
or deformation deformation parameter procedures for the installation procedures for order of 5-10m per day. Such a limited area can casily be protected from The use of column stabilisation
failure during design. strengthening process. strengthening the ground. wind by the provision of windbreaks if required. This means that if some {through a geotextile and stone

Installation procedures 3 1 3 Site trials to be carried out | Strict supervision to be 1 1 1 | cement dust does come above the ground it movement will be strictly blanket) minimises the potential

This hazard is not adequate. 1o determine undertaken on all controlled and the impact of the dust on the surrounding environment is for cement to be blown around
mainly a appropriateness of method | strengthening processes negligible. As the work area per day will be a relmively small area it will above ground.
construction hazard statement. also be possible to provide barviers to control the run off lrom the treated
in that the majority arew,
ot the stabilised peat - Reference is made o Section 4.4 ol the response to ltem 1 of the further
functions as an information request from Mayoe County Council..
access route for the
construction plant.
Roads are also
formed by the .
stabilisation of the &,\v
peat layer but the .@@
loads imposed on the °F
roads during the &v\
construction process \\.m\&\bw
are Tar greater than ofw.\\\v
the loads that will be %%,
experienced during K ,
the operation of the «\0\\¢0
terminal. The main AW&MQQV
risk is to programme %, Ty
and costs, There is 0

: . v 0
also some small e
enviroamental w,m\
hazard through the o)
use of cement.

14 Ground Groundwater Contaminated Pre construction laboratory | Sampling and testing of - Indusiry norms and laboratory work show that cement leaching is a non- | Water quality monitoring in
strengthening - contamination groundwater entering and site trials 1o assess groundwater runoff. issuc. The impact rating given is conservative. ‘reference’ wells and settlement
leaching of cement local water courses quality of groundwater - Refer also to the response 1o liem 3 of the Board's letter. ponds allows for possible

leachate from strengthened containment and treatment of

This is assessed as an 1 3|3 peat water before discharge to

environmental 1373 walercourses

hazard during

construction and also

during the lifetime of

the terminal.
15 Flooding Extended periods of Cessation of work, Review rainfall historic All drains tn be correctly - The extreme raintall event that gave rise to the Pollatomish landslide has | Provision of additional pumping

wet weather and under- | deterioration of patterns in the locality installed on site and been catered for in the design of the permanent drainage system. The capacity on-site,

This is the hazard of | design of drainage for | working surfaces. from Met Eircann. Use maintained in good relevant meteorological data was provided by Met Eircann, This was

Nooding oceurring the temporarily conservative design working orcer, considered to represent a 1:700 year event. The Jrainage lor the

within the terminal prevailing conditions parameters for the design Supervising stalT to be i 1 1 | construction phase has been designed Tora 11100 year rainfall event. Thege

site, [Itis a health 3 3 |9 | stormevent. Show that fully conversant with are both very conservative designs and it is more typical 1o design the ,,_

and safety issue, an the extreme rainfall event | weather forecasts and construction phase for a 1 in 5 year rainfall eveni, See also lem no. 18 AN BORD ﬂ—nﬂPZD;

environmental risk, such as on September 19" | appropriate pumping below and Velume 3 of the Technical Appendices o the EIS. TIME BY

and a programme 2003 in Pollatomish can be | facilities to be put in place - Given the shape of the site water cannot pond on the site unless

and cost risk oo, catered for. during the construction surrounding water levels are at or above the leve! of the terminal platforn w ﬂ >C® Nm@#

phase. All surrounding ground to the west and south slopes away from the
latform so no mechanism exists by which the site can lood even if the
drains Gl ’ LTR-DATED FROM
- Given the zently sloping convex nature of the site and the smoth, pL

An Bord Pleanila Arup Consulting Engincers
Request for fusther information 7\ 31 auvgust 2004




Shel E & P Ireland Lsd, Beltanaboy Bridge Tenminal
Geotechnical Risk Register (expanded)

EPA Export 08-07-2014:23:46:37

No, | Hazard Cause Potential Impact Before Control | Design Controls Construction After Control Justification of Probabilities Contingency Measures
PUJRIO|IR Controls PIIL|R Chosen L EE
undulating surface, no mechanisms exist to concentre waler in the area of
the development works. The D22 drain is the only area with a concave
surface but this arca and the catchinent area for the D22 drain are not
impacted by the proposed works.
- Only the rain falling on the sile can “flood’ the site as the site is located
at the crest of three catchment areas and there is no surrounding land higher
that the site.
- Geotechnical design has been carried out assuming the ground water
levels are at or very near the surface of the ground. So flooding will not
introduce any significantly larger destabilising loads on slopes, sheet piles
or gabions.
- Currently the only known (ancedotally) arca of the site subject (o
ponding is the southwest comer nearest to Bellanaboy bridge.  This area
would overtlow (o the Aghoos river before floeding would extend o the
terminal arca.
16 Ground failure Low strength within Delay to works Carry out detailed site Supervision staf{ 10 be - Suabilisation of the ground is 10 be carried out along the route of the pipe | Carry o additional
around drainage pipe | the ground local to the investigation around the fully briefed on the to the seitlement ponds for access. strengthening of the peat. Instalt
to the settlement pipe. Support of site investigation along ground conditions, design Sheet piles will be installed to retain the excavation sides, king posts if pecessary 10
ponds teench inadequate pipe route, Use requirements and Excavated material will not be stored on the sides of the excavation and so | minimise embedment
during excavation. conservative design construction I | 2| 2 [cannot lead to over loading. requirements of sheet piling.
This is a construction 4 2 |8 parameters for ground methodology. Strict Conservative strength parameters have been used in the design of the sheet
hazard with risks to strength and deformation supervision 10 ensure piles and the design has been carried out in accordance with recognised
the health and safety characteristics. Design construction carried out as codes of practice (Refer 1o Technical Appendix 2 of the Volume | of the
of the construction robust temporary Ecﬁ% detailed in the method EIS).
personnel, o structures. Require é% stalement. - An extensive site investigation has been carricd out along the line of the
programme and 1o contsactor to provide % ol pipe route to the settlement ponds. There is comprehensive information on
projeet costs. detailed construction m@\ the ground conditions and their variability, the steength and deformation
method statement, %«\@\@ parameters of the various strata and their variability and finally on the
of,,\\\v ground water conditions along the route. Proper design . which has been
ey undertaken by experienced geotechnical engineers based on this information
%,
\»Qém\ ensures 1hat the risk of failure due to incorrect design is very low,
%, % - Experienced construction personnel will be fully bricfed on the design
.&W@Mﬁ% criteria and will ensure that excavated material is not stored adjacent to the
m\\.\\AO.\ excavation. They will cnsure that the minimum penetration depths are
o) achieved by the sheet piling and that over excavation does not occur. The
Vv \O\A works will be monitored to ensure that movements remain within predicted
mw,m\ levels. Uf there are any concerns propping of the sheet piles can be used as
O~ a1 lemporary measure.
17 Failure of settlement | Low strength in the Delay. Carry out detailed site Supervision stall to be - Stabilisation of the ground is to be carried out around the setticment Extend strengthened zone around
ponds — structurally | ground local to the investigation around the fully briefed on the ponds. Sheet piles will be installed to retain the excavation sides. sheet piles.
ponds. Support of area of the settlement ground conditions. design Excavated material will not be stored on the sides of the excavation and so Use king posts to reduce the
sides inadequate ponds. Use conservative requirements and cannot lead o over loading. embedment requirement for the
Considered tobe a during excavation. | 2 6 design parameters for construction | 2 1 2 |Appropriate plant will be used 1o install the sheet piles and carryout the sheet piles.
construction and ground strength and methodology. Strict excavation of the ponds,
long-term hazard deformation supervision o ensure Monitoring and supervision will detect any movement of sheet piles that is
with risks to costs characteristics. Design construction carried out as greater than predicted and immediate steps can be taken 1o determine why
and programme. robust structures. Require | detailed in the method and what remedial action needs 1o be taken.
There are some risks contractor o provide statement. Monitoring and supervision will also ensure that the design criteria are met
to the health and detailed construction Monitoring of sheet pile and that over excavation or overloading of the retained ground does not
salety of the method statement. movements during occur, All construction personnel will be fully briefed on the design criteria,
construction construction, including minimum penetration depth for the shee piles.
workers. - The design of the sheet piles has been conservative and in accordance
with recognised codes of practice (BS 8002 and BS 3950).
- An exiensive site investigation has been carried out in the area of the
settlement ponds so there is comprehensive information on the ground ANBORD _...-_INPZP_ID
conditions and their variability, the strength and deformation parameters off TIME BY
the various strata and their variability and finally on the groumd water
conditions around the ponds,
- The settlement ponds have been designed for all credible vagiations in w _ >Cm N_.._Q:
the water levels from full to empty. Flooding will not lead to structural
failure as it does not lead to structural loads in excess of design, _u.ﬁm.UP.__.mrl FROM
- The impact of failure is not significant as the ponds would continue to | p
_l exist, albeit with a reduced capacity, given the impermeability of the ?EmFE.I
An Bord Pleandla Arup Consulting Engincers
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No. | Hazard Cause Potential Impact Before Control | Design Controls Construction Aflter Control Justification of Probabilities Contingency Measures
Rl BIEER : Controls P|lT|R Chosen
18 Failure of ponds - Excess velocity of Excessive sediment in Design ponds o proven Monitor pond to The drainage system has been designed to deal with an extreme event Add flocculation agent.
inadequate water flowing through | streams down hill of Bord na Mond standards. determine quality ol water similar to the Pollatomish event. If failure occurs, caused by a more extreme
settlement in pond the pond. Excess site and in Use conservative rainfall discharging 10 the D16, rainfall event, then the contribution of increased sediment load from the
levels of sediment in Carrowmore Lake figures for the design Clean out drains and add ponds to local watercourses is expected (o be negligible as the whole area
This is an the water discharged 4 3 12 | storm event. Use intermediate mini 1 | 3| 3 |wouldbe suffering from the same cvent, and high sediment loadings will
environmenial from the pond. conservative values for setiling/stilling ponds. arise from all the surrounding arcas (forestry, ficlds, riverbanks etc), none off
hazard, particularly ground permeabilities which have any sediment control measures installed
during the within the terminal site. See also Item 15 above.
carthworks phase of The seutlement pond design is based on Bord Na Mona's Guidelines for
the construction settlement ponds. According o their guidelines, Bord na Mona designs their
project. Once ponds Lo limit the suspeaded solids over the discharge weir to <30mg/l for
carthmoving has the 1 in 5 year storm and to <100mg/l for the 1:100 year storm. The
been completed, it is terminal site ponds have been designed to limit the suspended solids in the
expected that the 1: 104} year storm 1o 45mg/l which is much more onerous. I a lin 100 year
sediment loading on storm rainfall event is exceeded then the level of the suspended solids over
the ponds will be the weir may exceed 43mg/l bat will still not be close to the Bord na Mona
much lower that suggesied guideline of H0mg/l  Inthe | in 10O year storm event the water
what they are depth over the weir is 62mm. The ponds have a frecboard of 300mm and in
designed for. a 1:700 year storm the water depth over the weir is approximately 1.5 times

the 1:100 year storm - say 93mm. The likelihood of the ponds being
overtopped is very low although they will be less efficient in settling out
suspended solids.

In the medium to long term there will be ne exposed faces of peat , and

. sediment loading is not expected to be high beyond the construction phase of
&,\v the project.

é@ ‘The construction of the terminal enabling works is of limited duration -
O\ﬂ approximately §2 months, Therefore the likelihood of an extreme event
.«@\ exceeding the Pollatomish event is extremely low,
ﬁm\@\b@ There will be no impact to the site from the failure of the setlement ponds
N, o settde the sili.

19 Material quantities Insufficient material Additional materials Carry out detailed site O:mm%zn:éﬁ and Extensive site investigation work has been underiaken to determine the Remove unsuitable material off-
for fill, large quantities | to be imporied to and investigation. Obtain good | store afpatprials on site. ground conditions. site and import additional
of unsuitable materials. | exported from site, understanding of strata All cxnﬁ&wﬂ@::.unﬁ o 3 dimensional computer ground model has been build up using the *In- suitable material.

This is considered to Delay to schedule. 5 2 10 | make up and distribution be cut 1o sk @ Roads’ programmeme to determine quantities of materials excavated and
be a construction risk on site. Allow for facilitate run offg \\\Q I | 2| 2 |required for filling.
with impact on the stabilising mineral soils. surface water. Wotks 2 3D model has been subject 10 repeated QA checks on data eatered.
programme and costs be sequenced to mimimise 4 Hand calculations have also been carried out to verily 3D computer model.
double handling of &,0 There is a surplus of U1 material on site that can be treated and used lor
materials scnsitive 1o mmu general filling.  Allowance has been made for the removal of the soft
moisture. cohesive material that is unsuitable for treatment and use as a §ill material.
Laboratory trial show that with a cement binder the majority of the cohesive
mineril soil can be successfully treated for use as £ill material.
In the event of extreme weather conditions steps can be taken, such as
covering of stockpiled materials, o protect the soils [roi gaining excessive
moisture conlents.

0 Bog Slide Insufficient Movement of peat Carry out detailed site Provision and monitoring Signiticant studies have been done on all available information on bog slides | Cease operations, remove

undersianding of the down slope, stoppage investigation. Obtain good | of instrumentation to in Ireland and worldwide. material, provide additional
This is considered to | mechanisms of failure, | of works, loss of plant, understanding of stability | record ground movement The Derrybricn bog slide occurred as a result of failure associated with drainage, provide loe weighting.
be a construction and | inadequate site danger to operatives of site and possible and groundwater construction works. The lessons learned from Derrybrien has informed the
long-term hazard investigation and to the public, 3 5 15 | mechanism that might pressures, Znsure strict I | § | 5 |proposed carthworks design.
wilh potential information from the trigger ground movement, | control of all construction - Slope of the site is less than those historically subject to bog bursts (>67)
significant impacts site and inadequate Design conservatively to practices st that afl works or bog slides (>3).
on the salety of design. Improper eliminate all mechanisms on site are within design - Generally slides or bursts are initiated by accumulation of water, >z UO’U t—lﬂpz};
construction workers | construction method, likely to trigger conditions. Terminal site is Jocated at the crest of the catchment for both the Aghoos : _r_d E BY
and the public. controls or sequence of movement. Daily site inspection Glenamoy rivers. No collecting or ponding of water can occur on the site
construction. looking for evidence of except in the extreme south west where no works are proposed. This
Inadequate drainage movements. ponding hus occurred to date in this area and hag not resulted in any grou w _ Pcm Noor
systems installed for movement.
the control of ground - Considering the Pollatomish event it will be noted that the side slopes _5 R:DATED FROM
and surface water, the hills are of the order of 30" to 40°. The peat cover varied from 0.2m to ——
1.2m and in most failure zones lay directly on the weathered bedrock, The | PL
highly permeable root zone of the upper peat would be expected to be up (e
0.5m-0.75m thick. It would be expected 1o readily dry out by 2 combination
ol simple evaporation and also by take up of water by plants. Flowering
An Bord Pleandla Arup Consulting Engincers
Request for further information 9 31 august 2(04

EPA Export 08-07-2014:23:46:37




Shell E & P Iretand Ltd.

Beltanaboy Bridge Terminal
Geotechnical Risk Register (expanded)

No.
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Potential Impact

Before Control

P

[

R

Design Controls

Construction
Controls

After Control

P

I

R

Justification of Probabilities
Chosen

Contingency Measures

lime — summer time- is the most demanding time for water in a plant’s
annual cycle. Given the drey summer of 2003 it is very plausible that drying
cracks would have formed in the thin peat through to bedrock. Glacial till or
other mineral soils were not present in any of the tailure zones. On the
Terminal site the peat is generally 2m (only less in very localised areas) and
the greater thickness would ensure against drying cracks to underside of
peat, Also the peat is everywhere underlain by glacial till on the Terminal
site. Slope of site is 1-2",

- The slopes are uniform on the site with no sudden changes that would
favour the creation of a weak zone where a slide of bursi could initiate.

- Examination of aerial photographs of the site show no sign of previous
history of slides or bursts on the site.

- Global stability calculations have been carried out o show that the site
presently has a high degree of stability.

- Global stability analyses have also been carried out on the valley itselt
to determine if any areas are prone (o sliding, These anatyses have shown
general stability of the valley.
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Appendix 2

Managing Geotechnical Risk (Clayfon)
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client

conceptual design

consequence (effect)

defence in depth

degree of risk

desk study

o
engineerin&@’%fgn
NEY
L
o
‘\ .
,\0

(ﬁ?\gineering judgement

geotechnical adviser
geotechnical risk

ground investigation

ground model

hazard
likelihood

mitigation

GLOSSARY

The process of breaking down a design into its constituent
parts and of calculating the behaviour of each of those parts.

An organisation or individual using the services of
construction professionals in order to invest in new building
or construction work,

The identification of an appropriate design solution by
qualitatively assessing the strengths and weaknesses of a
range of possible design variants, without recourse to
detailed analyses.

The result of an event occurring.

A 'belt and braces’ approach to ensure that critical failure

mechanisms cannot occur.

The combination of the likelihoed or chance of an event and
its consequences (normally numerically taken as likelihood x
consequence).

An examﬁ%étion of all existing information concerning a site,
sucis geological maps, previous borehole records and air

tographs, to determine ground conditions and previous

05? Q}S\O fand use.

LS
effect (consequg@s{&
N

The result of an event occurring.

The use of scientific principles, technical information and
imnagination in the definition of a mechanical structure,
machine or system to perform prespecified functions with

the maximum economy and efficiency.

A feel for the appropriateness of a solution, from the
narrowest technical details to the broadest concepts of

planning.

A qualified and experienced geotechnical engineer or

engineering geclogisL.

The risk posed to construction by the ground or

groundwater conditions at a site.

The process by which geological, geotechnical and other
relevant information is obtained for a building or

construction site.

A concepwal model based on the geology and morphology
of the site, and used to speculate on likely ground and
groundwater conditions and their variabilicy.

A thing or activity with a potential for consequences.
The probability that an event will occur.

The limitation of the undesirable effects of a particular event.
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GLOSSARY

partnering

precedent practice

project manager

residual risk

risk analysis

risk management

risk modelling

risk rating

risk register

site investigation

Two or more organisations working together to imprave
performance through agreed mutual objectives,

The use of successful existing design solutions as a basis for
future designs.

The individual or organisation responsible for managing a
project

The risk rermaining after risk teatment.

The systematic use of information to identify sources of risk
and o estimate the magnitude of each risk,

The overall application of policies, processes and practices
dealing with risk.
Computation to estimate the effects of uncertinty.

A classification of the degree of risk presented by a particular
event.

The file where risk information is stored, The register usually
contains a description of the risk, an assessment of its

likelihood and consequence, response actions and owners,

S
Y\\;@e process by which geologicl, geotechnical and other

$) . .
. relevant information is obtained for a building or
S8 ’

O A
EIN

source of ris S }
Syl
systemag% neering
e
3&‘;‘\\@
N
&

CONStruction site.
A thing or activity with a potential for consequences.
A predefined staged approach to design, to ensure that

The dlient’s need is correctly identified, optimal solutions are
found and creativity is maximised.

A visual survey of a construction site, carried out after the
desk study, aimed at collecting further information on ground

conditions and fand use
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Building and construction case records show that ground conditions are often the cause
of very large cost and time overruns. Geotechnical risk can affect all those involved in
construction, including the client, the designers and the constructors. This book explains
why such risks occur: It provides best practice guidance on how geotechnical risks can
be managed to deliver building and construction work with maximum certainty.

The government's Construction Task Force' has identified the five key drivers of change
that it believes are needed to set the agenda for construction in general:

& (Rethinking Construction, 1999')

&

3
(\é\\ These key drivers are as relevant to geotechnical risk management as to other parts of

the construction process.

Geotechnical risk is the risk to building and construction work created by the site
ground conditions. Ground-related problems can adversely affect project cost,
completion times, profitability, health and safety, quality and fitness for purpose, and can

also lead to environmental damage.

Risk, in common parlance, can be taken to mean either

the chance or possibility of danger, loss, injury or other adverse consequences,
or

a person or thing causing a risk.

There are many definitions of construction risk. One of the simplest is as follows. Risk
is an adverse event having a probability of occurrence and an impact that will affect the
achievement of the project’s objectives. Other technical definitions, taken from the 15O
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Source of risk (hazard) A thing or actvity with a potential for consequences.

Risk The combination of the chance of an event and its consequences.
Consequence The result of an event.

Risk analysis The systematic use of information to identify scurces of risk and

to estimate the risk.

Risk register The file where risk information |s stored. The repister usually
contains a description of the risk, an assessment of Its likellhood
and tonsequence, response actions and owners,

Risk management The overall application of policies, processes and practices dealing
with risk.

Mitigation The limitation of the undesirable effects of a particular event.

Residual risk The risk remaining after risk treatment.

{Based on the definitions of the ISOITMB Working Group on Risk Management Terminotogy?)

Box | Risk terminology

(International Organisation for Standardisation) Technical Management Board Working

Group on Risk Management Terminology,? are shown in Box |.
Risk results from the combination of:

% hazard—something with the potential to do harm, such as a substance (e.g. soft
ground, arsenic in contaminated land), a geometry (e.g. a slope, a cavity) or a
person {e.g. an incompetent enéiﬁé'r):

6{,{\
S
G vulnerabiﬁty—thosﬁo@*rs which determine the likelihood that a hazard will have

unfavourable caseftences (e g. for workers, a programme of work, the quality of
particular 5;%\ what is to be built).

» &
&

)
For exa .csﬁmmon ground-related risks include:

ES

and

¢ &h@opossibility that building foundations may fail due to the unexpected presence
éy\\of soft spots in the ground
Q
[9)
Ca the possibility that concrete placed in the ground may be attacked by acid or
sulphates in the groundwater

the possibility that a highway cutting slope may fail when the road is in use, due ta
an unexpectedly high water table

the possibility that a dewatering scheme for a deep building excavation may be

ineffective, for example due to unexpected sand or gravel layers in the soil

the possibility that the time taken to complete a contract may be increased due to
unexpected difficulties in completing the groundwork.

There are many different types of hazard in the ground, and the consequences of failing
to manage the risks they produce are often severe. In financial terms, minor design
decisions can easily add 5% to the cost of construction, and figures as high as 30-50%
are not unheard of * If unforeseen ground conditions are encountered during
construction, then additional costs as high as 100% of the entire project price may be
incurred.? Given the normal level of profit margins in UK business, it Is imperative both
for clients and constructors that such cost overruns are avoided. Health and safety

consequences can also be very large, in terms of both human and financial cost.

AG | ;
1N G GEO']I.LIINICAL R15K '
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Sa why are ground-related risks to construction so large, and why do things go wrong?
Primarily it is because of the special nature of the ground:

The properties and distribution of the ground and groundwater beneath a building
or construction site are predetermined, and therefore {(unlike other materials in

construction, such as concrete and steel) are largely outside of our control (Box 2).

Decision varizbles o e Circle of Influence

Random and N i
exogenous variables : : e
T : — \
il e e

g" : Circle of concern

N2
@te variables

In the drawing the circle of 'é\presents all those ground-related martters that might affect
construction. Sate vambln qé things that control what happens within the circle of concern.
Only those factors wuhi e of influence can be controlled. When dealing with the ground, many
state variables {e.g. th :md propertles of the ground} are outside our control, and are fixed
The only scope for @ through the remaining decision variables,

Box 2 Stote @r@s ond decision variables
$ \\q
Gr and groundwater conditions can be highly variable, from place to place,
with depth (for an example see Figure |).This is in sharp contrast with other
&Y construction materials, such as steel and concrete, which are man-made, to

predetermined specifications. Unexpected ground conditions are common.

Thin topsail  Involutions in terrace sand and Alluvium - recent alluvium
gravel overlying silty clay overtying buried valley deposics
_ . (lenticular beds of sand and
Sandy limestone bed displaced gravel, siley clay, sift and peat)
by old rotational slide

Solifluction head Infilling gulls

Competent limestone
affected by cambering

Involutions

Cavity beneat.h Incompetent mudstone Glacial till with
collapsed roof affected by valley bulging  limestone boulders

Figure I An example of ground variability (from Fookes, 1997°)

12 MANAGING GEOTECHNICAL RISK
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©  Although the underpinning engineering sciences (soil and rock mechanics) are now
well developed, the accuracy of many ground-related design calculations remains
very poor.Two examples of the poor accuracy of geotechnical calculations are

shown in Figure 2.

Compatison of the predictions of pile performance made by designers
A o P with the behaviour of a pile when subsequently naded

Shaft capacicy Base capaciity
EE‘LIESE_’E} Qbserved pile performance
A
B [
Cc I
o I
c IR Predictians of pile
F s performance
s ¢ R
¢ H I
:g | Y
‘E ) DR
NS
[ Tt S Ty T
M
N
o]
P
o 1000 2\ 3000 4000 5000 6000
{\\\. &\0 Pile capacity (kN)
&
O
Routine &s of the sextdlement of footings on
sand iy be in error by a factor of 5
20 O
e HFN
§ . RO
S
¥
4R
&
g
(é;\ 3 °
(X g
b
1
£
g (L]
0
[])
ans
ot (1] 1] 160

Predicted settlement {(mm)

Figure 2 Exomples of the inaccuracy of geotechnical engineering colculations {Wheeler,
1999;* Clayton et al., 1988")

@ There are numerous ways in which the ground can cause problems for
construction; for example, due to chemical attack on concrete, groundwater flow
into excavations, slope failure, and excessive foundation settlement. The results of
a recent survey illustrate the broad range of geotechnical problems to be managed
(Figure 3).

© Ground behaviour will affect different methods of construction in different ways.

@ Construction in the ground is normally carried out early in a project. Problems at
this stage will delay and affect the later stages of construction.

13
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- %
Detalled Other 22% Soil boundaries
&% design {ground geometry not as anticipated)
9% Services
Site Investgation
{inadequate ptanning or
execution of sie

investigation)

10%
Obstructions

20%
Soil propertics k
H%
Contamination

13%
Groundwater

Figure 3 Types of ground-related problems encountered during construction

Geotechnical risks have three components or impacts: technical, contractual and project
management. Technical risks arise from the particular problems on the site, such as soft
ground or contaminated land. The type of contract that the employer adopts
determines the contract risks. Project management risks are determined by the way the
manager or his advisers elect to manage the project.

&
There are many forms of construction n;@besudes ‘geotechnical risk’. Construction
management should atcempt to m;ggggpolts approach to risk so that all construction
risks are brought together u?@ Qdomi risk management system.

\Q \*
o

O €

Lo

The |rnp||cat@ ‘Pihese factors are as follows:

Sincq\tﬁe ground conditions beneath a site cannot normally be changed, either
blem areas within the site must be avoided, or
@)

2 appropriate forms and methods of construction must be identified during design

that can provide safe, economical and environmentally sound construction.

it is rarely possible, however much expertise, time and money is used, to obtain
either

~a complete picture of the ground conditions beneath a site, or

~the precise properties of the ground from place to place, and therefore there

will normally be some uncertainty during design and construction.

Predictions of behaviour made during design can be expected to be approximate,
at best.

It is relatively easy for an inexperienced designer, perhaps using routine
procedures, 1o fall to recognise a critical mechanism of damage or failure which
tmay threaten either the financial viability or the health and safety aspects ofa
project. Ground-structure interaction is an example of a technically difficult area
which can easily be overlocked.

Ground-related problems may {and often do) have a disproportionate effect on
the cost and progress of a project, since problems occurring at an early stage of
construction will often lead not only to the additional costs of pucting things right,
but also to irrecoverable delays, which are themselves costly.

14 MANAGING GEOTECHNICAL RISK
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INTRODUCTION

@  Potentially, there are great benefits to be obtained from the effective management
of geotechnical risk. A risk management system is needed to ensure that all
geotechnical risks are
~identified,

—analysed and

—controlled.

The book is divided into five parts. Chapters | and 3 are intended for the general reader,
The key processes involved in managing geotechnical risk are described in this book and
are shown schematically in Chapter 2, immediately after this Intreduction. The reader
should note that, although the various components of risk management are assigned to
‘client or project manager',‘designer’,‘geotechnical adviser’ and ‘constructors’, no specific
procurement approach is implied. For example, the designers for a project might be
employed by a client, by a general civil engineering consultant, by a constructor or the

constructor’s subcontractors, or mere probably by a number of these organisations.

Chapter 4 explains how the client can help control and eliminate geotechnical risk.
Chapter 5 examines the designer's role, and Chapter 6 demonstrates the constructor’s
role. Each part starts with a key point @ﬁmary.

It is assumed that the reader has sb§\ne experience and knowledge of engineering, of
building and construction oa\f risk management. Further information and advice on
general construction ik &@magement can be obtained from the recently published

N
Canstruction Ind 3 search and Information Association (CIRIA} guide,® and the

RAMP® and PB; é]’eport.‘:. Software to support the production of construction risk
i ; b,12
reglsterso\s@?@%hortly become available.
N
< )
C
)

&

Cﬂ(:is document provides best practice guidance based on the experience of some of the
UK's leading building and construction client, designer and contractor organisations. As
part of this research project, carried out by The Institution of Civit Engineers under the
Department of Transport, Environment and the Regions {DETR) Partners in Technology
programme, a nhumber of studies were carried out:

@ Case studies of geotechnical aspects of building and construction were collected, a
selection of extracts from which are included in summary form, and an interim
report produced.

&

A review of available risk sofrware was carried out, and an interim report
produced (see Appendix B).

@ A series of seminars were held across the UK, at the Institution’s local
associations or geotechnical groups, and also in conjunction with English
Partnerships, the Association of British Insurers and the Chartered Institute of
Building.

A Steering Group representing some of the UK’s major client, design and construction
organisations guided the project.

15
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3 We expect that the advice given can be improved upon and enhanced by applicatioy,
and the use of feedback to ensure continuous improvemenLAlthough the report does
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Figure 4 The key processes in managing geotechnical risk
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N\
Sy
Groun lgﬁd factors are already a common cause of delay and cost increase in
di?ls@nd construction.
Qg\ N

(Ehﬁgmg methods of procurement in the industry mean that ground-related risks
\are likely to become even more significant in the future, unless effective

00{\ geatechnical risk management is used

Systematic risk management techniques, already available and in use for controlling
health and safety, financial and environmental risk, can also be used as a basis for

controlling geotechnical risk.

Geotechnical risk management is most effective when started as early as possible
in a project.

Early structured expert identification and analysis of geotechnical hazards and risks
provides a fast and cost-effective start to geotechnical risk management.

Effective design offers one of the best ways of minimising geotechnical risk.

Conditions of contract and longer term relationships between those carrying out
construction {such as partnering and term contracts) have important implications
for the way in which geotechnical risks are shared and the effects of unforeseen
ground conditions dealt with.
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rge
Ground-related factors are a common cause of lengthy delays and lalace a
increases in building and construction costs. It is essential to put in P|ems
risk management system to reduce and, if possible, avoid these prob

and to exploit any opportunities for improvement that may arise.

In the past, it was assumed that, with enough skill, care and resourc®

devoted to the ground investigation and geotechnical design, grou"":l
foreseen

n
well

conditions could be completely discovered and designed for, and un
delays and cost overruns eliminated. Unfortunately, the work was oft®
poorly managed, leading to major geotechnical difficulties. Even whe”
managed, using the best skills and techniques available, past events have
amply demonstrated that for many types of project (such as highWaY

P
: : : e ant IS
construction and tunnelling) the ground still represented a significa”
(Box 3).
100
® x
g &
o
g 50
o
RE
o ? Upper bound
S
<O

P
£ dp&@
PG

SN

R
0 b
O
f\, 0 2 4 & 8 0
o(\ Adjusted Sl cost/adjusted construction tender cost (%)

o data
Less than 1% of the total construction tender price is typically spent on site investigation, and lgesu;h
show that cost overruns of UE to 100% are then possible, even when high levals of skill are use0:
as on the highway projects which provided the data for this study. :

(ke
Evidence from the past shows that constructlon cost overruns are significantly reduced as ex """,d ot
on site investigation Is increased. But expenditure would have to reach an unrcalistic 7% or 8% ©

construction costs to bring additional costs down ta less than 10% of tender price

Box 3 Cost overruns ds a function of expenditure on site investigation for UK highwﬂ
projects {(Mott MacDonald and Soil Mechanics Ltd, 1994°}

. olving
Methods of procurement are changing in the industry. Traditional arrangements inY

a single consultant, who designed and supervised al! aspects of the work, including 1
n

geotechnical design and the associated site investigation, are being used less fl'eq“Tl pse
e

(Figure 5). Current, more competitive and time-restricted conditions have led t© ©

. jon
of a whole range of new types of contract, creating new challenges for construc®
managers, designers and constructors,

To provide more certainty of outcome in an increasingly fast-track and fr‘agrrle"'[ed
construction environment, the following are required:

20 MANAGING GEOTECHNICM
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%
4%
MF/1 25%
Lt , ICE St

7%
JCT B0

7%
ICE 6th

Client’s conditions 21%
Special/modified

14%
Construction management

Figure § Conditions of controct in use In UK construction

good communication
a team approach to problem-solving
an integrated total project process

a risk-based approach to construction management and design.
&
Ground-related risks must be manaﬁd systematically if significant problems are to be
avoided. Forwnately, there@n&& a growing body of experience of risk management in
construction generally. s-@\d in dealing, for example, with health and safety,'* '?

finance'®- and en& ﬁtal risk.**¥ on which to base systematic geotechnical risk

management o é
&“9 C RISK MANAGEMENT SR ey
stem Sy %au: risk management recognises that building and construction work will always
cog Odﬁ\folve uncertainties. it introduces procedures to ensure that the risks to the successful
con completion of the project are systematically reduced to acceptable levels. As already

noted, ground-related risks are substantial, and can affect many facets of construction
(Figure 6).Therefore any risk management system for building and construction should
certainly contain elements aimed at managing geotechnical risk. An example of a risk
management system (from the Heaith and Safety Executive) is shown schematically in
Figure 7.

Heaith and safety

Cost Ermvironimant
Geotechnical risk

Figure 6 Ground-related risks can affect many other facets of construction

G|
NG GEOTECHNICAL RISK 2
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- = = Informaticn link
=3 Control link

------------ e N~

'

1

]

I

1 P i - P Qrganisati
t ' Organising developme
\ \

Auditing -  Planning and Implementing S

i ‘ Developin
1 1 techniques
' SIS O ach ®  Measuring performance ——= of planning
: measuring
i and review

----------- t Reviewing performance -’

Feedback loop o
improve performance

Figure 7 The key elements of a successful risk management system (HSE, | 997, 1998

The decision to establish a risk management system must be taken at a high level,

the directors and managers of the organisations concerned.The key steps are to:

formulate policy and provide a written statement to inform staff

organise and moti\g&b colleagues and provide them with the necessary skills
carry out the O.@@rk competently

-
ensu \%§ planning, procedures and measurable targets are set for risk redu
K

\@%Qg% measurement of the performance of the risk management procedure

QQ

Q iﬁ?éstigation when things go wrong
@
.0&‘{\\0\$ introduce audit and review, in order to learn from experience.
N
QO\ A&\q

N
O
\O

&

S When to start
Geotechnical risk management is most effective, in terms both of reducing risks ar
identifying opportunities, when it is started during pre-project planning, For buildir
projects this means before the purchase of land for deveiopment. The pre-project
planning phase extends from the point at which a business opportunity {involving
construction) is first identified, through the planning phase to the end of conceptu
design. It is the phase of construction where the client is typically most involved, a
where the project objectives are defined, financial planning carried out and necess:

resources identified.

Management of other risks (financial, health and safety, and environmental} is typici
started at this stage, and geotechnical risk management should be woven into exis
systems where possible. Imporeant parts of the risk management process are best
carried out during pre-project planning:

the risk management process is started

the client’s risk tolerance is assessed

a first assessment of geotechnical hazards and their possible associated risks
made

a2 MANAGING GEOTECHNICAL
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THE ESSENTIAL PRINCIPLES

the stages at which risks can be controlled, and will be re-evaluated, are identified
the techniques to be used for risk management are defined

the responsibility for risk management during the various phases of the project is
defined.

Geotechnical risk management is good business practice; it offers the chance to reduce
uncertainties, and in some cases to reduce costs and construction time.

The first steps in managing geotechnical risk are to

identify the geotechnical hazards that might be present on the proposed

construction site. and

©  assess the vulnerability of possible types of construction to the geotechnical risks

arising from those hazards.

This requires clients to invest up front, taking action very early during pre-project

planning.

Hazard and risk identification

Geotechnical hazard identification is a fast and cost-effective process that uses a
combination of existing information, e@rience and expert opinion 1o identify the
unfavourable conditions that might&@ possible on site. The stages are (Figure B and
Box 4) to: NY é?\

S

identify a geot&@-&@ adviser {or, in the case of large projects, a team of
specialists.)og&@?vise the work and make recommendations based on the

results £ &
o

A .
c&@? Q8 a thorough search for existing information on the site {related, for
ex@ﬁgplm to its location and surroundings, history, geology, current use,

f\ﬁoundwater conditions)

Q
(®  bring the information together and estimate the most likely ground conditions, and

how far actual ground conditions could conceivably vary from these

identify ali hazards that might possibly occur and the risks posed to any

foreseeable types of construction
collate the information in the form of a geotechnical risk register
provide a report to communicate the information obtained to the client, to future

designers and to constructors.

On the basis of geotechnical hazard identification it will be possible to assess the level of
vulnerability of the proposed project to geotechnical risk. Projects that have the following
characteristics are likely to be particularly risky from a geotechnical point of view:?

where ground-related or underground work represents a high proportion of the
overall project completion cost (e.g. roads, railways, tunnels, deep basements,
docks and harbours, dams and hydro schemes)

where highly complex, difficult to describe, or very poor ground conditions exist

where there is a complex or highly risky boundary with, or close to, third parties
and neighbouring structures, or where there are demanding requirements with

23
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Output
Planning and chrifying the task
" " ‘A Specification for the design

i

Conce desi
pual destgn ‘#’ Solution principle(s)

i

Embodiment design —_—_— Debritive kyo

Detailed design
‘#‘ Specification for production

Figure 9 Stages in systematic engineering design (Pohi and Beitz, 1996")

regard to permissible ground movements {e.g. deep basements at inner-city sites,

siio storage complexes) [

where it is likely that contractors without experience of the local ground ]
conditions may be used, either because the project is large or because it requires
highly specialised technigues. ogr

é

It is essential that such projects $oul§|q1:xve a formal geotechnical risk management

system, and the process of ri ?@nagement should extend at least from project |
conception through to ci@ & loning. While geotechnical hazard identification requires '
only short-term spet:{aﬁs:\ézblog:cal and geotechnical advice, in cases where 2 high level

of risk is perceiv g@lf it is possible that existing slopes on the site might be

unstable) a gg&e@\ical expert, or in the case of large projects, a panel of experts,

should be gn@ed for the duration of the project. This should help to ensure a

thorough é\d continuous geotechnical risk management process

T@Qﬁportance of effective design
Effective design offers one of the best ways of minimising geotechnical risk. For design

to be effective it should:
be systematic, so that key stages are not missed out (Figure 9

correctly determine the essential project requirements

use conceptual design as a means of identifying project definitions and methods of
construction that are least at risk from ground conditions that might be present

on site, and provide the optimum solution to the design need
use analytical techniques that recognise that ground conditions are uncertain

check the design by comparison with current or precedent practice in similar
ground conditions.

Design is becoming increasingly fragmented, as specialist consultants and contractors are
used, and as new forms of construction management are introduced, Design is a
continuous process, requiring regular review to ensure that the client’s needs are being
met. It is important that arrangements are made to ensure that information on ground
conditions is communicated to all those involved in the project. Reassessment of the
design should be carried out throughout construction and, where necessary, the operation
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THE ESSENTIAL PRINCIPLES

and decommissioning phases of a project. Good communication between client, designers
and constructors, and a team approach to risk management are essential.

e

= : . S
(PROCUREMENT AND GEOTECHNICAL RISK M/ \NAGEMENT

Procurement methods have important implications for geotechnical risk management.
Experience suggests that under fully designed, schedule of rates, re-measured types of
contract (e.g. the traditional Institution of Civil Engineers Conditions of Contracts) it is
the client that bears most of the geotechnical risk, which is typically expressed as

‘unforeseen ground canditions’. While some major clients (e.g.
Types of contract Who carries the risk!

property developers) prefer to take the geotechnical risk
Client | Contractor

themselves, particularly where they are involved in numerous
Design and manage

Design and build, turnkey, package |
Lump sum, fixed price

Lump sum, fuctuating price

Cost + fixed fee + rarget price

Schedule of rates, re-measured

Management fee + fixed price works
Management fee + cost + works

Mamgement fee + guaranteed maximum price

=)
-

— repetitive building projects which are generally unlikely to be
particularly sensitive to ground conditions, many others no
longer find this acceptable, and increasingly use forms of
contract (e.g. lump sum, fixed price design and build contracts)
that place ground-related risk with their construction

professionals and companies (Figure 10).Whatever the

Construction managemnent

method of procurement and the form of contrace,
geotechnical risks will be best managed when geotechnical

Figure 10 Who carries the risk (Flanagan and Norman, 1993%)7 engineers éeﬁresenting all the parties concerned are brought
togetlx.eé'as early as possible in the project.
\A.

Q
! Conventionally, disput%?o@erning geotechnical matters have been sectled either by
1 litigation or by arb\'@? “There ic evidence that neither these methods, nor those
t,i involving adjud\@ Jmediation or expert determination, are regarded as particularly

satisfactor‘;?é’%h}%otiation is perceived to be the best method of dispute resolution, but

becaus&’gl\é\\e particular nature of geotechnical claims it is better to avoid disputes if

T. possib@;@sing agreed model ground conditions (in the form either of an agreed model

: cogfitions report or a geotechnical design summary report) can provide a sound basis

; oé/r& negotiation when separate contracts are used for design and for construction.” The
S joint appointment by all parties to a contract of a Disputes Review Board or a

| Geotechnical Advisory Panel to advise independently on the technical merits of disputes

may also help to speed up dispute resolution, thus saving considerable time and money.”

Partnering and term contracting are also finding favour with major client bodies, which
are also increasingly restricting their tender lists in order to make their supply chain
management more effective. Such arrangements make rapid and effective dispute

resalution more likely in the event that unforeseen problems occur, since construction

companies are likely to take a longer term business view. However, these arrangements

(Construction Task Force, 1998)

T — g T — e T ——
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do not offer totally effective geotechnical risk control, since clients may pay an

unreasonably high price for asking construction companies to take on unquantifiable or
uncontrollable risks.

The principles and methods described in this book are intended, however, to be useful
to ali those involved in construction, and to apply whatever the procurement
framework.

The processes of building and construction involve a number of roles:

the client
the project manager
the designer

the constructor.

There is no longer, however, 2 clear and unambiguous relationship between these roles
and the work carried out by each organisation involved in construction. For example, a
civil engineering contractor undertaking a DBFO&"Iesign. build, finance, operate)
contract might reasonably consider himself 1’:‘@@3 the client for the work. He would
typically undertake at least part of th\g’desig?l. and have other elements of design
completed by design consultants, by specialist subcontractors or subconsultants.
Many clients employ a proieci@oniger. to ensure that key systems are put in place, and
larger clients may employ@@sig&‘specialists who, at least in the early stages of design
development, will calggo&ﬂ:articular elements of the preliminary design

In Chapters 4 tgé\s\(é‘\;enﬂfy roles for clients, designers and constructors. These terms
are not intendedé&ie synonymous with the terms employer, engineer and contractor, or
any other‘b?\gﬂ used in construction contracts.Jo a subcontractor the main contractor
is a c|ie?J designer may be employed by the client, by a main works contractor, by a
specialist contractor, by a civil or structural engineering consulting practice, or by an
architectural practice. The project manager's function may be fulfilled by the client, the
designer or the constructor. This should be borne in mind when reading the following
chapters of this book.

MANAGING GEOTECHNICAL RISK
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oo\jdé**
$uS
Ear Clien \%ﬂﬁbe clear about their fundamental construction objectives, if additional
enabl co&! a\@‘delays are to be minimised

potential ﬁ&
S{ construction can often be a risky business, clients or their project managers

fﬂeed to establish the client’s risk tolerance at the start of a project.

OQ
O Clients should take an active role to ensure that key elements of management {such

as risk management} are put in place early during pre-project planning.

Geotechnical risks can be substantial, and should be managed alongside the other

risks inherent in building and construction works.

Early investment in good geotechnical advice will allow the identification of projects

that could be significantly affected by ground conditions.

The geotechnical risk management process, including the creation of a geotechnical

risk register, should be started as early as possible during a project.

Methods of managing geotechnical risks should be identified during pre-project
planning.
The vulnerability of each project to geotechnical risks should be assessed, so that

high-risk projects can be given special consideration.

The impacts of the contract berween the client and the constructor on the
distribution of risk should be considered, as should the possible beneficial effects of
term contracting and partnering.
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THE CLIENT' S ROLE

Clients want greater value from their
bulldings by achieving a clearer focus on
meeting functional business needs.

Clients' immediate priorities are to reduce
capital costs and Improve the quality of new
buildings.

Clients believe that a longer term, mare
Important issue Is reducing running costs
and improving the standard of existing
bulldings.

Clients believe that significant value
improvement and cost reduction can be
galned by the Integration of design and
construction,

{Construction Task Foree, 1998')

Box 5 Clients’ needs

28

Clients will seek value for money, but equally importantly need certainty of
outcome for their projects, in terms of:

time taken for construction
cost and, increasingly, whole-life cost
quality (Box 5}).

Construction can be a risky business for many reasons, but not least because
construction delays and additional costs can destroy the profitability of a
new project. Therefore, increasingly, experienced clients are taking an active
role in new construction in order to make sure that key elements of
management are put in place.This chapter describes some of the actions
that a client can take to ensure that geotechnical risks are minimised.

Construction clients should take steps to ensure that, as early as possible, they or their
project managers
K
are sure of their requirements and the Q\@ertainty they are prepared to accept
S
start the risk management proggss S
S

. . < —
obtain expert geotechch fdgbe. to assess the project’s exposure to ground-

. NN
related risk . QQ &@

X
identify sites an%ﬁ‘@‘gﬁu that are particularly vulnerable to geotechnical risk,
X
where specia{‘e@\may be necessary
)

identify h @hen and by whom risks will be managed
3° ’

3
use cgﬁﬁitions of contract that reflect a distribution of risk that is acceptable

wi‘ﬁlg providing best value

ensure that effective dispute resolution procedures are put in place, before

construction commences.

Clients should recognise projects, such as tunnels, embankments and dams, that bring with

them longer term geotechnical risks that may add significantly to the whole-life cost.

Changes in a client’s requirements (particularly when notified late in the building or
construction process) are undesirable, and should be avoided where possible. They can
lead to delays whilst re-design is carried out, and additional costs due to the disruption
of construction. They increase the risk of disruption due to ground-related factors,
because the time available to identify risks associated with the changes may be short
and the options for managing them will thus be considerably reduced.

Successful design requires that a set of design objectives is developed before conceptual
and detailed design are started. Good designs result from careful definitions of need,
expressed in the simplest and most general terms. In a geotechnical context, this gives

MANAGING GEOTECHMNICAL RISK
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TWHE CLIENT'S ROLE

the designer the maximum flexibility in seeking the most robust and cost-effective
methods of avoiding and managing geotechnical risks. But, in addition, a major cause of
additional expenditure and of delays during building and construction resuks from
clients’ decisions to vary their requirements, thus requiring re-design and re-
specification, and causing disruption to the programme.

N = e TS

The risk tolerance of the client will affect the way in which risks are managed on any
given project. For example, large clients involved in many repetitive medium-sized
projects may be prepared to tolerate a much higher cost or time overrun on an
individual project than will a small client involved in only an occasional investment in
construction. The large client may develop internal company strategies to manage the
risk, while the small or occasional client is likely to have to take much greater care to
identify, manage and, where possible, lay off risks (particularly geotechnical risks) on a
project-by-project basis.

The client (or his project manager) should gnsure that a risk management system, covering

all the types of risk inherent in the pm@& is put in place during pre-project planning.
AN

&

| For both technical and healz\@,a%%safety risks, record keeping and communication are

| important. A risk registg?ﬁ to be started and passed on to all other organisations
involved throughout\\,&o' Bject, to ensure that all the risks perceived during project

conception are, \@‘a th during design or construction
5 &

For certai[k&gpof project (typically concerned with infrastructure) there may well be

DF
Iong-teQﬁ\,Qqﬁ%rational issues that need to be taken into account. For example, road and

—

railwag\&%bankment and cutting stability, and track and pavement performance, can lead

toﬁntennnce during the design life that far outstrips the initial construction cost.
-| (,é\ients need to ensure that as far as possible their requirements for whole-life cost are

i recognised by their designers, and are taken into account in the risk management process.

Ground-related risks should be considered at an early stage, as part of the general risk
management process for a project, alongside, for example, health and safety risks,

financial risks and environmental risks.

Clearly, ground-related risk is just one class of risk that must be dealt with. The law

I requires that systems be put in place to ensure the health and safety of those who will

construct and those who will ultimately use a new construction. A prudent client wilt

| also wish to ensure that the financial uncerainties involved are properly managed.

I However, for many projects ground-related risk will be a major cause of financial
uncertainty, and in certain cases ground conditions will bring significant health and safety

#_ risks. Management systems and techniques aimed at financial risk and health and safety
| risk can also, generally, be used for ground-related risk. It is important to recognise
| when ground-related risk is significanc, and to ensure that it is considered alongside the

other risks to the project.

= e
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GETTIN: P | 0 1ATI C

If building or construction could be significantly affected by the ground this needs to be
known early, and preferably before making the decision to proceed with a particular
form of construction. For small building developments, information on ground-related
risks may be required before the development land is purchased.

A judgement can normally be made quickly on the basis of advice from a specialist. It is
essential that the client, project manager or designer consuits a geotechnical adviser
early during pre-project planning. Appropriate persons and companies for such work
are listed in the British Geotechnical Society’s Geotechnical Directory of the UK.

The geotechnical adviser will carry out a preliminary geotechnical risk analysis by:

identifying the geotechnical hazards that might possibly be present on the
proposed construction site

assessing the vulnerability of the proposed type of construction to the
geotechnical risks arising from those hazards

estimating the potential cost and t'@;e increases if risks were to materialise
showing the benefits of furthg%‘geotechmcal work, where it might be cost effective

identifying mlnlmu% ;\Qgr'é\for ground investigation at the proposed site.

The results of this @%ould include a geotechnical risk register, and a short
geotechnical sgp?n@y report, assessing the potential impact of geotechnical factors on
the pro;ect@&&ﬂow when and by whom the risks might be dealt with, from a technical
vtewpoqﬁ lns ould advise on whether any further work should be carried out o
determ(ﬁe ground conditions with sufficient certainty for the project to proceed. These
do@nents should be passed on throughout the project, to ensure that all the

cﬁotechnlcal risks perceived during project conception are dealt with during design or
construction.

In most building and construction projects it can be expected that geatechnical risks
will not be large, and routine ground investigation, properly planned and resourced,
along with competent design, can be expected to be sufficient to ensure that any
ground-related problems can be dealt with during construction. However, geatechnically

sensitive projects, or constructions built on sites where there may be major hazards,

{Brierley, 1998%%)
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will need special consideration. Even under such circumstances most of the risk can be
avoided by good conceptual design, carried out by experienced geotechnical
professionals at the very start of the project.

Risky projects, whether large or small, and projects where the application of
sophisticated and detailed ground-related design can produce significant savings of time
or construction cost should be identified at this early stage, to ensure thar the highest
level of geotechnical expertise is brought to bear.

Sophisticated analytical, design and monitoring techniques can sometimes be used to
make savings, but specialist geotechnical consultants and contractors will be needed.
Given the added complexity, and the likely time necessary for such work, it should
normally be commissioned only if it can be justified by significant savings to the
programme or to cost.

55

Clients need to decide who will take on the various risks to the project. Certain risks
(e-g unusually poor weather slowing construction) may be insurable, but most ground-
related risk must be taken either by the client or by the constructor. Contracting
arrangements will apportion risk in a variety of ways (see Figure 10), some giving the

major responsibility for design risk m\fﬁ'é client and others giving it to the contractor.

\\6&?}
g
ENY
e
S
£/
N @
g
NN
QO\ *’K\Q)
&"OQ
é\\o
C)OQ (Hatem, 1998*)

No construction project is risk free. it is important that clients select a type af
contractuat arrangement for construction that reflects their wishes with regard to the
apportionment of any residual risk that may remain after design, since unforeseen
ground and groundwater conditions, or the unexpected behaviour of foundations,
retaining structures, slopes and earthworks may lead to expensive re-design and delay in
completing the work.

(Latham, 1994%)
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[ IDENTIFYING METHOI DISPUTE O LT ) .
The additional costs resulting from unforeseen behaviour of the ground can lead not
only to disputes during construction, but also to expensive arbitration or litigation,

For large clients there may be relatively lictle relationship between the type of contrae
used and the difiiculty with which disputes may be resolved, since they can use their
purchasing power to encourage constructors to take a longer term view of ground-
related losses. For such clients it is worth investigating partnering, collaboration and the
use of term contracts, since these are known to help ease the process of negotiation

and settlerment.

For small and occasional clients, whose construction requirements are limited and
infrequent, considerably more care is required in selecting suitable coneracts and
geotechnical advisers. Many building and construction companies considerably outde
their clients and designers in terms of turnover, assets and technical resource, and can
be at something of an advantage during any dispute or legal proceedings. There can b
no doubt that the best contractual arrangements are those where the technical
resources of the client, the designer and the constructor are combined in order to

overcome ground-related difficulties as they become apparent.

Whatever the procurement method, sound project management can assist in
geotechnical risk control. Howe@.’ in view of the uncertainties involved, difficulties
during construction should d@\éays be anticipated, and formal dispute avoidance
procedures introducgd,

XA
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oo\w
. Qoég)f&6
i K E ~r\$\§ UMMl A R Y PO N T S

Good eqﬁé@*}ng design provides one of the most effective ways of managing
geo&gﬁq\@ risk.

Ge&&chmcal hazard and risk identification are a fundamental part of good

@bncepmal geotechnical design,
OQ
Risk analysis techniques, based on a systematic use of expert opinion, provide an
effective framework within which to identify and assess the importance of

geotechnical risks.

Designers should recognise that ground conditions are always uncerain, and sheuld

adopt design strategies that are effective in coping with uncerzainty

! f Design should be systematic, should correctly identify the client’s needs and risk

tolerance, and should emphasise conceptual design.

The amount of ground investigation should be appropriate to the degree of
geotechnical risk on the project.

Designers should also recognise the limited accuracy of many geotechnical design
calculations.

The results of risk analysis, and design responses to risks, should be summarised in a
risk register.

At the end of design the risk register, and all the geotechnical information, should be
passed to the constructor and to the cient
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Potentially, good engineering design provides one of the most effective ways §
of managing geotechnical risk. However, at present much geotechnical
design is based on an oversimplistic approach:

Ground investigation is carried out using boreholes (and sometimes
exploratory pits). Best practice requires that the ground investigation is
planned on the basis of existing information on ground conditions,
collected during a desk study, but this is relatively rare for building and

small-scale construction,

ground conditions that are envisaged, or on a pessimistic but
generalised interpretation. Such a model is unlikely to be geologically
representative.

A conceptual ‘ground model’ is created, based either on the most likely ‘
Perceived limit states are analysed, and components {e.g. foundations, i

slopes and retaining walls) dimensioned to give a margin against failure.

This process may be adequate for building and construction projects with
relatively little groundwork, and where ground conditions are simple or well I
known, But it can be wholly inadequate when ground conditions are more
important, either because the i@ucture is particularly sensitive to ground l

conditions or round m e;&?\ts, or because the round is unusually
variable or poor. ?0 \O\

O
Too often there é‘i\%&)\«litﬂe thought put into investigating the ground on

site, and: ;\\Oooés\
N

. O - .
crit%mund conditions go undiscovered
S &

tl@%nreholes and trial pits do not investigate all the ground
f?ubsequently affected by construction

(®  the parameters determined during the investigation are either not
relevant to the problems that need to be analysed during detailed
design, or they are determined with such inaccuracy that calculations

using them give wildly inaccurate resuits.

To be effective, geotechnical design should be systematic, and should
recognise the uncertainties associated with the ground.The design process
should be integrated within a risk management system, to ensure that
uncertainties are dealt with effectively.

The first stage of systematic geotechnical design requires the designer to determine as
simply and precisely as possible the fundamental requirements of the client.An
important part of this is to understand and interpret the client’s risk tolerance.

Most clients have little or no engineering knowledge, few preconceived ideas about how
their needs can be met, and no idea of, or interest in, geotechnical matters. This is
helpful, since expressing the geotechnical needs of the project in the most general way
leads to a design specification against which the final design can be checked, while not
prejudging the technical solution.
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EPA_EXport.08:07-2014.23:46.38



THE DESIGNER'S ROLE

In order to fulfil the design specification it is necessary to understand the functions and
subfunctions of the various parts of the proposed project, and to satisfy their
requirements. The design specification might call for 10,000 m? of usable office space,
with under-office parking. The geotechnical designer would typically have to consider a
wide range of issues, including vertical support for building loads, lateral support for
basement excavations, dewatering, pavement design for access roads, and slope design
for temporary works and for permanent landscaping.

[:_u_ 'u_?'_u_ﬂ- UT G 1|T.'h HI w‘ & \ZARD AND RIS! 1' ITIFICATION

ke

1 In geotechnical risk management the first and most important step is the identification
1' ement of hazards and their associated risks. In the UK a great deal can be found from the
im existing information {such as topographical and geological maps, books and journal
dentificat papers, and air photographs and satellite images) that is sometimes used for a
| th traditional desk study. However, hazard idenufication is fundamentally a different

process —rather than using the data to predict the likely ground conditions, the purpose
is to speculate about unfavourable conditions that might be encountered, and to use
experience to produce a catalogue of the risks that must be managed in order to

achieve relative certainty during construction (see Figure 8)

&

[USING GEOTECHNICAL R:3K ANALYSIS (12)
i Ak = SRR i ol

The steps in geotechnical ﬂ%@:flysu are:

I, I not already Qé(r@ky the client, creation of a ‘team’ of geotechnical advisers (for
a simple biytdis® job this might in fact comprise a single geotechnical engineer, but
for Ia(@‘&&@ﬂstruction projects a specialist consultancy or an expert panel with a
m@n@qof three experienced geotechnical engineers/geologists would be
req&%ed)

2 ‘g;E"ollecuon of published and unpublished data on the ground conditions at the site
C)

3. I|dentification of the passible range of forms of construction (e.g for foundations,

basements and retaining structures) that might be used,

4. Brainstorming to identify geotechnical hazards and risks to different forms of

construction, based on existing information and experience.

-l

Use of group experience to rank risks according to their probability of occurrence

and their impact on construction.

6.  If not previously done by the client or project manager, establishment of a formal

risk register (Boxes 6 and 7; see Appendix A).

7. Association of risks with the different phases of the project.

o

Estimation of costs and variances, and probability (based on group experience or
using software) (see Appendix B}.

9. ldentification of possible ways of avoiding, managing, minimising, sharing or
transferring risk, and the level of residual risk that is acceptable.

10.  Agreement as to whao will take action to control each risk, and who will carry the
financial risk in each case.

SING
NG GEOTECHNICAL HiSK .
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Scale i L"iteiliiootj . . -‘.:;'l;l.lcc ;:ur section of work
4 Probable >lin2 I

3 Likely 1in 0o lin2

2  Unlikely I'in §00ta I in 10

_l y o : NelinEible - <0 in 100
“Scale Effect Increase in cost or time (;‘ of cost or tFr;Ie)
E  Very high =0 -

3 High 4-1¢

b Low 1—-4

) Very low <l

Degree of risk {R) = Likelihood (L) » Effect (E)
Using the above tables, if the efiect is judged to be "high” and the likelihood is

Box 6 An example of risk analysis

judged to be ‘unlikely’, then
Degreeofrisk =3 x2=6

Fisk D m Undesirable event ! Comequence Risk before control
L E R
—— Y E— — 4 = =
la Weak or loose soils | Soil fils under N Foundaton failure | 2 4 |
at founding level foundation Ioad‘(\é
Ik Excessive lo&éﬁon Damage o 3 i 9
e
o gﬁ S superstructure
2 Acid or sulphate Wamnk oh Foundation fafure | 3 2 [
bearing soil @non conerete |
& N o
EH High groundw:m@ @?ll destbilised Collapse of |2 3 &
level & é\ foundation trenches |
b [ § \$(\ | Groundwater in Water in wenches | 1 4
| & [§) foundation trenches | affects concreting |
I RAA% | 1
i {\s(\ 1 !
QO
< g
C i ;
Degreq\@\'isk Risk level Action required
1-4 Trivial None
Ry
e Significant Consider maore cost-effective solutions ar
improvements at no addidonal cost
9-12 Substantial Work must not start unl risk has been reduced
Additional resource required
13-16 Intolerable Work must not start until risk has been reduced !
If risk cannot be reduced, project should not proceed
Box 7 A simplified part of a risk register for o building
For risk analysis to be effective it is important both that a thorough search and review

of existing ground-refated information is carried out, and that sufficient experience, both
geotechnical and geological, is brought to bear in identifying hazards and possible risks

and consequences. At this point it is necessary to identify how geotechnical risks will be
managed:

- TR ———

the client may be prepared to accept certain risks
the design should be able to avoid many risks
where risks cannot be avoided, they can be designed for *

some risks (e.g. temporary works foundations) are better allocated to the
constructer to deal with during building

1
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other risks {e.g. from piling of foundations) may be allocated {with some element
of design liability} to specialist subcontractors.

{Conlon, 1989%)

Plant selectian Greundwater

Drillabilicy Plant stabiliy Good engineering design provides one of the most effective ways of minimising or
Obstructlont dcﬁi':z'::: eliminating ground-related risk. Designers need to appreciate that ground conditions can
Casing fength Spei disposal never be known with certainty, because of the natural variability of the ground from

Pile length B Conmmination place to place, and with depth (see Figure |).In addition, ground properties, such as

strength, stiffness and permeability, vary much more widely than do those of other
Box 8 Perceived hazords for the example

of @ bored pile construction (AMEC Civil construction materials such as steel or concrete (Figure | 1), and there are many

Engineering Ltd} different mechanisms by which the grog@ can cause difficulties for construction (Box 8).
&
&
S
i B 2
! &
S
| S
S
| O
§ \\Q
I &
&7 (Fielden, 1963")
i 00{\
i ‘ Even when ground conditions are weli known, and design is
i Concrete undertaken by leading experts using the best methods
[mean = 45 MPa, ) . ; .
\ 9 5D = § MPa) available, routine geotechnical calculations are often not very
| E accurate (see Figure 2).Therefore, designs should be robust
.r 5 enough to accommodate possible variations in:
| ;
‘5 the behaviour of the ground, compared with that
] 8 / Sail dicted
z predicte
as well as
| o 10 .
; Strengthimean strength the type of ground from place to place across the site
'_ Figure i1 The variabllity in the strength of the ground groundwater levels.
i and of concrete
I
'I Geotechnical design should be carried out systematically (see Figure 2 and Box 9),
: ensuring that the following elements are included:

conscious and careful expression of the client’s needs

o T
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Systematic design uses a predefined staged
approach 1o design, in order to ensure that the

ient’s need is co identified, optimal
sclutions are found and that creathvity Is
maximised.

Box % Systematic design

Conceptual design identifies an appropriate design
solution by qualitatively assessing the strengths
and weaknesses of a range of possible design
variants. without recourse 1o detailed analyses.

Box !0 Conceptual design

Analysis is the process of breaking down a
design into ts constituent parts, and of
calculating the behaviour of cach of those parw

Box 1l Analysis

Design using precedent practice examines
successful existing design solutions and uses
them as a basis for future designs

Box {2 Design using precedent proctice

38

recognition of the ways in which hazards can present a risk either to construction

identification of potential hazards

work or to the finished project

assessment of the client’s tolerance to risk

conceptual design (Box 10) to identify required functions and develop design

variants for each function

selection of the most effective forms of construction to optimise performance and
to reduce cost and construction time, while minimising the vulnerability of the

project to variations in ground conditions, whether known or possible

planning of ground investigations both to investigate the probable ground

conditions and to provide parameters for all the limit states o be analysed during

detailed design

careful detailed analysis (Box |1} and design detailing.

O~

o

o

{Clayton et al., | 995%®)

SZ’ good design will provide a robust defence against geotechnical risks, while being cost

effective, state-of-the-art and simple to construct. The conceptual design process

solutions for each, using a combination of precedent practice (Box 12), hazard

avoidance, judgement and experience. ln a well-managed design process the design

variants developed at this stage to satisfy each function or sub-function will be

obijectively judged against the design specification. The best combination of solutions will
then be selected bearing in mind a range of qualities, such as fitness for purpose, likely

cost, simplicity, certainty of outcome, and environmental and heaith and safecy impact

{Box 13)

Minimum uncertainty
Simplicity
Constructability
State-of-the-art
Optimisation

{Bieniawski, 1993%)

consciously breaks down the project into these functions and subfunctions, and finds l
E‘
|
§
i

The bast design containg the least parts.

The best design allows the mast efficient construction.

The best design maximises the application of recent research findings

The best design has evolved from quantitatve evaluation {inculding cost) of

alternative designs.

The best design is the one which has the least exposure to gectechnical risk. %
|

Box 13 A set of criteria for selecting the best geotechnical design i
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iEngineering judgement is a] feel for the appropriateness of
Eolution, from the narrowest technical details to the
Broadest concepts of planning ... .

(Peck, 196%4%)

Conceptual design should include a systems approach as a counterbalance to the
bottom-up process of analysis. Systems thinking questions the assumption that
component parts of a system are the same when separated out as when they are part
of the whole. In geotechnical design it is important to search for unfavourable
interactions (e.g. between soil movements and structural loads - ‘scil-structure
interaction’ —or between foundation loading and slope instability). since these can

sometimes be critical (Figure 12}

S

[ \_{l . Effect of foundations

on slope stability
?

Bearing capacity &
beneath foundations NS
e &
A 2 \/
5 e
& ) b
(O
L x°
Effects of slop(@ {
on foundati ity <
REOA
O (\é "
&é’o$ Stability of exisung sleoes
- *a
S A
K Principal modes of failure
&
$ identified for analysis

X
gg;re {2 A systems approach, using interaction matrices, to identifylng unfavourable
design interactions (after Mudson, 1992*'}

(Blockdey, 19934%)

H Hazard avoidance is undoubtediy one of the major components of geotechnical
' Pubtedly conceptual design. Conlon® reports what must be a common feeling among most
S9Mponen experienced geotechnical engineers, that he has made his greatest engineering

contributions not by solving difficult problems but by avoiding them. In many situations
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THE DESIGNER'S ROLE

hazards can be avoided simply by an appropriate relocation of a structure (e.g. to avoid
B Using slope drainage and re-fndlng to

control existing siope Instabiliey. buiiding over an in-filled quarry).Where particularly critical mechanisms of failure

I Using composite geofabric—lay (GC) liners i j
i o e B <ysue (double finer] cannot be avoided they should be prevented from occurring by using more than one

for landfill liner design, co prevent leachate defensive measure, the so-called ‘defence in depth’ (Box 14).
reaching the groundwater.

Box 14 Examples of ‘defence in depth’

AT
[“M KNG ROUND INV]
B F - 3 g

Once the optimum design concept has been identified, ground investigation should take
place to provide the informaton so that detailed design can proceed. Geotechnical
analyses require a knowledge of the ground conditions, and particularly the likely

geometry of the ground,

its properties, and

the groundwater conditions,

together with estimates of how much they might vary, or how they might be improved
by ground treatment. Ground investigation {boreholes, laboratory and field testing)
should be planned to test the conceptual ground madel| derived from examination of
desk study and walk-over survey data, to provide further information on perceived

hazards and to give the geotechnical pagﬁﬁeters required for analysis.

Analyses (see Box |1) for routine Staited design are typically carried out on the basis
. )
of either: ﬁoﬁ“\ &
O
information 08&%% from limited ground investigation, using design assumptions
<
in accorgﬁ%\éith general practice
&S
or \(\ §
RN
tb\q@%sults of very detailed and costly ground investigation, typically using
é\aoclvanced numerical modeliing,
OQ

Only in cases where there are significant geotechnical risks or where clear benefits can

be obtained from the adoption of a sophisticated geotechnical approach will it be
advisable to carry out very detailed ground investigation. Mast design will be based on
limited ground investigation, and the likely shortcomings of this must be recognised by
the designer.

i COGN "T v F | S | CLIL

During detailed design, little reliance should be placed on deterministic ‘best-shot’
analyses, since these will often fack accuracy and provide only an incomplete assessment
of likely construction problems. Five approaches can be helpful when using limited
ground investigation following formal hazard identification:

Peer review can be used to ensure that key mechanisms of failure are not
overlooked, that realistic parameters are selected and that design calculations are
performed competently and correctly.

Sensitivity analyses {or probabilistic calculations using a spreadsheet add-in such as
@RISK) allow the designer to appreciate the effects of uncertain parameters on
the results of analyses (Figure 13}.
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Sail properties. ¢4 Water presiure, I, Geomeuy

JA LA LA_
T

'
Deterministic anafysls
\\
Probability 1 1 Scnsitivity
1 1 [ =]
N -7 |
0 éo&
F & -l R \
& ,y\
Figure 13 An example OWE risk model (using Monte Carlo simulation) of slope
instability \Q \\)\«
O

N
o Key fail &sg\s\chanisms can be guarded against by adopting more than one
defg\ng{é‘strategy (‘Defence in depth’ using a 'belt and braces’ approach.)

L Q\lx%rvatlon and monitoring of ground conditions should be used during

onstructuon to ensure that design assumptions have been sufficiently
s

representative for the geotechnical design to perform satisfactorily.

©  Where design can be made flexible, monitoring of key components can be
formalised in the observational method,*

(Km,--rtnm-m,g RiSK REGISTER AND COMMUNICATING
WITH CO _Ffm*'ﬁw* (18) =/

As design provides what are judged 1o be effective risk reduction strategies, the risks
that are controlled can be cancelled in the risk register. Residual risk can then be
focused on and suitable ownership (during construction, commissioning and use)
defined. If major geotechnical risks remain after design then the project may not be able
to proceed, or a further phase of more specialist design (perhaps using high-level
geotechnical expertise} may be required.

Ground-related dara, including the rationale for ground investigation and its
interpretation, should be made freely available to all potential parties to building and
_'_-'.ﬂd‘related data should be  construction projects. For projects taking an extended time from conception to
Made frecly available to all  completion, or those involving significant subcontracting or temporary works, the
thal parties o building and  adequacy of ground data should be reviewed on a regular basis, since the design
construction projects  concept can be expected to change from time to time.

: .
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A ) , B
Grou &cg@&d risks have most impact on clients and constructors; increasingly clients
are g hg methods of contracting by which they seek to transfer more risk to the
tor,

O - . : . g
JHe uncertinties associated with the ground can represent a considerable opportunity

f to a well-organised constructor.
L

The constructor’s geotechnical risl management strategy should recognise the impact
of the contractual framework within which the work is to take place.

The canstructor should start risk management as early as possible, during the tender
or negotiation period. f a risk register is not received from the designer or client, the
constructor should start one immediately.

The risk register should be updated regularly, particularly in the light of proposed
temporary works and specialist construction techniques.

Wherever the constructor takes on design responsibility,a geotechnical design review
should be carried out, to ensure that geotechnical risks have been effectively managed

The risks associated with ground-related construction techniques, for example
temporary works and foundation construction, should be assessed as soon as they
become known.

The results of the constructor's geotechnical risk management should be
communicated to any specialist groundworks subcontractors or geotechnical designers
that are subsequently employed on the project

Ground conditions should be observed, monitored and recorded during construction.
The results may be helpful in detecting construction defects, and should be made
available to designers, to allow re-design if necessary.

In cerqin circumstances it may be useful to monitor key parts of construction or to
use the observational method,

The results of observation and monitoring should be fed back to designers during
construction, to ensure that defects are identified, methods of construction are
changed where beneficial and re-design is carried out where necessary.

At the end of the project the data collected during risk management should be used to
provide feedback on the effectiveness of the procedures used.
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Ground-related risks have most

44

impact on clients and
constructors

INTRODUCTION

Ground-related risks have most impact on clients and constructors.
Traditionally, in civil engineering constructors have been responsible for
much of the temporary works design risk, but increasingly clients are
adopting methods of contracting by which they seek to transfer other areas
of construction risk to the constructor.Thus the conditions of contract for
design and build, DBFO (design, build, finance, operate), etc., are on the
increase, and major clients are using partnering, term contracting and the
Private Finance Initiative (PFI) to promote effective dispute resolution.

To a client, ground-related construction risk is likely to be a largely negative
factor, but for the construction industry it can represent a considerable
opportunity. Robust geotechnical design coupled with systematic risk
management can reduce uncertainty to acceptable levels, while
sophisticated geotechnical analyses can, for some projects, add significant
value or reduce construction costs and construction time. Risk management
systems that incorporate geotechnical risks and ensure an effective use of
resources therefore offer considerable opportunities to a constructor.

: ; ONT
8S

Constructors’ risks resulting frqugx"lations in ground conditions are significantly
affected by the conditions gbyeptract used by the client.

The method of managi o@@e contractor’s risk needs to be appropriate to the contract
conditions in US%W& the client, through the contract, effectively accepts some of
the ground-rﬁé&\%\sk (e.g. the well-known Clause 12 of the ICE Conditions of
Contrac )&h@\he constructor should introduce systems to ensure that all unforeseen
ground cc@ﬁions are recognised and recorded, and their impact on the time and cost
of copgiruction are evaluated.

N S . .
Where ground-related risk is passed on to the constructor, variations in ground
conditions that might have a negative effect on the project need to be recognised at the

earliest opportunity so that re-design or different methods of construction can be
considered.

11%%

In alfl cases, a risk management system (see Figure 7) should be introduced, or extended
to include the ground-related risk, as soon as possible. Geotechnical hazards and risks
should be identified and analysed during the tender or contract negotiation period.
Risks associated with temporary works, which may not previously have been foreseen,
need to be included. Risk modelling to include the financial implications of ground-
related risk may be helpful.

A risk register (see Box 7 and Appendix A) should be received from either the client or
the designer. Recognising that many of the details of construction will not previously
have been known, the adequacy of the permanent works design should be considered.
The risk register should be reviewed and augmented before the start of construction, in
the light of the proposed construction methods. It should also be reviewed regularly

during construction, to ensure that risks have, as far as is practically possible, been

MANAGING GEOTECHNICAL RISK
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reduced to an acceprable level and are relevant to the conditions actually enceuntered.

In the absence of an existing risk register, the constructor and associated technical

advisers should carry out geotechnical hazard and risk identification (see Chapter 5). At
this stage the form of temporary works, which are often constructed on soft, variable,
near-surface ground, and are particularly risky, will be known. Often the most effective
.‘ way of controlling temporary works risk is by producing flexible designs, coupled with

observation, investigation and characterisation of ground conditions at the time of

i construction. YWhere there are significant ground-related temporary works risks,
geotechnical specialists should be brought to site to make an assessment during
construction. Additional ground investigation may be necessary.

{ G GEOTECHHN! [ » ERMAD 1T WORKS DESIGN (21

Wherever constructors take on design responsibility, be it for permanent or for
temporary works, they should ensure that their design professionals adopt the guidelines
set out above in order that geotechnical hazards are identified and risks managed.

A review of geotechnical aspects of the permanent works design should be carried out
as soon as possible, and in addition to reviewing geotechnical risks should identify
opportunities where the re-design of geotechnical elements of the work could make
construction safer, faster or cheapen\@ﬁ‘ére ground conditions have a significant effect
on either the programme or the g85t, it may be that different methods of construction
can yield significant risk r&&ﬁé@ﬁus or savings. As an example, an inappropriate choice of
pile type during deslggﬁg)’hoawe a very large impact on cost, completion time and
disputes. The dela@%\}:iated with changing the type of pile to be used to support a
structure, ev&:}&é\l@}g the early stages of construction, may be preferable to the
construcigﬁ&ltﬁlems of using the wrong type of pile
<<o\ A‘\\Q
R
O
BN

0(\

The techniques to be used for ground-related construction (e.g. piling, dewatering of

'y

excavations, methods of temporary support) are increasingly being selected by
constructors, Cost, previous experience of satisfactory performance, and limited
conceptual design to avoid problems are typically used by the constructor as a means of
selecting the particular methods to be used on any given site. The particular methods
chosen and their associated specialist equipment will bring new geotechnical risks that
must be added to the risk register, and managed. More ground investigation may be
necessary at this stage, in order to provide the additional data necessary for detailed
design of temporary works and specialist groundworks.

Where either design or construction is subconeracted it is important that the lead
constructor disseminates information on expected ground conditions and makes
available relevant information from the risk register. Specialist groundworks contractors
need to be included in the risk management process so that they can feed their
expertise and experience into the risk register and the continuing process of
geotechnical risk analysis and response,

MANAGING GEOTECHWNICAL RISK 45

- EPA Export 08-07-2014:23:46:39



THE CONSTRUCTOR'S ROLE

46

CGBSERVING AND RECORDING GROUND CONDITIONS (24)

During construction the contractor should, as far as is practical, observe, monitor and
record actual ground conditions and behaviour. The risk register should be updated as
new information bacomes available, and anticipated risks either do not materialise or
are dealt with during construction.

Under conditions of contract where the client bears the majority of the ground-related
risk, such data are vital in supporting claims for additional payment resulting from
difficulties due to unforeseen ground conditions. They will also allow the designer to
assess the adequacy of the project design.

Whether or not the contractor is taking the risk, comparison of observed and
expected ground conditions can give early warning of impending problems, allowing
design changes to be made before additional costs and delays become significant, The
designers, wherever they are employed, should be immediately notified whenever

ground conditions deviate significantly from those expected.

In certain circumstances, either for high-risk projects {e.g. urban twnnels, earth dams,
nuclear power facilities) or where the per@anent or temporary works design can be
modified during construction to take a@r\.}'ntage of new information, it may be
worthwhile to make measurerg’gnt%é! key indicators {e.g. prop loads in excavations or
ground surface settlements Nl construction. Monitoring is complex, expensive and
requires expert geoteg \Q&nput during construction, but can be particularly
waorthwhile where gﬁggﬁarameter uncertainties (e.g. relating to the stiffness of the

ground) are thcgg&&({zﬁ exist and conservative design has a major impact on
CONSEructi N
S
R
(¢
$
&
OQ
fHe results of observation and monitoring during construction should be fed back to
designers as it becomes available, to ensure any unexpected behaviour is detected, 50
that construction defects are identified, methods of construction are changed where

beneficial, and re-design can be carried out if necessary.

Following construction, the data collected during geotechnical risk management should
be reviewed by all parties concerned with the project, to allow continuous

improvement of the risk management system.
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RISK REGISTERS

Risk registers are becoming widely used as a means of documenting
perceived risks and their importance, and recording actions taken to
manage them. A risk register can be a very simple document, and is a
powerful means of communication when information is to be shared
between the various organisations, or indeed between parts of the same
organisation working on a particular building or construction project.

This appendix identifies the key components of a risk register, and then gives
examples of geotechnical registers that have been used by a number of
major construction companies. At present there is no agreed standard
format for a risk register to follow. Users are invited to adopt those
elements of the examples given that best suit their needs

Risk registers are frequently used in their simplest form as part of the process of
managing health and safety risk. The Health and Safety Executive (HSE) gives an
extremely concise guide to the process in their pamphlets on Managing Heaith and
Safety™ and Five Steps to Risk Assessment.s Tgp section describes the components that

build to form a typical risk register. §é

The risk management s&k‘ﬁ;eﬁ@
Risk assessment takes placgﬁ@&% a risk management system (see Figure 7) that must
first be created by sen@%sﬁonnei (directors and managers) in the organisation
carrying it out. At g&é\@éet it is imperative that senior management within the
arganisation deﬁ;éfs\ ®$policy for risle management. In making the policy the organisation
should con @a\iﬁ\d spell out its objectives, once it has assessed its current costs and
the likely co@Qand benefits of introducing formal geotechnical risk management
proceduges: This policy, once defined, can be used as the basis for

&

developing procedures to be routinely followed l

allocating responsibilities for ensuring effective risk management i
ensuring sufficient resource is available, in terms of personnel and facilities '
providing training where necessary

setting up communications between different parts of the organisation and with
other organisations

reviewing the effectiveness of both the procedures and the management system
on a regular basis,

Risk assessment and risk analysis
According to the HSE, risk assessment consists of the following steps:

. look for hazards 1

2. decide who might be harmed, and how

3. evaluate the risks and decide whether the existing precautions are adequate or
whether more should be done
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4. record the findings

RISK REGISTERS

5.  review the assessment and revise it if necessary.

The key elements of geatechnical risk assessment and analysis are simifar. The following

represents a synthesis of the practice currenty used by a number of companies in the UK:

I.  Speculate as to the geotechnical hazards that might exist on the site.

2. Identify the types of construction that could be used.

3. Decide on the risks that could be associated with the combination of possible

forms of construction, and the ground conditions.

4. Rank the risks according to likelihood and effect (for example, in terms of increase

of cost, or construction time).

5. Decide on the type of action that is needed on the basis of the severity of each risk.

6.  Assaciate each risk with a particular phase of the project

7. Identify how each risk can best be managed, and by whom.

8. Record the actions taken to manage each risk.

9,  Reassess the severity of each nsk‘glter action has been taken.

10. Review the risk register at r&ﬁar intervals, to add new risks and remove risks

that have been dealb(ﬁ}thé\
L. Commumcate Q/b
i \&
Many risk as

of thé&e&\%ays of dealing with geotechnical risk is to avoid it.

Duq@ a risk assessment for 2 small building site, the following hazards might be

ntified as possible on the site:

old landfill

contaminated land

shrinkable clay

sulphate bearing or acidic soils
trees and hedgerows

high groundwater

dissolution features

(in chalk or limestone)

MAMAGING GEOTECHNICAL RISK

a sloping site

frost-susceptible soils

mining activity

old in-filled quarries or trenches

solution features

(in limestone or chalk}
soft spots

archaeological remains.
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Whether these hazards translate into risk will depend on a number of factors, such as:

the location of buildings within the site
the type and depth of foundations used
the sensitivity of the structure to differential settlement

the type of concrete used for foundations.

Hazard Project feature Envir Undesired event Consequence
Shrinkable
clay
Shallow
foundations
High water
L TR Clay shrinkage or
heave moves
foundations

Structurat damage
to building

Box A.l Building on shrinkable clay

As an example, consider the use of shallow strip foundations for a building on
shrinkable clay. This might be consid se% ’risky. for example if there are trees or hedges
growing on the site. Box A.l sho@%ow the consequence (in this case structural
damage to the building) %@‘\g\@ on a number of factors, including the project feature,
the environment andoj%ﬁure of the undesired event.Attention to any or all of the
factors linking th%ﬁa%ﬁ to the consequence can reduce risk. For example, the
buildings coul@g@o\cated away from trees and hedges, or they could be placed on piled
rather th\&cﬁs@ﬁhad foundations. If the groundwater was found to be sufficiently high,
ther @e litle chance of shrinkage or heave, since the water demand of the trees
coulg\@%atisﬁed without desiccating and thereby shrinking the clay.

gﬁ&ether or not risks can be avoided, it is sensible to estimate their severity. This

Ooprocess is known as risk analysis. The degree of risk is the expected impact of damage.
loss or harm from a given hazard, under particular circumstances. It is normal 1o
express risk as:

Degree of risk = Likelihood x Effect

The likelihood that a given event will occur is judged on a qualitative scale, as shown by
the two examples below.

Scale Likelihood Chance, per seetion of work
4 Probable *lin2
k| Likely lin 10te 1 in2
2 Unlikely I In 100 to 1in 10
1 Negligible <] in 100
Scale Likelihood Chance, per section of work
5 Almost certain >70%
4 Probable S0-70%
3 Likely 30-50%
2 Unlikely 10-30%
1 Negligible <10%

54 MANAGING GEOTECHNICAL RISK
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The effect of a risk once the unfavourable event actually occurs (sometimes termed the
impact or conseguence), is also assessed qualitatively, by using expert opinion within a
consistent framework.

Risk results from the combination of a hazard and the vulnerability of what is to be

built. Even though it is often possible to assess the likely loss, the importance of any
given risk depends on the risk tolerance of the person or organisation taking the risk.
To a small builder the loss a few thousand pounds will be extremely serious, but for a
major developer this might be inconsequential.

Because risk tolerance depends on each individual and organisation, it is necessary to
establish a scale of risk for each company, for each major type of risk (e.g. financial,
health and safety, environmental) and sometimes for individual projects. An example is
given in the table below.

Scale Effect Increase of cost or time
(% of cost or time)

4 Very high >10%
3 High 4-10%
1 Law 1-4%

I Very low <%

Ascaleof ltod4orltoSis typwaléﬁ?l to 4 scale gives limited options, and no
central point to allow experts to, ét on the fence’. Those using the system are asked to
respond in terms of thesrd&&éﬁent of the possible effect of a given risk, checking this
against the numerical %‘\given in the right-hand column,

The result of mg{t éyj&i these two assessments together, to obtain the degree of risk, is
judged agal%ﬂ?%er qualitative scale, an example of which is given below

&\Q,
chre@ risk Risk level Action required
(0 Trivial None
o(é-; Significant Consider more cost-effective solutions or
O improvements at ng extra cost
p:

LS ! Substantial Work must net start untl risk has
been reduced
Additional resource required

13-1& Inzolerakio Work must not start until risk has

been reduced
If risk cannct be reduced, project should
not proceed

The data given in these three tables express the risk sensitivity of the users. Again, only
four or five levels are used. Importantly, actions to be taken for each risk class are

predetermined as part of the risk management policy of the organisation.
Responding to risk
The classical strategy when responding to risks takes the following form:
avoid, or
if unavoidable, transfer, or
if non-transferable, mitigate, or

if unable to mitigate, accept and manage.

MANAGING GEOTECHNICAL RISK 55
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Ideally, only trivial risks should be accepted and managed, but in practice this is not
always possible. In the example given above, the risks from building with shallow
foundations on an old and Infilled quarry could be aveided by locating the quarry and re-
siting the buildings away from it. The risks could be transferred, either to another party
{e.g. by employing a designer with professional indemnity insurance to consider the
problem) or to another set of risks (e.g. by using piled foundations). The risks could be
mitigated through a process of ground treatment, coupled with a stiffer foundation raft,
If none of these options was either available or appropriate, the risk could be accepted
and managed, perhaps using observation of the ground conditions in foundation

trenches, during construction, to warn of the actual occurrence of the risk.

During any given project, risk assessments will be made not only for different purposes
(e.g. health and safety, finance), but also by the different organisations invalved in the
contract (e.g. client, designer, builder). There are many different stages ac which
geotechnical risks can be dealc with, for example during pre-project planning, design,
construction, or the subsequent use of the building, construction or infrastructure. Each
risk assessment should try to identify not only how each risk can be dealt with, but also
by whom, and when it is best tackled. For example, on a building development
geotechnical risks may be passing between the developer, the builder, the architect, the
structural engineer and a specialist groundworks contractor. Good communication and
clear delegation of responsibility for risks a\g@«*essential.

&

Communicating: the risk regisger
A risk register is simply a con@\éo{'ﬁeans of recording all these data and any decisions
made, so that information@? 5;"(5 can be effectively communicated within each
organisation and betw@ﬁamsauons A typical risk register (which can be assembled
on a standard spr t) might contain the followin

p g}%@e ) mig g:

all th%&aggé\s on the site

the ésf(s identified as resulting from those hazards
C}o@\ estimated degree of risk from each

the planned response

at what stage of the project the response will be made, and by whom

the estimated effect of the response

who carries the financial consequences for the risk. should it occur.
An example of part of a risk register is given in Boxes A.2 and A3, The management
system should include a policy that defines at what stages, and how frequently, the risk
register should be updated. For example, many of the geotechnical risks passed to the
designer should be eliminated during design, and need to be recorded as such in the

register. Risks remaining during construction need to be understood by the builder and

developer. As ground conditions are exposed they can be reassessed, and responded to
if necessary.

MANAGING GEOTECHNICAL RISK
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Comeq\.lenco.

Risk ID| Harard Undesirable event | Risk before control
| L E R
0 1 1 T =
la Weak or locse solfs | Sail fails under | Foundation failure | 2 4 8
at founding level foundation load |
Ib | Excessive foundation | Damage to '3 3 9
| serdememt SUpersUuCTIe |
2 pcid or suphate | Chemiieal ateack on Foundation failure | 3 2 ]
bearing soil | foundation concrete |
3a High groundwater | Soil destabilised Collapse of 12 1 e
level | foundation wenches |
» Groundwater in | Waterinwenches (2 2 4

| foundation trenches | affects concreting |
L.likelihood; E, effect; R, degrea of ritk.

Box A.2 Example of part of a risk register for a small building — initial risk analysis

Risk ID Consequence Response ‘When and by whorm Risk after control Financial risk
L E R carried by
la Foundation failure Examine soils in foundation During construction I 4 4 Builder
trenches when excavated Groundworks contracter
Take deeper il necessary
Ib Damage to superstructore  Design foundatlons and During design 3 I 3 Developer
superstructure to minimise the Structura! and geotechnical
effects of differential mavement designers
2 Foundation failure Test samples of soil for pH During ground investi I I Developer
and sulphate content Site investigation :% ctor
Use relevant type of concrete
3a Collapse of foundation Determine groundwarter level Durin oanesugmon ) 1 Builder
trenches se trench support if necessary Gron& ontractor
b Water in trenches Determine groundwater leve! und investigation | F] 1 Buitder
affects concreting at start of work 'dworks contractor
Pump from sumps
) K\
L Ekethood, E, tfecg R, degree of risk \}o (\é
Box A.3. @@8& of part of a risk register for o small building - response
$ o
<<O N
5
KO
9
S
$

OO
This section gives examples of risk registers used for recent projects, provided by some
of the UK's leading canstruction companies. A brief introduction gives the context in

which each was developed, and describes its key components.

AMEC Civil Engineering

Three examples are presented here. Figure A.1 is a small extract of selected items from
the risk registers in use on a major construction project in the south-east of England.
Itemns identified would represent a hazard to construction operations or cause
variations in quantity and time (e.g. to install stabilising nails to slopes, or even
specialised redesign of pavement formation supports). The constructor is made aware of
the design issues and items to be included in his costs. Monthly review of the
constructor’s register addresses changes in importance and future planning.

Figure A2 is a generic example used to assess risks to the design of temporary works
in construction, which needs to address bearing capacity {e.g. heavy crane tracks,
excavation slopes). The items identified become a ‘check-list’ to which should be added
project-specific hazards. This list should also expand from ‘lessens learned’ as a
reminder on future projects.

MANAGING GEOTECHNICAL RISK 57
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Designer's hazard identification
Date I?. Ml)'

No. WBS Hmrd

p L 330 Dene holu InArea I = Probing required

risk of alignment
collapse during/after
construction

TE¥ 330 Mineral workings —
lignite Area 5

3354 330 Risk 1o structures
from high sulphate
and chloride levels

Constructor's register
Date 20 Jan 00

No. Risk

2822 Footbridge piling, unknown
services or obstructions

5215 Unexpected land
contamination 'found

35 Dene holes

314 Swallow holes!
solution features

114  Lignive mining

Figure A.l Selected items from the risk register

58

amec®

Hitlgﬂﬂon plln o Nl:.l- Action By whom By when Closed Rmon for closure
before constructlon I Information and warnin SG 3] Or.t 9& Y 1ncluded in contract
and further 5 asip 1o reduce risks in to be Included in H&S plan documents
most likely locations 2 Avoided, closed out ™MD 09 Mar99 Y Avoided
I. Check local history and relevant I Keep contractor 5G 0f Oct98 Y Field team responsible
mintng records Informed of findings
2. Develop contingency planinthe 2 Indude informaclon in 5G 01 Oct98 Y Included In documents
event f a chance encounter HE&S plan
Inform contractor TR N
of findings
Design structures to resist attack, i Include geotechnical BG 18jun97 Y Action completed
including provisien of additional Information In tender
membranes where feasible 10 documents
Isolate from suiphate attack. 2 It has been determined PK 0Mar 99 Y
Refer to ground investigation that there Is no need for
reports additional membranes
3 Design 1o follow BRE PK Y
Digest 363 for cement.
ratio
Owner Mitigation plan Last review Critical date Importance Action Closed
KG Additional ground investigation 26/07/00 Closed 1 Trial holes Y
CE Apply previously prepared 19/04/00 Ongoing I Control plan No. 00007-01
detiled procedure
CE Establish existence 1901100 Ongaing 4! Radiclogical surveys,
$ historical records
CE Establish existence t3/0 100 Ongoing \{\é 2 Radiologlcal surveys,
ﬁ » historical records
KG [nvestigate as necessary 19101100 Q@E\Qé\ | Allow for removal
F°
&b
N
&
O
X (\é

Figure A3 is ar@ﬂ@&tion of the generic form for a current project where an offshore

jack-up pla@n@s applying loads of 500 tonne per leg to an irregular rocky seabed
Contact su\éé?es can exceed 150 MPa, so it is essential that inspections demonstrate

safe Io@ons during leg preloading sequences and during operations
Flg&"e A4 shows the risk data sheet.

Bovis Lend Lease Ltd

This risk register is representative of the format used throughout Bovis Lend Lease Led,
from the management of safety risk to strategic business risk. Bovis Lend Lease Ltd is a
major global manager of construction projects and uses risk management at all levels to

improve the chances of achieving success for itself and, most importantly, its clients.
Risk registers are used to:
record the extent to which risks have been identified - predominantiy from
peoling the knowledge and experience of all those involved in the project
gain an appreciation for the risks’ potential to affect the objectives defined
record what is being done to minimise this potential degradation and derive

benefits from unforeseen opportunities.

Risk management is an important aid to the project team, since it introduces a
discipline to the appreciation of uncertainty. The company has found that it is invariably
uncertainty that causes difficulty to teams, rather than the complexities of the project.
Important facets of the risk register are:

MANAGING GEOTECHNICAL RISK
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amec®

Figure A2 A generic exampie

MANAGING GEOTECHNICAL RISK

AMEC Capital Projects Limited
Construction Divislon Contract/Tender Risk
Specialist Businesses Project No. GENERIC
PROBABILITY (P) IMPACT/ TIME lnd COS‘I’ Impa:t (() Rlsk Raﬂng Risk Respanse '; PROBABILITY
| Consequence {I) Amend to suit contruct |-n | Waghgiole Ueitnly | Likaly Proababie Very luely
i! | . BN 5 FE L M0 EE
Very likely 5 Veryhigh 5 | >/0weekson > Im | molersble 17025 Unacceprable | s Pt ist 2ol 25
| completion i w | .
Probable 4 | High 4 >l weekon 100k to im I Imolerable 13t 16 Umcceptable ‘z-’ 4 B 12 18 20
| | completion i = l
Liely 3 |Medum ) | >4wedks <l 10k o 00k | Subsmmial 9o 12 Early artantion 2 b s |6 potliizigis
| ek on ampiton . g (Sl
Unlikely 2 Low 2 lw4dweeksnone lkio 0k | Tolerable 5w Regular atrention u} 2 4 6 8 1o
| an completion H
Megligible 1 Verylow | | <l week o oivity. </000 | Trival fod Monitor 1 | 2 £] 4 5
| none on completion [
I-.fAZARDIRISK CAUSE | BEFORE IMPACT/! | RESPONSE! | AFTER | TME | COST | Rk | OWNER | Review | scans
| |CONTROI. Consegquence  Controls Aveid. | CONTROL | shoat | | e |
| wansfer-mitigation,comrel (P 1 R L | ] |
- E - ; T
| Bearing | Weak soits ]5 Collapse Calculate maximum | 2 8 | | I
capacity 1 I bearing capacity ; |
I i Define maximurn | 2 \fgr 6| | | |
| | dimensions 1 | | { {
. | Investigate ground ! I |
! | : 2*B depth :5*\ || !. |
| Sloping ground | 4 |12 |_Col!upsc | Reduce beqﬁ ﬁ?cny FPRERER | } | |
| Mine | 5 25 |Collapse Investi Band 1o ! 2148} | |
| workings/voids mi%ﬂ@ inte rock | | | |
| Formation L4 |12 | Exgessive i n before [ ]3] | !
| preparation | settlement || a¥inig | . | | |
Formation blinding | 3 |14 |12 | Exccsslvl:o \(\ re during final 2|26 | | |
| m:alurma{< \\\ excavation | | | |
| Chemical arack of 305 Gradua | Sample and test soil [2 [2]6 | | [ .
| concrete | struct l:nlurm and groundwater | i { I |
bk Cutslope | E P | | | | ]
Depth of | Over dig | 5|5 lope failure | Define limits by design |2 148} | ' '
slope { | | | | |
Gradient Space available |5 5 |25 Slopehuure | Define fimits by design | 2 |4lal | | ?
of slope | | | | | { |
| T 1 | |
| | | Inspect and modify i FRERER | |
| | | necded | | |
Top surcharge | Plant or spoil 15 |5 |28 |5lop:~ Gilure | Define Umits by design | 2 8 | , | I
g | L | 4 2! 1 } b
Strat in slope | Inclined straca la 5 '20 | Slope Rilure Investigate by boreholes | 2 8 | 1 i
l | | or trial pits | | | |
; { | | | |
Strata below | Inclined stam 4 |5 20 |5!ope failure lnvcmgate by boreholes | 2 4|8 | | |
slope | | to D below stope toe | | |
! - | b | |
Straca strength | Too weak 4 's |Slope Gire | Investigate by borcholes, |2 |4 8 |
| i | | samples and tests | | | |
1 I 1 T 1 1 | |
Short termflong term (4 5 20 iSIope failure Investigate by boreholes, | 2 ' 4 8 | |
{ | samples and tests | |
Groundwater | Excess pressure {4 5 20 iSIope failure Insull and mohltor FREREY I
pressure | piemrnelers | ] !
Heave of | Stress refief | 4 |4 l&  Structures | Tesls on clays {214 @ |
ground | disrupted |
Spoil disposal | Deep excavatlon {4 14 |16 Costot dlsposal Test for re-use. Eng and FRERER : 1
post ? neminati | |
| | | cof on | | |
Testfor disposalEng (2 3 6 | !
| and conmminaton
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AMEC Capital Projects Limited

Construction Division Contract/Tender EXAMPLE 3 Risk register
Specilist Businesses Project No, 00/063 9/4/00
PROBABILITY (P) IMPACTY TIME and COST Impact () | Risk Rating Risk Response
Consequence (T)| Amend to suit contract Pxl=R
Very likely S Veryhigh 5 | >10weeks on >Im Intolerable 171025 Unaccepable
completion
Probable 4 High 4 >l week on 100k to 1m | Intolerable 1310 16 Unacceptable
completion
Likely 3 Medum 3 >4 weeks:<| week |0k 1o 100k | Substantial 9o I2 Early attention
on completion
Unlikely 2 low 2 | to 4 weeks:none Ik 1o 10K Tolerable 5ws Regular attention
oh completion
Neghigible I [Verylow | | <l weekto activity: <1000 Trivial ftod Monitor
none on completion
HAZARD/RISK CAUSE BEFORE  IMPACT! RESPONSE/ AFTER OWNER
CONTROL | Consequence  Controls Avoid, CONTROL
PRI R trantfer, mitigation. conrol | P ] R
At position NI, | Ground condition 5 |5 |25 | Prevenns platform | Review of barchole dam | 2§ | 1p Desl
leg punches operating, delays 0&'
into seabed works S
Calculations to 374 B | Des
estimate limits *0
Video seabed sup@y: $2 4 | 8 | Des2
Controlled p Qa{@; 14 4| Des2
of legs f Q/b
O~ <
2 Position 5).leg | Ground condition 5 5 |25 Prevens pladorm Rwie@%sé\:hore daa |2 5| 10| Dest
punches into operating, defays A\
scabed works »'\300 &
Q&a tions o 2 |4 8| Des
. (\& ate lirpis
0\\ R dea seabed surveys 2 48| Desl
% ® Conerolled preloading
O | oflegs I 4 4| Del
K
3 Position S2.leg | Ground conditon 5 5 25 |Preve %l:n:form Peview of borehale daa | 2 ' 5 | 10| Desi
punches inta opedkting, detays
seabed Céhu
Caleulations 1o 1 4 B Des!
estimace lirmits
Video seabed surveys 2 1418
Controlled prelcading I 44 Desi
of legs
4 Position N2, leg | Ground condition 5 5 25 | Prevent phtform | Review of borehole daa | 2 | 5 | (o Des|
punches into operating, delays
seabed works
Caleulations to 2|4 8| Desl
estimate limits
Video scabed surveys 2 4 8
Controlfed prefoading I 4 4

Figure A.3 An adaptation of the generic form

&l

an identity for the risk item which can be used for tracking and,

of legs

CONSEQUENCE

Riske
thaet

=)

i
5

TN

—

amec®

PROBABILITY
Negigble Linkkely Liely Protuble Very lkaly
2 IRl 5
1058815 BN 20 B E o5
a" " lr2 s BN 20
6 g EEs 12 ) 5
4 [ 8 10
2 k| 4 [
Review Status
date
07/00 | Closed |
25/07100 | Closed
1 1/08/00 Closed
12/08/00 Closed
20/07/00 | Ciosed |
250700 | Closed
208/08/00 Closed
29/08/00 Closed
20/07/00 Closed |
|
25/07/00 Closed |
20/07/00 Active |
Active
20/07/00 | Closed |
25/07/00 | Closed |
Active
Active |
|
if necessary, to |

create links with other risks or log in a knowledge bank for future learning

sufficient description of the risk to explain what the real concern is

3 source to obtain more information if required

what is being done to ‘control’ or otherwise manage the likefihood of the risk
occurring, or its impact if it does, or both

MANAGING GEOTECHNICAL RISK
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AMEC Capital Projects Ltd aﬂ')ec0

Construction Division Risk data sheet
Specialist Businesses

Project EXAMPLE Jack-up platform | Risk No.

100 |
Position NI Risk cwner Coal |
Area of risk Temporary works Risk status Closed |
| Risk category Graund conditions Date updated 25/08/00 i
Risk name Leg support |
|
| Risk deseription Leg shoe punches Into seabed in unexpected way at position NI
Cautes Ground conditions at leg positions not known

Locatons woo distant from borehole data
Ground different to borehole data

Impact Prevents platform operating, delays works
Risk rating Probability 5 Imgact 5 Rating & 18 Response H
Controls Proper review of borehole data é\\”

Video surveys to check general seabed conditions N

Video surveys to check scabed at leg positions when first Iowri.gd @
Controlled leg preloading sequence befere jack out of w:u.ero(\ S
Controlled preloading of cach leg to loads greater than Bﬁ@‘\orwng load

S |
Risk rating Probability | Impact QQ 4&@‘ Rating L] Response M
Comments on imgact costs and time fgo (\é‘
Inspection and preload sequence can wke 3 days to complete &é‘)\o\$
NGy
)
Acuion plans \OOQ Action owner Action reviewed
Review existing ground data ~ Desl 20/07/00
Caleulate esti d contact conditi (\§ Dest 15/07100
Review video survey pre-positioning Qo Desi 11108100
Controlled preloading sequence Dos! 13108/00
Closed

Lessons learncd
|. Britte localised failure of hard rock seabeds can lead to shack loading of leg grippers
2. Video checks need good visibility and low tidal flows

3. In marginal and deteriorating sea conditions it may be necessary to place some load on legs w
stabilise the platform before the initial seabed inspection is carried out

Figure A.4 Risk data sheet

who is responsible

an expansion capability to track progress as illustrated in this example.

These fields provide the basic management information for the team to endeavour to
reduce risk.

The company believes that many enhancements are possible.A firsc consideration
would be to add a methodology to prioritise management action to the most significant

MANAGING GEOTECHNICAL RISK 6l
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Bovis Rev,
No. H‘lﬂ!_!:ﬂlﬁem Ass't ref, Risk cantrol measures Risk cwner Comments l'm:ﬂ:niam for B
1000 Excavadian p near :offerdam S2G Designer Saabifiey fco _rdzm"'_ depend; Prindipat Final building does nat rely on with
. Undermlninghgfme 221299 Oy adeqlgymawc:?nudmmt,u 2 Comractor  structural strengeh. ”’?ﬁh@"(w roach
Excavation near the cofferdam 1o Cofferdam Dg;mel;:?m design
be cleared with Principal Comuerior N rih s ger s designed
first, who is 1o seek advice where "“"'.‘,’L"ﬁ"émm oy
necessary from Coffertym Designer meth
and S&G Designer : B
1001 Oveﬂoading cofferdam road S8G Designer Coflerdam road has limk on Principal ERL Takmatgd sooenten
" Structural failyrg 221299 sui loading, as shown on Contractor
Cofie fgmers drawin &
;’n;,noccl’pal Designer to advise g
ubcon g B
Exelusion
1002 Piling S&G Designer P, Subcontracter to prorect Principal Banksman used ta assist Mm;' te
' Rorating :gufpment andphnr  [pg30 rotog Equipm:n:. Prov;::l: banksman  Comractor  zone around rig. Warks comple
Spinning spool t0 rig driver: Consider alternative
vays of removing spoil, rather
: than spinning ings and B
|
loo3 PiiinF —open bares S&G Designer Piling Subcontractor to provide Principal fores P[:u ﬁm?o:}ﬁg:d o
* Falling 10.03,00 adequate protection against falling Contractor  handrails.
* Bore collapse dawn bore.Ternponry bore casings
kept above Piling mat to provide
$ome protection o Ne—— 8
1004 Piling —elevared warer tabi G Desi B i Erincpal  Dewatering continued throug
in Thmet pared e %.03. me’s lgner mc; Eﬂ;s;::;:sm 1'_; Eg':geo “;"h c';,m’;ang,- and monitored daily. Works complete
*Rising water teading o flooding Dewatering $ystem in cperation,

Maintaining a water tble between
=300and =230 m OD. Subconeractor
may need 1o use bentonite ar simitar
slury to maineain bore stability, Piling
Must not commence wngl dewatering
has taken effect, and lowered the
water sufficiently

1005 Puling-—pm,em‘ng reinforcement g Designer Subcontractor 1o address. Use rop

Physical injury to persans 10.03.00 hat protection or similar
1006 Gy build up In enclosed spaces S&G Designer Potential methane generation from o’
2 depletion 10.03.00

Contractor o infarm §
of risks and control mgx A)

097 Warld yye Il bamb; S&G Dosigner  Argy subject to h %ing in
Explasion 10.03.00 World War |,

bs may
cause an exply, it Fully brief
on very difficule

losion ssible CO, genergtion from
trapped below Lambeth Cla !%z/6
released by pile bore, Prngigal’
u@ir@%or

all aperatives P;

1oog f"""&j overhead obsery, tinns, SEG Designer  Ra)y bndge%ﬁx adjacent roag
including raitway 10.03.00 offering limitesf hoagrogm to plan
Accidental strye delivery, erside of rail britr i
Stuctodat approx. +12 m O to be
configied by survey. Particular care
to_ b ¥aken when mowving plant

l00s Batow.siap drainage MEE Designe, Design mitigation fimigeg, Devatering

“Trenches ang shoring collapse 17.03.00 in place T
. : Place Trenches to be ag uately
Flc;pdmg of trenches protected from collapse Uiﬂni
Falling into trenches recautions re, ladders artd stop
Eonrdsihand rails

1010 Below.slap draimage

Working mps reforcemen; ME Designor Drainage insealiation Programmed t=
cage

17.03.00 suit steel fixing, Reinforcement bar

arr Below.shap drainage

MZ&E Desi if . Foll i "Saft
“ConfacE SPaces g3 buldup i mesugncr necessary, follow guidance in Safe

oriing in Sewers and Sewage

forks” manuyal
1012 Below-siap drainage ME&E Desj i
! igner  Pipes, fittings and pumps are heavy,
'["1;:1::1 ::r'::::fsng— pipes and 17.03.00 Manual handting afsessenen: required.
" Ensure tacks o e
 Storage of Pipe stacks - colhapse r;;ain;:lge et 4

1013 Below-shap drain
* Falling intg ﬁnlsﬁ Sumps
and manhgfeg
Tripping over yllies
1014 Below.sial drai
*Weils disease e

M&E Designer  Manhole covers to be provided and
17.03.00 bol

M&E Designer Personal hrgiene. cover all cues and

17.03, ions. :
{leptospirg} faundice) 0 ;E’.&"’ Porm oparatives of

1015 Ground works 5EG Designar R, i i

efer to existin und investigation

I ﬂColh_pse of ground andror 270000 plezometric iﬁr!:rmaﬁon frd‘r::m

ooding Principal Contractor: In addition, a

s5and layer has been Identified within

the upper parts of the Lamnberth Chay
i some areas of the site_lt is unclear

whether this affeces Building X or
not.The sand layer conmins water ag

M&EDcz.Tgna_MﬁhanicxﬂMﬂ amunaws&cnsmmmdm&omwom
Figure A.5 Health ang safety risk register
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alluv:tal soils and dock il demsit?Q\o\

ends 0 be protecreq, Use suitable PPE

& B

Prin Top hats used. Works complete

CD tinally B
Piling works complete, To be conting
nnﬂg?:llor rrlnongiwred during excavation. Include e
in Principal Contractor’s risk assessme
. |
Principal Include in Principal Contractor's risk
Contractor  assessment
i .t - B
Prineipal intlude in site logistics plan. Piling new
Contracter  complete
|
; B
Principal Ensure covered in Subcontractart
Contractor  safety plan
3 B
Principal Check included in Subcontractor’s
Contractor  safery phans
5 B I
Principal Check included in Subcontractor's
Coentractor  safety plans
y B
Principal Check included In Subcontractor’s
Contractor  safety plans
g B
Principal Check inciuded in Subcentractor's
Conuractor  safery plans
: B
Principal Check included in Subcontractor's
Contractor  safety plns
B
j d
i Included in tender information an
E';i;r‘li:!:;::'tor discussed at tender meetings with

Substructure Contractors
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RISK REGISTERS

issues. This "assessment’ can be a simple low/medium/high banding, or an increasingly
sophisticated quanufication of probabllity, impact and functions thereof. There is always a
danger that this assessment may become a detailed statistical analysis, forgetting that
the important aspect is to manage down the negative side of the risks. Bue, on the
other hand, statistical analysis can provide the only objectivity when making complex

financial decisions, especially between different scenarios or acress a portfolio of work.

The example given in Figure A5 is a health and safety risk register for the construction
of the substructure of a large office development, including the installation of a
cofferdam, drainage of the area, installation of piles and construction of a two-level
reinforced concrete basement. The register was developed by the planning supervisor in
conjunction with the designers and contractors. Ownership of the register remains with
the planning supervisor throughout the construction period, The register has been used
to enable designers to identify risks, pass on information to contracters, and reduce and
where possible eliminate risks throughout the design and construction period. It will be
used to identify any residual risks to the owners and operators of the completed
building, by ensuring that relevant information is included in the health and safety file.
Items are background shaded when no further action is required, thereby clearly
showing the current risks.

Experience has shown that, because this is a live document, used and amended
throughout the contract, it is most usef@lthough it is purely a health and safety risk
register, it can also be used to ident(') inancial risk in the broadest sense.

Ove Arup and Partne&ﬁ\\ 5

This risk register was @ed in one workshop session, for a large brownfield
development in the X mprising 2 number of leisure and residential buildings,
transport inter and power-production facilities. The site has existing buildings to
be re-used,,\g@l\)g isted, and neighbouring properties. Chemical contamination was
expect@&@s complex geology. This risk register was to deal with ground-related

matters\&%y.
O
T isk register was developed by consulting engineers, and involiving the management

gbntrnctors as a tool for giving strategic advice to the owner.

The example in Figure A.6 shows the results of the 'prior to risk control measures
{(RCM)' assessment, and the control measures put forward in the workshop. The
example register is not complete, in terms of either the length, scope or control
measures proposed. It is an indicative, selected list of hazards from a real project risk
register. In addition, the complete register includes columns for post-RCM assessment
{not shown here), under the headings:

RCM owner

Post-RCM

— severity (in terms of capital cost, programme and safety)

- commentsfactions and timing of RCM

= action owner.
These columns are used to demonstrate the effectiveness of the RCM proposed and to

indicate ownership of residual risk, and could be run several times to investigate
different scenarios.
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RISK REGISTERS
Site Development Risk Management Register — Project X A
Reference : Date: 17/05/00 Status : Information RU p
| PRIORTORCM | : '
|o | SEVERITY misK | |
£, §vE |
Bz HAZARD = | RISK CONTROL MEASURE (RCM)
¥ SEN IR
S e Sk ELSIELG
| Unidentified services causing delays/ i5| 4 4 20 20 0 | Undertake desk study. ldentify and enquire of all stats. Survey location of services.
obstructions during construction Seek apgmvals for diversions. Divert as necessary. Plan diversion temporary
waorks. Programme to allow for diversions (including design). Assess
| effects of services diversions on nearby structures (needs early consultation,
78 Redesign due to proposed twnnel 1514 4 20 20 O | Early Faison with utility to determine stattory rights and any earlier safeguarding.
across the site | Determine utility Intentions, Discuss akternative routes across site, Design to
| incorporate utlity requirements if necessary
79 Constraints on layout due to land 1514 4 20 20 O | Early liaison with udlity to determine statutory rights and any earlier agreements.
ovmed by others | | Design o incorporate utility requirements if necessary
84 Difficultics In achieving the propoted 514 4 20 20 0 | Identify and manage risks. ldentlfy al activities and programme accordingly. Avoid
development programme/scope of | unrealistic programme. Adhere to deadlines through scheme development and
works | design process into construction, klentify contingency measures. Undermake
quantified ritk assessment on programme to highlight activities most likely 1o
| affect programme
8  Existing foundations in building obstruet | 4 | 4 4 | 16 16 0 | Obrain as-built drawings. Confirm as-built drawings by direct investigation
future foundations and services Consider trial pits, coring and geophysical techniques. Design solution and
construction methad 1o recognise likelihood of unexpected obstructions as well
| | as those identfied. Route services to avoid high ritk areas
9  Obstruetions to new foundations and 414 4 16 16 0 | SeeNo.B
services from existing foundations
outside building foatprint 1 | |
35 Damage to neighbouring viaduct during | 4 | 4 4 16 16 0 | Design permanent and temporary wotks to safeguard viaduct, Use appropriate
construction causes disruption te rail | construction techniques to minimise ground movements and vibrations. Consider
services advance strengthening works., Undertake critical warks in engineering heurs.
Undertake vibration ing during works. Establish trigger and
| action levels for movements and agree action plans with viaduct owner and
| | project team &
50 Impact on construction and 513 3 15 15 0 | Site investgation to detegnitic extent and depth of uncertainties using boreholes
performance of new foundations due probes. Geophysics p ly not likely to be successfu |
to geological uncerminties QO !
68  Incompatible stifiness between piles/ 5 3 3 15 15 0 | Design fow ’o@o stiffness compatibility not an issue. Investigate properties of
shallow foundations affects exisung dations and ground so behaviour can be predicted confidently |
performance of structures | X |
5§  Obstructions formed by twnnela/shafis | 4 | 3 4 12 16 0 DQQQ { Obtain drawings and records. Confirm on site by survey within
inside and outside building f accessible). Passibility of relocation of services within existing tunnels |
37 Unknownpoor conditions of 413 4 12 16 OQQ ain as-buits drawings of structure. Undertake detailed condition survey. |
neighbouring viaduct aflfects construction é’}» dermke investigation of foundations {trial pits. coreholes, etc }. Need advance 1
methodsflayout of nearby structures §\nodce o viaduct awner. Select construction methods to minimise potential
& impact. Undertake any strengthening measures in advance — to be agreed with
ST | TR
3 \\Q) | viaduct owner
67 Damage caused by differential 43 4 Nt O 0 | SecNo.sB :
seuements within building lootpriat Y
after construction \6\
14 Programme delays due 1o approval of 413 13 12 12 0 | Undertake carly latson with utility/neighbour. Consider regular progress meetings |
temporary works by utility/neighbour o(\ Identify who is right person (o speak to early on. ldentify need for possessions
taking excessive time (@) | very early on as long lead time |
16 Reuse of existing foundations dictates 413 13 | 12 12 0 | Regular liaison with architects and structural engineers
rigid constraint to development layowt |
18 Insufficient durnbilityfeapacity of existng | 4 | 3 3 12 12 0 | Sample and test foundation materials {e.g. by coring). Consider load testing i
foundations prevents re-usc isolated foundations Adopt redundanc, and robustness in design |
25  Delay to programme due to Heritage 43 3 12 12 0 | Early laison with EH and other interested parties. Regular meetings to report
approvals for works to listed structures progress and maintain confidence. Establish programmie for approvals process I
52  Geological features reduce load 413 3 | 12 12 0 | Design capacity to be downrated to take account of geological features. Avoid i
carrying capacity of new foundations using uncertain soils w develop capacity. [dentify extent of features and properties
| of soil by adequate barchole/probing coverage and sail tests
53 Detrimental effect of unknown 4.3 3 12 12 0 | Deslgn capacity to be downrated to take account of features of soil Avold using
geological features on perimeter affected areas to develop capacity, Identify exent of features and properties of
wallfoundations soil by adequate borehale/probing coverage and soil tests. Take perimeter wall
below affected arcas Action plan if affected areas more extensive than anticipated
See also No. 50
34  Uncerminty of performance and 43 2 12 12 0 | Tiial bores in potentially affected areas. Load tests on piles to confirm capacity.
constructability of foundations in Pessible use of suppert during pile construction {e.g bentonite, easing)
geological feares
59 Failure of strategy adopted for 4,3 1 12 12 0 | Establish site-wide strategy for groundwater contrel and foundation construcuan.
groundwater control delays Consider long-term groundwater control measures taking advantage of perimeter
construction . cut-off to reduce requirement for control within she
70 Proposed structure does not fit 5 2 12 10 10 0 | Avold drift of building footprint at design stage, Develop aliernative foundation
existing foundatdon layout/capacity straregy if foundatlons not found to be in expected locations. Survey in advance
where possible
88 Restriction on piling withinthe bullding | 5| 2 2 10 10 O | Assessment of access and working space prior to piling works commencing,
due o icted access andfor Possible temporary removal or relocation of existing braces. Use of appropriate
working space low-headroom plant where necessary
Il Disused wwnnels - risk of collapse/ 1.3 ) 9 9 0 | Desk swdy ldentfy location of old tunnels. Break out or fill in where possible.
abstructions to foundations | Establish condition in advance, Cap off water ingress in advance If possible
12 Long lead-in times for services 3113 2 9 9 0 | Identify which utilities require diversion/upgrading. Make early contact with STATS. |
diversion delays works - all utilities Establish lead-in times for design and procurement. Check on seasonal limitations
on diversions l
Figure A.6 Site development risk management risk register ‘
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HAZARD

Movement within building due to
temparary worksinew foundations,
etc.. damage building fabric

Presence of geological features affects
capacity of existing foundations to be
re-used In new works

Unexpected groundwater Inflow
caused by permeable infill within
geological features

Settlernent damage to existing
foundations during use of well
point dewatering techniques

Impact oh temporary works
programme and ground moverment
mitigation strategy of late refocation
of deep basements/re-zoning of

site use

LA requirements for upgrade to
surrounding roads affects sart of
work on site

Selection of quality of basement
construction and maintenanceffuture
pumping dpes not match client’s
expectations

Programme delays due to Jate
re-design as development proceeds

Delays due to discovery of
gbstructions during construction of
tunnel surrounding site

Limitations on applicable construction
techniques due to nearby location
of viaduct

Dalays due to response/approvals
frzam EA relating to lower aquifer
ronmmination issues

{piling. basement construction)

Nearby roads — provacted lead time
for approvals from local autherity

Lack of availability of plant for enablingf
foundation works

Archaeological discaveries - lengthy
iead-in dme for approvals and ume for
executlon of mitigauon strategy

Large groundwater inflows due to
unexpectedly high permeabilities
of ground

Approval withheld for wayleaves to
install ground anchers for
earth-retaining structures

Delays by utility in issuing approvals
for development adjacent (o utility
services

Flooding of building due to failure of
pumping systems or sudden inflaw
of groundwater (basement currently
being pumped}

Long lead time for approvals for
foreshore development

Contamination ‘hetspots’ during the
works delays earthworks/site clearance

Damage to existing highway from
development

Damage to surrounding residential
development due to groundwater
ring from site dewatering
Damage to existing strucwres

due to excavation

Damage and effects to
foundations/neighbours due to
dewatering techniques

Effects on neighbours using
dewatering techniques

Development Risk Management Registe

r - Project X
Date: 17/05/00
PRIORTO RCM
g SEVERITY RISK
¢! %
glhrg b
[3}3 2 9 9 o0
3l31 3 9 9 0
303 5 9 0
i3y 3 9 3 0
313 2 9 9 0
33 2 9 & 0
3] 2 (9 & 0
4|2 4 B8 16 0
402 2 8 B8 0
42 2 B 8 0
4|1 12 '8 8 0
O
RS
102 4 643‘('@
N\
{ .\.? |
302 4 KRWNT o
R
O
S
1|2 3{¢<x-s 9 0
<
3l 2V3 6 9 0O
2 3 6 9 0
2.3 3 6 6 0
2 2 6 6 0
102 12 6 6 0
32 2 6 6 0
a2 2 6 & O
2 2 6 & 0
203 2 6 & 0
32 2 6 6 0
312 2 6 6 0

e

R

RISK REGISTERS
Status : Information

ARUP

RISK CONTROL MEASURE (RCM)

| Adopt appropriate construction methods, Prop as required. Carry out detailed

analysis In advance. Monitor and control during construction, Carry out structural
condition sul in advance to deslgn propping measures. Discuss allowable
temporary works and reinstatement with &H

tdentify location of foundations In relation to features and assess bearing capacity

and settlement behaviour, Design In redundancy if re-using existing foundations

' Mentify extent of features. Design wemporarylpermanent works to take known

features into account. Adopt contingency measures if extent greater than

| expected

Limit extent of dewatering by careful design/site testing. Limit extent by cut-offs
around site. Monitor sewdement effects during dewatering and control if necessary

froeze on basement locations. Design team to be aware of implications of
fate changes in basement lzyouts

Consult with LA. Check planning requirements

| Inform client of opuons/costs of dificrent gualities of basernent watertightness.

Affect choice of construction method

See No. 71

Desk study. Trial pits a }}obing 10 identify location of obstructions. Determine
relatianship with pno ter walls, viaduct and services

| Early :aai@wadm owner See also Nos 15,37, 14

L5
\%‘ten with EA on mitigation measures

<

&

&
Lisison with LA Allow for lead time in programme. See atso No. 41

Allow sufficient time for tender and construction. Liaison with approved
contractors at an early sage in the procurement process. Avoid reliance on any
one technique or type of plant

Early fiaison with the LA EH, other interested parties. Archaeological watching
brief during excavation. Archacological mitigation strategy necded in case rermains
encountered

Site investigation 1o reduce site permeability uncerminties Allow sufficient
redundancy In the design of groundwater pumping systems o site to alfow for
unceraintics

Identify retaining structures where anchors required and owners of lind under
which they pass. Determine procedure and tme required for consents te be
given. Consider alernative methods of support, e.g. propping

Ealy liaison with utility. Agree programme for submissions and approvals

Determine source and magnitude of current inflow. Provide cut-off 1o inflow.
Dewater loclly or across site. Provide adequate sumps and pump capacity 10
deal with inflows

Undertake carly Faisan with EAJPLA. Agree programme for submissions and
approvals. Determine whether physical modefling required to assess effects of
development and arrange

Identify extent of contamination by review of former site processes and undertake
ground investigation. Esmblish pracedures for testng materials on-site and

| contingency plans for deafing with unexpected contmminants

Undertake early liaison with LA Agree programme for submissions and approvals,
Agree limit of acceptable movements with LA, Determine effects of ground
movements and plan extent of temporary/permanent works to aveid damage

Provide cut-off around site. Menitor ground levels outside site and control
rate of dewatering accordingly. Assess susceptibility of ground beneath neartry
structures to settlement due to dewatering

Accurately determine location of structure and vulnerability to ground
movements. Design temporary works ta avaid damage during construction

See Na_ 46

See No. 46

Prgure A6 Site development risk management risk register (continued}
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RISK REGISTERS

ment Register — Project X

Date: | 7/05/00

Site Development Risk Manage
Reference : |
: :
84 E
Eox F
i |4
= N o I
66 Limitations on disposal of groundwater 2
mage to buildin due to ground I3 |
® r?\a&wmeu:‘; causeds by she excaaation |
19 Removat of excessive amounts of [2]
contaminated materil .
72 ‘Professional abjectors’ ey b1
the scheme
roval 2
45 Delay in programma due w0 2pp
forl?se of listed structure | |
4 impact on design due 1o location of 2
utility services
ieny delayed due to as-built Iz
. dD;s\:dg:gs of existing STrUCTUTES NoL
being available . -
Groundwater contamination =
7 jeachates affect neighbouring
properties of hinder site Wo .
ory changes due ta lue
® I?izﬁt;‘;':adong of contamination
strategy by client/developers
31 Changesin erwiromncnm legistation ~ 2
uncertainty in 5cope a0
impactflead time - d
¢ to neighbouring properties
* E;K:fve due 1o excavation
i 2
ous gas within made g::ound
7 :ﬁﬁ.ﬁ, ;ndp;eal layers affecting
occupiers of the development ' I
1o relocation and construction
* E!e:l;fmmpumy power supply affect
remainder of Erogﬂmme ; |
2 Rusk of unknown service affecting ]
development et
mage Lo PEW development roa
= Euae togep-nur subgrade material |
75 Flooding of the site |
i ures - location and nawre [
’ E-nua;wa:l:::u;nmmr wall construction
-oe due 1o discovery of 2|
¥ uo:l;y;::marﬁmc ordmance duting
the works
64 Unknown groundwater flow direction | 2

and influence of river affects
undworks —

Delays due to lang fead time for
* ap:)rval for temporary/permanent

works from utility

i itori ime for

48 provals for monitaring regs

:r%und movements

i wres

49 Damage 10 neighbouring $truc

due to groun movement

third parties to apprave

E:eﬁ";fal:rgund anchors extending
outside site

7

w

" PRIORTO RCM_
| SEVERMITY

i

3

w

3

Ioo(\ 3

3

2

K
§!|§

égé\
2
2

2

ARUP

Status : Information

RISK

Q
3

3

g | RISK CONTROL MEASURE (RCHM}

0 | Estimate flow quantities during dewatering. Undertake early discussions with EA
regarding disposal of groundwater. Develap strategy for cleaning up effluent prior

to disposal (requires knowledge of fikely contamiriants). Investigate faltbaci
disposal of water

Adopt appropriate construction methods. Undertake movemendvibradon
| monitoring during works. Establish wigger and action levels for movements and
| agree phns with project team and affected parties

| Carry out desk suidy and site investigation to determine nature and extent of
contaminated spoil prior to excavation. Establish site procedures to identify
contaminated material and whether |t can be processed/placed on site or heeds
| to be taken away

0 | Kecp lol residents and interest groups well informed as 1o development
proposals from early stage. Hold regular mectings with residents. Identify
| actlon groups and lipise accordingly

0 | Uase with EH and LA regarding pfans for development from early stage

[~}

(=]

0 | Idenufy precise location of services and agree constraints on nearby development
with utility at carliest apportunity. Avo'd heavily loaded foundations in vicinity
| of services

Identify holders and obeain as-buit drawings. Deslgn should be insensitive ta
precise location of existing structures if they are to be left in place,
| eg foundations

0 | Carry out desk study and site [avestigation to determine nature and extent of
conaminated groundwater prior to excavation. Eseablish site procedures to
| identfy conaminated groundwater — treat on site or take away in tankers
0 | Establish clear guidelines in conspltation with cllent/EAILA for quality of site with
respect to residual contaminatiéh at end of development on 2 site wide or
package basis. Need to detggmine end use of different arcas of site. Consider
| risk-based technigues 1o Jetermine allowable contaminant Jevels

0 | Review upco&lcmuon and potential effects on site works and future
&

i=1

classification respect 1o contamination

0 | Undel 4 &nd movement assessment and determine likely effects on nearby
proj rry out eondition surveys If necessary. Advise team of
ties under Party Wall Act

[} Qg? vestigation 1o determine possible hazardous gas concentratians. if levels are
&é’ ter than guideine values. incorparate mitigation strategy it design

G
3 é | Identify eritical activities in relocation of supply. Ensure thas site clearance and

$ construction activities are given priority where necessary. Schedule outages and
O

| hook-up for periods of low demand
0 | See No.4

0 | Site investigation to determine the extent and depth of the surface materials
Design to make adequate provisions for the site conditions

0 | Ensure that existing flood protection works are maintained. Provide pumps on
| site or keep available offsite in the event of burst water mains or heavy rainfal

0 | Determine loction of structures and design permanent/temparary works to
avoid them or carefully demolish them

0 | Determine likelihood of UXBs being present from wartime records. Undertake
survey by directindirect metheds. Esablish procedures to identify and make safe
potentlal ordnance during groundworks/piling. Determine potential effects of
detonation on wanels and other sensitive underground structures

0 | Undertake hydrogeological study of site based on historical dat and site
measurements. Detcrmine whether propased site ground control es
! are sensitive to knowledge of regional groundwater behaviour

See No. 14

Liaise with owners of adjacent propertics or their representatives regarding
requirements for monitoring

Sec No. 58

Undertake early negotiations with neighbours, LA in particular, regarding use of
tempoarary grotind anchors outside property boundary. Research precedents.
Establish altarnative methods if parmission denled

Figure A.6 Site development risk management risk register (continued)
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RISK SOFTWARE

a8

it is thought that software tools will in future become increasingly
important for risk management teams, although at present there is little
evidence that risk management software is in widespread use in the
construction industry.

At the time of writing there appeared to be no software packages aimed
specifically at geotechnical risk management. However, a large and rapidly
growing number of packages are available for risk management in general.
This appendix brings together the results of a review carried out in 1998, as
part of this project, and a more recent and limited survey of current
practice in the organisations represented by the Steering Group of this
project.

Information on various software suppliers and their products was obtained from
internet websites, brochures, correspondence via e-mail, and from comments made by
respondents to a questionnaire, The Project Risk Management Software Directory,
produced by the Association for Project Ma@gement Special Interest Group on Risk
Management, and the software directo:g\@?the Construction Industry Computing
Association® provide regularly ggdfzgg@ lists of products and suppliers.

(AN
In 1998, 31 suppliers wer%@%&tﬁed.The sofoware fell into the following broad

categories: Q\Q Q}*
NS
N
I o IR
risk |dent@§$’t@\\ and management

\(\‘\,

N
risk @gﬁent software
00
de&t‘s‘ion-making software

OOQdata management Systems

A summary of the software identified during this survey is given in Table B.1.

Risk identification and management

This category of software is focused on the identification and management of risk
throughout the project cycle. Where risk identification forms a major part, the software
is usually targeted at a specific industry, but the software can also be general purpose.
The software is usually developed around a database that can be used for the
identification of risks. It offers the opportunity of a qualitative risk assessment (rating
system), but usually also allows for performing a quantitative assessment {calculation
through simulation). It therefore includes all the elements of the risk management
process, namely the identification of risks, categorising the risks, and managing and
monitoring the risk throughout the project cycle. Examples of this type of software are
TRIMS, Ris3, PROAct, Project Risk, CARMA's Risk Tools and REMIS, It is believed that
some of these sofrware packages will be suitable for managing geotechnical risk.

Risk assessment software

The second category comprises general-purpose software that can be used to evaluate
the probabilicy of a certain outcome, calculated for a specific model. This type of
software comes in a variety of formats, namely:

MANAGING GEOTECHNICAL RISK
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Table B.lI Summary of software for rsk management identified during the 1998 survey

Supplier

Palisade sofcware

MBRM

Decisioneering
software

JBF Assaciates

DACI

Eastern Software
Publishing

TerraMar Information
Systems
Figtree International

Futura International

Welcom Software
Technology

Compucerlineg
Katmar Software

Risk [decisions

Primavera Systams

Engincering
Management Servies

ABT Corparation

PCF
Jerry FlaGerald &

Assoclates

Dependency, Risk &
Decision Support

HVR Consulting
Services Limited
Centre of Defence
Analysis (DERA)
Van Hall Institute
COBRA software

CARMA

CSK software
Eastern Software
Publishing

Eastern Sofoware
Publishing
Risk¥Vatch Software
Dyadem

Stradplan

BMPCEQ software

MANAGING GEOTECHNICAL

Software Website Application
@RISK httpiliwww.palisade.com General-purpose software with a wide
PrecisionTree application in the decision-making process
TopRank and speclfically risk assessment
BestFit
RISKview
Add-tn wool-kits hetp:iivewrsr.mbrm.com Analyse the present value of cash flows,
investments or associated derivatives
Analytica hrtp:fiwww.decisioneering.com  Analytica is a graphical tool for modelling
Crysml Ball systems
Crystal Ball is 2 general-purpose spreadsheet
add-in for risk assessment
DECIDE hetp:fifwww jbfa.comd Different software aimed at the decision-making
BRAVD process. DECIDE facilitates choosing between
RMPlanner alternatives
Deslgn Master hoep:tfwww.cyberspy.com/~daei  Design tool for solving an equation by

cbaining the probability distribution of the
range of solutions

OPL hepiwww.castern-software.com General-purpose graphical modeling toot based
on decision trees and Influence diagrams
DynRisk http/fmattemac22 uio.no/ Gencral-purpase graphical modelling tool
dynrisk/dr.html for risk assessment
Figtree RMIS httpdiwewrw figiree co.uk Administrative database which can be used for
risk assessment
Futura hupdiclO.cyberspace fiffutural  Software to support structured risk analysis

based on the Lichtenberg method. Provides an
integrated approach to risk assessment

Openflan Desktop Project management software with the built-in
OpenPlan Professional functionality of Monte Carlo simulation

PLANTRAC-MARSHAL hutp:ffourworld.compuserve.com! Project management sofeware with

http/iwww.welcom.com/

for homepages/computerling/ PLANTRAC-MARSHAcBroviding the Monte
PLANTRAC.OUTLQOK Carlo simulation fu
PRA hupeifusers.lia.nevkatmar! The evaluation osﬁ'pital costs on projects

)

Both @Pa 'ﬁve and qualiative risk analysis
ndgpanggiment of project schedules created

ect rmnagement software

«W
S { @;Ianning software with a risk
Q 5

Predict! Risk Analyser -
Predict! Risk Controller

Primavera Project hup/fwww.primavera.com

Planner 2.0 sment function optional
Monte Carlo 3.0 for RPN
Primavera é‘}' Q\Q
PRQACT htepdircine.com/em, s'\o Dawabase orientated decision support tect
N &\ allowing for both gualitative and quantitative
° QO assessment of rigk
Project Risk http:fiwwwabte m/ Tool to facilitate the risk management process,
{no informa:ios\an spechic containing a knowledge dambase that is
sofoware} A specifically geared to IT system developrment
projects
QEI Excc hatp: '@.pcﬂld.demnn.:a‘uld Project management tool that uses a structured
data mode! for cost and schedule controlling
RAMIK-IT hitp:Hlourwarld compuserve com! Risk ranking in conjunction with a Delphi team
homepages/jerArdra
RAT htp:iiwww dependency.com/ General-purpose modelling tool for enhancing
index html decision-making, taking into account uncertainty
REMIS hetp:diwwew. hvr-csl.co.uk/ General-purpose database application for the
identification, 1ent and manag
of risk
Ris? hutpdfwww.dera govuk General-purpose risk managerment
{no information on software) (qualitative assessment)
Rite-Human httpulwww, vhall.nl/bealpgsim/ Software for determining human exposure

english.htm

to soil contaminancs

Risk Censultant htep:/iwww. ewen.co.uklewen/

Vulnerability of organisation’s systems {security)
esd hem

Risk Tools hetpiffwww.risk-reward.com/ General-purpose risk management software
{no information on software) system far risk management throughout the
project cycle
Risk-in-Time hetp:tiweew csksoftware.com Risk management specifically for the
financial sector
RISK+ http/iwww.eastern-software.com Add-in software for Microsoft Project allowing
the impact of uncerainty to be assessed
Risktaster hrpifwww.eastern-software.com Graphlcal risk analysls tool for assessing the
quantitative and qualitative aspects of risk
management
Risk¥Yatch heepfiwww.riskwatch.com Vulnerability of organisation’s systems (security)
RMP-Pro hep:tiwww.dyadem.com! Software aimed at assessing and managing
PHA-Pro health and safety related risks
RiskSafe 98
STRAD httpifiwww.btinternet.com/ Software for supporting decisions, based on
~stradspan/ the strategic-cholce approach
TRIMS hetp:/iwww.bmpcoe org Risk management In the manufacturing Indusary
RISK

RISK SOFTWARE

Suitable for application
in geotechnics?

Yes (risk assessment)

Yes (but only where cash flows
are considered)

Yes (risk assesstnent)

Yes {risk assessment)
Avwailabllity and support
In the UK may be a problem

Yes (but not ideal since it anly
provides the sclution to an
equation)

Yes {risk assessment)

Yes (risk assessment)

Possibly (if geotachnica! data can
be input in a sensible way)

Yes (risk assessment}

Yes (risk assessment)

Yes {risk assessment)

Yes {calculating contingency
allowanee in budget)

Yes (risk assessment and
management)

Yes (risk assessment)

Yes {risk assessment)

Unlikely (knowtedge database
needs to be adapted)

Yes (risk identification)
Yes (risk assessment)
Yes {risk assessment)

Yes (risk management}

Yes (risk assessment and
managerment)

Yes {but in supporting the risk
assessment process)
No

Yes {risk management)

No

Yes {risk assessment)
Yes (risk assessment}
No

No

Yes {risk identification)

Possibly (if knowledge database
is adapted)
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Software that can import a model created in a spreadsheet or a project
management software application and then perform a simulation using this model.
Examples of this type of saftware include Predict! Risk Analyser, PRA and
RiskMaster.

Add-in software packages that are designed to give the application that is used to
describe the model (e.g. Excel or Microsoft Project) a probabilistic assessment
capability. Examples of this type of sofeware include Crystal Ball and @RISK
spreadsheet add-in sofeware and @RISK, PLANTRAC-MARSFAL, RISK+ and
Monte Carlo for P3 project management add-in software. .

These types of software are useful for assessing the uncertainty within a model or
project schedule, and generally use Monte Carlo simulation techniques. It is, however,
difficult to take into account uncertainties that are not specifically related to any of the
elements or activities in the model. Furthermore, this type of software is generally not
well suited as a risk management tool. Actions with ‘action by’ dates, which are required
as part of the risk management process, generally cannot be included in the software.

Decision-making software
The next group of software is categorised as decision-making software, although this
description may be misleading to some extent since some of the software packages are
well suited to risk assessment. The major differen\cgbemeen these software packages
and the risk assessment software described a@e is that a model is constructed
graphically. This allows more freedom J\h@r)zgi\)or example, using a spreadsheet. The
software comes in a variety of for@a?@lcluding the following:
SO
Software that is basg\g(&\ (S%lt and event trees. Sofeware of this format includes
Precision Tree, D&@O RAVO.

\(\ »
Saftware w‘&h}vgh@ a model can be created graphically using nodes to describe
elements a d&?rows to describe the relationship between various elements
Softwar;\ls?this format includes Analytica, RAT and DynRisk.

N
Soft@are that is aimed at facilitating the decision-making process. This type of
software is generally based on a specific approach to decision-making, and
examples include Futura, RANK-IT and STRAD.

This category of software is therefore essentially for decision-making, but also allows
for uncertainty/risks to be taken into account. It is general purpose and can also be
used for assessing geotechnical risks.

Data management systems

The last category comprises large systems built around a database and designed for the
processing of data, essentially automating administrative work. These systems can be
general purpose, or for a specific industry. Once a large database is available for a
specific organisation, it may then be possible to use these data for future risk
assessments, These systems are expensive and generally are not ideally suited for the
management of geotechnical risk. Examples of these types of software are Risk-in-Time
and Figtree RMIS, Systems for the evaluation of a company’s systems security, for
example Risk Consultant and RiskWatch, may also fall into this category.

User survey results
In addition to a survey of software, a survey to investigate the use of IT and software to
manage geotechnical risks was carried out, using questionnaires. A four-page
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questionnaire was prepared and approved by the Department of the Environment,
Transport and the Regions (DETR).The questionnaire was accompanied by a covering
Jetter signed by The Institution of Civil Engineers {ICE}.

To expedite the survey the foliowing methad for distributing the questionnaire was
adopted. A list of companies was prepared using the Contractors File 1998 (NCE) and
the Geotechnical Services File 1998 {Ground Engineering). The BGS (1996/1997)

register was also consulted. The companies contacted can be divided into the following
broad categories:

consultants —environmental
consultants —geotechnical
consultants — muttidisciplinary
contractors —general
contractors —geotechnical

contractors —site investigation.

& 4%
Y’ Environmental 7%
0% s{\é consulant She Investigation
Mulddisciplinary S contractor
consultant . 18%
Geotechnical

consultant

X
(\é\ 2% 19%

c® Genera) ' Geotechnica!
contractor contractes

Figure B.1 Distribution of questiennaires sent, by type of organisation

1%
Site investigation g icamental
33% e consuleant 16%
Multidiscipfinary | Geotechnical
consultant contractor

Geatechnlcal
consulant

6%
General contractor

Figure B.2 Distribution of replies to questionnaires, by type of organisation
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EL

30

20

Response (%)

Figure B.3 Replies received per questionnaire, by type of organisation

In total 250 questionnaires were distributed, and 70 (a response rate of 28%) were
returned. Although an attempt was made to distribute the questionnaires evenly,
environmental consultants and site investigation Qﬁ‘i:ractors were less well represented
than were the other categories (Figure B.1). Iffortunately, few companies in these two
categories responded, and so the sur&ey >g§s not representative of these two groups
(Figures B.2 and B.3). ,gis@‘

. s .
The importance of risk maz\@%{@?ﬁt was confirmed by the high percentage (86%) of
respondents that indicatg risk management should form part of pre-project
planning. In pmctice.{@@ger. only 70% of them employed any form of risk management
$ g . .

procedures.TheQ&q‘f‘rlsk management procedures among the various categories of

. O . H
companies shovg&’that only 50% of geotechnical consultants used any form of risk
managemen;ﬁocedure. while 70% or more of the companies in the other categories
adopted Qﬂ(: management procedures. The respondents were requested to give details
of the risk management procedures they employed The majority of respondents (74%)
used either formal or informal risk management procedures, while a minority indicated
that they relied on individual personne! to identify and manage risks (12%). Fourteen
per cent indicated that the risk management procedures they employed were related to
Health and Safety (CDM) regulations.

Of the respondents that used risk management procedures, only 30% {equivalent to
about 20% of the companies that responded) used software as part of these
procedures. The distribution of software used among the different categories of
companies is shown in Figure B.4. [t is interesting to note that the use of software for
risk management is most common among contractors and also seems to be restricted
to larger organisations, Two of the responding companies indicated that although they
did own risk management software they rarely used it, and therefore they did not
complete the questions related to risk management software.

The different sofeware packages employed are summarised in Figure B.5. Primavera
Systems’ software for project planning and the add-in Monte Carlo packages were the
ones most frequently mentioned. The use of risk management software during the
project cycle is summarised in Figure B.6. It appears that such software is most
commonly used during project appraisal,
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Emdironn L
ronmental
consutiant Geotechnical

40% contractor

General Site investigation

contractor

13%

Geotechnical
consultant
Multidisciptinary consultant
Figure B.4 Distribution of risk software by type of company
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S ©
\6\ ‘Type of sofeware
gg);pé\B.S Reported risk saftware use
9k
o Agser croadioit 13%
Project Investment
appraisal planning
16%
Opportnity
idenification

n%
Asset operation

Figure B.6 Usage of risk management software

Of the respondents using software for risk management, one-third indicated that they
had found risk management software lacking in some respect. Four companies
employed staff specifically for the use of risk management software and thought that
this was economically viable.

73

EPA Export 08-07-2014:23:46:40



RISK SOFTWARE

Summary

There is now a considerable amount of software available for project risk management.
In the 1998 survey none was found to have been specifically developed for geotechnical
risk, but there were several categories that were nonetheless considered useful,

Although in our survey almoest 90% of respondents indicated that risk management
should form part of pre-project planning, only 70% employed any form of risk
management procedures, and of these only 30% used software for this purpose,
Primavera Systems’ software seemed to be the most commonly used.

Of the various categories of companies, geotechnical companies appeared to make least
use of risk management procedures and software. Aimost 60% of the companies that
used software for risk management were contractors, and in general the users seemed
to be the farger contractors and consultants.

One-third of the respondents that used risk management software indicated that they

had found software for risk management lacking in some respect.

Only a small percentage of companies emplayed staff sclely for using risk management
software, while the majority of those using risk management software believed that it
was central to the satisfactory performance of their organisation.

R4
<&

>

The growth of software for risk ma@rﬁt appears to have continued since 1998. The

current edition of the Project R:sk@ ement Softwore Directory* lists over 40 different
products, together with brlefd%&*pnons of their functions, their price and suppliers’

names and addresses o(\(\é

&
Despite this, a recen@‘&@.ﬂnal survey of Steering Group members for the DETR/ICE
Geotechnical Rlsk agement project revealed that relatively few had any knowledge

of the use of spg;fzﬁlst risk software within their companies. Significantly, the major use
of software w@‘s to produce risk registers (see Appendix A}, and this was generally
carried o@Pusmg MS Excel.

During the progress of this project there have been parailel developments by the CIRIA
construction risk management project, and following its reports The software! and an
associated report'2 are expected to become available in 2001, The description given
below is based on a beta version of CIRIA RiskCom v.§.2 dated 10 August 2000, tested
on Excel 2000 within a Windows 98 environment. The software is compatible with
Windows 95, 98 and NT4, and will work either with Excel 97 or Excel 2000. The
software is mounted via Windows Explorer:

RiskCom is a simple Excel-based tool that produces a risk register. It is intended to help
users manage risks associated at & number of levels (e.g. an entire business, a particular
project. a single activity within a project). It provides a framework within which
systematic risk management can be carried out even by relatively inexperienced
personnel, but makes no attempt at quanticative risk analysis. There is extensive help
within the software, to guide the user through the process, and examples are given.
There is also provision to modify the software to reflect company preferences.

The assessment process is divided into five steps, which broadly follow the PRAM
process:

MANAGING GECTECHNICAL RISK
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The assessment to be carried out Is defined.

Risks are identified, and can be allocated to an area of a project or to a project
activity. Opportunities can be nated.

Risk assessment is carried out in terms of likellhood and consequence, and a
rating is produced for each risk. Assessments and ratings can be generated using
cither a low/medium/high grading or 0 to | scale.

Responses to risks are identified, together with their likely cost. Risk owners can
be identified, and the fact that control measures have been put in place can be
recorded.

Reports are produced, including the top ten risks to the projectasa whole
{according to risk rating), the ten most imminent risks, the ten most serious risks

faced by any specified owner, and the ten most imminent control measures.

The resulting spreadsheet can be distributed electronically to other team members,
who can madify it in Excel or using RiskCom.

&
&
Ao\
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&
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S
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HISTORILS

- O FLEXIBILITY CAN HELP C N T L ADDITIONAL C

This case record gives an example of how unexpected geotechnical conditions can be
overcome, Due to the urgency of having a proposed factory operational, a construction
management approach was adopted and a construction manager was appointed. No
ground investigation was carried out. The construction manager selected local

consultants for the design through a tender and negotiation process.

During the subsequent site investigztion it was found that the soil conditions were
unfavourable. The use of traditional piled foundations would have increased the cost of

the project by 25% and meant that the client’s budget was exceeded.

Although the design was in a fairly advanced stage it was possible, because a
construction management approach was being used, to investigate other solutions, for
example other foundation alternatives or even moving the facility. In the end an

alternative foundation design was adopted and the project was completed within the

client’s budget and a2 month earlier than programmed.

Tunnelling is a high-risk form of construction. This case history, which concerns the
construction of approximately || km of 3.6m diameter tunnels and nine shafts between
15 and 25m deep, as part of a sewage transfer system, shows how progressive clients
are using systematic management to control geotechnical risks.

During the project a formal approach to risk management was adopted, Geotechnical
risks were an important factor during the development of the conceptual solution. The
risk management procedures included holding risk workshops, where risks were
identified during brainstorming sessions. Risks were included in a risk register and all
the risks were assessed using both qualitative and quantitative methods.Values were

assigned to the risks and the period over which they could occur was also included in
the risk register.

Based on this information the risks were assigned to either the client or the contractor,
or in some cases shared. Risks owned by the contractor were included in the target cost.
A risk budget was prepared for the risks owned by the client. For this type of contract
the maximum cost of the project is not fixed, and the client therefore decided to take out
insurance that would pay any costs above the sum of the target cost and risk budget.

MANAGING GEOTECHNICAL RISK
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The value of risks in the risk budget was reassessed on a monthly basis, and every 3
months costs that had not been realised were subtracted from the risk budget. This
allowed the client to assign the money to other projects as risks were closed out.

The demolishing of an existing building and the construction of a new piled steel-frame
| office block, consisting of eight floors and two basement levels, provided some major
challenges. The new development involved an additional basement level, and therefore

the existing basement slab, up t0 3.5m thick in areas, had to be removed.

Risks identification was carried out during pre-project planning, using brainstorming
sessions and meetings with the main works designer and trade contractors. The impact

of the risks was assessed qualitatively and, where possible, designed for.
Despite the care taken during planning and design, unexpected ground conditions still
occurred:
The level of the London clay was, oh average, approximately § m lower than
expected and more casing had to be used during piling.

In some areas man-made obseructions (building rubble} proved to be a problem
during pile installation. This rgﬁ%%sitated additional work, which was done outside

normal working hours §
S
Archaeological < were found, despite considerable efforts during site

investigati%Q@:{\} termine whether any might be present.

e L

i

This case study shows the value of obtaining more Information on ground conditions

i during preproject planning for large, potentially high-risk projects.The construction of three
new paraliel gas turbine repowering units immediately to the south of an existing power
station included enlarging the existing platform area, which was approximately 10-15m
below ground level, for the construction of the new facilicy. Approximately 350,000 m® of
material was to be excavated and placed in landforms around the power station.

Six tenderers were initially involved, and after an elimination process negotiations
commenced with three of them. Because of ground-related claims during the
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construction of the existing power station, the client wanted to transfer the
geotechnical risks to the contractor. However, none of the three contractors was willing
to accept the geotechnical risk based on the information included in the tender, which
consisted only of the site investigation for the original construction. Bacause it was a
priority for the client to transfer the geotechnical risks to the contractor and because it
would speed up the programme, the client decided to conduct a further, detailed
geotechnical investigation. He appointed a geotechnical consultant for this purpose and
requested the three contractors to submit proposals for the site investigation they
would require before they would be prepared to accept the ground-related risks. The
successful contractor subsequently accepted the ground-related risks, and at a reduced
price, making allowance for the fact that in his original price he had included for the
cost of a site investigation.

MANAGING GEOTECHNICAL RISK
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SGI Report 20 July 2004
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Date Registration number

July 20, 2004 2-0403-163
Your dute Your reference
QOur reference
Per-Everl Bengtsson
AGEC Ltd
Att. Turlough Johnston
5 Kilcarrig Street
Bagenalstown
Co. Carlow
Ireland
Interim Report P
Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland
Laboratory testing of natural and stabilisgd ge%t and mineral soil.
S A
G
SN
1. COMMISSION A
S
PSS

On commission by AGEC Ltd, Bagegzﬁgﬁwn, Ircland, the Swedish Geotechnical Institute
(SGI) is currently performing laborate®y testing on soil samples from the site Bellanaboy
Bridge Gas Terminal, Co. Mayo, reland.

S
The aim of the laboratory tesﬁi?lg is to pive advice on choice of type of binder and binder
quantity for stabilisation of peat and mineral soil just below the peat.

Mass stabilisation of peat with different kinds of binder is a technique that has been used in
Finland and Sweden but as of yet not in Ireland.

The results so far from the laboratory tests are presented in this report.

The resuits from the laboratory testing and earlier experiences will finaily lead to a proposal

for binder type and binder quantities to be used in field trials in-situ. These in turn will serve

as a basis for decision on the binder type and binder quantity to be used for the planned

constructions. The mixing and curing conditions in the laboratory are nomatly more

favourable than the in-situ mixing so the field trials are a necessTw_&rt in the final choice of
A

binder type and binder quantities.
P q N BORD PLEANALA
TIME BY
31 AUG 2004
. . . tTR-DATED FROM
Swedish Geotechnical [nstitute Phone:  +46 13-20 18 00 pL-mail: ——————pif@swedgrnse |
Postal address:  SE-581 93 LINKOPING, SWEDEN Fax: +46 13-2019 14 ] i oo . 64-5
Visiting address: Olaus Magnus vilg 33 Internet: wiwvw.swedgeo.se Ore.nr: TO Gk
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SGI May 19, 2004 2-0403-163 2 (8)

2. LABORATORY TESTING

2.1 General
The laboratory testing performed at SGI includes testing of samples received from Ireland
containing peat and also mineral soils from the layers just below the peat.

The tests includes classification tests, chemical tests and environmental tests.

The tests include

- classification (BFR T21:1982, Swedish Council for Building Research)
- Von Post 0

- Naturat water content (SS 027116, edition 3)

- Bulk density (Unit weight) (SS 027114, edition 2)

- Liquid limit (SS 027120, edition 2)

- Plastic limit (SS 027121, edition 2)

- Loss on ignition (SS 027105, edition 1, temperature 450 °C or 950 °C)

- Grain size distribution (SS 027123, edition 2) &

- Unconfined compression test (SS 027128, edition 1) &>

- Oedometer test (SS 027129, edition 1) &

S

- Sulphide content (SGI Report No 27E) (78"

- Chloride content (SS 028120-1) Qo*fé&)‘\

- Carbonate content (SGI Report No 27@@?‘1@

- Content of humic acids/TOC (SS-EX1484)

. pH(SS028122-2) SO

- conductivity (SS-EN 27881-1) 6\0&

- redox on pore water (SGI-meghod
oxonp ( ooggko )

- total content of metal andcfrace elements

- avalability (NT ENVIR 003)

- batch tests with analyses of main component (Ca. Al. S ets) and trace elements (EN
12457-2 and EN12457-3)

Mixing tests are being performed with Irish cement as binder. Initially Irish cement of quality
32.5N were used but later on [rish cement of quality 42.5N has been used.

Tests with Irish cement in combination with Irish sand as binder have also been performed.
The use of sand have in earlier mass-stabilisation projects been favourable to improve the
mixing ability of the stabilised soil. However, it has normally not given any notable increase
in shear strength.

The laboratory procedure for preparation of stabilised samples is according to SGI procedure
following the principles given in the EuroSailStab Design Guide Fbggter 6.4.3.

AN BORD pLE
ANALA
2.2 Natural soil LS —BY

In all, samples from nine boreholes have been received at SGI. 31 AUG 20
04

LTR-DATE
o Ee_ FROM

— S
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SGI May 19, 2004 2-0403-163 3 (8)

The samples from borehole PS05, PS21 and PS22 which were received 2004-03-22 have been
characterized and samples from borehole PS21 and PS22 used for inital mixing tests.

Samples from borehole PS23 (TPS23A) and borehole PS35 were recevided 2004-04-16 and
has been used for more comprehensive mixing tests.

Samples from borehole PH} and PH2 were received 2004-05-13. Samples from borchole PH3
and PH4 were received 2004-05-26. The samples from borehole PH1, PH2, PH3 and PH4 are
intended to be used for a separate study on the influence of high content of phosphate.

Peat samples from Borehole PS05. '
From this borehole peat samples are from the depth 0.9 — 2.1 m below ground level. Results
from the laboratory tests are presented in ANNEX 1.

Peat samples from Borehole PS21.
From this borehole peat samples are from the depth 0.9 - 2.7 m below ground level. Results
from the laboratory tests are presented in ANNEX 2.

Peat samples from Borehole PS22. &
From this borehole peat samples are from the depth 0.6 - gﬁl?m below ground level. Results
from the laboratory tests are presented in ANNEX %\‘\2{ S

F
Peat samples from Borehale PS23 (TPS &
From this borehole peat samples are from tife gepth 0.70 — 1.70 m below ground level.
Results from the laboratory tests are pre&f\r&% in ANNEX 4. Determination of loss on
ignition is ongoing, QO{\:@‘\

R

Mineral soil from Borehole PS28 (TPS23A).
From this borehole "mineral soif samples are from the depth 1.70 - 2.40 m below ground
level. Results from the labaratory tests are presented in ANNEX 5.

Peat samples from Borehole PS35.

From this borehole peat samples are from the depth 1.0 —3.10 m below ground level. Results
from the laboratory tests are presented in ANNEX 4. Determination of loss on ignition is
ongoing,.

Mineral soil from Borehole PS35.
TFrom this borehole *mineral soil’ samples are from the depth 3.1 -3.50 m below ground level.
Results from the laboratory tests are presented in ANNEX 3.

Peat samples from borehole PH1, PH2, PH3 and PH4.
From these boreholes peat samples from the depth 0.05-0.25 fn befoN gmblnek&ﬁﬂﬁ
BY

from the laboratory tests are presented in ANNEX 6. TIME

3
2.3 Sand from Ircland 1 AUG 2004
The grain size distribution has been determined on two indiv -Barides taken fpppghe
delivered Irish sand to SG1. Results are presented in ANNEX R, ——
piyeckonsfgerbeniperben-inlandipm_0407 2tipm_2004_07_20.dot
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SGI May 19, 2004 2-0403-163 4 (8)

Samples for determination of total content of metals and trace elements (environmental test)
has been sent to the laboratory Analytica and the results are presented in ANNEX 7.

2.4 Cement from Ireland
The Irish cement used in the stabilisation of peat from borehole PS21 and PS22 is of quality
32.5N. At SGI the loss on ignition has been determined. Results are presented in ANNEX 8.

Samples for determination of total content of metals and trace elements (environmental test)
for the cement 32.5N has been sent to the laboratory Analytica and the results are presented in
ANNEX 8. . 5

The same type of testing (loss on ignition and total content of metals and trace elements) is
ongoing for the cement 42.5N.

Irish cement of quality 42.5N has been used as cement binder for all the remaining stabilised
peat and mineral soil samples.

@.
NS
2.5 Stabilised peat samples from PS21 and PS22. &%
Peat samples from the tubes from PS21 and PS22 %@k@% depth) were premixed with a dough
mixer for about 10 to 15 minutes. It is possible @gg@mix a maximum of 35 to 40 kg of peat
O
per ‘batch’. Q\§Qé§

Q3§
O

&
The binder Irish cement 32.5N were ing@@é\ed in the amounts 150, 200 and 250 kg/m’ of
. . . . A o .
peat. Mixing of the mixture of pea gnﬁsﬁément were performed for 5 minutes with a dough
mixer. The mixing could be compz{t&*to the mixing of the ingredients to a bread. A

maximum of 5 to 6 kg of stabili’g@soil is possible per ‘batch’.

§

The stabilised soil were placéd? in layer by layer in plastic tubes with an inner diameter of 68,6
mm. Each layer where even out by a small ‘steel’ footing. The length of the sample is
measured and is about 220 mm. The density of the sample were determined and the samples
placed in a water container where the sample have a filterstone at both ends to allow
suction/drainage of free water to the sample.

The load used during curing (18 kPa) were placed 45 minutes after the mixing was finished.
The load applied consists of a steel bar with a diameter somewhat smaller than the inner
diameter of the tube and 2 length corresponding to a sample load of 18 kPa. The steel bar is
marked with a scale that makes it possible to measure the compression of the sample at curing
by noting the position of the upper end of the sampling tube compared to the scale.

The temperature during curing is room temperature of about 20 °C.

The vertical compression of samples were measured afler 1 day and 3 days curing time and
directly before the sample were taken to be tested by unconfineq co

ORD PLEANA
TIME BYEANALA
31 AUG 2004
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At predetermined times after mixing, the samples where tested by unconfined compression
test. Before testing the bulk density of the sample were determined. The water content were
determined on remains from the cuiting of the sample.

In all 16 samples were prepared, 4 samples with a binder content of 150 kg/m’, 8 samples
with 200 kg/m’ and 4 samples with 250 kg/m’.

Unconfined compression tests have been performed at curing ages of 7, 14, 28 and 90 days.
The results from the tests are given in ANNEX 9.

The results indicates a shear strength after 28 days curing time (binder cement 32.5N) of
- about 60 kPa for a binder quantity of 150 kg/m’ :
. about 120 kPa for 200 and 250 kg/m’.

And it indicates a shear strength after 90 dajys curing time (binder cement 32.5N) of
- about 75 kPa for a quantity of 150 kg/m

- about 130 kPa for 200 kglm3

- about 175 kPa for 250 kg/m’.

&.
N
2.6 Stabilised peat samples from borchole PS23 (TPS2§$£’).
Peat samples from the tubes from PS23 (TPS23A) gie depth 0.7-1.7 m) were used and
samples prepared in the same manner as above fog;v §21 and PS22, see chapter 2.5.
O
The binder Irish cement 42.5 N were intro@%@n the amounts 50, 100, 150, 200 and 250

kg/m°. Sample diameter is 68,6 mm angﬁl\'@*gamples were loaded during curing (18 kPa).
The temperature during curing is roggf\(ﬁpcrature of about 20 °C.
N

(¢
The vertical compression of sam & were measured during curing and directly before the
sample were taken to be testego unconfined compression test.

At predetermined times after mixing, the samples were tested by unconfined compression test.
Before testing the bulk density of the sample were determined. The water content were
determined on remains from the cutting of the sample.

In ail 20 samples were prepared, 4 samples with a binder quantity of 50 kglm3, 4 samples with
100 k}g/m:’, 4 samples with 150 kg/m®, 4 samples with 200 kg/m® and 4 samples with 250
kg/m”.

Unconfined compression tests have so far been performed at a curing age of 28 days. The
remaining 10 samples are scheduled to be tested after 90 days curing time. The results from
the tests are given in ANNEX 10,

The results indicates a shear strength after 28 days curing time (binder cement 42.5N) of

- about 15 kPa for a binder cguantity of 50 kg/m3

- about 40 kPa for 100 kg/m AN BORD PLEANALA

- about 80 kPa for 150 kg/m’ TIME BY

- about 100 kPa for 200 kg/m’

- about 130 kPa for 250 kg/m’. 31 AUG 2004
LTR-DATED FROM
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2.7 Stabilised peat samples from borehole PS35, depth 2.1-3.1 m.
Peat samples from the tubes from PS35 (depth 2.1-3.1 m) were used and samples prepared in
the same manner as above, see chapter 2.5.

The binder Irish cement 42.5 N were introduced in the amounts 150, 200 and 250 kg/m3 .
Sample diameter is 68,6 mm and the samples were loaded during curing (18 kPa).
The temperature during curing is room temperature of about 20 °C.

The vertical compression of samples were measured during curing and directly before the
sample were taken to be tested by unconfined compression test.

At predetermined times after mixing, the samples were tested by uncontined compression test.
Before testing the bulk density of the sample were determined. The water content were
determined on remains from the cutting of the sample.

In ali 20 samples were prepared, 8 samples with a binder quantity of 150 kg/m®, 8 samples
with 200 kg/m’ and 4 samples with 250 kg/m’.

Unconfined compression test has so far been performed at curing ages of 7, 14 and 28 days.
The remaining 6 samples are scheduled to be tested after 90 gﬁs curing time. The results
from the tests are given in ANNEX 11. NN

§)
S
The results indicates a shear strength after 28 da%ngeg}%g time (binder cement 42.5N) of
- about 80 kPa for 150 kg/m’ SO
. about 110 kPa for 200 kg/m’ A
- about 180 kPafor250 kg/m®.  sfe"
S8
N

(¢
2.8 Stabilised peat samples fro JBorchole PS35, depth 1.1-2.1 m.
Peat samples from the tubes fr S35 (depth 1.1-2.1 m) were used and samples prepared in
the same manner as above, se€’ chapter 2.5.

The binder in this case was a combination of Irish sand and Irish cement 42.5 N. The Irish
sand have the quantity 100 kg/m® and the Irish cement 42.5 N were introduced in the quantity
50, 100 and 150 lq_z,/m3 . Sample diameter is 68,6 mm and the samples were loaded during
curing (18 kPa). The temperature during curing is room temperature of about 20 °C.

The vertical compression of samples were measured during curing and directly before the
sample were taken to be tested by unconfined compression test.

At predetermined times after mixing, the samples were tested by unconfined compression test.
Before testing the bulk density of the sample were determined. The water content were
determined on remains from the cutting of the sample.

In all 12 samples were prepared, -
- 4 samples with a binder quantity of sand 100 kg/m® and cem’nt SAN:BORD PLEANALA
- 4 samples with sand 100 kg/m® and cement 100 ke/m’ TIME BY
- 4 samples with sand 100 kg/m’ and cement 150 kg/m’.
31 AUG 2004
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Unconfined compression tests have so far been performed at a curing age of 28 days. The
remaining 6 samples are scheduled to be tested after 90 days curing time. The results trom
the tests are given in ANNEX 12.

The results indicates a shear strength after 28 days curing time (binder cement 42.5N) of
- about 25 kPa for sand 100 kg/m® and cement 50 kg/m®

- about 50 kPa for sand 100 kglrn3 and cement 100 kg/m’

- about 95 kPa for sand 100 kg/m’ and cement 150 kg/m®.

2.9 Stabilised ‘mineral soil’ samples from borchole PS23 (TPS23A), depth 1.70-2.10 m.
“Mineral soil’ samples from the tubes trom PS23 (TPS23A) (depth 1.70-1.80 m and depth:
1.80-2.10 m) were used and samples prepared in the same manner as above, see chapter 2.5.

The binder was Irish cement 42.5 N and were introduced in the amounts 200 kg/m3 for
samples from depth 1.70-1.80 m and 100 kg/m3 for samples from depth 1.80-2.10 m. Sample
diameter is 50,0 mm and the samples were not loaded during curing. The temperature during
curing is room temperature of about 20 °C.

At predetermined times after mixing, the samples were tested b unconfined compression test.

Before testing the bulk density of the sample were determipgd. The water content were
determined on remains from the cutting of the samplogy\;@
AN
In all 6 samples were prepared , 2 samples for @?&%Q?JO-LSO m with a binder quantity of
cement 200 kg/m3 and 4 samples for depth ;\b%ﬁ-‘ "10 m with 2 binder quantity of cement of
100 kg/m’. L
QRN
SN

N
Unconfined compression test has so% been performed at a curing age of 28 days. The
remaining 2 samples are schedulzgg% be tested after 90 days curing time. The results from
the tests are given in ANNEXCIJO&

The results indicates a shear strength after 28 days curing time (binder cement 42.5N) of
- about 130 kPa for depth 1.70-1.80 m and cement 200 kg/m’
- about 75 kPa for depth 1.80-2.10 m and cement 100 kg/m’.

2.10 Stabilised ‘mineral soil’ samples from borchole PS35, depth 3.10-3.35 m.
‘Mineral soil’ samples from the tubes from PS35 (depth 3.10-3.35 m) were used and samples
prepared in the same manner as above, see chapter 2.5.

The binder was lrish cement 42.5 N and were introduced in the amount 200 kg/m>. Sample
diameter is 50,0 mm and the samples were loaded during curing (18 kPa). The temperature
during curing is room temperature of about 20 °C.

The vertical compression of samples were measured during cuf reanddicectly hafore the
sample were taken to be tested by unconfined compression test AN BORD PLEANALA
TIME BY

3 1 AUG 2004
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At predetermined times after mixing, the samples were tested by unconiined compression test.
Betore testing the bulk density of the sample were determined. The water content were
determined on remains trom the culting of the sample.

In ail 4 samples were prepared with a binder quantity of cement 200 kg/m’.

Unconfined compression test has been performed at a curing age of 7 and 28 days. The resuits
from the tests are given in ANNEX 13.

The results indicates a shear strength after 28 days curing time (binder cement 42.5N) of
- about 50 kPa with cement 200 kg/m’

2.11 Stabiliscd peat samples from borehole PS23 (TPS23A) and PS35 for oedometer test.
Peat samples from the tubes from PS23 (TPS23A) at depth 1.0-1.2 m and P835 at depth 2.6-
2.8 m were used and samples prepared in the same manner as above, see chapter 2.5.

The binder Irish cement 42.5 N were introduced in the amounts 200 kg/m>. Sample diameter
is 100,0 mm and the samples were loaded during curing (18 kPa). The temperature during
curing is room temperature of about 20 °C. éo@'
&
The vertical compression of samples were measuredduging curing and directly before the
sample were taken to be tested by oedometer test. &\0
N

Before testing the bulk density of the sampl\@%\é@ determined. The water content were
determined on remains from the cutting sample.

S
In all four samples were prepared, 2 amples from PS23 (TPS23A) at depth 1.0-1.2 m and 2

samples from PS35 at depth 2.6-%85{11.

§S

The oedometer tests on three Ei?mples are ongoing and the samples were mounted into the
oedometer at a curing age of 28 days. The remaining sample from PS23 (TPS23A) at depth
1.0-1.2 m can be used for future testing. The results from the tests so far are given in ANNEX
14,

The results indicates a clearly softer behaviour than the results indicated from the unconfined
compression lests.

2.12 Testing for environmental impact.
Test for the environmental impact have been scheduled. Total content tests and batch tests on
both natural soil and stabilised soil are proposed.

Swedish Geotechnical Institute
Dept. of Geotechnical Design

AN BORD PLEANALA
%’,’/_2'%:}5__—;_____,; TIME BY
[
Per-Evert Bengtsson
Project manager 31 AUG 2004
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Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

6@@
ANNEX 1:1  Summary 05\\;'5\*
oﬁ?’@“o
SO
NI
O &
& &
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QQ\ A‘\\Q
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Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

§é
ANNEX 2:1  Summary of classification 05\\;@
ANNEX 2:2  Summary of chemical test Oé? Qp\o
ANNEX 2:3  SGI Reporting on chemical test QQ\Q &\?‘
o
& &
S
QO\ A‘&\q
\(’OQ
45‘\0
&
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2004-07-20 Dnr 2-0403-163

ANNEX 2:2

Summary of chemical laboratory tests performed on peat from

borehole PS21.

PS21 @ 1.10-1.30 m.

FeS 0,9%

DOC 37 mg/l

Cloride 31 mg/!

pH 4.9

Resistivity 19,2 mSfm at 25°C
Redox potential 448 mV

PS21 @ 2.22-2.42 m.

FeS 1,0%

POC 40 mg/l

Cloride 32 mg/l

pH 4,8

Resistivity 18,0 mSim at 25°C
Redox potential 505 mV
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MEDA,
s"\_-:-"Tu(é RAPPORT
%, o= & utfirdad av ackrediterat laboratorium

¢
Ic; :;; REPORT is issued by an Accredited Laboratory

LABORATORIET

SGI
581 93 Linkiping
SAMMANSTALLNING AV LABORATORIEUNDERSOKNINGAR
Projekt : AGEC Ltd, Ircland Dar 2-0403-0163
Miljonr. 04049
Proj.nr. 11989
Bestllare Registrerad Lab.understkning utford Utfurdad
Datum Datum Av - Daws O OZ 67
-Evert 4-04 2004-04—2004-06 Ct Teknisk %é ig :
Per-Evert Bengtsson 200 0 00: C %} N \
&
S
<O
o
Provbeteckning/ PS21 L,EbiM0 m [PS21222-242m | Metod
Parameter R ds‘
FeS % 0.9 1,0 SGI Rapport 27
\o&f'\\o
ES
x(’oQ
Provbeteckning/ éx\v rS21 1,10-1,30 m |PS21222-2,42m | Metod
| Parnmeter S Porvatten Porvatfcn
bpocC A 37 40 Utfort av Analytica
Klorid mg/l 3 32 Utfsrt av Analytica
pH 4,9 4,8 55028122
Lcdnings!‘drmﬁga mS/m 25°C | 19,20 18,01 SS-EN 27888
Redox Eh mV 448 505 SGI metod
AN BORD PLEANALA
TIME BY
LTR-D
ATED_ FROM
Acksediterat Inborntorium utses av Styrelsen for teknisk ackreditering (%
Verksambeten vid de svenska ackreditcrade laboratoricra upplyter kraven enhgt 5o-EINE -

Denna rapport fir endnst dtctges i sin helhet, om intc SWEDAC och
wtfirdandc laboratosinm i forviig skrifiligen godkiint annat,

Statens geotekniska institut

581 93 Linképing, telefon 013-20 18 00, telefax 013-20 19 14
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Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

ANNEX 3:1  Summary
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Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

ANNEX 4. Peat samples from borehole TPS23 aéM'PSSS

&
ANNEX 4:1  Summary TPS23 o&jox'é\
ANNEX 4:2  Summary PS335 o
ANNEX 43  SGl Reporting on TPS23 and PS35 QQ\Q&\?

;\\0‘\0@*
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SAMMANSTALLNING AV LABORATORILUN DERSOKNINGAR

Dnr 2-0403-163
ANNEX 4:3

Bestallare: AGEC Ltd, 5 Kilcarrig Street Bagenalstown IRELAND

Corrib Gas Terminal L
5 2-0403-163
Ankomsidatum Provtagningsredskap Labomioricundersdkning Datum 050
Damm Utfged av 2004-05-03
040416 Torvprovt. § 100 mm | 040429 OA IMK Teknisk ledare
1} 3 4 5)
Seltion/ Benimning enligt "Jordarternas indelning och be- Densi- | Vatten- | Kone | Humifirings- | Jordartsbendmning
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1) Baserad p3 okulir jordartsklassificering. Hinsyn har tagits till forekommande métdata. r_ el 2004 04-16
2) Skrymdensitet S5 027114, Utgiva 2
3} Vattenkvot S5 027116, Utgiva 3 AN BORD PLEANALA
4y Konflytgrins SS 027120, Utglva 2 "ME
5) Metoden ar e ackrediterad. 8y
Matesikerhet och mdtomedde fiie virm metoder redovisas pd vir hemsida, wwww.swedgeo.se.
Ackseditesat laboratorium utscs av Styrelsen for ackreditering och teknisk kontrolt {SWEDAC) enligt lag. Verksafhheten vid de svenska ackediterade
taboratoriema wppfylier kenven enligt SS-EN 17025. Denna mppoct fr endast Merges i sin hefhet, om inte SWE laboratorium im
skrifiligen godkint annat. Resuliaten gilles enban for de provade materialen —————— 1
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Statens geotckniska insti

tut

581 93 Linkdping, telefon 013-20 I8 00, telefax 0132019 14

ERA.EXxport.08-07-2014:23:46:41,



SGI 2004-07-20 Dnr 2-0403-163

Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

ANNEX 5. Mineral soil samples from borehole 'gg;szu and TPS35

&
. S
ANNEX 5:1  Summary TPS23A and TPS15 $ &
ANNEX 52 SGI Reporting on TPS23A and TPS35 &7
ANNEX 5:3  Organic content VA

ANNEX 5:4  Loss on ignition TPS23A @ 1.70- l\&f%‘i\&l‘cmpemture 450 °C

ANNEX 5:5  Loss on ignition TPS23A @ 1.7 O&ﬁ\ m. Temperature 950 °C
ANNEX 5:6  Loss on ignition TPS15 @ 3,10-335 m. Temperature 450 °C
ANNEX 5:7  Loss on ignition TPS335 @‘é) $3.35 n. Temperature 950 °C
ANNEX 5:8  Grain size distribution 'I'PS\Z? @ 1.80-2.10m.

ANNEX 5:9  Grain size clislributionr}{@%/\ (@} 2.10-2.40 m.

ANNEX 5:1¢  Grain size distributictygb PS35 @ 3.35-3.50 m.
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SGI 2004-07-20 Dnr 2-0403-163
ANNEX 5:1

Summary of laboratory test performed on mineral soils from TPS23A and TPS35.

TPS 23A @ 1.70-1.80 m.

Brown-black peat with fragments of sand and gravel.

The peal was firm. Difficult to determine the degree of humification. Looks to contain peat with both high
and low degree of humification. Large variations in the two determination of water content

Natural water content 52% and 26%

Ligquid limit {fall cone) 71%

Plastic limit 48%

Loss on ignition (450 degree Celsius} 14,0% and 15,0% with mean 14,5%

Loss on ignition (950 degree Celsius) 14,5% and 15,5% with mean 15,0% (on the same samples as for
450 degree Celsius)

TPS 23A @ 1.80-2.10 m.

Brown, slightly organic, sandy, silty clay with fragments of peat.

Natural water conlent 35% and 29%

Liquid limit (fall cone} 40%

Plastic limit 30%

Grain size distribution {sieving and sedimentation) determined on a small sample (not according to
standard) and specific densily determined lo 2,48 t/m3.

Organic content 4,2% (4,3% and 4,1%).

&
TPS 23A @ 2.10-2.40 m. e
Grey, sandy, silty clay with remains of plants. (The sqgn%a?ooks like a till)
Natural water content 21% and 16% SN
Liquid fimit 21% G
Plastic timit 17% S

U&Rj delermined on a small sample (not according fo
,64 Um3.

Grain size distribution (sieving and sedim

standard) and specific density determin

Organic content 1,0% (1,0% and 1,0%}., O
N

SIS
TPS 35@3.10-3.35m. S
Brownblack highly humified peat\\ﬁﬁh fragments of sand and gravel.
Natural water content 518% 50%
Liquid limit 267% &
Plastic limit 69% X
Von Post H9-H10
Loss on ignition (450 degree Celsius) 51,5% and 50,5% with mean 51,0%
Loss on ignition (950 degree Celsius) 53,7% and 53,7% with mean 53,7% (on the same samples as for
450 degree Celsius)

TPS 35 @ 3.35-3.50 m.

Grey silty sand with fragments of gravel and peat.

Natural water content 18% and 17%

Liguid limit not determined (NA)

Plastic limit not determined {(NA}

Grain size distribution (sieving) determined on a small sample (not according to standard).
Organic content 1,4% (1,3% and 1,5%).

AN BORD PLEANALA
TIME BY

31 AUG 2004
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PL —

EPA_EXport.08:07-2014.23:46:41.



SGI 2004-07-20 Dnr 2-0403-163

ANNEX 5:2
NEDA
i Suqes RAPPORT
a F: . . .
o+ Utfiirdad av ackrediterat laboratorium
g LABORATORIET e REPORTis issued by an Accredited Laboratory
SAMMANSTALLNING AV LABORATORIEUNDERSOKNINGAR
Bestillare: AGEC Ltd, 5 Kilcarrig Street Bagenalstown IRELAND
Corrib Gas Terminal Tabell
Dnr 2-0403-0163
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Dalum Uthrd av
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335350 | GRA SILTIG SAND MED GRUSINSLAG OCHIN- | 12 - . siSa
SLAG AV TORV 1"
1) Daserad 73 okulas jordarsKiassificoring. Hansyn har tagits Gl forekommande maidaia ANBORDPFEEANALA
2) Valtenkvot, S5 027116, vigdva 3
3) Konfiytgrins, SS 027120, utgiva 2 TIME BY
4} Plasticitetsprins, 55027124, utgdva2
5} Ej ackrediterad metod
Matosakeehet och maomrdde fdr vara metoder redovisas pd vir hemsida, www.swedgeo.se. 3 | AUG ZUUI'

Ackrediterst Jaboratorium utses ay Styrelsen for ackreditering och Leknisk kontroll (SWEDAC) caligt lag. Verksa TpéIMEROM
laboratorierna uppfyller kraven cnligt SS-EN 17025, Denna rapport Bic endast Aterges i sin helhet, om inte SWED h wifirdande laboratorium i Rrvig
skrifiligen godkant annat. Resultaten galler enbart for de provade materiaen.
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Dnr 2-0403-163
ANNEX 5:3

3w o RAPPORT

1t Z

Tegypes Uifirdad av ackrediterat laboratorium

1148

REPORT is issued by an Accredited Laboratory

SAMMANSTALENING AV LABORATORIEUNDERSOKNINGAR-TABELL 1

Projekt : Organisk balt Dnr
[ Adijonr. 04049
Bestaliare Registrerad Lab.understkning uiftrd O{,ﬁ\i Utfardad
Datum Datum Ay s @\ Damm
Inga-Maj Kall 2004-04 2004-05-05 Ml T | Teknisk
nga-Maj Kaller 0 ,};CQ% e
(S
0&0 &@9
N &
N
&
Provbeteckning g@&bﬁ halt (%) Metod
) &P\
o
_é?o
TPS23 A 1,8-2,1 &143740 S (27107
TPS23A 2,124 & [1L,0/1,0 S5 027107
PS 35 3,35-3,50 O 1,3/1,5 55027107

Ackrediterat laboratorium utses av Styrelsen for teknisk ackreditering (SWEDACD) v.lﬁw —

AN BORD PLEANALA
TIME gy

31 AUG 2004

LTR-DATED FROM
PL

Verksamheten vid de svenska ackrediterade laboratoricmia uppfyller kraven entigt SS-EN 17025.

Tenna rapport f3r endas dtespes i sin helhet, om inte SWEDAC och

utfirdande laborntorium i forviig skrifiligen godkint annat.

Statens geotekniska institut
581 93 Linképing, telefon 013-20 18 00, telefax 013-20 19 14

EPAEXport.08-07-2014:23:46:41.
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ARBRTSPROTOKOLL ~ GLODGNINGSFORLUST
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ANNEX 5:4
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S GI 2004-07-20 Dnr 2-0403-163
ANNEX 5:5
ARBETSPROTOKOLL - GLODGNINGSFORLUST
1'0.“.?:’: Q83
[17.Y AR
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ARBRTSPROTOKOLL - GLODGNINGSEORLUST
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ANNEX 5:6
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ARBRTSPROTOKOLL - GLODGNINGSFORLUST
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ANNEX 5:7
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SGI 2004-07-20 Dnr 2-0403-163
ANNEX 5:8

WEP1.  RAPPORT
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o “ei'2 utfirdad av ackrediterat laboratorium
Pep11e°  REPORT is issued by an Aceredited Laboratory
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Bestiillare: AGEC Ltd, Irland Dne 204030163
Ankomstdatum Proviagaingsredskap o T Dam 3 0OY-05 -0
040416 0404280503 sz Teknisk ledare | 1, » g Kallu/
m
"] e et e e e ——— e w
A GE g
ol |15, 55| &
[ [ B e L] EELE R EEN o DR R S - o > o
o] gmgdv '3
Q uﬁ: P a =
RIE [&& 2
E e 73] g )
I ,% Ea g 2 -]
5 < B I £
o S Y (k] EE REpS S S RPN I B -k g E
e |g¥ i kg
=M Ol 8 g 3
O R ot EEY SEEI EUOS (R B o O A |- | IR I I
Sill| -Ag F: :
SIES £ 3
E Vo(’)&@ §
§ o f Q *
o Qc.@b E E
S o I .
ettt Sihs SE\: bkl Sl IS 22| <o
P\ = 3
--.K-------- S NN VRN Y .90 [N S o b2
= <<O~‘&\ . §§
uss QOQ% & Eg n?;
o~ e o = E
S < & g g6
S E
SN [N, PR Ep—_— ...._C.J--.-----.'..___..----- £ ]
pr 4] £ s
= 2 B
2 1] = gg
- O I I N Neodooo oo bl e LR I
'X_—"' g Z .§§ CI |- R
™
s 112 |8 £3
g - E |2 -k
© B E|E 38
B < ||” ¢
=t =
= & ===t P B rEl
(o . = G Q}
E§_ I T N N . E 2., 35 1
55 3 22| =2 %v =
- EEEE SRR il Sdhl Ehd - 3 = @
8 : I "
(=] L
8 8 38 & 8§ 8 @ 8 & 2 e AN BORD PLEANALA
Halt av korn <d, viktsprocent TIME BY
Ackrediterat [aboratorium utses av Stycelsen [or teknisk ackseditezing (SWEDAC) enligt lag.
Verksamheten vid de svenska ackreditesade laboratoricrna uppfybler kraven cnligt SS-EN 17025, 3 ' AUG 20
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SGI 2004-07-20 Dnr 2-0403-163
ANNEX 5:9

HE D“o RAPPORT
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Pepit ‘-Q' REPORT is issucd by an Accredited Laboratory
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ANNEX 5:10

o "\wf = utfirdad av ackrediterat laboratorium
Pep1t%"  REPORT is issued by an Accredited Laboratory

KORNFORDELNING FRAKTIONSINDELNING 1981

Corrich Gas Terminal Diagram o
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SGI 2004-07-20 Dnr 2-0403-163

Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

ANNEX 6. Peat samples from borehole PH1, PH2; PH3 and PH4
&
$

d
ANNEX 6:1  Summary for samples from borchole PHI, P \lﬁﬁ and PH4
ANNEX 6:2  SGI Reporting on samples from borehole BHI%ahd PH2
ANNEX 6:3  SGI Reporting on samples from borehg!@ Ri3 and PH4
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S GI 2004-07-20 Dnr 2-0403-163

ANNEX 6:1
Summary of laboratory test performed on peat from
borehole PH1, PH2, PH3 and PH4.
PH1 @ 0.05-0.25 m,
Natural water content 499% and 529%, mean 514%
Carbonate content 0,6%
Phosphate conlent in porewater 2,4 mg/|
Nitrate content in porewater 0,14 mg/l
PH2 @ 0.05-0.25 m,
Natural water content 1034% and 1006%, mean 1020%
Carbonate content 0,6%
Phosphate content in porewater 1,0 mg/l
Nitrat content in porewater 7,1 mg/l
PH3 @ 0.05-0.25 m.
Natural water content 831% and 903%, mean 897% &
Phosphate content on porewater 0,79 mgfl <@
Nitrate content in porewater 0,27 mg/l ‘ *o\
Sy
PH4 @ 0.05-0.25m. PN
Natural water content 788% and 831%, mean 809% Q\QO S
Phosphate content on porewater 2,4 mg/l NI
Nitrate content in porewater 1,2 mg) é",x\o K2
SE
L
<<°\ A‘&\Q
N
\Q
\0
&
QO
AN BORD PLEANALA
TIME BY
3 1 AUG 2004
LTR-DATED FROM
FL D——
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ANNEX 6:2
PALL A
sww e RAPPORT
LABORATORIET Ttegyeer UtfHirdad av ackrediterat laboratorium

1148 REPORT Is issued by an Accredited Laboratory

SGI
581 93 Linképing
SAMMANSTALLNING AV LABORATORIEUNDERSOKNINGAR
Projckt : AGEC Litd, Ireland Dor 2-0403-0163
Miljnr. 04049
Projur; 11989
Bestallare Registrerad Lab,undersokning utfdrd Utfirdad ’
Dl!l.llm Datum Av Datum 0¢-0 7‘0{
] N . . Teknisk 7=
Per-Evert Bengtsson 2004-04 2004-04—2004-06 Clo o oy s Bl
&
&
NN
& o«'é\
&

Provbeteckning/ PH 1A |PH1 %Q" SIPH2A (PH2B Metod

Parameter Qg

CO % [0,6 0,65 & 0,6 0,6 SGI Rapport 27

' JES
Anm: Avsieg fedn standarden d1 forsoket mmr@a\?ﬁm <250ym. Moatesialet var i viss mdn hydrofobt.
\C’OQ
&

Provbeteckning/ c PH1 PH 2 Metod

Parameter Porvatten Porvaitcn

Fosfat mgi 24 £0 Utfort av Analytica

Nitrit-nitrathviive mg/l 0,08 1,7 ULt av Analytica

Nitritkviive mg/l <0,010 0,041 Utfort av Analytica

Nitratkviive mg/l 0,03 1,6 Utfort av Anafytica

Nitrat mg/l 0,14 .1 Uitfdrt av Analytica
Sc bitaga

AN BORD PLEANALA
TIME BY
LTR-DATED FROM
Ackrediterat laboratorium utses av Styrelsen foe teknisk ackrcdiltnll::ﬁi'smmm
Verisamheten vid de svenska ackrediterade laboratoricra upplyller kraven enligh S5 Froes:

Denna rappert fir endast Aterges i sin hether, om inle SWEDAC och
utfirdande laboratorivm i firviig skriftligen godkint annat.

Statens geotekniska institut
581 93 Linkoping, telefon 013-20 18 00, telefax 013-20 19 14

EPA Export 08-07-2014:23:46:41
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ANNEX 6:3

2004-07-20
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RAPPORT

Teprtt  utflirdad av ackrediterat laboratorium

LABORATORIET {148 REPORT is issued by an Accredited Laboratory

SGI
581 93 Linkbping

SAMMANSTALLNING AV LABORATORIEUNDERSOKNINGAR

Projekt: AGEC Ltd, Ircland Dur 2-0403-0163
Projar 11989
Miljonr 04049
Besiallare Registrerad Lab.untcrsdkning utford UtBardad
Datum Datum Av Datom
Per-Evert Bengtsson 2004-04 2004-06 Cto Teknisk
Jcdare
Provbeteckning / PH 3 PH4 Metod
Parameter Porvaften Porvatien
Fosfat mgh 0,79 24
\J&'
Nitrit-nitratkviive mg/ 0,06 S 0,29
&
Nitritkvive mg/l <0,00%p &5 0,009
A
Nitratkvive mgl S Ra 0,28
< 0\’\\,0‘?
Nitrat mg/l RS 0@ 0,27 12
N
RS
S
R
O
&
&
AN BORD PLEANALA
TIME BY
LTR-DATED FROM
Mitosikerhet och mitomrade finns i SG Kvalitcishandbok oc k':nIE

Ackrediterat laboraterivim uises av Styrelsen fir 1cknisk ackreditering (SWEDAC) enligt lag.
Verksamheten vid de svenska ackrediterade laborataricma uppfytler kraven enligt S$-EN ISO/EC 17025.

Denna mpport fr codast dterges i sin helhet, om inte SWEDAC och
uthirdands laboratorium i fevitg skriffligen godkiint annat

Statens geotekniska institut
581 93 Linkdping, tclefon 013-20 18 00, telefax 013-20 19 14

EPA-Export 08-07-2014:23:46:41



SGI 2004-07-20 Dnr 2-0403-163

Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

ANNEX 7. Irish sand &
ﬁs\{\é
ANNEX 7:1  Grain size distribution sample A o&\\o\{é\
ANNEX 7:2  Grain size distribution sample B o@??’ @S\
ANNEX 7:3  Total content of metals and trace elerr@&;a&\‘«nalytica
N
WO @
o
O
<<Q\ \‘\\Q
N
O
fo
S
AN BORD PLEANALA
TIME BY
31 AUG 2004
LTR-DATED FROM
PL D

EPA Export 08-07-2014.23:46:42



SGI 2004-07-20

P10 RAPPORT

Dor 2-0403-163
ANNEX 7:1

L3RRS . .
0wy z  utfirdad av ackrediterat laboratorium
Pepite  REPORT is issued by an Accredited Laboratory

KORNFORDELNING FRAKTIONSINDELNING 1981

Ackrediterat faboratorivin uises av Stycelsen fir teknisk ackreditering (SWEDAC) enligt ng.
Vecksamheten vid de svenska ackreditcrade Jaborotoricra uppfyller kmven enligt S5-EN 45 001,

Denna rappont {r endast Aterges § sin helhet, om inte SWEDAC och mitirdande taboratorium § fdrvig skriftligen goglcint annal. 3 1 AUG ZUU ll

Resuliaten giller de provade materialen,

Progeramversiun 1.2

Statens geotekniska institut
581 93 Linksping, telefon 013-20 18 00, telefax 013-20 19 14

PL

Disgtam 1)
_|Corrib Gas Terminal Dne 2.0402-0163
Ankomstdatum Provtagningsredskap ;:mmmudﬁmin%mw Y Datum
040329 0.A Teknisk ledare
—— = ————————— 3 .
™ q-E-g e 'SEE
7 a
R Rl E RS
b R N e el et R RN SR Tt RS B 2 E %I-I
) Egg"
3 = E &fg5 £
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E EE
8 8 8 R B8 28 8 8 &8 g e
Halt av korn <d, viktsprocent AN BORD PLEANALA
TIME BY

ETR-DATED

FROM
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SGI 2004-07-20 Dnr 2-0403-163
ANNEX 7:2

4801, RAPPORT

> 1818 . .

o "tef 2 ulflirdad av ackrediterat laboratorium
Tep1te™  REPORT is issued by an Accredited Laboratory

KORNFORDELNING FRAKTIONSINDELNING 1981

Diagrar 202)
Corrib Gas Terminal Dnr 2.0403-0163
Ankomstdatum Provtagningsredskap lﬁ;l:::loncundcrswningu v oy Datn
040329 0.A Teknisk ledare
&
SRS
o | g (i K
RR SE S O R RN O o e A - o L
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2 z e 3
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29 E |«
4= w
8 8 8 2 8 8 ¢ 8 & 2 o AN BORD PLEANALA
Halt av korn <d, viktsprecent TIME BY
Ackrediterat aboratorium ulses av Styrelsen Rir teknisk ackreditering (SWEDAC) enligt lag.
Verksunheten vid de svenska ackrediteeade Jaboratoriema uppfyHer kraven enligt S5-EN 45 00 3 l AUG 200‘]
Denna rapport fir endast Aerges i sin helhet, om intc SWEDAC och uifiirdande Jaboratorium i fbrviig skrifttiged podkint annat,
Resultaten giiller de provade materialen.
Progeomversion 1.2 LTR-DATED FROM
Statens geotekniska institut PL

581 93 Linkdping, telefon 013-20 18 00, telefax 013-20 19 14
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SGI

2004-07-20 Dnr 2-0403-163
ANNEX 7.3
_ INKOM e
. Anal tica & RAPPORT 10404829
Y IS
il Y 2004 -05- 1 2
- Sidan 1 av 2
Er Order Id: SGi
Registrerad: 2004-04-28 Cecilin Toomvitli
Analyserad: 2004-05-10 Miljslab
Utfiiedad: 2004-05-10 Oflaus Magnus Vig 35
581 93 Linképing
Analyspaket: MG1
Provnummer: U10136329-00
Beteckning I: CGT-sand
Beteckning 2:
TS 954 % 55028113 Ni * 592 mgkgTS ICP-AES
S0, * 7.5 % T8 ICP-AES Fb * 3,03 mpkg TS  ICT-QMS
AlLOy* 4,21 % TS ICP-AES S 173 mpkg TS ICP-AES
CaQ* 10,3 % TS ICP-AES Sc* 1,57 & mgkg TS ICP-AES
Fe,0, 1,63 % TS ICP-AES Sn * <20 é\‘f mgkg TS ICP-AES
K0 1,25 %TS iCP-AES Sr* . © mgkg 1S ICP-AES
MgO* 0,681 %HTS ICP-AES v 193 ,é% mg/kg TS [CP-AES
MnO * 0,0274 %TS {CP-AES L 05 mg/kg TS ICP-AES
Na,O* 0941 %TS ICP-AES Y* oé? 84 wgikg TS  ICP-AES
PO 00412 %TS  ICP-AES Zn *&Q&\§IJ,4 mgkg TS [CP-AES
Tig,* 0210 %15 ICPAES 76“%‘ 126 mgkg TS CP-AES
Summa* 918 %TS  Meniam F
Lot 8,5 %TS Egenmetod . \(\& L O
As* 2,85 mghg TS  ICP-QMS S \\\\53'
Ba* 232 mgkg TS ICP-AES QQQ
Be* <0,6 mgkg TS  ICP-AES &
Cd* 0,140 mghke TS ICP
Co* <2 mgke TS ICPSAES
Cr* 30,5 mpkgTS  ICP-AES
Cu* 6,95 mg/kg TS ICP-AES
Hg* <0,04 mgfkg TS 1CP-QMS
La* 8,52 mg/kg TS ICP-AES
Mo * <6 mg/kp TS ICP-ALS
Ni * <G mgkg TS ICP-AES
Vid analys av As, Cd, Cu, Co, Hg, N1, PL, B, Sl;, Se ach S giller: Analysprov har torkats vid 50°C och
elemeathalterna har TS-Kerrigerats till 105°C. Upplisning har skett i mikrovagsugn i slutna teflonbehillare
med salpetersyra / vatten 1:1. Fér tvriga grundtimnen giller : 0.125 g torkat prov smilts med 0.375 g LIBO,
och upplisesi HNO,,
Analys har skett enligt EPA —metoder (modifierade) 200.7 (ICP-AES ) och 200.8 (1CP-MS).
U10135329-00; Co: Farhtijd rapporicringsgrins pga Ca-stdming. r——_—._m
AN BORD PLEANALA
TIME BY
[3]
Paramclray mickia med ¢ indikenr ¢j ackrediterde analyser. 3 I AUU 2[}3‘!
_ LTR.DATED FROf
Postadress Hemsida: Telelon e Signatyr - T
Aurormy 10 www.analytica.se +46 920 28 99 00 Kundtjinst L :
977 75 Luled iy
Bestksadress E-post Fax Erik Burinan
Aurotuim 10 lulea@analytica.se + 46 920 28 92 40 Kemist

EPA_Export 08-07-2014.23:46:42



SGI 2004-07-20 Dnr 2-0403-163

Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

ANNEX 8. Irish cement 32.5N &

"o

ANNEX 8:1  Summary on loss on ignition, Irish cement 3&@’5\
ANNEX 8:2  Loss on ignition, Irish cement 32.5N

ANNEX 8:3  Total content of metals and trace elemgf{%\}hsh cement 32.5N, Analytica

AN BORD PLEANALA
TIME BY.

31 AUG 2004

LTR-DATED FROM |
PL

EPA.Export.08:07-2014:23:46:42
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ANNEX 8:1

2004-07-20
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7 ARBRISPROTOKOLL - GLODGNINGSRORLUST = -

2004-07-20

----------------

------------------

-----------------

oprov ar: deisn Cemenk (Normal Portlond ng\e_d')

Provbeteclning:
Qlbdgningstemp, 3
Degel nr:
Degel vikt (m;)
. !iegel + Torrt prov (m,)

" begel + Gl&dgat prov {my)

Beralmning: " ~
_'_nl..—_ml_.-loo =% '

o, —n

Glodgningsfériust:
| G15dgningsforiust MV:

g50

oc :
Pt F25

2(.0 24\

e 52' & 95 ;[ &
» Q' c é\"&_L— g

S
\O P
NS
o
NN
<<Q\ A‘\\Q

Dur 2-0403-163
ANNEX 8:2

15

Q - .
sUBBG-Ugey 054  H3E4-Y501 oy
HS54-2108 13z

S =
0-0(\095‘\ H8,56-2.09 27243

taz « I.QS; ) 9P
1.95 2
, .
. AN BORD PLEANALA
‘I TIME gy -
3 1°AUS 2004
LTR-DATED FROM
JFL —
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SGI

2004-07-20 Dnr 2-0403-163
ANNEX B:3
e . 7004 -B% 1 3 L0404829
« - Analytica RAPPORT
SidanZav2
Er Ocder Id: SGI
Registrerad: 2004-04-28 Cecilia Toomvili
Analyserad: 2004-05-10 Miljolab
Utfirdad: 2004-05-10 Olaus Magnus Vig 35
581 93 Linkoping
Analyspaket: MGI1
Provnuimnmer: U10136330-00
Beteckning 1: CGT-Trish Normal Portland
Beteckning 2:
55028113 Ni* 443 mghkg TS ICP-AES
% TS ICP-AES Fb* 13,5 mehg TS  ICP-QMS
% TS ICP-AES S* 10500 mghkg TS ICP-AES
%15 ICP-AES Se* 4,63 & mekgTS  ICP-AES
%TS ICP-AES Sn * <14 > mgkg TS 1CP-AES
%TsS ICP-AES Sr* 402 & wpke TS {CP-AES
%S ICP-AES v 2680 S mgkgTS  ICP-AES
KIS ICP-AES W S mghgTS  ICP-AES
% TS ICP-AES. vV \QO% mpkg TS ICP-AES
P,0;*  0,0865 %TS ICP-AES Zn £\368 mghgTS [CP-AES
Ti0,* 0,165 %TS 1CP-AES e s 608 mghgTS ICP-AES
Summa* 94,1 % TS Man Inm. & p’ O\&\
LOI 19 %TS Egenmetod O 1
As* 12,9 mg/kg TS ICP-QMS <O \\\\
Ba* 174 mglkg TS ICP-AES D
Be* 1,52 mg/kg TS ICP-AES, O
Cd* 0,995 mg/kg TS ICP-
Co* 6,67 mp/kg TS IQPFAES
Cr* 51,6 wgkg TS ICP-AES
Cut 45,3 mekg TS ICP-AES
Hg* 0,0547 mghkg TS ICP-QMS
La* 6,38 mgkg TS ICP-AES
Mo * <6 mgkg TS  ICP-AES
Nb* <6 mg/kg TS ICP-AES
Vid analys av Ag, Cd, Cu, Co, Hg, Ni, Pb, B, Sb, Seoch Sgiiller; Analysprov har torkats vid 50°C och
clementhalterna har TS-korrigerats till 105°C, Upplésning har skett | mikrovigsugn | slutna teflonbehiilare
med salpetersyra / vatten 1:1. For dvriga grundimnen gliller : 0.125 g torkat prov smiilts med 0.375 g LIBO,
ochuppldsest HNO,,
Analys har skett enligt EP A —metoder (modifierade) 200.7 (ICP-AES } och 200.8 (ICP-MS).
U10136329-00: Co: Farhtjd capporteringsprins pga Ca-sidning. AN BORD pLEANALA
TIME BY
31 AUG 2004
‘Paramelrar mirkia med ® indikerar ¢f ackrediterde aalyser. LTR-DATED FROM
PL
Postadress Henslda: Telefon |
Aurorum 10 www,nnalylica.se +46 920 28 99 00 Kundtjinst
977 75 Luled /
Bestksadress E-post Fax Erik Bueman
Aurorum [0 lulea@analyticu.se +406 920 28 99 40 Kemist

EPA_Export 08-07-2014:23:46:42




SGI 2004-07-20 Dnr 2-0403-163

Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

ANNEX 9. Stabilised peat from borehole PS21 %ﬁ PS22

Ao’@
ANNEX 9:1  Summary of results SE
ANNEX 9:2-3 SGI Reporting on results. EA
NN
S
'\00 é‘\
&
S
<<Q\ A‘\\Q
\C’OQ
&
S
ANBORD p
™E BI;EANALA
31 AuG 2004
LTR-DATED
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SGI 2004-07-20 Dnr 2-0403-163
ANNEX 9:1

SP21_SP22 Page 1 (1)

AGEC Ltd, Ireland

Corrib Gas Terminal

Laboratory test at SGI on stabilised peat samples
Peat from borehole PS21 and PS22

Samples mixed with [rish Cement
- 2004-04-01 for 150 kg/m>.
- 2004-04-02 for 200 and 250 kg/m”.

After mixing of natural peat samples were taken to determine natural water content of mixed peat

wy' = 1104 % Sample 1 on mixed natural peat

W= 1093 % Sample 2 on mixed natug peat

Wy = 1098 % Mean value of sampis™i and 2

N
o‘\\o«'é\
After mixing (0.45 hours) samples stored undgf rwith a 'surcharge’ of 18 kPa at 20 degree C.
S
Sy
No Quantity Densty” pen & 8'){'\""‘“' Testing  eyeme Density”?  w? T Eso
cement %\i\ % age %
kg/m®  tm? Qﬁ%&\ 3days days final ¥m® % kPa MPa
1" 150 1,12 é4 8 18,7 28 15,7 1,13 291 58 1.4
12 150 1,12 0¢\ 16,8 17,7 28 17,7 1,13 283 50 10,6
I3 150 1.‘@ 16,0 16,5 90 16,5 1,13 273 79 13,3
14 150 1,12 13,7 14,1 90 141 1,13 277 74 104
19 200 1,15 14,8 14,8 6 14,8 117 238 aa 14,8
(N1} 200 1,14 15,4 15,4 6 154 1,17 239 84 14,3
11 200 1,15 15,0 15,5 14 15,5 1,16 227 126 19,1
112 200 1,16 15,7 16,2 14 16,2 147 230 112 20,5
113 200 1,16 15,4 15,4 28 15,4 1,16 220 126 15,4
114 200 1,15 16,2 16,2 28 16,2 1,16 225 1M 24,3
115 200 1,15 15,9 15,9 90 15,9 1,16 222 1286 243
116 200 1,16 15,0 15,0 a0 15,0 1,16 224 130 203
15 250 1,18 12,2 12,7 28 12,7 1,19 200 108 251
16 250 1,18 13,5 13,9 28 13,9 1,18 200 131 15,4
17 250 1,18 12,5 12,5 80 12,5 1,19 197 161 223
18 250 1,19 12,7 12,7 Q0 12,7 1,20 177 19'{' 323
" = directly after mixing and placement into sampling tube
= at testing day
Per-Evert Bengtsson, SGI Laboratory_S
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SGI

LABORATORIET

2004-07-20

KEMISKT STABILISERAD JORD

Referens: SGI, egna anvisningar. Dokument nr 29

.;aE b“f.‘

Dor 2-0403-163

Sunes RAPPORT
"4,:,‘25" utfirdad av ackrediterat laboratorium
1148 REPORT isissued by an Aceredited Laboratory

ANNEX 9:2

LT
Ackrediterat Iaboratorium utses av Styrelsen fr ackseditering och teknisk kontroll (SWEDAC) enl Iagﬁl’lm vid de svm:mitcﬂdt

laborateriema upplyller kmven enligt S5-EN 17025, Demw mpport fir endast Sterges i sin heltict,
skriftligen godkant annat, Resultaten giiller enbart fir de provade materialen,

Bestiillare: Turlough Johnston Applied Ground Engineering Consultants Limited
Corrib Gas Terminal gL 1(2)
e 2-0403-0163
Datum forinblandning | Provdismeter (mm) Laboratoricundersikning Datum 040707
Datum Ut av
040401-040402 |68,6 040406-040701 O.A Teknisk ledare
Tillsatsincde) 2) 1) 4) 5) | Aneniirkniog
Bland. | Mingd Proportioner Tid Lag- Densitet | Vanien- | Kon- Skjuvhdiifasthet
ning stab.- Cement efter rings- kvot fiyt- Ennxlign tryck-
medel Irish inbland- | tempe- grins | forsdk
Cement ning mtur [ w wp, %
kemd | % dygn | °C | vnd % % KF>
ELL 0%
Prov 1 150 100 28 cat20 LI13 5{&] 58 Fritt vaticn
_—
Provz | 150 | 100 2 | 20 [E] 283 59 Feitt vaticn
B3
Prov3 | 150 100 % cag??’ J,S\.is 273 i Fritt vatten
N
Prové | 150 | 100 90 Q\?g\ag? | 7 Frict vatien
. & :
Rt.2 1098
G
Prov 9 200 100 \ (\ & ca+20 LI 238 88 Friu votten
<<0\ N
Prov 10 200 100 00 [ cai20 117 239 84 Fritt voticn
3
Povil| 200 | 100 gs‘\o o feao] 106 | ™ 125 Fritt vaten
roviz| 200 | 100 OOQ M| eat0 | 1,17 | 20 12 Fritt vatten
1098"
Prov 13 200 100 28 ca+20 1,16 229 126 Fritt vatien
Provi4 | 200 100 28 ea+20 1,16 225 1] Fritt vatten
Provis| 200 100 90 cat20 1,16 222 126 Frilt vatten
Provi6 | 200 {1} "90 | ext20 | 106 224 130 Fritt vatten
1} Biandningens vattenkvol fire inblandning av stabiliscringsmedel. 2) Skrymdensitct, SS 027114, utgiva 2
3) Vattenkvol, SS 027116, utghva 3
4) Konflytgrins, 85 027120, uigiva 2
5} Enazliga tryckdtessk, SS 027128, uighva |
Mitosikerhet och métomride frimgde av SGI Kvalitetshandbok
Blandning: 1 Peat sample 21422 Dijup 0,75-2.601m Provema har lagrats med last = 18 kPa
Blarlning:2 Peat sample 21422 Djup 0,75-2,60m Proverna har lagrats med Last = 18 kPa ..
TIME LEANA
3-11-05

31 AUG o0

tc SWEDAC

581 93 Linkdping, telefon 013-20 18 00, telefax 013-20 19 14

Statens geotckniska institut

um i [Grviip

EPA Export 08-07-2014.23:46:42.



S GI 2004-07-20 Dnr 2-0403-163
ANNEX 9:3

SHEDAL
s o RAPPORT
’-‘p,:.‘ﬁ«? utfirdad av ackrediterat laboratorium

LABORATORIET 1148 REPORT iz issued by an Accrediied Laboratory

KEMISKT STABILISERAD JORD
Referens: SGI, cgna anvisningar, Dokument nr 29

Bestiillare: Torlough Johnston Applied Ground Enginecring Consultents Limited
Corrib Gas Terminal Tabell 2(2)
Dnr 2-043-0163
Datum f6r inblandning Provdiameler (mm) Enboratoricundersdkning Datum 040707
Datn Utford av |
040402 68,6 040430-040701 O.A Teknisk ledarc
Tillsatsmedel 2) 3 4) 5) | Anmiskning
Bland- | Mingd Proponioner Tid Lag- Densitet | Vatten- |Kon- | SkjuvhAllfasther
ning stab,- Cement ciler rings- kvot fiyt- Enaxliga tryck-
medel Trish inbland- { tempe- grans forsok
Cement ning ratur P v wp, T
ko | % dyen b o | o | % | % i
BL3 395"
X .
Provs | 250 28 | cat20 \\1.19 J’ 200 108 Fritt vatten
&
Prové | 250 28 | ea+20 g S\&n’é\ 200 13 Fritt vatien
Prov7 | 250 ] I{gqb 1,19 197 161 Frilt vaiten
' X
Prov 8 250 50 N 0 120 177 N Fritt vatten
KO IS
(4
&S
O
SK
N
\0
QO
N
=4
CJO
1) Blandningens vattenkvo! fore inblandning av stabitiseringsmedel. 2) Skrymdensilet, $5 027114, uighva 2
3) Vattenkvot, 55 027116, utgiva 3
4) Konflytgriins, $S 027120, uighva 2
) Ennxliga tryckforsok, 55 027128, utgiva |
Mitosikerhet och mitomedde fromgdr av SGI Kvalitetshandbok
Blandning:3 Pent sample 21422 Djup 0,75-2,60m Provema har lagmts med last = 18 kPa
]
!
TIME By ALA
-——_Ew 05
Ackrediterat labortorium utses av Styrelsen for ackredilering och teknisk kontroll {5 ME Berksanbicten vi ska ackredit
Iaboratoriersa uppfller kraven cnligt SS-EN 17025. Denna mpport fir endast Sterges i p‘thcl. om intc SWESMG.ach. Iboratorium Frvig
krifiligen godkint aanat. Resultaten galler enbart fe de provade materialen. ]
e - —

Statens geotekniska institut
581 93 Link8ping, telefon 013-20 18 00, telefax 013-20 19 14

EPA EXxport.08-07-2014.23:46:42



SGI 2004-07-20 Dnr 2-0403-163

Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

ANNEX 10. Stabilised peat from borehole PS23®\\;¥"
&

ANNEX 10:1-2  Summary of results oﬁ@;?@

ANNEX 10:3-4  SGI Reporting on results, o(g?’ &\o
SO

Q&

AN BORD PLEANALA
TIME BY

3 1 AUG 2004
LTR-DATED FROM

PL

—EPA Export-08-07-2014:23:46:42



SGI

2004-07-20

Dar 2-0403-163

ANNEX 10:1

PS23 Page 1 (2)

AGEC Ltd, Ireland

Corrib Gas Terminal

Laboratory test at SGI on stabilised peat samples
Peat from borehole PS23 depth 0.70 - .70 m

Samples mixed with Irish Cement 42.5 N
- 2004-05-26 for 50 and 100 kg/m®.
- 2004-05-27 for 150, 200 and 250 kg/m®.

After mixing of natural peat samples were taken to determine natural water content of mixed peat

wy' = 893 % Sample 1 on premixed nalural peat
Wy = 896 % Sample 2 on premixed natural
Wy = 894 % Mean value of sample 1 ar@z
\% @
After mixing (0.45 hours) samples stored under wategﬁbg@i% 'surcharge’ of 18 kPa at 20 degree C.
RN
Rt
No Quantity Density” g, pen 5""65’ &éslmg wniear DENSIY? Wy ? T Eso
cement % age %
kgfm®  tUm®  After days  final tm? % kPa  MPa
1 day @
117 50 12, 9 20, 7 28 217 1,05 432 13 24
118 50 15;1‘ 22,6 28 23,6 1,06 451 18 2,7
119 50 21,2 90
120 50 14 7 20,6 90
1day 6days
121 100 12,5 13,4 28 13,9 1,09 351 40 8,1
122 100 14,4 15,7 28 16,2 1,10 342 45 7.6
123 100 1214 13,0 a0
124 100 12,2 13,5 80
1day -5days
125 150 12,1 12,1 28 121 1,12 274 85 13,2
126 150 M5 1,5 28 11,5 LT-ZH; 7 125
127 150 12,0 12,0 90
128 150 126 126 90 e AN BORD PLEANALA
By
1day Sdays
128 200 10,6 10,6 28 106 145 13,6
130 200 106 106 28 106 147 ? ! Adg 20047.0
131 200 9.8 9.8 80
132 200 95 85 90 LIRDATED __ rrom
PL )
1day S5days
133 250 8,0 9,0 28 9,0 1,19 188 153 T —
i34 250 9,1 9,1 28 9,1 1,18 199 120 26,4

Per-Evert Bengtsson, SGI

Laboratory_Stabilised_Samples_Peat_PS523_040628

EPA_Export 08-07-2014.23:46:.42



S G’I 2004-07-20 Dnr 2-0403-163

ANNEX 10:2
Ps23 Page 2 (2)
135 250 10,2 10,2 90
136 250 9.8 9.8 S0
"= directly after mixing and placement into sampling tube (not determined)
? = at testing day
&
<@
&
HE
F5°
F
OO
N &
N
&
RO
NG
S &
€
S
O
&
oS
AN BORD PLEANALA
TIME BY
31 AUG 2004
LTR-DATED
— FROM
Per-Evert Bengtsson, SGI Laboralory_Stabilised_Samples_Peat_PS23_040628



SGI

2004-07-20 Dnr 2-0403-163
ANNEX 10:3

oHED4q

;‘\_-Ju.:o RAPPORT

f =

—

o . .
B t0 v Utfirdad av ackrediterat laboratorium
LABORATORIET ll: :; REPORT Is Issued by an Accredited Laboratory

KEMISKT STABILISERAD JORD
Refercns: SGI, egna anvisningar, Dokument nr 29

Bestiillare: Turlough Johnston Applied Ground Engineering Consultants Limited
Corrib Gas Terminal Tabelt
Bar 2-0403-0163
Datum {or inblandning Provdiameter {mm) Labomtorieundersokning Datom 040625
Datum Utford av
040526-040527 | 68,6 040623 Q.A Teknisk ledare
Tillsatsmedel 2) i) 4 5) | Anmarkning
Blacd- | Miingd Proportioner Tid Lag- Densitet | Vatten- | Kon- Skjuvhilifasthet
ning stab.- Cement clier rings. kvol fiyt- Enaxliga tryck-
medel Irish inbland- | tempe- grins | forsbk
Cement ning atur p w wy, 1,
km? | % dygn | °C | v | % _| % kf
BL4 g@ff
Povi7| 50 | 100 28 | cat20 | 105 §San 13
Povis| 50 | 100 28 | cas20 <§j§d§ 451 13
Provis| 50 100 0 s \«cb
O O
Prov20 | S50 100 90 Q%@b
P -
BLS £94
. <& \o
Prov 21 100 100 QOK \&\é\s cat20 1,09 351 10
Prov22 | 100 100 \QOQ 28 |20 | L10 | M2 45
S
Prov2y | 100 100 cz§ 90 | ca*20
Prov2d | 100 100 QOQ 90 | car20
BL.§ 894"
Prav25 | 150 100 28 |20 | 102 | 2% 85
Prov26 | 150 100 28 | cat20 | 113 | 284 7
Prov2? | 50 100 90 | 20
Prov28 | 150 100 90 | cat20
1) Blandningens vattenkvos fére inblandning av stabiliseringsmedel. 2) Skrymdensitet, S5 027114, uighva 2
3) Vattenkvot, §5 027116, utgiva 3
4) Konflytgedns, S5 027120, uighva 2
5) Enaxliga tryckfrsik, SS 027128, wiglva i
Miltosikerhet och m3tonu#de fiir vira metoder redovins
pd ida, www.swedgeo.se
Blandning: 4 PS TPS 23 Djup 0,7-1,7m Provema hor lograts mied Jast = 18 kPa AN f
Blandning: § PS TPS 23 Djup 0,7-1,7m Proverna har lageats med last = 18 kPa TME 80RD PLEANALA
Blandsing: 6 P5 TPS 23 Djup 0,7-1,7m Provera hac bygrats med last = 18 kPa ——_BY
3’ , AUG 2004 R7 2004-0422
LTR-DA

Ackrediternt Iabomtorium vises av Styrclsen fBr sckreditering ach teknisk kontroll (8 )'Htl enligt lag. mid de sv@ﬁ% e
kabormtoriera uppfyller ksaven enligt $S-EN 17025, Denna mpport far enclast Aterges i T h utfirdandc [aboraton forvig

skrifiligen godkiiat anuat. Resultaten giller enbait [Br de provacde materinken.

Statens geotekniska institut
581 93 Link®dping, tclcfon 013-20 18 00, telefax 013-20 19 14

EPA Export 08-07-2014:23:46:42



S GI 2004-07-20 Dnr 2-0403-163
ANNEX 10:4

LHEDAL,

Fune RAPPORT

sz

% W& i lab i
i oo v utfirdad av ackrediterat laboratorium
LABORATORIET T::; REPORT is issued by an Accredited Laboratory

KEMISKT STABILISERAD JORD
Referens: SGI, egna anvisningar. Dolument nr 29

Bestiillare: Turlough Johnston Applied Ground Engineering Consultants Limited

Corrib Gas Terminal Tabell
e 2-0403-0163
Datum For inblandning Provdianwter (mm) Laboratoricundersékning Datum 040625
Datum Utfird av
040527 68,6 040624 O.A Teknisk ledarc
Tillsatsmedel 2) 5] ! 5) [ Anmickning
Bland- | Mingd Propostioner Tid Lag- Densitet | Vatten- | Kon- Skjuvhillfastbet
ning stab.~ Cement cfter rings- kvot iy- Praxliga tryck-
medel lrish inbland- | tempe- grins | fBrsdk
Cement ning mtur p w wp, Ty
kg/m? % dygn oc vin? % % KPa
BL7 4L
Prov29 | 200 100 28 ca+20 1,15 @9 102
Prov3a| 200 | 100 28 | ea20 @i.‘l@ 225 103
)
Prov3l | 200 100 90 cwgf(p
N
Povi2| 200 | 100 90 fycupn
ST
> Y T
BLS &é:; g B4
Prov33 | 250 100 &} cat20 | 1,19 | 188 15
<<0\ Q
Prov34 [ 250 100 00 23 ca+20 1,18 199 120
Prov35 | 250 100 f\é\ 90 ca+20
Prov36 | 250 100 OOQ %0 | cas20
BORD PLEANALA
TIME 8

1) Blandningeas vattenkvot fre inblandning av stabiliseringsmedel.

5) Enaxliga tryckforsok, S5 02728, utghva 1
MitosTkerhiet och mitomside fir vir snetoder redovias
pd vir hemsida, www.swedgeo.se
Blandning: 7 PS TPS 23 Djup 0,7-1,7m Provema bar lagrals med last = {8 kPa '

Blandning: 8 PS TPS 23 Djup 0,7-1,7m Proverna har lagrats med fast = |18 kPa

R7 2004-04-22

Acicrediternt Iaboratorium uises av Styrelsen for ackrodinering och tcknisk kontrodl (SWEDAC) enligt lag. Verksambeten vid de svenska n:kmlitcmde_
Inbortorierna uppfyller keaven enligl S5-EN 17025, Denna mppart fr cndast dterges § sin hethet, om inte SWEDAC och wifindande labosatorium 1 forviig
skriftligen godicint annat, Resultaten galler enbast fiir de provade materialen.

Statens geotekniska institut
581 93 Linkoping, telefon 013-20 18 00, telefax 013-20 19 14

EPA Export 08-07-2014:23:46:42



SGI 2004-07-20 Dnr 2-0403-163

Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

ANNEX 11. Stabilised peat from borehole PS35 ag&depth 2.10-3.10 m
N

&
S
ANNEX 1i:]  Summary of results (@',é%
ANNEX 11:2-3 SGI Reporting on resulls. é?:s\o*
SO
N
S
S
QQ\ \‘\\Q
\C’OQ
O
&
§

AN BORD PLEANALA
TIME BY

31 AUG 2004

LTR-DATED FROM
PL

r——

EPA Export 08-07-2014:23:46:42



SGI 2004-07-20 Dnr 2-0403-163

ANNEX 11:1
PS35 Page 1 (1)
AGEC Ltd, Ireland -
AN BORD PLEANALA
Corrib Gas Terminal TIME BY
Laboratory test at SGI on stabilised peat samplps 31 AUG 2004
Peat from borehole PS35 depth 2.10-3.10m LTR-DATED FROM
Samples mixed with {rish Cement 425N PL

- 2004-05-28 for 150, 200 and 250 kg/m’.

After mixing of natural peat samples were taken to determine natural water content of mixed peat

wy' = 1028 % Sample 1 an mixed natural peat
wyl= 1010 % Sample 2 on mixed natural peat
Wy = 1019 % Mean value of sample 1 and 2 o
&\é‘o
>
After mixing (0.45 hours) samples stored under water wgq %%urcharge of 18 kPa at 20 degree C.
S
No Quantity Density” enen  Evenicm Q %@ﬁng s DeNSitY?  w? o Eso
cement % %\0 és age %
ki  um Afer S days  fndl  Um® %  kPa  MPa
0.27 daysgﬁ\ @
137 150 14,0 < 5350 7 150 1,12 278 56 134
138 150 133, 142 7 142 1,12 281 50 5,6
139 150 14 15,5 14 15,5 1,12 270 49 8,0
140 150 K .8 15,7 14 15,7 1,13 259 59 88
141 150 G135 139 28 14,8 1,11 278 80 17.0
142 150 14,0 14,0 28 14,9 1.12 266 78 14,8
143 150 13.1 13,6 80
144 150 13,3 13,8 90
0.24 days 4 days
145 "200 12,9 13,8 7 13,8 1,17 227 80 73
146 200 12,3 13,2 7 13,2 1,16 220 67 B2
147 200 11,8 12,8 14 13,2 1,19 235 103 171
148 200 10,7 12,0 14 12,0 1,15 226 111 16,3
149 200 12,7 13,5 28 14,4 1,17 224 135 26,2
150 200 12,8 13,7 28 14,1 1,15 218 91 15,7
151 200 121 12,5 90
152 200 12,2 13,1 90
!
0.18 days 4 days !
153 250 11,2 12,9 28 12,9 1,21 187 210 352
154 250 11,0 11,4 28 1.8 1,19 184 157 333
155 250 11,3 12,2 20
156 250 11,8 13,2 90

" = directly after mixing and placement into sampling tube {not determined})
3 = ot testing day

Per-Evert Bengtsson, SGI Laboratory_Stabilised_Samples_Peat_PS35_040628

EPA.Export.08-07-2014:23:46:42



SG’I 2004-07-20 Dnr 2-0403-163

ANNEX 11:2
HEDA L
@ . ;u‘.r.!.:.' g RAPPORT
Toen v Utfd i oratori
g i LABORATORIET 2eppecs Utfdrdad av ackrediterat lab at(:;tl,lym
[
AN BORD PLEANALA
TIME BY
KEMISKT STABILISERAD JORD
Referens: SGI, egna anvisningar, Dokument nr 29 31 AUG 2004
Bestiillare: Turlough Johnston Applied Ground Engin m.smmnts Limitpthm
e
Corrib Gas Terminal PL Tabel
B -0403-0163
Datom far inblandning Provdiameter (mum) Laboratoricundersikning Datum 040625
Datum Utiont av
040528 68,6 040604-040625 IMK Teknisk ledarc
Tillsatsmexdel 2) k) 4) 5} | Anmdickning
Bland- | Mingd Propostioner Tid Lag- Densitet | Vatien- | Kon- Skjuvh3lfasthet
ning stab.- Cement cfter rings- kvot iyt Enaxhiga trycks
medcl Irish inbland- | teenpe- giins | forsdk
Cement ning mtur [ w wi, 1
ke | % dygn | %€ | vnd % % B
B 1o 101 3‘@
Prov45 | 200 100 7 cat20 147 §(@7 &0
Provd6 | 200 } 100 7 | cas20 @3{@ 220 67
QO
Provd7 | 200 100 14 ugf s | 235 103
g \é;
Prov 48 200 100 14 Q L15 226 m
'\0Q &
Prov49 | 200 100 &ér& Feat20 | 117 24 135
o
Povso| 200 | 100 ) @ 20 | 115 | 28 9l
N
Prov$5l | 200 100 Qo< 90 | exs20
A
Provso| 200 | 100 O 90 | ca20
&
BLIL O
o 019"
Prov53 | 250 100 28 cat20 1,21 117 210
Movid | 250 100 28 2120 1,19 184 157
Prov55 | 250 100 90 cal20
Prov56 | 230 100 920 eat20
1) Blandningens vattenkvat fore inblandning av stabiliseringsmedel, 2) Skeymdensitet, SS 027114, uiplva 2
3) Vattenkvot, S5 027116, utgiva 3
4) Konflytgrins, $5 027120, utgiva 2
$) Enaxlipa yckforsdk, S5 027128, vighva |
Mitoskeshet och mitemeide [Br vim metoder redovias
pA viir hemsida, www.swedgeo.se
Blandning: 10 PS 35 Djup 2,1-3,1m Provema har lagtats med last = 18 kPa R
Blandning: 11 PS 35 Djup 2,1-3,lm Provenia har lagrats med last= 18 kPa

R7 2004-04-22

Ackrediterat laboratorium utses av Styrelsen f6r ackreditering och teknisk kontrell (SWEDAC) enlipt lag. Verksamhcten vid de svenska ackmdilcn_ldc ;
labomloticma upplyller kraven cnligt SS-EN 17025, Denna mpport Fir endast Hrerges 1 sin hethet, om inte SWEDAC ech uifinande kaboratodum i forvag
skeifiligen godkiu annat. Resaltaten ghller enbart for de provade materialen.

Statens geotelniska institut
581 93 Linkdping, tclefon 013-20 18 00, telefax 013-20 19 14

EPA Export 08-07-2014:23:46:42



S GI 2004-07-20 Dnr 2-0403-163
ANNEX 113

GHEDAL

0
P = : :
er v utfirdad av ackrediterat laboratorium
LABORATORIET ID!:; REPORT is issued by an Accredited Laboratory

KEMISKT STABILISERAD JORD
Referens: SGI, egna anvisningar, Dokument nr 29

Bestiillare: Turlough Johnston Applied Ground Engineering Consultants Limited
Corrib Gas Terminal Tabell
e 2-0403-0163
Datum fér inblandning Provdiamecter (inm} Labomtoricundersdkning Datum 040625
Datuin Utfsrd av
040528 68,6 040604-040625 IMK Q.A | Tekniskledae
Tillsatsmedel 2) 3} 4} 5) | ArmEtkning
Bland- | Mingd Proportioner Tid Lag- Pensitet | Vaticn- ] Kon- Skjuvhillfasthet
ning stab.- Cement elter rings- kvot fiyt- Enaxliga tryck-
tnedel Irish inbland- | tempe- grins stk
Cement ning mtur P w wp T
kgd | % dygn | ¢ | ouom | % % oY
BLY 1019'.¢}
i
Prov37| 150 { 100 7 |ew20 | 112 o'@é‘ 55
Prov3g | 150 100 7 cat20 0@0{@ 281 50
Prov3o| 150 | 100 1| gz | 20 49
R
Prov 40 150 100 14 @ﬁzﬂ?\ 1,13 259 59
.\0< <
Proval 150 160 g’\@ +20 [RY) 278 30
Provd2 | 150 100 &\ &i\ cxt20 | 1,02 | 266 78
<<0\ N
Prov 41 i50 100 §$ 90 ca+20
s
Provas | 150 | 100 fo 90 1 ca+20
¢
FIME B
it.m-nqhan FROM _
]

I) Blandningens valienkvot fore inblandning av swbiliscringamedel. 2) S Pr&ll

3) Vatu n y Vi

4) Konflytgrins, S5 027120, utgiva 2

5) Enaxliga tryckiestk, S5 027128, utglva i

Mitosikechet och mitomedde [6r vAm metoder redovias
pd virhemsida, www.swedgeo.se

Blandaing: ? PS 35 Djup 2,1-3,1m Proverna har Lagrats med last = 13 kPa ,

R7 2004-04-22

Ackrediternt faboratorium wtses av Styrelsen for ackreditering och tekuisk kontrodl (SWEDAC] enligl lag. Vesksamheten vid de svenska nckm!ilmlzdg B
Iaboratoricma uppfylier kraven enligt $8-EN 17025, Denia rappoit Br endast iterges i sin helte, o ime SWEDAC och utfirdande liboraorium & firvig
skeiltlipen godkant anuat. Resultaten gifier enban for de provade materialen.

Statens geotelmiska institut
581 93 Linkaping, telefon 013-20 18 00, telefax 013-20 19 14

EPA Export 08-07-2014:23:46:42



SGI 2004-07-20 Dnr 2-0403- 163

Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

ANNEX 12. Stabilised peat from borehole PS35 a\\}gadepth 1.10-2.10 m

§é~
ANNEX 12:1 Summary of results Q@‘Q@
ANNEX 12:2 SGI Reposting on results. ogg;:s\é
SO
&
S
S
QQ\ \‘\\Q
X
45@
s
e S
AN BORD PLEANALA
TIME BY
31 AUG 2004
LTR-DATED FROM
PL

EPA Export 08-07-2014:23:46:42



S G’I 2004-07-20 Dnr 2-0403-163
ANNEX 12:1

PS35_Sand_Cement Page 1 (1)

AGEC Ltd, Ireland

Corrib Gas Terminal
Laboratory test at SG1 on stabilised peat samples
Peat from borehole PS35 depth 1.10-210m

Samples mixed with irish Sand 100 kg/m® and Irish Cement 425N
- 2004-06-08 for 50, 100 and 150 kg/m® of cement.

After premixing of natural peat samples were taken to determine natural water content of mixed peat

wy' = 1147 % Sample 1 on premixed natural peat

wy = 1144 % Sample 2 on premixed natural peat

Wy = 1145 % Mean value of sample 1and2 o,

S
\Qé
&
After mixing (0.45 hours) samples stored under water willl\a\‘sgﬁsharge' of 18 kPa at 20 degree C.
73S
; R ,
No CQuantity Density” eemcs  Evertea é@s« ; Eoaica DEOSIY? Wy Tha Eso
cement % % &° @ge %
kgim*  tm’ After A \§ days final tym* % kPa MPa
1day 3 @é\

159 50 1,10 279 3 28 31,5 1,13 253 26 39
1860 50 1,10 285 & 8.8 28 29,7 1,12 263 24 43
161 50 1,11 26,80 286 80
62 50 1,10 29,0 a0
163 100 1,12 228 23,7 28 237 1,18 223 46 7.3
164 100 113 22,3 22,7 28 227 117 221 55 8,8

165 100 1,13 22,4 22,5 90
166 100 1,13 217 221 90

67 150 1,147 19,0 19,5 28 19,5 1,20 203 92 15,7
168 160 1,15 19,0 19,4 28 19,4 1,20 200 105 175
169 150 1,16 18,8 19,3 a0
170 150 1,16 19,6 19,6 90 ;
AN BORD PLEANALA
" = directly after mixing and placement into sampling tube gy
2 . TNME .o - .
= attesting day -
3 1 AUG 2004 '
LTR-DATED FROM
PL
Per-Evert Bengtsson, SGI Laboratory_Slabilised_Samples_Peat_Sand_P835_040709

EPA Export 08-07-2014.23:46:42



SGI

2004-07-20

TIME

LABORATO, B

LTR
DATED___ rrom

AN BORD pi_

3 1 AUG 2004

EANALA

e

T—1l4s

KEMISKT STABILISERAD JORD
Refcrens: SGI, egna anvisningar. Dokument nr 29

=
Pediet

Dar 2-0403-163

di% RAPPORT
utfirdad av ackrediterat laboratorium

ANNEX 12:2

REPORT is issued by an Accredited Laboratory

Bestillare: Turlough Johnston Applied Grund Engineering Consultants Limited
Corrib Gas Terminal Tabell
Due 2-0403-0163
Datum fGr inblandning Provd {run) Laboratoricundersdkning Datum 040708
Datum Utfond av
040609 68,6 040707 0.A Tekisk lodoro
Tillsatsmedel 2} n 4 5) | Anmirkning
Bland- | Mingd Proportioncer Tid Lap- Densitet | Vatten- | Kon- SkjuvhAllfasthet
ning stab.~ Canent elter rings- kvot fyt- Enaxliga tryck-
medel | Irhish | Sand inbland- | tempe- grins | farsbk
Cement ning mtur P w wp, T
kgmd | % |k dysn | %C | vwd % % i
BL 14 1145}
&
Prov 59 50 100 100 28 cak2l 1,13 RS X] 26 Fritt vanien
8
Provéd | 50 100 | 100 2 | cat20 &4,1;5@ 263 24 Fritt vatien
D" A
Povél| o | 100 | 100 w | gl
&P
N\
Prov62]| 50 100 100 90 Q\&@
I\Q i & _‘_
BL.15 XX RO 1145
5.0
Provél | 100 100 100 S &b car20 [ L16 | 223 16 Fritt vatten
<<0\ Q&
Proved| 100 | 100 | 100 Qoﬁ 28 {20 | 117 | 2 55 Fritt vatten
Prov 65 100 100 100 \6\ 90 cat20
Prov 66 | 10D 100 |u&o¢ 90 | cat2o
BL 16 1145'
Prov 67 150 100 100 28 cat20 120 203 92 Fritt vatten
Prov 68 150 100 100 28 cat2 1,20 200 105 Frilt vattcn
Prov 69 150 [1121] 100 920 cat20
Prov 70 150 100 100 50 cat20
1) Blandningens vattenkvot forc inblandning sv stabilisesingsnedel. 2) Skeymdensitet, S5 027114, vigiva 2
3) Vattenkvot, 55027116, utgdva 3
4} Konflyigriing, 55 027120, uigdva 2
5) Enaxliga tryckférsbk, SS 027128, wigdva ]
Mitosakeshet och mitomride for vira metoder redovias
pd vir hemsida, www.swedgeo.se
Blandning: 14 PS5 35 Djup 1,10-2,10m Provema har lagrats med = 18 kPa .
Blandning:15 PS 35 Djup 1,10-2,101m Proverna har lagrats med = 18 kPa
Blandning: 16 PS5 35 Djup 1,10:2,10m Provarna hae lagrats med = 18 kPa

Ackrediterat laboratorium utses av Styrelsen fir ackreditering och teknisk konteoll (SWEDAC) enligt lag. Verks

R7 2004.04-22

amheten vid de svenska ackrediternde

laboratocicra uppfyller kraven enligt SS-EN 17025, Denna mpport fir endast dterges i sin hellet, om inte SWEDAC oeh vifirdande labormtorium i Orvig
skriftligen godkdint annat. Resultaten galler enban for de provade materialen,

Statens geotckniska institut
581 93 Linkoping, telefon 013-20 18 00, telefax 013-20 19 14

EPA Export 08-07-2014:23:46:42



SGI 2004-07-20 Dnr 2-0403-163

Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

ANNEX 13. Stabilised mineral soil samples from porehole TPS-23A and
TP-PS35. ©

O
SE

1S
ANNEX 13:1  Summary of results TPS-23A depth 1.70<
ANNEX 13:2  Swinmary of results TPS-23A depth l@- m

ANNEX 13:3  Summary of results TP-PS35 deptl&d‘?ﬁl\@- A5 m

ANNEX 13:4 SGI Reporting on results. N

(&
IR

@

Q

& AN BORD PLEANALA
X TIME BY
3 1 AUG 2004
LTR-DATED FROM

PL

EPA_Export. 08-07-2014.23:46.42



SGI

TPS-23A1.70-1.60m

2004-07-20

Page 1(2)

AGEC Ltd, Ireland

Corrib Gas Terminal

Laboratory test at SGI on stabilised soil samples

Soil from borehole TPS-23A depth 1.70 -1.80 m

Samples mixed with lrish Cement 42.5 N
- 2004-06-08 for 200 kg/m”.

Dnr 2-0403-163
ANNEX 13:1

After premixing of natural soil samples were taken to determine natural water content of mixed soil

WN‘ =
an =

\Vnmtﬂﬂ =

Sample diameter =

54,8 %
52,0 %
534 %

After mixing the samples are stored at 20 degree C. é?o

No  Quantity
cement
kg/m®
171 200
72 200

" = at tesling day

Per-Evert Bengtsseon, 5GI

Sample 1 on premixed natural soil
Sample 2 on premixed natural soil
Mean value of sample 1and 2
0&
50 mm Oy‘\(\é
NN
SO
& Jesting Density”  w," T Eso
&é} o\$° age
S days tm® % kPa MPa
S
\ooQ 28 1,71 41 141 11,0
@@O 28 1,70 40 134 12,0
S
—
AN BORD PLEANALA
TIME BY
31 AUG 2004
LYR-DATED FROM
PL E— |

Laboratory_Stabilised_Samples_Mineral_Soil_TPS23A_040713

EPA _Export 08-07-2014:23:46:42



SGI 2004-07-20 Dnr 2-0403-163
ANNEX 13:2

TPS-23A 1.80-2.10m Page 2 (2)

AGEC Ltd, Ireland

Corrib Gas Terminal

Laboratory test at SGl on stabilised soil samples
Soil from borehole TPS-23A depth 1.80-2.10m

Samples mixed with Irish Cement 42.56 N
- 2004-06-09 for 100 kg/m®.

After premixing of natural soil samples were taken to determine nalural water content of mixed soil

1

wy = 275 % Sample 1 on premixed natural soil
Wil = 29,9 % Sample 2 on premixed natural soil
Wy = 28,7 % Mean value of sample 1and 2
éo
Sample diameter = 50 mm &
NN
After mixing the samples are stored at 20 degree CL?'PO <&
S
No Quantiy S Gsting Densiy”  wy?  w o
cement (&é’ O\$° age
kgim® S days tm® % kPa  MPa
SN
173 100 & 28 1,94 25 83 6,0
74 100 $° 28 1,89 25 68 8.9
75 100 004'0 90
176 100 o 90

= at testing day

|

AN BORD PLEANALA
TIME _ BY

=

31 AUG 2004
LTR-DATED FROM

iy

PL ¢

Per-Everl Bengtsson, SGI Laboratory_Stabilised_Samples_Mineral_Soil_TPS23A_040719

EPA.EXxport.08-07-2014:23:46:42



SGI

TP-PS353.10-3.35

AGEC Ltd, Irefand

Corrib Gas Terminal

2004-07-20

Page 1 (1)

Laboratory test at SGI on stabilised soil samples

Soil from borehole PS35 depth 3.10-3.35m

Samples mixed with Irish Cement 42.5 N
- 2004-06-09 for 200 kg/m®.

Dnr 2-0403-163
ANNEX 13:3

After premixing of natural soil samples were taken to determine natural water content of mixed soil

Wn‘ =
WNz =
meen _

W

Sample diameter =

After mixing (0.45 hours) samples stored under water

No Quantity Density”

cement
kg/m®
177 200
178 200
179 200
180 200

222 %
218 %
220 %

tm®

1,34
1,33
1.36
1,33

Sample 1 on premixed natural soil

Sample 2 on premixed natural soil

Mean value of sample 1 and 2 &
N<

Y = directly after mixing and placement into sampling tube

= at testing day

Per-Evert Bengtsson, SGI

50 mm §é~
ST
&'surcharge’ of 18 kPa at 20 degree C.
S A
Evertical Q '&*shng Ceemca DEDSIY! W ™ Eso
% \$ age %
After { days final t/m® % kPa MPa
1 day ﬁays
O 7.7 7 7.7 1,35 110 45 9,5
B \ 7.7 7 7.1 1,36 108 45 6,1
8,5 28 8,5 1,39 110 51 55
9,0 9,0 28 90 1,38 110 53 5.0
AN BORD PLEANALA |
TIME By
3 1 AUG 2004
LTR-DATED FROM
PL

Laboratory_Stabilised_Samples_Mineral_Soil_TP-PS35_040719

EPA EXport.08-07-2014.23:46.43



SGI

LABORATORIET

2004-07-20

KEMISKY STABILISERAD JORD

Referens: SGI, egna anvisningar, Dokument nr 29

GHEDAL
>aref O

RAPPORT

Dnr 2-0403-163
ANNEX 13:4

DY -] . . .
Teegiyes UtHrdad av ackrediterat laboratorium
1148 REPORT is issued by an Aceredited Laboratory

Bestiillare: Turlough Johnston Applied Grund Engineering Consultants Limited
Corrib Gas Terminal Tabell
Dor 2-0403-0163
Datum for inblandning | Provdiameter (mun) Laboratericundersdkning Datum 040708
Datam Uilord av
040609 50 040616-040707 O.A Teknisk ledace
Tillsatsmedel 2) 3 4) 5} | Anmarkning
Bland- | Mangd Propontioner Tid Lap- Densitet | Vatten- | Kon- Skjuvhilifasthet
ning stab.- Cement clter rings- kvot fiyt- Enaxliga teyck-
mexel Irish inbland- | tempe- grins fBrsok
Cement ning eator p w wr, T
kg/m® % dygn | ©C tm? % % i
BL17 53 &
NS
Pv?| 200 | 100 28 |t | 17 O,gﬁ‘ 141
P 2 100 +20 [ ;
ov72 | 200 B | 0@5105\ 0 134
A’
s
NI
SO
BL 13 é:‘\@" 29'
Prov73 | 100 | 100 S | evv20 | 194 | 25 83
S
Prov74 | 100 100 éQ 28} ocat2d [ 1,89 25 68
A
Provs{ 100 | 100 45*0 90 | cas20
Prov76| 100 | 100 S 9 | car20
BL 19 20'
Prov 77 200 100 T cat2 1,35 110 45
Prov 78 200 100 7 ea+20 1,36 108 45
ProvT® | 200 100 28 cat20 139 110 51
Prov80 | 200 100 23 cark20 1,38 110 53
1) Blandningens vattenkvot fire inblandning nv stabiliseringsmedel. 2) Skaymdensitet, 85 027114, utghva 2
3) Vattenkvot, S8 027116, utghva 3
4) Konflylgrins, 55 027120, utgdva 2
Mit r ovias:
AN B ORI PEEANALA
Blandning: 17 TPS 23A Djup 1,70-1,89m T'ME BY ;
Blandning: 18 TPS 23A Djup 1,80-2,10m
Blandning: 19 TP PS35 Djup 3,10-3,35m Proverna har lagrats med last = 18 3 I AUG 2004
LTR-DATED FROM R7 20440422
PL

Ackrediternt Iaboratacium uises av Styrelsen for ackreditering och teknisk kontroll (SWEDAC) enligh lag. Verksamhcten vid de svenska ackrediterade
laboratoricrna upplyller krven enligt SS-EN 17025, Denna rapport f3r endast iterges i sin helkel, am inte SWEDAC och utfirdande [aboratorium i fGrvig
sknifligen godkiint annat, Resuliaten giller enbart (e de provade materialen.

Statens geotekniska institut

581 93 Linkdping, telefon 013-20 18 00, telefax 013-20 19 14

EPA _Export 08-07-2014:23:46:43



SGI 2004-07-20 Dnr 2-0403-163

Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland

Laboratory testing of natural and stabilised peat and mineral soil.

ANNEX 14. Oedometer tests on stabilised peat sagjples from borehole
PS23 at depth 1.0-1.2 m and from @orchole PS35 at depth 2.6-

ANNEX 14:]1 Introduktion to stress condition for th @neler tests

ANNEX 14:2 SGI Reporting on sample [-57A, TE édcplh 1.0-1,2 m, Compression versus time.
ANNEX 14:3 SGI Reporting on sample l-57/@@ﬂ’ 3 depth 1.0-1.2 m. Compression versus stress.
ANNEX t4:4 SGI Reporting on sample l-i@ﬁ,\@%ﬁ depth 2.6-2.8 m, Compression versus time,
ANNEX i4:5 SGI Reporting on sample 1@8@* PS35 depth 2.6-2.8 m. Compression versus stress.
ANNEX 14:6 SGI Reporting on sample S%B PS35 depth 2.6-2.8 m, Compression versus time.
ANNEX 14:7 SGI Reporting on sam&& -58B, PS35 depth 2.6-2.8 m. Compression versus stress.

S

AN BORD PLEANALA
TIME By

31 AUG 2004

LTR.DATED FROM
PL

EPA _Export 08-07-2014:23:46:43



SGI

2004-07-20

Dnr 2-0403-163
ANNEX 1421

Summary of stress condition for oedometer tests on samples from
borehole PS23 depth 1.0-1.2 m and PS35 depth 2.6-2.8 m.

PS23 @ 1.0-1.2 m. Sample I-57A.

After placement in oedometer-cell the vertical stress is
18 kPa for 1 day
50 kPa for 1 day
100 kPa for 1 day
150 kPa for 1 day
250 kPa for 1 day
400 kPa for 30 days

The cedomeler test in ongoing (2004-07-20) with the vertical stress 400 kPa .

P523 @ 2.6-2.6 m. Sample I-58A.

After placement in cedometer-cell the vertical stress is K
18 kPa for 1 day &
50 kPa for 1 day &
100 kPa for 1 day 0@;@
150 kPa for 1 day & &\0
250 kPa for 1 day 0\& S
400 kPa for 1 day Q&
Unloading to 250 kPa for 1 day @?&Q

Unloading to 150 kPa for 1 day & 0
N\
RN
The oedometer test has been finished. Qoo$
N
(&)
X

PS23 @ 2.6-2.8 m. Sample I-58B. &

After placement in oedometer-cell the vertical stress is
18 kPa for 1 day
50 kPa for 1 day
100 kPa for 30 days

The oedometer test is on-going 2004-07-20 with the vertical stress 10

AN BORD PLEANALA
TIME 8y

31 AUG 2004
LTR-DATED FROM

PL e ———

EPA_EXxport. 08-07-2014.23:46:43



SG’I 2004-07-20 Dnr 2-0403-163
ANNEX 14:2

SGl Odometerférsok

Projektnummer: 2-0403-163 Provhdjd :51 mm Filnamn : 0407\040706AC
Borrhal: TPS23, BL12 Provdiameter: 100 mm Datum :20040706-20040711
Djup :1,0-1,2Provi57TA Provets vikt :483,38 gram Sign

Jordart: Stab.torv Odometer nr : 9 Utrustningens egendeformation
§= b2t el 4r beaktad
w = 33T Tid sekunder
Q 1 2 3 L] 5 L]
GiD 10 10 10 10 10 10
A
i = 1|BkPa'
2
18-50kPar
[T t—4=s-4- 11|
3 =
“TTit| 50-100 kPa
4 1 11l
| T T L] | TTHI
. H CirH| 100-150 kP
5 : ] \\Qé “
& g S 3
T, L o
7 SR = -
Q\Q ) ‘-..-“_‘ ]J i( 8 §
. Q T isezsoeall [ M o0 S
-‘"'“'m., { (\é‘ n‘ L |
ESTIEN D
\ % 5
9 bl REY Q =2
T <P S | -
- [,
3 M R |~ g
3 ™l = |
g’ ~ <y g
o gy .
gz - ‘u = g pr
NI -
‘o"o‘:} ‘H""- : |
= 1250-400 kPa
14 i -m
1% “
17 i
i
" H i
19
20 H‘—
I
21 "
) H |
23 ! il
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Dnr 2-0403-163

2004-07-20

SGI

ANNEX 14:3
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SGI

2004-07-20

Dnr 2-0403-163
ANNEX 14:4

10

SGI Odometerférsdk

Projektnummer: 2-0403-163 Provhdjd 149,23 mm
Borrhal: PS35, BL.13 Provdiameter: 100 mm

Djup :2,6-2,8 ProvI58A Provets vikt : 469,04 gram Sign
Jordart: Stab.torv Odometernr : 7
g7z kiwd ar beaktad

W= @-ﬂ‘*‘ﬂ Tid sekunder
[1] 1 3

2
10 10 10 10 10

10
G 1id [_“ .
\\\ ‘ *
Bl i
0-18 kPalr---

[

[+ ]

=]

X
ﬂ?~/
I
Fi

100-150 kPa

-+
rd
7
D,
v

o, Uojssalduoy),
n - [ %)

w

1| 150-250 kPa

16

17

18

19

20

24

22

23

— = 141250-150 kPa,
| ME Ly &

Filnamn : 0407\040706AB
Datum : 20040706-20040713

Utrustningens egendeformation

4 ] G

BY,
31 AUG 2004

AN BORD PLEANA

TIME

PL
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Dnr 2-0403-163

2004-07-20

SGI

ANNEX 14:5
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SGI 2004-07-20 Duor 2-0403-163
ANNEX 14:6

SGI Odometerférstk
Projektnummer: 2-0403-163 Provhojd :48,7 mm Filnamn : 0407\040706AA
Borrhal: PS 35, BL.13 Provdiameter: 100 mm Datum :20040706-20040708
Djup :2,6-2,8 Prov158B Provets vikt :459,2 gram Sign
Jordart: Stab. torv Odometernr : 8 Utrustningens egendeformation
.e = /2ot 4r beaktad
- o
e (333‘1 [’) Tid sekunder
L] 1 2 3 4 E] L]
Jo 1|o 10 10 10 10 10
L T
N |
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ANNEX 14:7

Dnr 2-0403-163

2004-07-20

SGI
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Appendix 3b

SGI Test update 27" August 2004
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PS23 Page 1 (2)

AGEC Ltd, Ireland

Corrib Gas Terminal

Laboratory test at SGI on stabilised peat sampl
Peat from borehole PS23 depth 0.70-1.70 m

Samples mixed with Irish Cement 42.5 N
- 2004-05-26 for 50 and 100 kgim:’.
- 2004-05-27 for 150, 200 and 250 kg/m®.

After mixing of natural peat samples were taken to determine natural water content of mixed peat

Wy = 893 % Sample 1 on premixed natural peat
w2 = 896 % Sample 2 on premixed natural peat
Wy = 894 % Mean value of sample 1 and 2

After mixing (0.45 hours) samples stored under water with a 'surchargelof 18 kPa at 20 degree C.

O{\\é
. T . & @ ) 2)
No Quantty Density” enca  Eienicat  TeSHNG  Fuggica DENSHY  wy T Eso
cement % % age %
3 3 DA a
ka/m tm After  After  days & final t/m % kPa MPa
1day 6days &
117 50 12.9 20.7 .\&9@8 21.7 1.05 432 13 24
118 50 15.1 2265 \\'«\0’ 28 236 1.06 451 18 27
119 50 14.3 21 .chQ 90 226 1.05 446 18 23
120 50 14.7 ,%\@’% 80 234 1.06 421 20 27
§
1 day “g days
121 100 12.5 13.4 28 13.9 1.09 351 40 8.1
122 100 14.4 18.7 28 16.2 1.10 342 45 76
123 100 12.1 13.0 90 13.5 1.09 345 39 6.8
124 100 12.2 13.5 90 14.0 1.08 348 40 6.4
1day Sdays
125 150 12.4 12.1 28 12.1 1.12 274 85 13.2
126 150 11.5 11.5 28 11.5 1.13 284 77 12.5
127 150 12.0 12.0 90 12.5 1.12 278 75 7.4
128 150 12.6 12.6 80 13.1 1.13 275 98 10.8
1day Sdays
129 200 10.6 10.6 28 10.6 1.15 229 102 13.6
130 200 10.6 10.6 28 10.6 1.17 225 103 17.0
131 200 9.8 9.8 390 10.2 1.14 223 122 16.2
132 200 9.5 9.5 90 9.9 1.14 225 118 13.5
1day Sdays
133 250 9.0 9.0 28 9.0 1.19 188 153 23.3
134 250 9.1 9.1 28 9.1 1.18 199 120 26.4
Per-Evert Bengtsson, SGI Laboratory_Stabilised_Samples_Peat_PS23_040827 xlIs

EPA Export 08-07-2014.23:46:43



PS23 Page 2 (2)

135 250 10.2 10.2 20 10.6 1.18 194 171 25.6
136 250 9.8 9.8 90 9.8 1.18 193 164 275

" = directly after mixing and placement into sampling tube (not determined)
% = at testing day

Per-Evert Bengtsson, SGI Laboratory_Stabilised_Samples_Peat_PS23_040827.xls

S — EPA.Export 08-07-2014:23:46.43



S

LABORATORIET

s v

it DAg

RAPPORT

= . .
’39_?:;9";5 utfirdad av ackrediterat laboratorium

KEMISKT STABILISERAD JORD
Referens: SGI, egna anvisningar. Dokument nr 29

1148

REPORT is issued by an Accredited Laboratory

Ackrediterat Jaboratorium utses av Styrelsen {or ackrediter
Iaboratoricrna uppfyler kraven enligt SS-EN 17025, Denna rappont fir endast Atcrges i sin helbet,

skriftligen godkiint annat. Resultaten giller enbant fbr de provade materialen,

Bestiillare: Turlough Johnston Applied Ground Engineering Consultants Limited
Corrib Gas Terminal Tabell
I3 2-0403-0163
Datum [6r inblnndning Provdiameter (mm) Laboratoricundersbkning Datum 040827
Datum Utfird av
040526-040527 |68,6 040623-040825 O.A L
Tillsatsmedel 2) k)| 4) 5) | Anmirkning
Bland- | Mingd Proportioner Tid Lag- Densitet | Vattca- | Kon- Skjuvhiilfasthet
ning stab.- Cement efier rings- kvot flyt- Enaxliga tryck-
medel Irish inbland- | tempe- Brins forstk
Cement ning ratur p w w T
kg/m? % dygn oC vm’ % % kPa
BL4 894
Prov 17 50 100 28 ca+20 1,05 432 13
Prov 18 50 100 28 cat+20 1,06 451 18
Prov 19| 50 100 90 | cat20 | 105 4%65@' 18
\Q
Prov20 | SO 100 % | cat20 | 106 %O'\m 20
u& \Qg T
BLS ISR
Pl
Pov2l | 100 | 100 28 c:@@éy 109 | 358 40
gy
Prov 22 100 100 28 Pea¥l 1,10 342 45
Pt
Prov23 | 100 100 7Y eav20 | 109 345 39
((0\ ‘\\Q
Prov24 | 100 100 (@ cat20 | 1,08 348 40
N
)
BL 6 N 894’
o‘\éé\
Prov25| 150 100 @) 28 cat20 | 1,12 274 85
Prov 26 150 100 28 ca+20 1,13 284 77
Prov 27 150 100 90 cat+20 1,12 278 75
Prov 28 150 100 S0 cat+20 1,13 275 l 98
1) Blandningens vattenkvol fore inblandning av stabiliscringsmedel. 2) Skrymdensiter, 55 027114, utgiva 2
3) Vattenkvot, 55 027116, wighva 3
4) Konflytgeins, S5 027120, uighva 2
5) Enaxliga iryckforstk, S5 027128, utglva |
Matostik
pd vir
Blandning: 4 PS TPS 23 Djup 0,7-1,7m Provema har lagrats wed last = 13 kPa
TIME BY
Blandning: 5 PS TPS 23 Djup 0,7-1,7m Provema har lagrats med last = 18 kPa
Blandning: 6 PS TPS 23 Djup 0,7-1,7mn Provema har lagrats med last = 18 kPa 3 1 AUG 20{]#
LTR-DATED FROM R7 2004-§4-22
PL

ing och teknisk kontrell (SWEDAC) enligt lag. Verksambeten vid de svenska ackrediterade
om inte SWEDAC och utfardande laboratoriun i firviig

Statens geotekniska institut
581 93 Link&ping, telefon 013-20 18 00, telefax 013-20 19 14

EPA_Export 08-07-2014:-23:46:43




LABORATORIET

KEMISKT STABILISERAD JORD

Referens: SG, egna anvisningar. Dokument nr 29

MEDAL
PR RTTALY
e
e <
Epite
1148

RAPPORT

utfirdad av ackrediterat laboratorium
REPORT is issued by an Accredited Laboratory

Bestillare: Turlough Johnston Applied Ground Engineering Consultants Limited

Corrib Gas Terminal Tabell
Dar 2-0403-0163
Datum for inblandning Provdinmeter (mm) Laboratoricundersékning Datum 040827
Datum Utford av
040527 68,6 040624-040825 O.A LE L LS
Tillsatsinede) 2) 3 4} 5) | Anmirkning

Bland- | Mingd Proportioner Tid Lag- Densitet | Vatten- | Kon- Skjuvhillfasthet
ning stab.- Cement ciler rings- kvot flyt- Enoxlign tryck-

medel frish inblond- | tempe- grins forsdk

Cement ning ratur P w wp T

kg/m> % dygn 9C vm? % % kgxl!
BL1 894°
Prov 29 200 100 28 ca+20 1,15 229 102
Prov 30 200 100 28 cat20 1,17 215 103
Prov3l | 200 100 a0 ca+20 1,14 2@04 122

\Q
Provd2 | 200 | 100 9 | cav20 | 114 @‘225 i
N
BLS 28 894}
R
Prov33 | 250 100 24 c é:& 1,19 138 153
Sy
Prov 34 250 100 28 éf"' 0 1,18 199 120
KR {0
Prov3s | 250 100 MY cat20 | 1LI8 194 17
((0\ \\Q
Provi6| 250 | 100 K(@ 20 | 1,08 | 193 164
F|
&

1) Blandningens vattenkvat fore inblandning av stabiliscringsmedel.

2) Skrymdensitet, SS 027114, uigiiva 2

3) Vattenkvet, SS 027116, utghva 3

43 Kon(lytgrins, SS 027120, utgiva 2

5) Enaxliga tryckforsdk, SS 027128, uighva 1
Miitosakerhet och mitomride fir vim metoder redovias
pA viir hemnsida, www.swedgeo.se

Blandning: 7 PS TPS 23 Djup 0,7-1,7m Proverna har lagrats med last = 18 kPa
Blandning: 8 PS TPS 23 Djup 0,7-1,7m Provema har lagrats med last = 18 kPa AN BOH D PLE AN AT
TIME BY
3 1 A R7 2(04-04-22
LTR-DATED FROM
iterde

Ackrediterat laboratorium utses av Styrelsen for ackreditering och teknisk kontroli (SWE culigt lag. Verkzamhcten vid de sem
laboratoricra uppfyller kraven cnligt $5-EN 17025, Denna rappart fir endast derges i si clw'

skriftligen godkint annat. Resultaten giller enbart for de provade materialen.

: [aboratorfum i fGrviig

Statens geotekniska institut
581 93 Linkdping, telefon 013-20 18 00, telefax 013-20 1914

ERAEXPort.08-07-2014.23:46:43




Objekt Corrib Gas Terminal
Provningsdatum 2004-08-24 Diagram
Provhdjd 13,80 cm | Diarienr 2-0403-0163
Provdiameter 6.9 cm Sektion/borrhil/blandning BL4
Area 36,96 cm? Djup/Nivi/Prov nr 19
SNEP4 Tryckpress Lilla Pressen
YY) .
a e z Utfort av 0O.A
e [Ti.q' Forsék nr 1120
1148 Tid eRer inbl. 90 dyen
Redovisning av enaxligt tryckférsok
Prov efter forsdk
40+
35
30
& 254 &
& &>
g &
20- &
£ ] NE
: FS
15+ Q\Q \3\K
- S
] O &
10- &&‘O\&‘
: SEN
QQ\ A\\q
57 S
5 A
] O
0'I'I'lo(\ﬂl'i'l']'I'I'I'i'l

Parsoket ar utfort och utvirderat enligt Svensk Standard SS 027128. Beriiknat tryck ér korrigerat enligt Svensk Standard.

0 2 4 ()
Relativ deformation, %

| twkPa Pr, kN Eso-modul, kPa | Def-hast mm/min |
.. 0,142 T
| 18 s 2291 6
vid 5,9% def ! AN BORD b} EANALA
TIME "
Anmirkning —BY
Godkiindav _ _ o e Linkopingden __§______ ___1._ _A_U_G_ _zggl'_ _______
Ackrediterat laboratorium uises av Styrelsen fir ackreditering och teknisk Fopsgoll (SWEDAU tmitgrtag.
Verksamheten vid de svenska ackreditesade laboratorierna uppfyller I SS-EhLl 023

Denna rapport far endast dterges i sin helhet, om inte SWEDAC och utfirdande P
laboratorium i forviig skriftligen godkfinnt annat, Resultaten giiller for de provade materialen.

Statens geotekniska institut
581 93 Linkdping, telefon 013-20 18 00, fax 013-20 19 14

Program; Eaaligi TryekUtvRedoForm. ot
Venion: 1.0.0.39

EPA_Export.08:07-2014.23:46.43



“Objekt _Corrib Gas Terminal

_'l';?;vningsdalum 2004-08-24 Diagram
UL 13,90 cm | Diadie o1 2-0403-0163
Provdiameter 6.9 cm Sektion/borrhil/blandning BL 4
Area 36,96 cm? Djup/Nivi/Prov nr 20
S$EP4G Tryckpress Lilla Pressen
‘3‘- WL!.“_..' g Utfort av 0.A
'pé'D I'\'?-q- Férsok nr o 1121
1148 Tid efter inbl. 90 dygn
Redovisning av enaxligt tryckforsok
Prov efter férsok
70+
60~
& 50 R4
o &
B 40 Aé\
' Y
£ ) 0‘\\0\6\
30 0@0 R ]
N
W© @
20 (&é: o§
- S
QQ\ A\\q
10- S
©
J S
0 e
L 1 1 1 U 1 (\‘9’ i g [ i { g | B ] g I U I U I L) k
0] 2 4 6P 8 10 12 14 16 18 20 22 24

Relativ deformation, %

Forsékel ir utfort och utvirderat enligt Svensk Standard SS 027128. Beriiknat tryck ir korrigerat enligt Svensk Standard.

| TwkPa Py, kN Eso-modul, kPa | Def-hast mm/min | —
' 0,159
20 o 2701 1, g
| | vid 5,0% def 6 m‘:" BORD RLEANA] A
| . BY
Anmiitkning
3 1 AUG 2004
Godkindav _ _ _ . .o Linkopingden _ § jwm o o omm e e —
LR~ Y FROM
Ackrediterat laboratorjum utses av Styrelsen for ackreditering och teknis Enkrnu.(iWEDAC) enligt lag.  TTTem——
Verksamheten vid de svenska ackrediterade laboratoricrna uppfyller kraven cr LR vAY

Denna rapport far endast Merges i sin helliet, om inte SWEDAC och uifiirdande
taboratorium i forviig skrifiligen godkénnt annat. Resultaten giifler fr de provade materialen.

Statens geotekniska institut
581 93 Linkdping, telefon 013-20 18 00, fax 013-20 19 14

Progeam EnaligiTnyekUtvBedol e oex
Version. 10.0.39

EPA Export 08-07-2014.23:46:43



Objekt Corrib Gas Terminal
Provningsdatum 2004-08-24 | Piagram
Frovhbjd 13,80 cm | Diasie nr 2-0403-0163
Provdiameter 6.9 cm Sektion/borrhil/blandning BL 5
Area 36,96 cm? Djup/Nivd/Prov nr 23
f’:: “:vo Tryckpross Lilla Pressen ]
(;.: 18f E Utlort av 0.A
'pé‘un'io‘- Farstk nr 1124
1148 Tid efter inbl. 90 dyzn
Redovisning av enaxligt tryckforsok
Prov efter férsok
80~
70-
60
I n .
g 50 é\\;&
& &
g 40 C°
[ NS
(= ] S
oﬁ K
30~ QO 8 be
NN
O &
: \\@Q&\‘O
QIR
10 Qoo®
A
S
&
T T T 3 T_oF T T T T T T T T T T
o 2 4 g 8 1w 12 1 1§ ANBORDPLEANALA
Relativ deformation, % TIME BY
31 AUG 2004
Forsoket dir utfort och utviirderat enligt Svensk Standard SS 027128. Belik¥R.DAHED korrigerat FRiONPvensk Stajdard.
" tukPa | PukN | Esomodul.kPa | Def-hast Jumia E
| . il
. 0,310 .
i o 1,
! 39 vid 6,2% def | e i . __
Anmirkning
Godkiindav _ __ _ _ __ . Linképingden . __ . . e ——

Ackrediterat Jaboratorium utses av Styrelsen for ackreditering och teknisk kontroll (SWEDAC) enligt lag.
Verksamheten vid de svenska ackrediterade laboratorierna uppfyller kraven enligt SS-EN 17 025

Denna rapport far endast Aterges i sin helhet, om inte SWEDAC och utfirdande
laboratorium 3 forvig skrifiligen godkinnt annat, Resultaten giller f6r de provade materialen.

Statens geotekniska institut
581 93 Linkoping, telefon 013-20 18 00, fax 013-2019 14

Frogram: Enaxiigi Tryck UtvRedoForm oox
Version: 1.0.0.39

=y : - EPA Export 08-07-2014:23:46:43
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Tryck, kPa

Redovisning av enaxligt tryckférsok

Objekt Corrib Gas Terminal
Provningsdatum 2004-08-24 Diagram

Provhéjd 13,90 cm | Diavic nr 2-0403-0163
Provdiamecter 6.9 cm Sektion/borrhil/blandning BLS5
Area 36.96 cm? Djup/Nivd/Prov nr 24
Tryckpress Lilla Pressen

Utl'drl av O. A

Férsék nr l 125

Tid efter inbl. 90 dygn

Prov efter forsdk

Forsoket dr utfort och utvirderat enligt Svensk Standard SS 027128, Beriknat tryck dir korrigerat enligt Svensk Standard.

Relativ deformation, %

Tt kPa Pr, kN Esg-modul, kPa Def-hast mm/min
0,310 on A$N
40 vid 4,4% def SR L0 BORD PLEANALA
HME BY
——————— ———
Anmiirkning a ‘
I 1 AUG 2004

Godkindav _._ _ . __ ___ o —eeo Linképing den __ _§ o o jrmonie = oo oo - — =

Ackrediterat taboratorium utses av Styrclsen fér ackreditering och teknisk k
Verksamheten vid de svenska ackrediterade laboratorierna uppfyller kraven enli B

Denna rapport fir endast dterges i sin helhet, om intc SWEDAC och uifirdande
laberatorium i forviig skriftligen godkiinnt annal. Resultaten giller for de provade materialen.

T FROM
anﬂLLSWEDAC) enligt lag. By

Statens geotekniska institut

581 93 Link&ping, telefon 013-20 18 00, fax 013-20 19 14

Program: EnavligtTryckUneRedoTom ocx
Version 1.0.0.39

EPA Export 08-07-2014:23:46:43



Objekt

| Provningsdatum

) Provhdjd 13,80 cm (Dienr  2.0403-0163,
Provdiameter 6,9 cm Sektionborrhdl/blandning BL 5i
Arca ) o _3696_;:n:12 ‘DjupNivi/Prov nr 27'
SHEDA Tryckpress Lilla Pressen = ——
au&u g Uifort av 0.A - |
Pep 155 Forstk nr 1128 |
1148 Tid efter inbl, 90 dygn !
Redovisning av enaxligt tryckforsok
Prov efter forsok
160
140
120~
. .
100~ &
A &>
] o
80- NS
£ ] g@
60- O
] L&
O &
40- &5’\ O§
] L
<<0\ QO
20 )
\0
. \'0
0 L B (\jé\ T LA o1 F T T ol
0 1 2 3 4 5 6 7 8 9 10 41 12

Forsoket ir utfort och utvirderat enligt Svensk Standard SS 027128. Beraknat tryck ar korrigerat enligt Svensk Standard,

Relativ deformation, %

T

!r T, kPa Ps, kN Esg-modul, kPa Def-hast mm/min o i
| 0,572 &
i vid 2,6% def | (%7 6 | |ANBORD PlEANAT
T' E hLAT o ] = = )
Anmirkning BY._'__'_‘__ 5
3 1 Aln
Godkindav __ _ _ o . Linképingden _§ __ _____.__ é (_‘?_z_qgﬁ _________
LTR-DETED

Ackrediterat Jaboratorium utses av Styrelsen for ackreditering och tekni
Verksamheten vid de svenska ackreditcrade laboratorierna uppfyll

laboratorium i férvig skriftligen godkiinnt annat. Resultaten géller for de provade materialen.

F
Rlatroll (SWEDATT enllgt l!:.“ggm-__.__

025

Denna rapport far endast Merges i sin helhet, om inte SWEDAC och utfirdande

(=g

Statens geotekniska institut
581 93 Linképing, telefon 013-20 18 00, fax 013-20 19 14

Frogram: EnauligtTryckthiviiedol orm.ocx
Verslon: 1.0.0.3¢

EPA Export 08-07-2014.23:46:43



Objekt Corrib Gas Terminal
Provningsdatum 2004-08-25 Diagram
3\ Provhijd 13,80 cm Diarie nr 2-0403-0163
Provdiameter 69 cm Scktion/borrhil/blandning BL 6
Area 316.96 cm? Djup/MNivi/Prov nr 28
HEDag Tryckpress Lilla Pressen |
aw&w g Utfért av 0.A
‘PEDITY"- Farsak nr 1129 |
1148 Tid efter inbl. 90 dypn ‘
Redovisning av enaxligt tryckforsok
Prov efter forsok
400+
350
300
& 250
=3 i
-g :
- ]
150-]
100-
501
0- L 1
0 10 1 12

Relativ deformation, %

Férsokel ir utfort och utvirderat enligt Svensk Standard SS 027128. Beriiknat tryck &r korrigerat enligt Svensk Standard.

| 1w kPa P, kN Egp-modul, kPa | Def-hast mmmig| o —
0,749 ANBORD PLEANA
98 . 10807 6 | AN
vid 2,7% def 1 nME__ |, VALA
o '--'-'-'-—-.._
Anmirkning 31 Agﬁ_zaﬁ{r______
Godkéindav _ . _ __ oo Linképing den __ EIEPEIE_D ______ FROM — -~
L S —
Ackrediterat laboratorium uises av Styrelsen for ackreditering och teknisk RM
Verksamheten vid de svenska ackrediterade laboratorierna uppfyller kraven enligt SS-EN 17 025

Denna rapport fir endast Merges i sin helhet, om inte SWEDAC och utfirdande
laboraterium i férviig skrifiligen godkiinnt annat. Resultaten giller fér de provade materialen.

Statens geotekniska institut
581 93 Link&ping, telefon 013-20 18 00, fax 013-20 19 14

Progeam; Enanligi Teyek Ui RedoFamm.oc
Venion: 1.0.0.39

EPA Export 08-07-2014.23:46:43



Objekt Corrib Gas Tenminal
Provaingsdatum 2004-08-25 | Diagram
Provhdjd 13,60 cm | Diarie nr 2-0403-0163
Provdiameter 6.9 cm Sektion/borrhil/blandning BL 7
Area 36,96 cm? Djup/Nivi/Prov nr 3
SNE D"f‘._ Tryckpress Lilla Pressen
r:u"‘:.-‘;u :.z" Ufont av O-A
'Q‘D IT“Q' Forstk nr 1132
1148 Tid efter inbl. 90 dypn
Redovisning av enaxligt tryckforsok
Prov efter forsdk
400
350
300
- 4
& 2501 &
=~ ] Qé
T 200 o
E 1 o&\\;@
: EINY
150 3 O \«@
] QQ \&
2 O &
100+ (&é: o§
; Q6N
. <<0\ \\q
50+ 0@
" 5\0
] O
0 i 1) J ¥ § ) E t ' ] i I T U ] 1 ' U ¥

Relatlv deformation, %

Férsokel dr utfort och utvirderat enligt Svensk Standard SS 027128. Beriiknat tryck dr korrigerat enligt Svensk Standard,

Tw, kPa

P, kN

Eso-modul, kPa

| Def-hast mmvmin |

122

0,935

vid 2,6% def

16215

1,6

NBO

ME BY_
—— S

31 AUG 2604

CTR-DATED FROM
Ackrediteral laboratorium utses av Styrelsen f6r ackreditering och tckntﬁonlroll (SWEDACTEMIgt lag. e

Verksamheten vid de svenska ackrediterade lnboratoriema uppfyll SEN-IL003

Anmirkning

Godkiind av Linkdping den

Denna rapport f3r endast 3terges i sin helhet, om inte SWEDAC och ulfirdande
Jaboratorium i forvig skriftligen godkinnt annat, Resultaten giller for de provade materialen,

Statens geotekniska institut
581 93 Link&ping, telefon 013-20 18 00, fax 013-20 19 14

Program  EnaaligtTryckUnRedoF omn. sy
Versionr | 00 39

— — - EPA Export 08-07-2014:23:46:43



Objekt Corrib Gas Terminal

Provningsdatum 2004-08-25 Diagram
S 13,40 cm | Diarie e 2-0403-0163
Provdiameter 69 cm Sektion/borrhil/blandning BL7
Arca 36,96 em? Djup/Nivd/Prov nr 12
SHEDA i Tryckpress Lilla Pressen
(Ewww f% Utfort av O.A
Pep 1o Férsbk nr 1133
1148 Tid efter inbl. 90 dygn
Redovisnhing av enaxligt tryckférsok
Prov efter forsdk
400
350~
300-]
o : .
250~ &
& N éo
] &
200 3
g S
] G
150 - AN
] N
uf QQ \&
L O &
100 &é“o\&‘
- NN
s\ ‘\Q
] ° A\
50' OQ
: O
] ©
0 U 1 ] E ) «Q-;& L] ¥ I ! t ] L3 ) ¥ L I I 1
0 1 2 4 5 6 7 8 9 10 11 12

Relativ deformation, %

Forséket &r utfrt och utvirderat enligt Svensk Standard SS 027128, Beriknat tryck &r korrigerat enligt Svensk Standard.

" TwkPa P kN | Eso-modul,kPa | Def-hastm: - 1
0,807 : '

118 e 13514 1,5 f
B ! vid 3,0% def : ' B J|

s I | — By ———F

H
Anmirkning _3 }_A_btﬁ__zﬂml. ______ .
Godkand av _ Linképing den | LTRDATED ______ ERgg====="] o
PL e -
Ackrediterat laboraterium utses av Styrelsen for ackreditering och tck’ﬂﬂm%
Verksamheten vid de svenska ackrediterade laboratorierna uppfyller kraven enligt SS-EN 17

Denna rapport fir endast terges i sin helhet, om inte SWEDAC och utfirdande
laboratorium i fBrvilg skrifiligen godkinnt annat. Resultaten giller for de provade materiaicn,

Statens geotekniska institut
581 93 Linképing, telefon 013-20 18 00, fax 013-20 19 14

Program: EnaxbigiTryekUvRedolom.ocx
Version: 1.0.0.39

EPA Export 08-07-2014:23:46:43



Objekt Corrib Gas Tenninal |
Provaingsdatum 2004-08-25 Diagram
S Provhdjd 13,80 ¢m | Diene e 2-0403-0163
Provdiameter 6.9 cm Sektion/borrhil/blandning BL S
Area 16.96 cm? Djup/Nivd/Prov nr 35
ED 5
.‘v‘““ :C‘_ Tryckpsess Lilla Pressen
i‘"‘u‘i" % Utfort av 0.A
fepiret Farsok nr 1136
1148 Tid efter inbl, 90 dygn

Redovisning av enaxligt tryckforsok

Prov efter forsok

4003
350+
300
v 5 .
250+
& 2] éO
= ] SO
(g?‘\
3 F &
150 RN
N (\Q\&
. N
100- &é’o\$
' NN
] QQ\A‘\\Q
50+ ‘\(,OQ
| O
TTI T llI||I|l|b‘l}ll|l|II]illl'llll']lil|IIl|_IlII‘I|l||III|j

0,0 0,5 1,0 [.@ 2.0 25 30 35 4,0 4,5 50 5.5 6,0
Relativ deformation, %

Férsokel dr utfort och utvirderat enligt Svensk Standard SS 027128. Beriknat tryck ir korrigerat enligt Svensk Standard.

[ TukPa PLkN | Esg-modulkPa | Def-hast mmimin
1,308 | -‘ CANA l
L 171 vid 2,3% def | 25590 ,‘ ".1.64 AN BORD P:.\::‘.AN LA |

Anmiirkning ____ IE— ______S_T.AUG_%% VORI S

Godkind av _ _ _ o o e Linképing den

Y1tpmerEn-- - cROM - ———-o =
LTROATEL———

FE—
Ackrediterat laboratoriut utses av Styrclsen fir ackreditering och tcknit\: ?mgmﬁﬁh
Verksamheten vid de sveaska ackrediterade laboratotiema uppfyller kraven ealt -
Denna rapport far endast Aterges i sin helhet, om inte SWEDAC och uifirdande
Jaboratorium i fBrviig skriftligen godkiinnt annat. Resultaten giller for de provade matetialen.

Statens geotekniska institut
581 93 Linképing, telefon 013-20 18 00, fax 013-2019 14

Program: EnaxligiTryckUivRedoFarm.oen
Version: 1.0.0.59

EPA.EXxport.08-07-2014:23:46:43



Objekt Cormib Gas Tenninal
Provningsdatum 2004-08-25 Diagram
> Provhajd 13,80 cm | Diarie nr 2-0403-0163
Provdiameter 6.9 cm Scktion/borrhiil/blandning BLS
Area 36.06 cm? Djup/Nivd/Prov nt 36
o¥E DA‘C‘ Tryckpress Lilla Pressen
‘EWL’-L:- g Ulﬁiﬂ av O.A
Pep1Te” Forsik nr 1137
1148 Tid efter inbl. 90 dygn
Redovisning av enaxligt tryckforsok
Prov efter forsék
400+
350
300+
[ ] .
250+
& ] é\\”
[ 1 (ﬁ <O
) F
150~ O
| QQ \&
] s
+ Q (\
100 &é’ &
i S
] L ﬁ&\
50+ o
] s\(’
] $°
0 "'I"'l""IQ§'I""1""I“"I'"I"'I""I""I""l
00 05 10 €58 20 25 30 35 40 45 50 55 60

Relativ deformation, %

Férsoket &t utfort och utvirderat enligt Svensk Standard SS 027128. Beriknat tryck @r korrigerat enlipt Svensk Standard.

[ Tw. kPa | Pi, kN _[ Esp-modul, kPa [ Def-hast mn'u’rninI

| | 1254 |

164 Lo | 27489 | 16

- | vid2,3%def | | AN BORD RLEANALA
TIME By

Anmirkning

31

Godkind av _ _ _ o mm e Linképingden __8__________ eyigqﬂ_l' ________

LTR-DATED FROM
Ackrediterat laboratorium utses av Styrelsen for ackreditering ech teknisk Bopipol! (SWEDR'_I'ETITEI'Tag ——
Verksamheten vid de svenska ackrediterade laboratorierna uppiyller k EN-{¥-035-

Denna rapport fir endast Aterges i sin helhet, om inte SWEDAC och utfirdande

laboratorium i forvéag skriftligen podkinnt annat. Resultaten gilller for de provade materialen,

Statens geotekniska institut
581 93 Link8ping, telefon 013-20 18 00, fax 013-20 19 14

Program: Enaxligi TryckUtvReduFenm.ocx
Version 1 0.0.39

EPA.EXport.08:07:2014.23:46:43




PS35 Page 1 (1)

AGEC Ltd, Ireland

Corrib Gas Terminal

Laboratory test at SGI on stabilised peat samples
Peat from borehole PS35 depth 2,10 - 3.10 m

Samples mixed with Irish Cement 42.5 N
- 2004-05-28 for 150, 200 and 250 kg/m”.

After mixing of natural peat samples were taken to determine natural water content of mixed peat

1

Wy = 1028 % Sample 1 on mixed natural peat
Wy = 1010 % Sample 2 on mixed natural peat
wy o = 1019 % Mean value of sample 1 and 2

After mixing (0.45 hours) samples stored under water with a 'surcharge’ of 18 kPa at 20 degree C.

e
No Quantity Density” cmcsr  Eveicar  Testing swg&o%bensuty Wy T Eso
cement % % age
kgm®  Um®  After  After  daysS \@%nal tm® % kPa  MPa
0.27 days 4 days Q‘K&
137 150 14.0 15.0 @c‘,\\ (\é‘ 15.0 1.12 278 55 13.4
138 150 13.3 14.2 . & & 14.2 1.12 281 50 5.6
139 150 14.2 15@5 &\0’ 14 15.5 1.12 270 49 8.0
140 150 14.8 15 7(, 14 15.7 1.13 259 59 8.8
141 150 135 ; 28 14.8 1.11 278 a0 17.0
142 150 14.0 ¥14.0 28 149 1.12 266 78 14.8
143 150 13.1 O 136 90 14,5 1.12 264 84 13.5
144 150 13.3 13.8 90 14.2 1.13 265 79 13.2
0.24 days 4 days
145 200 12.9 13.8 7 13.8 1.17 227 80 7.3
146 200 12.3 13.2 7 13.2 1.16 220 67 8.2
147 200 119 12.8 14 13.2 1.15 235 103 17.1
148 200 10.7 12.0 14 12.0 1.15 226 111 16.3
149 200 12.7 13.5 28 144 1.17 224 135 26.2
150 200 12.8 13.7 28 14.1 1.15 218 91 15.7
151 200 12.1 12.5 90 13.4 147 228 125 22.4
152 200 12.2 13.1 90 14.0 1.15 223 117 255
0.18 days 4 days
153 250 11.2 12.9 28 12.9 1.21 187 210 35.2
154 250 11.0 11.4 28 11.8 1. 184 167 33.3
155 250 11.3 12.2 90 13.1 1.41
156 250 1Me 132 %0 132 1 1"ME N EgRD p'zéz‘NAhés [

Y = directly after mixing and placement into sampling tube (not determingd)
2 = at testing day

3 1 AUG 2004
LTR-DATED FROM

Per-Evert Bengtsson, SGI Laboratory_Stabili

EPA Export 08-07-2014.23:46:43



it DA
2w o RAPPORT
LABORATORIET ﬁvé.::'ﬂé‘ utfirdad av ackrediterat laboratorium

1148 REPORT is issued by an Accredited Laboratory

KEMISKT STABILISERAD JORD
Referens: SGI, egna anvisningar. Dokument nr 29

Bestillare: Turlough Johnston Applied Ground Engineering Consultants Limited
Corrib Gas Terminal Tabell
LAY 2-0403-0163
Daturn for inblandning Provdiameter (mm} Laboratorieundersokning Datum 040827
Datum Uhford av
040528 68,6 040604-040826 IMK O.A |Tckuiskledarc
Tillsatsmedel 2) 3) 4) 5} | Anmickning
Bland- | Mingd Proportioner Tid Lag- Densitet | Vatten- | Kon- Skjuvhilifasthet
ning stab.- Cement clter tings- kvot fiyt- Enaxliga tryck-
mcdel Irish inbland- | tempe- grans forsdk
Cement ning ratus p w wL T
Iq;fm3 % dygn °c vm? % Y% k!;a
BLY 1019¢
Prov 37 150 100 T ¢a+20 1,12 278 55
Prov3is | 150 100 7 ca+20 1,12 281 50
Prov39 | 150 | 100 4 | oev20 | 112 zégo‘g ' 49
\Q
Prov40| 150 | 100 14 | car20 | 113 %0‘259 59
N
Provdl | 150 | 100 28 | cat20 ?ﬁ.@* 278 80
e
Prov 42 150 100 28 cn'@&é&}\ 1,12 266 18
M
Proval| 150 | 100 90 ésof&éo 112 | 264 84
o
Prov 44 150 190 Qﬁ‘i&‘c‘ cat20 1,13 265 19
QQ\ A&\q
he”
S
Q
OO
1) Blandningens vattenkvot fore inblandning av stabiliseringsmedel, 2) Skryindensitet, SS 027114, utghva 2
3) Vattenkvot, SS 027116, uighva 3
4) Konflytgeiins, S5 027120, uighva 2
5) Enaxliga tryckfrsdk, 5S 027128, utgiva |
Mitosikerhet och mitomride for vira meteder redovias
pa vir hemsida, www.swedgeo.se
Blandning: 9 PS 35 Djup 2,1-3,Im Proverna har lagrats med last = 18 kPa
ngn BORD PLEANALA
—_BY R7 2004[pa-22
itgrade

laboratorierna uppfylier kraven coligt SS-EN 17025, Denna rapport fr endast Aterges i sin hlRY. om inte SWEDAC e ufindant
skriftligen godkiint annat. Resultaten géller enbart fir de provade materialen. ——
L W

Ackrediterat laboratorium utses av Styrelsen for ackreditering och teknisk kontroll (SWEDAPIEE&R.&TEkamnthm Vi
| i forviig

Statens geotekniska institut
581 93 Linkdping, telefon 013-20 18 00, telefax 013-20 19 14

EPA_Export.08:07-2014:23:46.43



LABORATORIET

KEMISKT STABILISERAD JORD

GHEPAL
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?‘WU o
e
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pite
1148
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RAPPORT

utfiirdad av ackrediterat laboratorium
REPORT is issued by an Accredited Laboraioty

Referens: SGI, egna anvisningar. Dokument nr 29

Bestillare: Turlough Johnston Applied Ground Engineering Consultants Limited

Corrib Gas Terminal Tabell
Dur 2-0403-0163
Datuin for inblandning Provdiameter (mm) Laboratorieundersékning Datum 040827
Datum Utfoed av
040528 68,6 040604-040826 IMK Teknisk Jedare
Tillsatsmedel 2) 3) 4} 5) | Anmiitkning

Bland- | Mingd Proportioner Tid Lag- Densitet | Vatten- | Kon- Skjuvhilifasthet
ning stab.- Cement cfier nngs- kvol flyt- Enaxliga tryck-

medel lrish inbland- | tempe- griing forsdk

Cement ning ratur p w wL T

kg/m® % dygn o°%C vm? % % ]J}:l
BLU1 1019'
Prov 45 200 100 1 ca+20 1,17 227 80
Prov 46 200 100 7 ca+20 1,16 220 67
Prov 47 200 100 14 ca+20 1,15 2%53@ 103

\Q
Prov 48 200 100 4 cat+20 I,&S | §6\226 11t
M &
Provd9 | 200 | 100 28 | cas20 g,}\d 224 135
S
Provs0| 200 | 100 28 cgﬂ%&# LIs | 218 91
1S5S
Provsl | 200 | 100 90 \g@zo 117 | 228 125
é) O
Provso | 200 | 100 \@?%)& cat20 | 115 | 223 117
QIR
K
BL 11 00@
R 1019'
Prov 53 250 160 f\ 28 cat2( 121 187 210
Q

Prov 54 250 100 Qo 28 cat+2( 1,19 184 157
Prov 55 250 100 90 cat+20 1,21 180 185
Prov 56 250 100 90 ca+20 1,21 182 226

1) Blandningens vaticokvot fore inblandning av stabiliseringsmedel.

Blandning: 10

Blandning: 11

PS 35 Djup 2,1-3,1m Proverma har lagrts mned last = 18 kPa

PS 35 Djup 2,1-3,1m Provema har lagrats med last = 18 kPa

2) Skrymdensitct, 5 027114, uighva 2

3} Vantenkvot, 55 027116, utgdva 3

4) Kanflytgriins, S5 027120, utgdva 2

5) Enaxliga tryckforsék, S 027128, vtgliva |
Mitosakerhet och métomedde fr vira metoder redovias

Ackrediterat laboratorium utses av Styrclsen fc ackreditering och |
Inbormtoriema uppfyller kraven cnligt $S-EN 17025, Denna rapport

skrifiligen godkant annat, Resultaten giller enbart f6r de provade materialen.

cknisk kontroll (SW EDJ

pd v, h;msida, www.swedgeo.se
AN BORD PLEANALA
TIME BY
D g s e
RGO ZUUY R7 200H-04-22
LTR-DATED FROWM
PL ]
prteriierksambalono I IV Frrseksa terade
far cndast dterges i sin helhet, om inte SWEDAC och utfirdande i boratortim i forviig

Statens geotekniska institut

581 93 Linkédping, telefon 013-20

18 00, telefax 013-20 19 14
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Objekt Corrib Gas Terminal
Provningsdatum 2004-08-26 Diagram
Provhojd 13,60 cm | Diaric or 2-0403-0163
Provdiameter 6.9 cm Scktiowborrhil/blandning BLO
Arca 36,96 cm? DjupMNivi/Prov nr 43
2 vt Tryckpress Lilla Pressen
a ‘--LL‘;-' z Utfort av OA
fepire’ Férsok o 1144
1148 Tid efter inbl. 90 dyen
Redovisning av enaxligt tryckférsok
Prov efter forsok
4001
350
300
& 250 éo& '
= b &
& ] .
S, 2007 o&‘gfz@
A G
150- SN
; é;}\o 3 <
100- &S
NN
N QQ\ A\\Q
50- \QOQ
N O
] &
I ¥ I U N [} ¥ i ) Bl 1 i L ] v [ U ] J ]
0 1 2 % 4 5 6 7 8 9 10 1 12

Relativ deformation, %

Férsoket ar utfort och utvarderat enligt Svensk Standard SS 027128. Beriknal tryck ir korrigerat enligt Svensk Standard.

,j Tu, kPa P kN Esg-modut, kPa | Def-hast mmymin i I

| vid S et | 13547 15 | - [

Jomer SORDPLEANALR ]

e R Linkoping ch S ‘:Tu _______ o
L C

Wit

Denna rappert [ir endast dterges i sin hethet, om inte
laboratorium i forviig skriftligen godkinnt annat, Resultaten géller e de prova

Statens geotekniska institut
581 93 Link&ping, telefon 013-20 18 00, fax 013-20 19 14

Frogram: EnmaligiTeyek UniRedoForm. ox
Version. 1 0,039
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I Objekt _ " Corrib Gas Terminal |
Provningsdatum 2004-08-26 Diagmm
Y Provhéjd ) 13,60 cm Diarie nr 2-0403-0163 |
Provdiameter 69 cm Sektion/borrhAl/blandning BLY!
Area 16.96 cm?. Djup/Nivi/Prov nr 44
‘N £ DAC‘ Tryckpress Lilla Pressen _
"’E'm'r%" Farstk nr 1145
1148 Tid efier inbil. 90 dygn| B .
Redovisning av enaxligt tryckforsék
Prov efter forsdk
160~
140+
120+
& 1004 é\\;@'
-~ . $
: §)
S & P X
[ 1 & &
G
60- RS
&
P&
40- <& &
S
N QQ\ A\\Q
20 s\QoQ
- f\o
0 i ' I Lt OA g I Ll 1 g I I Ll I 1 [ % ¥ |
v 1 2 g 4 5 6 7 8 9 10 1" 12
Relativ deformation, %
Férsoket dr utfdit och utvirderat enligt Svensk Standard S 027128, Beriknat tryck ir komigerat enligt Svensk Standard.
[ tukPa | PLkN Eso-modul, kPa | Def-hast mm/ga
0,598 ANB
79 e 13239 1,6 ORD P
| vid 1,9% def LEANALA
i —_8Y
Anmiérkning I BY W
I T"RUL 2004
Godkéndav  _ _ _ e Linkoping den _ § LYRDATER - —— — = — mmzge == — == B
—t—— 5 |
PL e
Ackrediterat Jaboratorium utses av Styrelsen for ackreditering och tckmsi igt lag.
Verksamhelen vid de svenska ackrediternde laboratorierna uppfyller kraven enligt SS-ENIT0
Denina rapport f3r endast Aterges i sin helliet, om inle SWEDAC och utfirdande
laboratorium i forvag skrifligen godkdnnt annat. Resultaten giller fir de provade materialen.
Statens geotekniska institut
581 93 Linkoping, telefon 013-20 18 00, fax 013-20 19 14

Program: EoaligiTryckURedoFann ocx
Vesion: LGOI

_EPA Export 08-07-2014:23:46:43



Objeki Corrib Gas Terniinal
Provningsdatum 2004-08-26 Diagran
\ Provhajd 13,70 cm | Diaric nr 2-0403-0163
Provdiameter 6,9 cm Sektion/borrhil/blandning BL 10
Arca 36,96 cm? Djup/Niv/Prov nr 51
;"‘_: t:ﬁ'; Tryckpress Lilla Pressen
t; el z Uifort av 0O.A
fepet Forsdk nr 1152
1148 Tid efter inbl. 90 dygn
Redovisning av enaxligt tryckforsok
Prov efter forsok
400
350
300-]
S 2501 é\\,‘é”
£ 7 &
& ] .
O 200- 5 &
o - (ﬁ S
= : &
150 SO
; N
] &
100+ KO
N Qo\ A\\Q
N
50~ «©
] é\\o
0 -.--.x-..,....w(\.-.|s.a-...u.-.-..1...........--,...a.-r.-.
0,0 0.5 1,0 15 2.0 2,5 3.0 3.5 4.0 45 5,0 55 6,0
Relativ deformation, %
Farsoket ar utfort och utvirderat enligt Svensk Standard SS 027128, Beriiknat tryck r korrigerat enligt Svensk Standard.
Ty, kPa Pi, kN Esp-modul, kPa | Def-hast mm/min
0,957
125 cent 2239 1,6
vid 2,6% def ° ' ANBO
TIME By
Anmirkning ___ T
31 A8
Godkindav _ _ _ o e —— Linképingden ___J _ _-____'_'_A_!'_‘J_g.qql'_ ______

LIR-DATED
. . . _ . FROW
Ackrediterat laboratorium utses av Styrelsen for ackreditering och teknisk kan @yl {(SWEDAT) emtiprixg,
Med 2125 ]

Verksamheten vid de svenska ackrediterade laboratoricrna uppfyller k

Denna rapport fir endast Sterges i sin helhet, om inte SWEDAC och utfirdande —
laboratorivm i forvig skriftligen godicinnt annat. Resultaten giiller for de provade materialen,

Statens geotekniska institut
581 93 Link&ping, telefon 013-20 18 00, fax 013-20 19 14

Program: EnathglTryckUirRedoFom oca
Version: 1.0.0.39
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Objekt Corrib Gas Terminal
Provningsdatum 2004-08-26 Diagram
N I Provhojd 14,00 cm Diarie nr 2.0403-0163
Provdiameter 6.9 cm Sektion/borrhidl/blandning BL 10
Arca 36.96 cm? Djup/Nivd/Prov nr 52
«HE 01, Tryckpress Lilla Pressen
iwL.-‘.'y g Utftrt av 0.A
'PED 1 -;E.q' Forsdk nr 1153
1148 Tid efter inbl. 90 dygn
Redovisning av enaxligt tryckférsok
Prov efter forsdk
400
350}
300+
2 &
& 250 &
e ] &
S 200 N
& 2007 S
=] G
150- SN
N & é\
] P
100~ . \Q& &Y
. $ o9
] N
50 \ooQ
£
0] RS
1 v 1 3 N F [ g [] L i ) v ] ] ’ ) i g i
¢ 1 2 Qj 4 5 B 7 8 9 10 1 12

Relativ deformation, %

Farsoket &r utfort och utvirderat enligt Svensk Standard SS 027128, Beriknat tryck dr korrigerat enligt Svensk Standard.

Tu kPa Pr, kN Eso-modul, kPa | Def-hast mmimin | ] "
0,897 ; ZANALA |
LT id23%aet | 24P 'f ANBORDPLEA | &
TIME BY.
Anmiirkning e K
3 1AUG 200%
Godkandav _ __ _ _ _ .o _—-_ Link&ping d34
LiR-DAL e
Ackrediterat laboratorium utses av Styrelsen for ackreditering och tel Wﬂa—'—'l
iﬁ v e

Verksamheten vid de svenska ackrediterade laboratorierna uppf; 4 BERET

Denna rapport fr endast &terges i sin helhet, om inte SWEDAC och utfirdande
laboratorium i forvig skrifiligen godkiinnt annal. Resultaten giller fBr de provade matcrinlen.

Statens geotckniska institut
581 93 Linkoping, telefon 013-20 18 00, fax 013-20 19 14

Program: EnaabigtUryckUnRedoForm, ocx
Version: 1.0.0.39
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Objekt Corrib Gas Temminal
Provningsdatum 2004-08-26 Diagram
Provhajd 13,95 cm | Diarie or 2-0403-0163
Provdiameter 6.9 cm Scktion/borrhil/blandning BL 11
Area 36,96 cm? Djup/Nivi/Prov or 55
Py ED4e Tryckpress Lilla Pressen
a wu:‘,!" g Utfort av 0.A
fepire’ Férsok nr 1156
1148 Tid efier inbl. 90 dyen
Redovisning av enaxligt tryckforsok
Prov efter forsok
4
350
300-|
i &
& 250 N
g ; &
Y 200 NS
[ 1 O
= G
150~ SE
. &
i O &
&
100 KO
N NS
] QQ\ A\\Q
50 \ooQ
: 45\&0
0 & (\
LI N B o=t T 1 1 T & 7+ 1 I L
0 1 2 % 4 5 6 7 ] 9 10 11 12

Relativ deformation, %

Forsoket dr utfort och utvirderat enligt Svensk Standard SS 027128, Beriknat tryck dr korrigerat enligt Svensk Standard.

[ TwkPa PLkN | EsemodulkPa | Del-hast mm/min i e
L 185 IS 31543 | 1.6 | l
vid 3,5% def | | N : —
—ANBORDPLEANALA
Anmirkning TIME B e e
Godkindavy __ oo Linkgpingden __ 4 _____ 31 AUG /a1 p——

Ackrediteral laboratorium utses av Styrelsen fir ackreditering och teknisk k

Denna rapport far endast dterges i sin helliet, om inte SWEDA
laboratorium i fSrviig skrifiligen godkiinnt annat, Resultaten giller for dc provade materialen.

Statens geotekniska institut
581 93 Linkdping, telefon 013-20 18 00, fax 013-20 19 14

Program: CrasligiTryekUtvRedoF omm oc1
Verslon: 1.0.0.39
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Objekt Corrib Gas Terminal
Provningsdatum 2004-08-26 Diagram
\ Provhéjd 13,90 cm | Diarie ar 2-0403-0163
Provdiameter 6,9 cm Sektion/borrhil/Wandning BL 11
Area 36,96 c? Djup/Nivd/Prov ar 56
WED4ae Tryckpress Lilla Pressen
a“!“:.“‘;"’ g Utlort av O.A
Ep1TET Férsik nr 1157
1148 Tid efier inbl. 90 dyen
Redovisning av enaxligt tryckforsok
Prov efter forsodk
800
700 -}
600
& 500+ é\‘»&
< &
& .
S 400+ N &
£ Z5S
&8
300- QQ &@
] RO
&
200~ L8
o O
. QO A\\
100- \QoQ
r
&
||l||li|||l||n|\1|||||||..|l.-l-n|||lI|li|r]-|--||||-||ll||

0,0 05 1,0 5 2,0 2,5 3.0 3,5 4,0 4.5 5,0 55 6,0
Relativ deformation, %

Férsoket ar utfsrt och utvirderat enligt Svensk Standard SS 027128, Beriknat tryck &r korrigerat enligt Svensk Standard.
V. | i :

Tis, kP2  PukN Esemodul, kPa_|Det-hast mm/min |
226 v 1B et | 43257 1.6

Anmirkning

Godkiindav _ _ . e Linképing den |

e
EHR=DAT T
B FROM

Ackrediterat laboratorium utses av Styrelsen for ackreditering och lckni*kmbmroll (SWEDAC) enligt lag. ——————
Verksamheten vid de svenska ackrediterade laboratoriemna uppfyller FravEn-enligt BTN

Denna rapport fir endast derges i sin helhet, om inte SWEDAC och utfirdande
laboratorium i forviig skeifligen godkiinnt annat, Resultaten gller fOr de provade materiaten,

Statens geotekniska institut
581 93 Linképing, telefon 013-20 18 00, fax 013-20 19 14

Program: EassligtTryckthvRedoForm ocx
Yension: 1003
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Appendix 4

Letter from Swedish Geotechnical Institute
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Date Registration number

August 27, 2004 2-0403-163
/I Your date Your reference
Our reference
Per-Evert Bengtsson
AGEC L

Att. Turlough Johnston
5 Kilcarrig Street
Bagenalstown

Co. Carlow

Ireland

Bellanaboy Bridge Gas Terminal, Co. Mayo, Ireland
Answers to two questions from the planning authority, An Bord Pleanila.

On commission by AGEC Ltd, Bagenalstown, Ireland, the Swédish Geotechnical Institute
(SGI), www.swedgeo.se, is currently performing laboratogytesting on soil samples from the
site at Bellanaboy Bridge Gas Terminal, Co. Mayo,Jveland.
) \0&

The Swedish Geotechnical Institute is a govegﬁ?@ﬁ% agency dealing with geotechnical
research, information and consultancy. Th ose of the Institute is to achieve better
techniques, safety and economy by the ﬁé@t application of geotechnical knowledge in the
building process. S

KL N

R

For the past 30 years SGI has bee@\i(ﬁovolved in R&D and practical applications of deep
mixing (stabilisation) on a Inrggﬁumber of projects.

O
The aim of the laboratory testing currently being carried out by SGI is to give advice on
choice of type of binder and quantity of binder for stabilisation of the peat and the mineral soil
just below the peat. Field trials will serve as the basis for the final choice of binder type and
binder quantity.

Mass stabilisation of peat with different kinds of binders is a technique that has been used
successfully for about 10 years in Finland and Sweden but as of yet not in Ireland.

_ﬂ
We understand that the planning authorities have some qv.%ﬁ&@s" a%gﬁﬁ %.f&!‘dm its
[

application on the Bellanaboy site.

31 AUG 2004

Question No 2. LTR-DA
The methodology used in this case is laboratory testing pj "i:f nrme %%-—Sﬁi-ta-tmﬂ :
binder and binder quantity to be used for stabilisation of pg ineralaoily :

peat. In this case cement and/or sand and cement combination is proposed
binder.

Swedish Geotechnical Institute Phone:  +46 13-20 18 00 E-mail: spifeiswedgeo.st
Postal address:  SE-381 93 LINKOPING, SWEDEN  Fax: +46 13-2019 14 Postal giro account: 18 30 64-3
Visiting adklress: Olous Magnus vilg 33 Internet: www.swedgeo.se Orp.nr: 2021 00-0712
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SGI August 27, 2004 2-0403-163 2(2)

The results from the laboratory testing and earlier experience will finally lead to a proposal
for binder quantity to be used in field trials. The field trials in turn will serve as a basis for the
decision on the binder quantity to be used for the planned construction. Control testing and
monitoring will be performed before and during the final construction to ascertain that
expected results are achieved.

The mixing and curing conditjons in the laboratory are normally more favourable than the in-
situ mixing so the field trials are a necessary part in the final choice of binder quantities.

The results so far from the on-going laboratory testing at SGI have been presented in an
interim report by SGI dated July 20, 2004. About 80 stabilised samples have been produced
and tested. The natural peat has a shear strength of less than 10 kPa. For stabilised peat
results from the laboratory tests show typically a shear strength of 100 kPa or more for a
curing time of 90 days (with a binder quantity of 200 kg cement per m? of peat).

The results so far indicate that the expected strength of the stabilised soil is going to be
achieved.

&
Question No 3. g\\é
Use of cement in the ground does not usually raiseo@r)véﬁﬁnmental concerns and SGI have few
examples of earlier experience with measuremenys gf'the actual environmental impact by

deep mixing (stabilisation) on the ground watsi?o

> §ur experience indicates that we should
expect no harmful environmental impact %@%‘g)ﬁy the deep mixing (stabilisation). Earlier
experience from measurements in leachi tom stabilised soil (Holma Bog, Sweden
(EuroSoilStab-project}) is that at a sgo?t&lstance of about I m from the stabilised soil it is not
possible to detect any leaching. It shy d also be noted that the method is commonly used to
encapsulate contaminated soil. &

The possible environmental ﬁ%%acts being considered in this case by laboratory testing
include total content tests, availability tests and batch tests on natural soil, cement and
stabiliscd soil. The total content test gives total amount of metals and trace elements. The
availability test gives information about possible leachate after a long time and batch test after
a short time,

These tests are on going and results arc expected in less than one month.

SGI understand that for the Corrib project the environmental impact on the ground water is
planned to be monitored by a number of control wells.

Swedish Geotechnical Institute e’
Dept. of Geotechnical Design AN BORD PLEANALA
S TIME By
Per-Evert Bengtsson 31 AUG 2004
Project Manager
LTR-DATED FROM
PL

pigeckonstiperbeniperbensirlandipm_040824\pm_2004_08_27 doc
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Appendix 5

Item3 — Potential leaching from stabilised soii

&.
S
Aé’&é
&
Q&
O &
&S
Ko
DN
S
K4
3
ooé\
AN BORD PLEANALA
TIME BY
31 AUS 2004
LTR-DATED FROM
PL




Appendix 5 Potential leaching from stabilised soil

Infroduction

In order to stabilise peat on the terminal site, it is proposed to mix cement into the
peat in order to increase the strength of the ground. The introduction of cement into
the ground was identified as possibly having deleterious effects upon groundwater
and surface water, both in the short, medium and long term. An assessment of the
chemistry of cement and the local ground conditions was camied out in order to
identify the likely effects and their magnitude, both spatially and temporally.

1 Approach

The assessment has been divided into two broad areas, one concemed with the
effects of cement injected below ground and the second on the effects of cement
above ground. The assessment of the below ground injection of cement looked at
the possible effects on hydro-geochemistry along with changes in chemistry with
time. The above ground assessment investigated the effects of run-off and possible
effects on hydro-geochemistry.

1.1 Potential Effects of Cement on Below Ground Chemisiry

The introduction of cement below ground will infroduc mixture of chemicals into
the ground that will undergo reactions once wet. products of these reactions
and the interaction with the sumounding ge al materials are important in
assessing any impact on the environment. T%oadditional influence of local geoclogy
and hydrogeology also affects the poieni%@mnmental impacts
§3, <
1.2 Short Term (les :
(less than 7 days) ;gpglﬁs in Hydrochemistry

RS
The effects of emplacement o@:\‘ Qnt on hydrochemistry have been examined
principally in terms of time after fﬂ%lccemeni and changes through time. Short term
changes in hydrochemistry are@xpected to occur during the first 24 hours following
emplacement as stated in @ponse to Request for Further Information by Mayo
County Council dated 17/6%0/04 section 4.3.1.

The chemical reactions occuming during this period have an important bearing on
short-term changes in hydrochemisiry, and this phase of assessment is probably the
most important in terms of environmental impoct to the subsurface as the chemical
reactions responsible for producing potentially deleterious conditions occur during
this period.

Brief Overview of Chemical Reaclions During Cement Selting

After cement has been hydrated, reactions occur between calcium silicate minerals
and the water, resulting in the growth of new hydrated minerals that act to bind the
cement and materials it is in contact with. As these reactions progress, a bi-product
of this is the release of lime [Ca (OH}z).

The near field pore water chemistry will be dominated by the dissolution of lime, and
at equilibrium pore water will have a pH of approximately 12.1. Dissolution of lime

into pore water itself releases Caz+ and OH- (hydroxide) ion ;
responsible for raising pH. In addition, lime is often added] to &M BORBFPLEARALA
product of the manufacturing process, resulting is relatively Tiygee omounts g lime

within the total cement.
3 1 AUG 2004

LTR.DATED FROM
PL
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Effects of high pH porewater on Hydrochemisiry

It has been shown elsewhere (MCCRFI 2004 section 3.3), that heavy metals do not
tend 1o leach out from cement. This is broadly due to two main reasons. Firstly, the
nature of the feedstock materials (mosily limestone and clay) info cement are low in
heavy metals and secondly, high pH condifions tend to resutt in relatively low levels of
metals leaching. However, it is known that chromium will occur as the chromate
complex ion at high pH. The chromate complex ion has a bulk negative charge ond
will tend fo be relatively mobile. However, (MCCRFI 2004 secfion 3.3) have shown
that concentrations in leachate are generally low.

1.3 Medium 1o Long-term (7 days to end of design life) changes in
Hydrogeochemisiry

Medium to long-term changes in local hydrogeochemistry are those that might
occur after approximately the first week following emplacement of the cement and
continue beyond the end of the design life of the Terminal.

As the cement sets, porewater will have effectively become trapped within the mass
of the body of material into which the cement was added. Longer-term reactions
that may become important during this time would be the interaction with the
material into which the cement was added. In addition, the porewaters generated
during the setting of the cement may migrate away frofff the main area of cement
emplacement, and interaction between peat porewdier and groundwater and the
waters from the cement mix are considered ingqgﬁessing the medium to long-term
interaction and effects on the environment® e impacts will depend upon the
permeability of the concrete, the peat an t{ﬁ% mineral soils into which the cement
has been injected. As far as the ¢ e is concemed it will be effectively
impermeable when set and hence p@g ter migration will not be a significant issue.
In the case of old concrete that n@d‘;}&\ﬁegin to deteriorate, the research undertaken
by the German Cement Instit@% \\ crushed concrete shows that the concrete
constituents remain fixed in ﬂ;\\eDQsolidiﬁed mass and the quantities released are
extremely small. éé"‘o

'\
Reactions with Peal Porew@?er

Cement will be emplaced within a peat matrix at the site. Peat is mostly composed
of plant materials, which are undergoing slow degradation. The degradation
processes result in the production of organic acids and a small amount of alkalinity in
the pore and groundwaters of the peat, with porewater generally being slightly
acidic in nature.

As shown above, porewater associated with cement will be highly alkaline {up to pH
12.1), and therefore mixing of cement and peat water will result in chemical
reactions occurring which will change the chemistry of the porewater,

As the majority of porewater in terms of volume will be the slightly acidic porewater
of the peat, the most important reaction will be the ability of the peat porewater to
neutralise the highly alkaline porewater from the cement. In addition, highly alkaline
ground water will only effectively be produced for up a maximum of a to a week
before the processes of cement hydration and hardeni nm"
cement and natural materials which will become e ectmp&ﬁ@w
hydraulically isolated from the surounding groundwate e is therefoggyis a finite
source of cement porewater, and iis ability to miprate “-govemed DY fhe
permeability of the peat and mineral soils which is low (ske sectiogI QBMW 1 of

FROM

LTR-DATED
PL

e ——1
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the Environmental Impact Statement for the proposed Bellanaboy Bridge Gas
Terminal)

Effects On Alkalinity

Alkalinity in peat groundwater will be generated by the dissolution of carbon dioxide
produced by the aerobic breakdown of organic material by bacteria. In slightly
acidic water the carbonate system will be dominated by the bicarbonate ion (HCOs-
). When the water mixes with the high pH water associated with the cement, this

results in the carbonate chemistry being dominated by the carbonate ion {COs?).
with H* ions released.

The consequence of the mixing of water will be that calcium carbonate {CaCOas)
may become precipitated, as the porewater will contain considerable quantities of
Ca?*, from the dissolufion of lime, and carbonate due to the carbonate system
equilibrium reacting to high pH conditions.

Effect on pH

The result of mixing between high pH and relatively low pH porewaters will result in
changesin pH. An additional complication is the potential for the buffering of acidity
by dissolution of minerals within the geological rmaftrix.

Mixing of peat porewater and cement porewater will resOlt in the pH of the cement
porewater decreasing. Cement porewater is expegfed to have become isolated
from further sources of calcium hydroxide bec %*he cement has set {7days +). Up
to this point there is the possibility that as th waters interact, and pH decrease,
more calcium hydroxide could dissolve «@uffer the pH at approximately 12.1.
Once the cement has set, no further c;\d?ﬁl&*n hydroxide will dissolve, and therefore
the buffering action of calcium hygj@ e on groundwater pH will no longer be
available. This will result in pH decr\g&giﬁg as the larger buffering capacity of the peat
and organic acid (and carbon@q;(:?d, resulting from carbon dioxide dissolution) will
eveniually decrease the pH. R

A
O

1.4 summary, short angcﬁgdlum to long term

High pH porewaters will be produced for a relatively short period of time, diminishing
exponentially after the first 24 hours up to 7 days os the cement sets. This produces a
finite source of high pH water, which will react with the surrounding. eifectively infinite
source of slightly acid water in the peat. Organic and corbonic acids will decrease
the pH to eventually remove the excess alkalinity produced by the dissolution of lime.
Beyond the first 7 days the cemenie has become fully hardened {although not yel
achieving full structural sirength necessary} and no further leaching takes place.

2 Potential Effects of Cement on Above Ground Chemistry

Where the sand and cement are at or close to ground level, there is the potential for
dust and run-off to result in cement being fransported away from the area of
emplacement, and effect the environment.

Following hydration, the reactions detailed above will result in the release of lime,

and will result in relatively high pH conditions unfil the reagli ompleted. In
terms of potential eifect on the environment above g#unp‘NrB { fﬁﬁﬁ i |
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The chemical reactions involved in the setting of cement are detailed in the sections
above. .This reaction is relatively short lived and cement effectively becomes set
after approximately 24 hours.

Therefore, approximately 24 hours aiter emplacement the potential to produce high
pH run-off waters will have stopped. However, until that has occurred the release of
high pH water is possible due o run-off. If run-off is generated then the flow path the
run-off takes and the location of any sensitive receptors, such as surface water or
habitats, will dominate the potential for this fo effect the environment,

If run-off enters surface waters, then similar chemical processes will occur as in
groundwater. An additional effect will be greater dilution from stream flow; however,
this will also have the effect of tfransporting ihe run-off over a wider area. The high pH
will be buffered by organic and carbonic acids in surface water as well as being
diluted by stream flow.,

Over time it might be anticipated that the cement stabilised peat wil begin to
deteriorate and there may be the potential for some lime availability. This is
considered likely to have a very low potential for environmental impact by
comparison to the inifial installation process.
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