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GEOTECHNICAL INVESTIGATION FOR PROJECT MANAGEMENT
CONSULTANT FOR KULHUDHUFFUSHI HARBOR EXPANSION
PROJECT, MALDIVES

1.0 Background
The Government of Maldives has applied for a grant from the Asian Development Bank
(ADB) for the Kulhudhuffushi Harbour Expansion Project and intends to apply a portion of
proceeds to engage a consultant to support the Ministry of Housing and Infrastructure in the
project implementation process for development of Kulhudhuffushi Harbour Expansion

Project

2.0 Project Area

Kulhudhuffushi is one of the major population centers in the region with a total
population of around 8,200 in 2014. Kulhudhuffushi is the capital of Haa Dhaalu Atoll
and is one of the biggest and most populous Islands in the Northern part of the Maldives.
Fishing (Tuna, Snapper, Marlin) is one of the biggest industries here, bringing in significant
income for the islanders. Fishing is the lifeblood for Maldivians. The local men also work on
the cargo vessels. Currently, Kulhudhuffushi is home to the regional hospital that
provides general medical and specialist services, dental services, emergency services
and intensive care units. The Island also hosts a range of education facilities such
as primary schools, secondary schools, and a vocational training center, all
designed to cater for the approximately 2,500 students from Kulhudhuffushi and

other nearby Islands.

21  Objectives
The objectives of the Project are as follows:

a) Dredging and reclamation works

b) Breakwaters, revetments and quay-wall structures including harbor separation walls and
finger piers

c) Pavement

d) Harbor navigational beacons and quay lighting

e) lcePlant

f) Buildings— Administration/Retail/Terminal

M/s. WAPCOS Limited, Geo technical Investigation Report  Page 2 of 57
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0) Market — Fish/ Fruits and Vegetable

2.2  Scopeof Work
The main requirement of the consultant isto assist the employer in

i. Theoveral project management,
ii. Detailed Engineering Design of the project,
iii.  Procurement of Civil work contract,
iv. Construction Supervision and Contract Administration, and
v. Project Compliance and Monitoring.
However, the consultant shall carry out detailed tasks outlined under each component as per
the TOR / RFP, as detailed below for ready reference.

2.2.1 Component 1. Overall Project Management

Task 01 Provide project management services throughout detailed design,
procurement, construction, and commissioning stages and post-defect

liability period.

Task 02 Prepare project schedule and corresponding projected cash flow in
conjunction with the Employer and provide ADB a realistic schedule for
design, approvals, tendering, construction and commissioning, The
consultant is to maintain and update the project schedule throughout the

project.

Task 03 Formulate and maintain a project performance management system in the
format acceptable by the Employer and ADB, which consists of (1) preparing
in the initial stage a project performance management system, in accordance
with the ADB's project design and monitoring framework (DMF) to monitor
(i) the progress of the overal project implementation, and (ii) the
development impact of the project; and (2) collecting/updating the project
performance indicator benchmarks, this includes updating the baseline datain
the DMF.

Task 04 Develop a project management plan in sufficient detail to enable the project
to be monitored as per the Employer’s requirements, and to support the

Employer to prepare quarterly progress report to evaluate the scope,

M/s. WAPCOS Limited, Geo technical Investigation Report  Page 3 of 57
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implementation arrangement, progress, and achievement of the project

objectives.

2.2.2 Component 2: Detail Design Engineering and Cost Estimates

Task 05 | Review the preliminary design prepared during the project preparatory stage,
validate/improve in accordance with best international standards and
recommended practices. This includes carrying out value engineering -
evaluating and proposing cost effective alternatives as deemed necessary. The
detailed design should be prepared by considering the inputs from public
consultation in Kulhudhuffushi.

Task 06 | Review the existing surveys, identify and carryout additional detail surveys and
undertake full detail design namely:
¢+ Carryout detail design for al improvement works — including preparation
of detailed design drawings in sufficient details for accurate determination
of quantities and cost and to facilitate construction.
+» Compile existing data and carry out limited hydrographic/oceanographic
surveys as required to enable numerical modeling of the harbor and
coastal structures to ensure sufficient safeguards against overtopping,
harbor stilling and safe entry. Data collection may be required within the
time available in the overall program.
“+ Geotechnical site investigation to verify soil conditions for dredging and

coastal structures

Task 07 | Prepare estimated quantities and cost of all proposed works and equipment with
best possible accuracy.

2.2.3 Component 3: Procurement Support

Task 08 | Review the indicative contract packages, prepared during the project preparatory
stage, and, if warranted, recommend better aternatives to in order to optimize
contract administration, construction coordination, and competitive pricing.

Task 09 | Based on the type of bidding procedures and contracts, as advised by the
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Employer, prepare bidding documents for all works and equipment packages.
The bidding documents shall be prepared in accordance with ADB's latest
applicable Standard Bidding Documents (SBD) available in the ADB website.

Task 10 | Provide all necessary assistance for the procurement of contracts, including but
not limited to, advertising the invitation to bid, bid clarifications, addenda, pre-
bid meetings, bid openings, bid evaluation and reports, contract negotiations, and

draft contract documents.

2.24 Component 4: Construction Supervision and Contract Administration

Task 11 | Approve contractor's work program, method statements, material sources, safety

plan and environmental management plan.

Task 12 | Review and check working drawings, the setting out of the works, and provide

instructions to the contractor.

Task 13 | Review the quality control programs of the contractors.

Task 14 | Inspect materials and works to ensure compliance with the contract specifications
and give notice to the contractor in the event that such materials and works fail to

comply with the specifications.

Task 15 | Accept or reject any part or parts of the completed works.

Task 16 | Make measurements and keeping measurement records.

Task 17 | Maintain records, correspondence, and diaries.

Task 18 | Certify work volume and interim certificates for progress payments.

Task 19 | Assist the Employer's representative with the maintenance of consolidated project
accounts, and with preparation of financia statements and withdrawal

applications for submission to ADB.

Task 20 | Certify completion of part or al of the works.

Task 21 | Periodically check the remaining quantities for completion, and undertake regular
monitoring of each contract through an earned value management framework

M/s. WAPCOS Limited, Geo technical Investigation Report  Page 5 of 57
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Task 22 | Provide assessments to the Employer in relation to Contractor’s variation claims,
extensions of time claims, and other technical and contractual matters that may
arise.

Task 23 | Negotiate with each contractor and recommend the Employer the rates for any
unscheduled items of work that may arise.

Task 24 | Advise the Employer's representative on al matters relating to the execution of
the works; and assist the representative with processing the contractor's possible
claims.

Task 25 | Prepare, at the completion of the contracts, a consolidated project completion
report in aformat provided by ADB.

Task 26 | Check and certify as-built drawings for the works prepared by the contractors.

Task 27 | Inspect the works at appropriate intervals during the defects liability period and
certify the defects liability certificate for issuance by the Employer's
representative.

Task 28 | Provide the Employer with complete records, and inception, monthly, and
completion reports.

Task 29 | Assist the Employer to provide on-site training where required for the Employer's

field staff on quality assurance and contract administration.

2.25 Component 5: Social Safeguard

Task 30

During the detailed design stage, conduct consultation with local communities in
Kulhudhuffushi for input to the harbor design where appropriate.

Task 31

Support the Employer in matters relating to land acquisition and resettlement, if
impact is identified during project implementation period. Tasks include preparing
Resettlement Plan, monitoring the implementation of the resettlement plan and
providing expert advice in al matters relating to acquisition and resettlement.

Task 32

Design, prepare and conduct HIV/AIDS, anti-trafficking and child labor awareness
campaign at the project influence areas, monitor the status of contractor’s
compliance with HIV/AIDS, and Core Labor Standards.

Task 33

Implement gender-specific project features and ensure Contractor is in compliance

with equal payment for equal work for men and women.
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Task 34 | Ensure compliance with social impact mitigation requirements of civil works
contracts, and provide information to ADB on those processes in the semi-annual

safeguard report.

2.2.6 Component 6: Environmental Assessment and Monitoring

Task 35 | Review the Initial Environmental Examination (IEE) report and carry out additional
studies and public consultations if recommended or required by the IEE. If there are
changes in the project design or discovery of new environmental impacts update the
IEE report and disclose it on the ADB website as necessary. Review the genera
engineering design and in discussion with the engineering team identify needs if any
for design modification to enhance environment safeguard and/or mitigate climate
risks. Update the Environmental Management Plan (EMP) and provide more
specific detail s based on site visits, the revised design and new information acquired,
if any. Review the bidding documents and ensure the inclusion of the EMP, related
mitigation costs and all necessary provisions for compliance to environment
safeguard requirements. The environment management plan will be updated as part
of the updated |EE.

Task 36 | Monitor the project’s compliance to environment safeguards as given in the IEE

report and implementation of the EMP by the contractor and ensure compliance with
the environmental safeguard requirements of civil works contracts. Provide
necessary training and technical advices including on-site advisory to the contractors
as found necessary. Review and confirm that the EMP implementation records are
maintained by the contractor. Prepare monthly and semi-annual environmental
monitoring reports based on these records and on-site spot checks carried out and
submit to the Employer. The semi-annual reports which will aso cover socia
safeguard issues with inputs from the Social Development Specialist will be for

submission for ADB for disclosure on the ADB website.

3.0 Geotechnical Investigation

With reference to the task 6, WAPCOS has been undertaken the Geo technical investigation
works at Kudhulffushi from 23" September to 17" October, 2017 with the proposed Project
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for Project Management Consultant for Kudhulffushi Harbour Expansion Project,
Maldives.

A comprehensive Geotechnical assessment has been conducted by M/s. EL S International
(Pvt) Limited, Male for M/s. WAPCOS Limited, Maldives to determine the geotechnical
conditions present within the investigated land.

This Geotechnical investigation work includes borehole drilling, sampling of disturbed and
un-disturbed materials, |aboratory investigation of samples and in-situ testing.

This report embodies the findings of the site investigation including, nature and depth of soil
strata, ground water levels at the site, physical and mechanical properties of soils and other
relevant details of the geotechnical investigation.

3.1 SiteDescription

The investigated boreholes are at
Kulhudhuffushi harbour premises |
for expansion of Kulhudhufffushi 7
harbour. The location map shows '
the points were the Geo technical
Investigations are carried out.

Fig 1 Geotechnical Investigation locations

Table.1 Borehole Locations

Borehole
No.

MBH1 | 6°3722.33"N | 285902.00 m E | 73° 348.52"E | 732476.00m N | Quay wall area

Latitude UTM Longitude UTM Remarks

MBH 2 | 6°37'0.15"N 286033.00mE | 73° 352.87"E | 731794.00 m N | Break water

& M/s. WAPCOS Limited, Geo technical Investigation Report  Page 8 of 57
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MBH 3 | 6°376.50'N | 285892.00 mE | 73° 348.25'E | 731990.00mN | &?

MBH4 | 6°37'17.23'N | 285846.00 mE | 73° 346.71"E | 732320.00 m N

MBH5 | 6°3715.07"N | 285940.00m E | 73° 349.78'E | 732253.00mN | Separation Wall

LBH1 |6°375.64"N | 286068.00mE | 73° 353.99'E | 731963.00 m N

LBH2 |6°379.81"N | 286040.00m E | 73° 353.06"E | 732091.00m N | Quay wall area

LBH3 | 6°37'15.28'N | 286005.00 mE | 73° 351.90'E | 732259.00 m N

LBH4 | 6°374.85'N | 285984.00mE | 73° 351.26'E | 731939.00mN | Ferry termina
Building area

LBH5 | 6°372511'N | 285012.00 mE | 73° 348.83'E | 732562.00mN | FSh Market
Building area

e
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Layout of for expansion of Kulhudhufffushi harbour
3.2  General Geological and Sub Grade Characteristic of Site Area

The underneath geological formation of the site is considered, the coral reef formation is
predominated at all the Madivian islands, it may be stated that a classic atoll chain and the
reef limestone, of which they are built, have accumulated on a volcanic ridge foundation

Geo technical Investigation Report  Page 9 of 57
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3.3

associated with a transform fault on the floor of the Indian ocean which is now inactive. As
mentioned above the Male Island also had been formed under volcanic ridge foundational

phenomena.

Describing the soil conditions in the Maldives, it has been observed from previous
investigations that the structure of the reef flats generally consists of either coral sand, soft or
hard coral rock and is usualy overlaid with a relatively thick layer of cora sand. On the
lagoon side of the reef edge the reef is mostly covered with dead corals and afew colonies of
live corals. The cavities between the coral heads are constantly being filled up with cord
sand and pieces of broken and dead corals and will ultimately become a substantially hard

cemented material.

When considering the climatic characteristics, Maldives experience a monsoonal climate, as
the northeast monsoon is from January to March; hot days, cooler nights and relatively dry
periods are common feature during this season. The wet, southwest monsoon prevails from

mid-May to November. Gales and heavy rainfall occur during this season.

Formation of Coral in the Region

With respect to coral formation in general corals are preserved as calcareous skeletons,
originaly secreted by a ssmple anima known as polyps. Reef building polyps avoid deep
water more than 25m deep and grow optimally at depths within 10m. The sea water
temperature should be between 25°C-29°C. Emersion or exposure above water could be
tolerated only for short periods during tidal cycles. Salinity levels should generally be
between 2.7% and 4.0%. The water turbulence is desirable in order to disperse carbon-

dioxide to bring in plank tonic food and oxygen.

A moderate fall out of fine sediments from the water can be tolerated because corals have
self cleansing mechanisms but burial beneath sediment for lengths of time could result in an
asphyxiation and death. The polyp sack like body had an internal cavity which acted as its
stomach. There was only a single opening to the out side, surrounded by tentacles. The polyp

sat in a cup like depression on to pot its calcareous skeleton, or coralites, which is built
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upwards to form a support as it grew. Coral are classified according to this interna structure,
which cannot often be observed directly.

34  Fied Investigation

Field investigation consisted of advancing ten boreholes at the locations marked in Figure 1.
The Field investigation was commenced on 23rd September to 17th October.

3.5 Boreholelnvestigation

The boreholes were advanced by means of rotary drilling machine and the drilling was
carried out with overburden cutting tools and the wash boring process was adopted to
remove the cuttings from the bottom of the borehole. During the drilling operation the walls
of the boreholes were supported by 82 mm dia. NX type flush coupling casings. In order to
achieve better alignment of borehole NWY flush coupling drill rods were used. Details of the
depths of drilling are indicated in the Table 2.

Table 2 Summary of the Borehole I nvestigation

Borehole No. Water Level (m) | Overburden / Soil | Rock / Boulder | Total Depth (m)
Drilling (m) Drilling (m)
M BH -01 +2.00 18.45 - 18.45
M BH - 02 +2.00 18.45 - 18.45
M BH - 03 +2.00 18.45 - 18.45
M BH -04 +2.00 18.45 - 18.45
M BH - 05 +2.00 18.45 - 18.45
L BH-01 +2.00 18.45 - 18.45
L BH-02 -0.80 13.50 3.00 16.50
L BH-03 +2.00 18.45 - 18.45
L BH-04 +2.00 18.45 - 18.45
L BH-05 -1.20 15.50 3.00 18.50
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India

s
T -
EY =
ﬁ
- 3

WAPCOS




G

I
/% Ministry of Housing and Infrastructure, Maldives = Kulhudhuffushi Harbour Expansion

Project

3.6 Standard Penetration Test (SPT)

The SPT was carried out in regular intervals in the overburden, at each of the borehole. The
performance of this test is based on the test method specified in BS 1377. Disturbed samples

of soil were collected from SPT tube.

3.7 Test Procedure

» SPT sampler (Split spoon sampler) inserted in to the boring and it has been connected via
steel rods to 63.5kg hammer.

» Using automatic safety hammer mechanism, hammer was raised a distance of 760mm and
allowed it to fall freely and the energy drives the sampler in to the bottom of the boring. The
process was repeated until the sampler has penetrated a distance of 450mm. The numbers of
blows were recorded for first 150mm (Seating drive) and then two consecutive 150mm
intervals (Test drives).

» The N vaue was computed by summing the blow counts for the two 150mm intervals of
penetration. The blow count for the first 150mm is retained for reference purposes but not
used to compute N value because the bottom of the boring islikely to be disturbed by drilling
process and may be filled with loose soil that fell from the side of the boring.

» The SPT samples were extracted from the sampler and saved the obtained soil samples in
appropriate manners.

> Boring to the depth of the next test been done with the above procedure.

3.8 Ground water conditions

Ground water measurements were obtained from the open boreholes where the water levels
were obtained after a considerable response time. The ground water levels obtained can

fluctuate with the seasons, periods of precipitation and temperature.

4.0  Sub-Surface Conditions
The sub surface conditions encountered at the site are graphically presented in the borehole
logs attached in Annex |. The soil horizons identified at the borehole locations are inferred

from the samples taken from the borehole locations. Soil horizons/layers generally represent
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India

s
T -
EY =
E
- 3

WAPCOS



G

ﬁfiﬁi’z

I
&\/% Ministry of Housing and Infrastructure, Maldives Kulhudhuffushi Harbour Expansion

Project

atransition from one soil type to another and that should not be assumed to be representing
an exact plane of geological change.

Further, the conditions may vary between and beyond the borehole locations. A
comprehensive detail about the sub soil conditions at /across the boreholes is graphically
shown in the Figure 2(a) to 2(j) as Annexure |. The sub soil profile drawings are shown in
the Figure 2(k) to 2(m) as Annexure |I. Few photographs were shown in Annexure 111

taken during the Geo technical investigations works.
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Figure 2 (a)
GB ELS INTERNATIONAL (PVT) LTD. Format No:
. < o-S -1
SITE INVESTIGATIONS DIVISION EL-5h02
Project Geotechnical Investigation at Kulhudhuffushi Island Borehole No M BH-01
Client M/s. WAPCOS Limited Sheet 1 of 2
Location Kulhudhuffushi Rig Joy Core Diameter §54mm Water Column Height  2.00m
Date of Started 12.10.2017 Drilling Method i Wash Casing depth 18.00m Coordinates 732476.00N
Date of Finished 13.10.2017 Casing Diameter | 76mm Elevation (m) s 285902.00E
. E . s . 2 Moisture Content - %% -—n
E |z 3 = £ - Sail Desétint Figld Retords Undrained Shear Strength - t/m”
=l S sle g E_ Lf“ o1l Description (SPT) 0 20 30 40 S0 60 0 B0 90
& U,"" F| & E 5 = = 3 = SPT Resistance - Blows/ft A—a
=] = 3
0,00 Ground level = 0 g | = 5 10 15 20 25 30 35 40 45
DI Ds (.00
| Light gray, sub anguar to angular coral
SAND
1.00
X 2| ss 1.00 6|20 18|38
WS
.00 v
X il ss | — 8| 21 15 | 36
= GW.L iy
ws| at I {}n Dense, light gray, sub anguar to angular
3.00 -0 i nﬂ coral SAND with coral rock fragments
D455 - 0 ~h 15 14 17 |1 31
B RN)|
.00 WS {}t
i hﬁ:
... il
Ds| ss 450 |V.- wf| 7 | s
R ﬂ
5.00 T
O
i R
ws - D
{ Iy
6.00 i{l ﬂ
Z Dol ss 8]l 7| 6|13
NIk ; .
B g -|  Medium dense, light gray, sub anguar to
- A angular coral SAND with coral rock
7.00 : . -
o 0 2 fragments
20
X o7l ss 0 0] 9| 1120
.00 B ‘50_ NO SAMPLE
:ﬂ r
WS 7
" a0
oo 0o
Xm ss 9.00 “D: s 8| & |16
| ﬂ 4| Medium dense, light gray, fine to coarse,
:6 :0 coral rock fragments
10.00 WS g |
Sumple Koy S Test Koy Remarks Logped Hy :
| B3 Where full 0.3m penetration has not been achieved D - Disturbed Sample M - Matural Moisture Content iC - Consolidation
the number of blows for the guoted penetration S5 -SPT Sample L- Anerberg Limit Test UCT-Unconfined Compression Existing Dimuthu
is given (not N-vahic) W - Water Sample (i - Cirain Size Analysis (U - Consolidated Undramed T‘O;I:;i]]l::"e[ Supervised By
[GWL  : Ground Water Level observed inside the WS- Warey Samgle SG -Specific Gravity Test UU-Unconsolidated Undrained g_ Fiored
Borehole, after the saturation UD- Undisturbed Sample B- Bulk Density pH - Chemical HONRICEL L Prasad
NE Not Encountered (C5- Core Sample WV - Vane Shear Test (03 = Organ content as the zero Drilled Hy:
HE -Hammer Bounce Cr - Core Recovery (%) 50," - Sulphare Content level
FIy - Free Down ROD-Kock Quality Designation (%4} CT - Cloride Content Nirnal
{EE Made Ground I:": = Silt %6°8 5 Gravel Aif] Laterite Nodules [--~2-- Completely Weathered Rock /‘_sz
=~ Clay | SE | Sand = ~i2| Organic Matter 1= ¥ silty Sand —.--]Highly Weathered Rock | Fresh Rock
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615 ELS INTERNATIONAL (PVT) LTD. Format No:
SITE INVESTIGATIONS DIVISION ELS-5102
Project Geotechnical Investigation at Kulhudhuffushi Island Borehole No M BH-01
Client M/s. WAPCOS Limited Sheet 2 of 2
Location Kulhudhuffushi Rig Joy Core Diameter |54mm Water Column Height  2.00m
Date of Started 12.10.2017 Drilling Method {Wash Casing depth  }118.00m Coordinates 732476.00N
Date of Finished 13.10.2017 Casing Diameter}76mm Elevation (m) -ograimates 285902.00E
. Tz . Ficld Resords Moisture Content - % —a
E 2 = i: E = o —— 3 & Undrained Shear Strength - Vm~ -—a
:§. 3 9 E: ; E; :75“ :‘501' Descrll‘tl(‘ln (SP‘I ) 10 20 30 -l‘i.l A0 G {] 0 S0
2141514 & g 13 A E F SPT Resistance - Blows/ft B
10.00 Continue from Page | i o il & $ 10 15 20 25 3 35 40 45
E'a Same as previous description
R o 5
X po| ss 10.50 ﬂ: 14| 12] 10 | 22 P
- . Medium dense, light gray, sub anguar to —
ws it angular coral SAND with coral rock \
- ? S fragments
ey
12.00 ng

DI 88 12.00 U '-‘ 7 11 29 | 40
‘l}‘[] A 40

v Dense, light gray, sub anguar to angular
13.00 ws Yy coral SAND with coral rock fragments

B Xm: ss 13.50 [0l w| 7] 11|18
14.00 :U:ﬂ: n f’m -
:U'ﬂ;
ws P

15.00 ! U

D12 ss U'n o T 9 16
by 16

: D’ Medium dense, light gray, sub anguar to

ﬂ _'h- angular coral SAND with coral rock \
-4 [] fragments ) ]

p13| ss Dy 12)1g| 10 |28
- A 28
17.00 “n

16.00 WS

B " n'{].
18.00 0
Ei 3| 58 18.00 |y, Dense, light gray, sub anguar to angular 71211 18 |39 \‘
- - coral SAND with coral rock fragment: L
18.45 The borehole was terminated at the depth of
19.00 18.45m
20.00
sample Key / Test Kev Remarks Logged By ;
J5°T Where full 0.3m penetration has not been achieved D - Disturbed Sample N - Natural Moisture Content | - Consolidation
the number of blows for the quoted penctration 55 -BPT Sample L - Atterberg Limit Test UCT-Unconfined Compression Ex i‘-ﬂﬂg Dimuthu
i# given (not N-value) W Water Sample G - Grain Stze Analys CU - Consolidated Undrained 2 Suy ol
o L ground level
JGWL  ; Ground Water Level observed inside the WS-Warey Sample [5G -Specific Gravity Test UL-Unconsolidated Undrained idered
Borehale, afier the saturation UD- Undisturbed Sample B - Bulk Density pH - Chemical considere: Prigad
NE Mot Encountered C5- Core Sample V- Vane Shear Test © - Organic content as the zero f5arree
HB -Hammer Bounce Cr - Core Recovery (%) 20, Sulphate Content level
] - Free Down ROD-Rock Quality Designation {%a) CT - Cloride Content Nimal
= x . o 00 £ o = - “u - - I
>0 Made Ground Lexx=%] silt |25 Gravel 28] Laterite Nodules [--~2=- Completely Weathered Rock [ 1
= =1 Clay = I Sand ‘; -“;.:l Organic Matter |=.*| Silty Sand —.---] Highly Weathered Rock | Fresh Rock
s . ..
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Figure 2 (b)

&b

ELS INTERNATIONAL (PVT) LTD.

Format No:

SITE INVESTIGATIONS DIVISION Ly sre
= Geotechnical Investigation for Project Management Consultant for
Project * i PR IS Borehole No M BH-02
Kulhudhuffushi Harbor Expansion Project, Maldives
Client M/s. WAPCOS Limited Sheet i of 2
Location Kulhudhuffushi Rig Joy Core Diameter 154mm Water Column Height 2.00m
Date of Started 29.09.2017 Drilling Method Wash Casing depth 18.00m Coordinates 731794N
Date of Finished 30.09.2017 Casing Diameter} 76mm Elevation (m) o) 8 ZR6033E
B . Moisture Content - % -—
= = = Field Records 2 = - —
=1&| | & = = - Soil Diserici ek Undrained Shear Strength - t/m
f'i S g [: 2 ‘5_5_ ¢=: >01 escription (SPT) T 20 10 30 S0 o0 J0 80 W
E 1= : = b ol - -
aldlald] 2 = ] E| E E [, SPT Resistance - Blows/ft —d
0.00 Ground level =5 = <] - 5 10 15 20 25 30 35 40 45
DI DS 0.00 G.h :
B Light gray, fine to coarse, angular to sub
B i1 angular coral SAND with sea shell
{ Ly fragments and coral rock fragments
1.00 Rt
X p2| ss oo [5U 13 24 | 20 | 44
N 0
by .
R 2 D‘ Dense, light gray, fine to coarse, angular to
2.00 P . z
= 0 o sub angular coral SAND with coral rock
D3| ss ot 15| 20 18 | 38
X 4 fragments and sea shell fragments
ws O
3.00 Dy
D4 |ss 3.00 ; 30| HB =50
U Light gray, offwhite, coral rock fragments
l4.00
450 |
5.00
N Highly fractured, d[scolorcd, Inght gray, light ez || mopeove
brown, CORAL ROCK
6.00
6.50 | O'b‘
7.00 - DO_
00
il 20 ) i ) 13 10] 13|23
-+ Medium dense, light gray, fine to coarse, 23
5. 00 . .
I~ {h}ﬂ angular to sub angular coral SAND with -
- coral rock fragments
N ws Qr
.00 NI
e s hl} 71101525
10 ¥ 25
-4 fi
10,00 ws s n
5 Cev ) Test Rev Remarks rjnuziﬁv'
EI’T Where full 0.3m penetration has not been achieved D - Misturbed Sample N - Natural Moisture Content C - Consolidation
the nurmber of blows for the quoted penetration S8 -SPT Samphe L - Anerberg Limit Test UCT-Unconfined Compression Existing Dimuthu
- is given (not Novalue) o \\: -- \\.'.ﬂdl .‘?umplc (i - (il’.‘llll. i e -J\Il.:ﬂ)‘ilﬁ CU - C \:1!11}|)d.u[ull U!'.d{uiu.n:d grolmd level Supervised By:
iWL @ Ground Water Level observed inside the WE-Warey Sample S0 -Specific Graviry Test UL-Unconsolidated Undrained -onsidered
Borehole, after the saturation UD- Undisturbed Samjle B - Bulk Density pH - Chemical "‘fn”“ reC Prasad
NE  Nat Encountered €S- Core Sample V - Vane Shear Test © - Organic content as the zero [5meTe
HE -Hammer Bounce Cr - Core Recovery (%) 50,7 - Sulphate Content level
D = Free Down ROQD-Rock Quality Designation (%) Cl - Cloride Comtent Nimal
0] Made Ground [z=x=2] sine |28 Gravel Aefd] Laterite Nodules [--~--] Completely Weathered Rock [~ §:j
- | Clay I - 0. Sand “; ;*12' Organic Matter ¥ Silty Sand ~--] Highly Weathered Rock | Fresh Rock
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Gl’ ELS INTERNATIONAL (PVT) LTD. Format No:
SITE INVESTIGATIONS DIVISION ELSS102
. Geotechnical Investigation for Project Management Consultant for
Project age:.. i L. A Borchole No M BH-02
Kulhudhuffushi Harbor Expansion Project, Maldives
Client M/s. WAPCOS Limited Sheet 2 of 2
Location Kulhudhuffushi Rig Joy Core Diameter 154mm Water Column Height 2.00m
Date of Started 29.09.2017 Drilling Method {Wash Casing depth  118.00m — T81794N
Date of Finished 30.09.2017 Casing Diameter{76mm___|Elevation (m) it 2860331
T 2 Moisture Content - % -—a
=1 5 - Fiel cords r
= = @ ;J = - Soil D s cld Records Undrained Shear Strength - Um” g—ae
Jé ] ; E E 'E_ ‘E\L:u S escription (SPT) 10 20 30 40 50 60 70 B0 90
2lélE]| 8 2 2 3 E | E E - SPT Resistance - Blows/It
10.00 Continue from Page | 2 B8 e = 5 10 15 20 35 30 35 40 45
o
L ] 29
X 7| ss E 9 o 16| 13 |20
i 27
K 0 {} — e
| ws (. /
) /
12.00 0 ¥
X Dil ss ﬁ{} ] 7 6 13 (
sl & 13
|1}
13.00 WS - D'{].
(K
i ‘N
X po| ss i U 916 6 |12
it y.i
14.00 ﬂ-h B
: 0'0- Same as previous description
B WS u 0
.
15.00 ! [}
X D1y S8 00 & 7 6 13
e 3
i nn F SRE
R
16.00 ws i ; {}
" 02
Dii| ss :h'ﬂ. 12| 10 9l 19
17.00 0 2 i
ws 0
15.00 Q4
X:m ss e is| 1) 10| 23 l
‘ 23
18.45 The borehole was terminated at the depth of
19.00 18.45m
20,00
h:l_Elu By Test ey Remnrks 0T
J5FT Where full 0.3m penetration has ot been achieved D - Disturbed Sample N - Natural Mowsture Content |G - Consolidatmon
the number of blows for the quoted penetration 58 -5PT Sample L= Atterberg Limit Test UCT-Unconfined Compression in‘ilillg Damwthu
is given (not N-value) W - Water Sample G - Girain Size Analysis CU - Consolidated Undrained o |Benensed By
WL : Giround Water Level observed mside the WS-Wgrey Sample SG -S]xull‘lu Ciravity Test LU-Unconsobidated Undrained gi:ﬂl“.'l.:jj J.L\.Jl
Borchole, affer the saturation UD- Undisturbed Sample B - Bulk Density pH - Chemical AR Prasad
i Mot Encountered (C5- Core Samphe WV« Vane Shear Test 0 = Orgunic content as the zero Dirilbed By
HE -Hammer Bounce Cr - Core Recovery (%) $0,” - Sulphate Content level
FD - Free Down ROD-Rock Quality  Designation (%) 1 - Cloride Content Nimal
Made Ground E;" 2 x| Silt _ocpog Gravel A244| Laterite Nodules [---o=-7 Completely Weathered Rock é‘;—_’j
= Clay E .. Sand s 253] Organic Matter *.* Silty Sand ->--*] Highly Weathered Rock I Fresh Rock
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Figure 2 (c)
€|.5 ELS INTERNATIONAL (PVT) LTD. Format No:
SITE INVESTIGATIONS DIVISION ELEsL0
F Geotechnical Investigation for Project Management Consultant for
Project ; R & ) . J . & . Borehole No M BH-03
Kulhudhuffushi Harbor Expansion Project, Maldives
Client M/s. WAPCOS Limited Sheet I of 2
Location Kulhudhuffushi Rig Joy Core Diameter {54mm Water Column Height 2.00m
Date of Started 03.10.2017 Drilling Method 1Wash Casing depth 18.00m Coorditiat 731990N
Date of Finished 03.10.2017 Casing Diameteri76mm Elevation (m) DOTALDANES 285892E
E - Moisture Content - %
| 2 = Field Records — =
=|5]. 2 = =2 Soil Descripti Undrained Shear Strength - vm®
i O 2 = 'i 24 R LAt EOn (SPT) 0 20 30 40 50 60 70 &0 90
SR EAE E - ] E[ E g 1. SPT Resistance - Blows/ft —
0.00 Ground level = -] =4 o S 10 15 20 25 30 35 40 45
oi] ps 0.00 D‘) F - SETL T B :
e Light gray, offwhite, finc to coarse., angular
- L[| to sub angular coral SAND with sea shell
g fragments
1.00 B
X D2 ss 100 |00 9|20 9|20
I I8
Ay . . .
| Medium dense, light gray, fine to coarse,
2.00 . ¢
- - 0 o angular to sub angular coral SAND with . s | 1l
3| ss S E 5| &
-4 0 coral rock fragments t
w5 0_@
3.00 D
B v
D4]ss 3.00 U " 2 3 4 7
2 9
j4.00 WS . U.n
S : g
U- Loose, light gray, fine to coarse, angular to
B { ¥l sub angular coral SAND with coral rock [
X 2R 0. fragments %l 2 | 2y
5.00 e U 2 : 9
- ﬂ-n‘
ws . OD:
ﬂ B
6.00 Ea
X Dol ss 6.00 " U 8 8 6 |14
. 0
: Db‘
7.00 WS Y
u Ik
0 Q Medium dense, light gray. fine to coarse,
B ©.°.| angular to sub angular coral SAND with [
p7| ss O 6| s 7|2
R'A coral rock fragments I
5.00 : GD:
0 )
ws Y {j
- B+ \
9.00 {h
kL b |
pg | ss 9.00 |.{i . B HB =50
U r Very dense. light gray, fine to coarse, =
o] i >
- .| angular to sub angular coral SAND with
0 ﬂ coral rock fragments
10,000 WS Y
Sample key  Test Koy K ! Logged By |
Iﬁ’l Whesre full 0.3m penctration has not been achieved 1 - Dasturbed Sample N - Natural Mosture Content C - Consolidation
!|.x' number ..r:luf.m‘ for the quoted penctration \s. -N'I’.I !\'un.\.'ph.' |. - .-.\'..h-_'r|‘frg: L u:!il |..L-,.| Lt:'l-L. neonfined L'ul|||p|‘|::\biu1| Existing i ..!Jimul.l.m
. is given (not N-value) . \». - Water Sample G - Grain -\u\' Analysis CU - Consoliduted Undrained ground level Supervised By:
GWL @ CGiround Water Level observed inside the WS- 1 ] S0 -Specific Gravity Test LL-Uneonsolidated Undrained ! idersd
Borehole, after the saturation uD- B - Bulk Density pH - Chemical OnsINs Prasad
NE Mot Encountered (€S- Core Samplke WV - Vane Shear Test 0 - Organic content as the zero Dorilled By
HE -Hammer Bounce Cr - Core Recovery (%) 80, - Sulphate Content level
(i8] - Free Down ROD-Rock Quality Desigration (%) Cl - Cloride Content Nimal
Made Ground i ;i Silt %0° 84t Gravel AbAd] Laterite Nodules [-mo-- Completely Weathered Rock [ J
= =1 Clay 2 gt i Sand 4 &% 2| Organic Malter . *| Silty Sand -] Highly Weathered Rock I Fresh Rock
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el; ELS INTERNATIONAL (PVT) LTD. Format No:
SITE INVESTIGATIONS DIVISION ELS-51-02
. Geotechnical Investigation for Project Management Consultant for : N
Project Kulhudhuffushi Harbor Expansion Project, Maldives Eneehioletle LB
Client M/s. WAPCOS Limited Sheet 2 of 2
Location Kulhudhuffushi Rig Joy Core Diameter 154mm Water Column Height 2.00m
Date of Started 03.10.2017 Drilling Method {Wash Casing depth 18.00m Coordin: T3IT990N
Datc of Finished 03.10.2017 Casing Diameter{76mm ___ |Elevation (m) -oorainales 785892F
= k- Ay Field Records Moisture Content - %a -—a
E |z g | = E ; 5 : Undrained Shear Strength - Um’ oo
£ S S ._& _“gj = E Soil Description (SPT) TTRTT] m}r:]new 1&:(: ,rjm‘ —.:, :: =5
2 lEla] 8] 2 2|15 E[2] & SPT Resistance - Blows/It
10.00 Continue from Page | Ll - = = 5 10 15 20 25 30 35 4D 45
By
no| ss . % HB =50 130 I
iifo0 27 . .
B b {} Same as previous description

[
e

X Dol S5 12.00

b Dense to medium dense, light gray, fine to
; ﬂ- coarse, angular to sub angular coral SAND
- { L with coral rock fragments

Xm: s O 6| 18| 24 | 42 >
. I

= B /
02

i 13| ss 16.50 | b gl o 7| 13
) - A I3
l.tHl 'h'o‘

A7 Medium dense, light gray, fine to coarse, —
- i gﬁ angular to sub angular coral SAND with
= 3 - coral rock fragments
ﬂ L)
18.00 -
B i i K| . n - X =i by T
D13 88 18.00 | - V| Dense, light gray, fine to coarse, angular to sub 18] 20 13] 33 \
angular coral SAND with coral rock fragments 33
18.45 The borehole was terminated at the depth of
19.00 18.45m
20.00
Sample Koy / Test Kev Remarks  Wlogged By
| B ‘Where full 0.3m penetration has not been achieved D - Disturbed Sample N - Marural Moisture Content | C - Consolidation
the number of blows for the quoted penetration SS -SPT Sample L - Atterberg Limit Test UCT-Unconfimed Compression Existing Dimuthu
is given (not N-value) W - Water Sample G - CGirain Size Analysis CU - Consolidated Undrained ,m'lm'd level |[Binied Ty
4 i3
GWL - Ground Water Level observed inside the WS-Warey Sample S0 -Specific Gravity Test UL-Unconsolidated Undrained L‘ idered
Borchole, after the saturation UD- Undisturbed Sample B - Bulk Density pH - Chemical considere Prasad
NE Not Encountered (CS- Core Sample W - Vane Shear Test (O - Organic content as the zero Drilled By:
HE ~Hammer Bounce Cr - Core Recovery (%) 30,% - Sulphate Content level
FD - Free Down ROD-Rock Quality Designation (%) CT - Cloride Content Nimal
z g 3 5~ 1Y) 5 - :
Made Ground =2xy| Silt w54 Gravel 44] Laterite Nodules [ Completely Weathered Rock Q\: 1
= | Clay I L [ Sand 2 =53] Organic Matter =% Silty Sand —:---] Highly Weathered Rock Fresh Rock
PrTELLH .. : H H
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Figure 2 (d)
el’ ELS INTERNATIONAL (PVT) LTD. Format No:
SITE INVESTIGATIONS DIVISION ELS-al02
. Geotechnical Investigation for Project Management Consultant for
Borehole N M BH-04
Project Kulhudhuffushi Harbor Expansion Project, Maldives ereen?
Client M/s. WAPCOS Limited Sheet 1 of 2
Location Kulhudhuffushi Rig Joy Core Diameter {54mm Water Column Height  2.00m
Date of Started 14.10.2017 Drilling Method | Wash Casing depth 18.00m Cotrdinatis T32320N
Date of Finished 15.10.2017 Casing Diameteri76mm Elevation (m) DUIOTELES 285846E
s B = B Field Rec i Moisture Content - %o -—
E |z 2 = E ! Soil D TpE. He EooRes Undrained Shear Strength - t/m~
£ |3 =N = E = 5 s01l Descripion (SPT) 0 20 30 a0 50 60 70 80
2 |&[2] 8 = 2 3 E g £ |. SPT Resistance - Blows/t —
(.00 Ground level el 4 el e 510 15 20 25 30 35 40 45 |
p1| ps 0.00 0* ] ~
S Light gray, fine to coarse, sub angular to
- - angular, coral SAND with sea shell
0y fragments
1.00 ﬂ T o
1.00 U ;
- Light gray, coral rock fragments
2.00 v

p2| ss "= [2.00 |y . 16 12 | 20 | 32 '
- Dense, light gray,sub angular to angular, I (I 1

qiL
B e oWy - [} | coral SAND with coral rock fragments with
at . . |
2.00m 0 some silt |
3.00 S A0
g D3 [ss 300 [0V 6|l 7] 5|15
B 2"' Medium dense, light gray.sub angular to
- = {} angular, coral SAND with coral rock
(1] k-1 - ~ . .
- 0> fragments with some silt
LN

X D4 ss as0 [ 0] 16| 11|27
s.00
ws :

.00 Light gray, offwhite CORAL ROCK |
X Ds| ss fragments with some coral sand 8117 |12 29|

7.00 WS

Ei Do | ss 750 |-)v 6| 10] 9|19
5.00 by

E -} Medium dense, light gray,sub angular to
{}11 angular, coral SAND with coral rock
9.00 L3 3 i 5
= b fragments with some silt I 1 t
D7 | 58 i D R’ 10 15 | 25
i 25
. E :
.ﬁ ;
10,00 WS [ 0
Sample Kev = Eomarks  J[Logged By
SPT Where full 0.3m penetration has not been schieved D - Disturbed Sample N - Natural Moisture Content C - Consolidation —
the number of blows for the quoted penetration 85 -SPT Sample L - Atterberg Limit Test UCT -Unconfined Compression Existing Dyirmuthu
N i:i. given r|'..<\| N-value) W: - “.-m“ S:c\mp]c (:- 4 ain '-un. Analysis CLI - Consolidated L 'n.druincd ground Iehvel [Eipervised i,
GWI Ciround Water Level observed inside the WS-Wgrey Sample 803 -Specific Gravity Ull-Unconsolidated Undraimed sid d
Borehole, after the saturation UD- Undisturbed Sample B - Bulk Density pH - Chemical consdere Prasad
NE  Not Encountered CS- Core Sample V - Vanc Shear Test O - Organic content as the zero e
HB -Hammer Bounce Cr - Core Recovery (%) S01," - Sulphate Content level
Iy - Free Down ROD-Rock Quality Designation (%) 1 - Cloride Content MNimal
. 3 3 - = = TRER = = =
£><] Made Ground Lxxxe] sin |25 Gravel artd] Laterite Nodules [-—---] Completely Weathered Rock Q\;_’J
= =] Clay I P I Sand "; ;“:: Organic Matter Silty Sand ~>--] Highly Weathered Rock | Fresh Rock
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Format No:
ELS-S1-02

ELS INTERNATIONAL (PVT) LTD.
SITE INVESTIGATIONS DIVISION

: Geotechnical Investigation for Project Management Consultant for
-hole N -04
Projest Kulhudhuffushi Harbor Expansion Project, Maldives Rosholo NG M-
Client M/s. WAPCOS Limited Sheet 2 of 2
Location Kulhudhuffushi Rig Joy Core Diameter i54mm Water Column Height 2 .00m
Date of Started 14.10.2017 Drilling Method §Wash Casing depth  118.00m Coordi 732320N
Date of Finished 15.10.2017 Casing Diameteri76mm Elevation (m) oaraina s 285846E
E |z F z E Field Recards Lmi:::::j”;;;:";:‘;:;;:]“ t/m”
by = 2 - = : e lw ane zar Strength - >-—
= S S E 2 = %J Soil Description (SPT) T 20 30 40 30 &0 70 8090
= B I = 2 | g8 g . SPT Resistance - Blows/ft "
j10.00 Continue from Page | il I - - S 10 15 20 25 30 35 40 45
e
- Al 19
X x| ss .{]& sliz| 7 |1

11.00

E ws i 0 i)

2.00

Dol ss

—

)
3, &
o
1]

13.00 WS

E Xnn SS h[] 8 113 6 19
14.00 - Uﬂ' =

Same as previous description

WS -

5 .{].ﬁ_
15.00 0
0 wlmn]| e |17

§§ D11y 58

16.00

Xm: 55 :D‘{]. 0] 14 6] 20
17.00 B NO SAMPLE L

18.00

18.45
19,00
20.00
Sample hey / Test hey Hemarks Logged By :
| 5oy Where full 0.3m penetration has not been achieved D - Disturbed Sample N - Natural Moisture Content | C - Consolidation
the number of blows for the quoted penetration 58 -SPT Sample L - Atterberg Limit Test UCT-Unconfined Compression Existing Dimuthu
is given (not N-value) W - Water Sample G - Grain Size Analysis (CL) - Consolidated Undraimed gmun(l Ie\.'el Supervised By;
iWL  : Ground Water Level observed inside the WS-Werey Sample S0 -Specific Gravity Test Ul-Unconsolidated Undrained sidered
Baorchole, after the saturation UD- Undisturbed Sample B - Bulk Density pH - Chemical FONEICETS Prasad
ME Not Encountered C'S- Core Sample V- Vane Shear Test 0 - Organic content as the zero [Ee
HB -Hammer Bounce Cr - Core Recovery (o) 80,7 Sulphate Content level
FDy - Free Down ROD-Rock Quality Designation (%) CI - Cloride Content Nimal
= ® K Ve a oo o A AR A . ST - r
EE Made Ground l;": "gl Silt o g Gravel A _. Laterite Nodules [-=-.~- 1 Completely Weathered Rock |- :J
-_-I Clay T I Sand 2 =a3]| Organic Matter | =, *| Silty Sand —>--"]1 Highly Weathered Rock I Fresh Rock

India

M/s. WAPCOS Limited,

Geo technical Investigation Report

Page 32 of 57




Ministry of Housing and Infrastructure, Maldives Kulhudhuffushi Harbour Expansion

Project
Figure 2 (e)
GD ELS INTERNATIONAL (PVT) LTD. Format No:
SITE INVESTIGATIONS DIVISION ELS-SL02
. Geotechnical Investigation for Project Management Consultant for G
Project Kulhudhuffushi Harbor Expansion Project, Maldives Burdaoke e MBEDS
Client M/s. WAPCOS Limited Sheet 1 of 2
Location Kulhudhuffushi Rig Joy Core Diameter 154mm Water column height 2.00m
Date of Started 14.10.2017 Drilling Method Wash Casing depth 18.0m T 732253.00N
Date of Finished 15.10.2017 Casing Diameter | 76mm Elevation (m) QUIJIRBRES 285940.00E
= = = i . . Moisture Conent - %o -—
E i 2 .—; E - il Descrinti Hie'd 1RLL.Urd:. Undrained Shear Strength - t/'m~
z < 9 el g = _?u Soil Description (SPT) 0 20 30 40 S0 60 70 &0 90
Ja & .? 2 E 2 3 E £ B SPT Resistance - Blows/ft —h
.00 Giround level 4 2 4| % S 10 15 0 25 30 35 4 45
Di| DS 0.00 ﬂﬂ
L B h'ﬂ: Light gray, offwhite, fine to coarse, coral
o T SAND
1.00 :ﬂ =
p2| ss oo |20 23 1 | 1s | 20 |
i ' 29
i ws h ; . :
AP “F| Medium dense, light gray, fine to coarse,
= | subangularto angular, coral SAND with
D3 ss et ; 13 6 | 8|14
L coral rock fragments i 14
] ws )
.00 - by \
=
D4ss 3.00 | 9| 1w | 2333
Q> 33
B "0 () | Dense, light gray, fine to coarse, sub angular
B S to angular, coral SAND with coral rock
.00 WS ‘0‘“- fre i
~ . ragments

2

5.00

0 | Medium dense. light gray. fine to coarse,
o i) U sub angular to angular, coral SAND with
X Ly coral rock fragments

. 00
7.00 WS -

[ n7| ss 750 |-{X 19| 1|23
"B, | 31

5,00

T T
=
=
= w
Wi 17/]
I
'
S
L S Ve =
Propi R By
<
=
=
1]
F S
=
/ o \
B

WS

_ﬁ U

ﬁ Q Dense, light gray, fine to coarse, sub angular
01' to angular, coral SAND with coral rock

5 fragments
% 5 17| 20 | 11 |31 _
X . 31

[9.00

b

10.00 ws o |
8 LCy Remarks
| BE Where full 0.3m penetration has not been achieved 0 - LstuW MW - Nawral Moisture Content C - Consolidation
the number of blows for the quoted penetration 55 -SPT Sample L - Atterberg Limit Test UCT-Unconfined Compression Existing Dimuthu
15 given (nol Nevahue) W - Water Sample i - Cirain Size Analysis (U - Consolidated Undrained — |Bupervised By
2 : A i 5 g Lt i E ground level
iWL  : Ground Water Level observed inside the WS- Wirey Sample SG -Specific Gravity Test UU-Unconsolidated Undrained s
Borehols, afler the saturation UD- Undisturbed Samgle B- Bulk Density pH - Chemical considered Prasad
NE Mot Encountered €S- Core Sample V - Vane Shear Test 0 - Organic content as the zero [5arrre
HE -Hammer Bounce Cr - Core Recovery (%) s0,"- Sulphate Content level
FI = Free Down ROD-Rock Quality Designation (4] | CT - Clorsde Content Nimal
Made Ground L;i:.x-;.] Silt ! @?Sq Gravel N Aﬁi Laterite Nodules i e Completely Weathered Rock Q‘_\j j
=i ] Clay R l Sand 2 ~%%| Organic Matter =, *| Silty Sand —~--1Highly Weathered Rock | Fresh Rock

M/s. WAPCOS Limited, Geo technical Investigation Report  Page 33 of 57
India




Ministry of Housing and Infrastructure, Maldives Kulhudhuffushi Harbour Expansion

Project

Glj ELS INTERNATIONAL (PVT) LTD. Format No:
SITE INVESTIGATIONS DIVISION ELS-51-02

e Geotechnical Investigation for Project Management Consultant for
Borehole N M BH-05
Project Kulhudhuffushi Harbor Expansion Project, Maldives e
Client M/s. WAPCOS Limited Sheet 2 of 2
Location Kulhudhuffushi Rig Joy Core Diameter i54mm Water column height 2.00m
Date of Started 14.10.2017 Drilling Method Wash Casing depth  118.0m Ceordinates 732253.00N
Date of Finished 15.10.2017 Casing Diameteri76mm Elevation (m) QOraInales  r585940.00E
T : Moisture Conicni - %o —
E |= o = E Field Records L‘ndrai::ajlz;;e“::::l‘tgtho tm”
= | & = = A e K J Shear 5 S 0| —
J‘;»E., o 9 S ; T:_\’_ ?:3” Soil DLerlptlUn (SPT) 10 20 30 40 50 60 70 RO 50
2ldlal | 2 2 3 E| E E SPT Resistance - Blows/fi -
10,00 Continue from Page | s | a = % 5 10 15 20 25 30 35 40 45
D% Same as previous description
LN
- 28
pe| ss 1050 |- < 15)12] 16 | 28

I: 1
2
<]
[ —1
= e

b Medium dense, light gray, finc to coarse.
(} sub angular to angular, coral SAND with

WS -
- 0 -h: coral rock fragments
0
_— N
s 12.00 .
O Light gray, coral rock layer
i 1250 [0
13.00 D{}

—

i XU” 55 HU 1] 7 11 17
l-l_l'bf:l nh 7

3.7 Medium dense, light gray, fine to coarse. T

= *.{| sub angular to angular, coral SAND with
= RS coral rock fragments
0

Lo

le 55 nn 121 7 & 15 |

i[,_o(: WS 0'“

D12] 88 .H‘[] 131 10 B 18
. I8
17.00 cs -

17.00 .
Light gray, porous, coral rock layer
wS§ N
B L
1750 [ 4 _ ) i
0 1. Medium dense, light gray, fine to coarse,
18.00 A - .
B - sub angular to angular, coral SAND with il i e I i |
D13] 85 G 3 s -
B 0 coral rock fragments 21
18.45
19.00
20,00
Sample Key / Test Key Remarks Logged By :
SrT Where full 0.3m penetration has not been achieved D - Disturbed Sample N - Matural Moisture Content | C - Consolidation
the number of blows for the quoted penetration S8 -SPT Sample L - Atterberg Limit Test UCT-Unconfined Compression Existing Drimuihu
is given (not N-value) W - Water Sample G - Grain Size Analysis (CLI - Consolidated Undrained round level E\Ip&‘l'\'ih‘d By:
Ve
GWL - Giround Water Level observed inside the WS-Wgrey Sample SG -Specific Gravity Test UL-Unconsolidated Undrained & ciderad
Barchole, after the saturation UD- Undisturbed Sample B- Bulk Density pH - Chemical SIS Prasad
NE Mot Encountered C5- Core Sample V- Vane Shear Test O - Organic eontent as the zero s
HEB -Hammer Bounce Cr - Core Recovery (%) 50, - Sulphate Content level
F13 - Free Down ROD-Rock Quality Designation (%) CT - Cloride Content MNimal
A . X Mg T o 00 ™= aaf - e -
Made Ground "5 *a| Silt "o 4 Gravel Laterite Nodules [-=-.7-- Completely Weathered Rock |
= —| Clay .. Sand 2 =.1| Organic Matter >, *| Silty Sand —>--"] Highly Weathered Rock | Fresh Rock
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Figure 2 (f)
Gl; ELS INTERNATIONAL (PVT) LTD.
SITE INVESTIGATIONS DIVISION Wsians

) Geotechnical Investigation for Project Management Consultant for
Project e ; i : Borchole No L BH-01
Kulhudhuffushi Harbor Expansion Project, Maldives
Client M/s. WAPCOS Limited Sheet 1 of 2
Location Kulhudhuffushi Rig Joy Core Diameter {54mm Water Column Height 2.00m
Date of Started 05.10.2017 Drilling Method | Wash Casing depth 18.00m Coordinates 731963N
Date of Finished 06.10.2017 Casing Diameter{76mm Elevation (m) norcinates 286068E
- = - Field Records Muoisture Content - %o o
E |2 z é E = Soil Descrinti ) Undrained Shear Strength - t/m”
g O 3 o 2 JEE._ :Sh 2ot escription (SPT) 020 30 40 50 60 70 80 90
2 1F] & s? E [t = E [= E . SPT Resistance - Blows/ft —
0,00 Ground level e 1 o & 5 10 15 20 25 30 35 40 45
D1 Ds 0,00 {}{l ;
. Light gray, fine to coarse, sub angular to
B i |} angular, coral SAND with sea shell
Q% fragments
1.00 gt
X p2| ss oo [ 3|l s )]s |w
i | A 10
5 02
. hD:
2.00 U Py
o3l ss 0 [j 6 4 o] 14
o L 14
B s ... Medium dense, light gray,sub angular to
' .g.ﬂ_ angular, coral SAND with coral rock
3.00 D _ X ;
= - fragments with some silt
D4ss 0 .0‘ R 5 9 14
12
j4.00 WS {],n
2 u.ﬂ :
R o
Ds| ss 450 V.- g 8] 7|15
LN||
5.00 S
Q%
ws . hn:
0
6.00 E “.| Medium dense, light gray,sub angular to
X Dé| ss . U angular, coral SAND with some silt wliiz) 7119
2 0
' h'{}.
7.00 ws 0 ”0:
)
X D7| 88 7.50 |- 3| 3| 4|7
5.00 B NO SAMPLE /
0 ¥ | Washed sample: light gray.sub angular to
ws D angular, coral SAND with some silt
o.00 Nk
ps | ss 9.00 |-y . , i3] 10| 8 |18
X o 2' Medium dense, light gray,sub angular to 12 |
- Ul angular, coral SAND with some silt and
0 coral rock fragments
10.00 ws sy
Sample Kev [ Test Key Remarks Logged By :
| 553 Where full 0.3m penetration has not been achieved D - Disturbed Sample M - Natural Moisture Content C - Consolidation
the number of blows for the quoted penetration S8 -SPT Sample L= t Test UCT-Unconfined Compression Existi Dimuthu
is given (not N-value) W - Water Sample G - Grain Size Analysis CLI - Consolidated Undrained Ihi ]]"%_ | Supervised By:
GWL @ Ground Water Level observed inside the WE-Warey Sample (S0 -3\'-|n_'|_'i|'||_- Ciravity Test Ul-Unconsolidated Undrained gIrUUI_]:j ‘c ‘J
Borehole, after the saturation UD- Undisturbed Sample B - Bulk Density pH - Chemical LIRS Prasad
NE Mot Encountered CS- Core Sample V- Vane Shear Test 0- Org ontent as the zero [Eemr
HE -Hammer Bounce (Cr - Core Recovery (%) 10, - Sulphate Content level
(iLE] - Free Down ROD-Rock Quality  Designation (%) C1 - Cloride Content Pimal
@ Made Ground [ 4 xe| Silt %’ uuﬁ Gravel Aetl Laterite Nodules _" Completely Weathered Rock == -/J
= —| Clay I .. Sand 2 <.3| Organic Matter 1= . *] Silty Sand -1 Highly Weathered Rock I Fresh Rock

PrATRLLT)

. M/s. WAPCOS Limited, Geo technical Investigation Report  Page 35 of 57
India

WATE

E i
Tl

WAPCOS



Ministry of Housing and Infrastructure, Maldives Kulhudhuffushi Harbour Expansion

Project
GD ELS INTERNATIONAL (PVT) LTD. e NG}
SITE INVESTIGATIONS DIVISION ELS-S142
. Geotechnical Investigation for Project Management Consultant for .
Borehole N L BH-01
Project Kulhudhuffushi Harbor Expansion Project, Maldives i
Client M/s. WAPCOS Limited Sheet 2 of 2
Location Kulhudhuffushi Rig Joy Core Diameter {54mm Water Column Height 2.00m
Date of Started 05.10.2017 Drilling Method 1Wash Casing depth  118.00m Coordinates 731963N
Datc of Finished 06.10.2017 Casing Diameter}76mm___|Elevation (m) T 2R6068E
- 7 - Field Records Moisture Content - % —
E |2 2 :j g + _— - Undrained Shear Strength - t/m” g— g
=l S g ,_i E = E Soil Description (SPT) T 20 30 40 50 60 0 #0 W
=3 Pl £ 2 = [ £ E SPT Resistance - Blows/fi
10.00 Continue from Page 1 2| e - - 5 10 15 20 25 30 35 40 45
\ 29
401 9 20 | 29

Same as previous description

gg Dol 55
11.00

NO SAMPLE

11.50

12.00

B 8 Light gray. porous, highly fractured, | e —

discolored, coral ROCK

13.00

Xnu ss 13.00 [
14.00 by al 5| e u R

YR
WS el .
B i) n Medium dense, fine to coarse, angular to sub
Eipith angular, coral SAND with coral rock
J15.00 N Uh.

- fragments — "
D1l 58 s wlmn] 9 |20 \ |
I ﬂ“ A 20 |

16.00 ‘{I ‘h

16.50
17.00 Light gray, porous, highly fractured, |
B & g. Y: P w ISR . CR=20% || ROD=0% |— 1 —
discolored, coral ROCK |
17.50 |- 4. ] R
18.00 - 1. [Medium dense, fine to coarse, angular to sub
00 A : |
B Bl angular, coral SAND with coral rock t
D1z ss LN)! : 15] 18 12] 30
M fragments 430
18.45 The borehole was terminated at the depth of
19.00 18.45m
20000 |
- —— ‘Remurks rngg-d By
SFT Wikere full 0.3m penetration has not been achieved D - Disturbed Sample N - arural Mosiure Content |G - Conseldation
the number of blows for the quoted penetration 55 -SPT Sample L~ Atterberg Limit Test UCT-Unconfined Compression Existing Dimuthu
s given (not N-value) W - Water Sample (3 - Cirain Size Analysis CU - Consolidared Undrained sround level Supervised By:
GWL : Ground Water Level observed inside the WS-Warey Sample SG -Specific Gravity Test UU-Unconsolidated Undrained &‘ sidered
Borchole, afler the saturation UD- Undisturbed Sample B - Bulk Density pH - Chemical COWIEN R Prasad
NE Mot Encountered (C5- Core Sample V- Vane Shear Test O - Organic content as the zero Drilled By:
HE -Hammer Bounce (Cr - Core Recovery (%) $00,” - Sulphate Content level
FD - Free Down ROD-Rock Quality Designation (%4) CI - Cloride Content Mimal
- 3 v . 3 = X . TR =
:ﬁﬂ Made Ground Eﬁ:laj Silt |28 Gravel S8 Laterite Nodules [--~0-- Completely Weathered Rock d“;J
—_~J Clay E 0] Sand 2 2| Organic Matter =¥ Silty Sand o Highly Weathered Rock I Fresh Rock
FrLTELLT .. . : :
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Figure 2 (g)

GD ELS INTERNATIONAL (PVT) LTD.
SITE INVESTIGATIONS DIVISION

Project Geotechnical Investigation at Kulhudhuffushi Island Borehole No L. BH-02
Client M/s. WAPCOS Limited Sheet 1 of 2
Location Kulhudhuffushi Rig Joy Core Diameter 154mm Ground Water Level 0.80m
Date of Started 20.10.2017 Drilling Method |Wash Casing depth 13.50m Coordinates T32091N
Date of Finished 23.10.2017 Casing Diameteri76mm Elevation {m) oorcmates 286040FE
— —: — 2 % § Mouoisture Content - % [—
E z z '_f E |5 Soil Descrinti Field Kecards Undrained Shear Strength - t/m”
£ |9|g]e g R Son Leseription (SPT) T 30 30 40 50 &0 70 50
2\élzld] 2 S 13 El e EJ. SPT Resistance - Blows/ft  a——
jo.00 Ground level a | e | = 510 15 20 25 30 35 40 45
| ns 0.00 U‘ .
-0 Light gray, fine to coarse, sub angular to
B ) angular coral SAND with sea shell
. ¥ Y fragments
j1.00 — ‘[% ' g
b

—p
]
-3
Lh
(5]

D2 sS | G, (100 127 5
at 0.80m H-ly 12

BRIk
. D‘ Medium dense, light gray, fine to coarse,
= " 0 3. | sub angular to angular coral SAND with sea W . g
X :ﬁ ﬂ shell fragments 11
i ws j'ﬂj
[3.00 ¥

) .
I ! !
D4 fss 3.00 % s o 1424
'[I " 24

4.00 WS O'h

B 'E
X D5l ss BT 121 10 5 15
5.00 ﬁ ﬂ 15

0
| ws UD_
i {} h Medium dense, light gray, fine to coarse,
| § 0 sub angular to angular coral SAND with
Da| 55 - 25] 12 7 19
X 0 coral rock fragments L 19
A

7.00 ws

Xm s$ - B3l oi]2
.00 Y . [

WS § ﬂ
9.00 N3
s | ss 9.00 -F]} 18 12| 10|22
X o - 22
IR Light gray, brown, coral fragments with fine
H B to coarse, coral SAND
10.00 WS e
Sutiiple hey ! Lest hey Hemarks  J|Loseed By
[EFT Where full 0.3m penetration has not been achieved D - Disturbed Sample M - MNarural Moisture Content C - Consolidatson
the number of blows for the quoted penetration S5 -SPT Sample L - Atterberg Limit Test UCT-Unconfined Compression Exicting Dimuthu
s given {not N-value) W - Water Sample Gi - Cirain Size Analysis (CLI - Consolidated Undrained Supervised By:
. . a i, X ground level
GWL  Ground Water Level observed mside the WS-Wrey Sample 50 -Specific Gravily Test Ul-Unconsolidated Undrained b : fared
~onsiden
Borehole, afier the saturation UD- Undisturbed Sample B - Bulk Density pH - Chemical COUAIIRENC Prasad
INE Mot Encountered CS- Core Sample V - Vane Shear Test 0 - Organic content as the zero Drilled By;
HE -Hammer Bounce Cr - Core Recovery (%) S0, - Sulphate Content level
o - Free Down ROD-Rock Quality Designation (%) CT - Clonde Content MNimal
X = - o oo . & A . F - "
M Made Ground EE": x| Silt |’ o Gravel 48 Laterite Nodules [~ Completely Weathered Rock Q\:J
=_=J Clay *.t. ) Sand 2 &%3] Organic Matter =, *| Silty Sand [—-*]Highly Weathered Rock Fresh Rock
'y £ Y ghly
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ELS INTERNATIONAL (PVT) LTD.
SITE INVESTIGATIONS DIVISION

Format No:
ELS-S1-02

16.00 s

moderately strong coral ROCK

Project Geotechnical Investigation at Kulhudhuffushi Island Borehole No L BH-02
[Client M/s. WAPCOS Limited Sheet 2 ol 2
Location Kulhudhuffushi Rig Joy Core Diameter |54mm Ground Water Level  0.80m
Date of Started 20.10.2017 Drilling Method Wash Casing depth  113.50m Coordinates 732091N
Date of Finished 23.10.2017 Casing Diameter}76mm Elevation (m) -apICnated 286040E
e B o Field Records Moisture Content - % —=
g |z 2 f=) § - s = = —
E1E 2 = E i RO i Undrained Shear Strength - t/m” g—se
_;;_"_ 8 9 2: § _‘E_ -§u SO]I D("hu 1pt101’! {SPT) [I0] 20 30 40 0 6l T R0 90
& ldlz]8] 3 (=3 I EJE] £ |. SPT Resistance - Blows/It B
[10.00 Continue from Page | L = £ 5 10 15 20 25 3 35 40 45
-4
i :D‘{I A 30
X pol ss :0 r 26 | 18| 12 | 30
11.00 k.
i :t.' '.0 [ /
i ws nu
:ph: Same as previous description
12.00 [} s — , =
pio| ss 1wl 3 4 7 <
X (v y
- oy BN
13.00 WS U o | \_ [
U 0 NO SAMPLE
’ it ROCK LEVEL 30 | uB 50 \
qu ss 13.50 \.
14.00 |
Moderately weathered, light gra?«'. porous, | . .. —
cs moderately strong coral ROCK
15.00
15.00 i)
i Moderately weathered, light gray, porous, : : :
O CR=40% ROD=0%

16.50 The borehole was terminated at the depth of
17.00 16.50m
18.00
19.00 |
200,00
Remarks I ng;ml Tiv :
F Where full 0.3m penctration has not been achieved I3 - Disturbed Sample M - Natral Moisture Content  |C - Consolidation
the number of blows for the quoted penetration S8 -SPT Sample L - Amerberg Limit Test UCT-Unconfined Compression Existing Diimuthu
B given {not N-value) W - Water Sample Gi - Cirain Size Amalyais (CLI - Consolidated Undrained T & Supervised By:
. y SRR : 2 , 7 C ground level
WL @ Ground Water Level shserved mside the W5-Warey Sample S0 -Specific Gravity Test UU-Uneonsolidated Undrained s deed
Borehok, after the saturation UD- Undisturbed Sample B- Bulk Density pH - Chermigal b it Prasad
[T Not Encountered C8- Core Sample V - Vane Shear Test | - Ohrganic content as the zero Dirilled By
HE ~Hammer Bounce Cr - Core Recovery (%) S0, Sulphate Content level
FD - Free Down ROD-Rock Quality Designation (%) C1 - Clonide Content Mimal
" - . o oo _ L¥3 . i SN o i
';EE Made Ground | o™ | silt |=le g Gravel 8] Laterite Nodules Completely Weathered Rock [ J
=_=| Clay | i 1 Sand + a5 Organic Matter * ¥ Silty Sand --] Highly Weathered Rock I Fresh Rock
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Figure 2 (h)
Gl; ELS INTERNATIONAL (PVT) LTD.
SITE INVESTIGATIONS DIVISION
. Geotechnical Investigation for Project Management Consultant for 0o

Project Kulhudhuffushi Harbor Expansion Project, Maldives BorehioliNa LBH-03
Client M/s. WAPCOS Limited Sheet I of 2
Location Kulhudhutfushi Rig Joy Core Diameter {54mm Water Column Height 2.00m
Date of Started 09.10.2017 Drlllln§ Method Wash Casing depth 18.00m Coordi T32259N
Date of Finished 10.10.2017 Casing Diameteri 76mm Elevation (m) Corginates 286005E

=2 ;: = Fiald Restrds M.msluf'c (_.on‘lcm - % . -—

E|E 2| 3 = - s s g Undrained Shear Strength - t/m

J—E_ j -;3 : ; ‘-:,: _"_5” Soil Descrlpllon (SPT) I 20 30 40 50 o0 TO B8O 0

2 |S|la]|d] & =] | E| E E SPT Resistance - Blows/ft —
.00 Ground level " e i = S W0 15 20 25 30 35 40 45|

pi| ps 0.00 |04 ] . [
N Light gray, fine to coarse, sub angular to
B B ﬂ angular, coral SAND with sea shell
1 b fragments

1.00 A

X 2| ss 100 [0 o N N Y
i 0 .
AN |

I Loose, light gray,sub angular to angular,

208 il e [) “ coral SAND with coral |'Iock fragments with il ailslis
X i some silt

§ WS {}h

2.00 D

Xm ss 3.00 .0“‘3': | 6| 6|12
B 2 |
4,00 ws {}{1

By

0 |

i X ns| ss 2 :I] 5 4 6 ll'li
0
iy

siel ss “ U ) . 71 6| 6 |12
[}n Medium dense, light gray,sub angular to I
:D" angular, coral SAND with coral rock

WS

7. 0000

- A fragments | |
7.00 ws - 0 ™

0
§ n7] ss {}-u 1wl 6 s |l
5.00 X 00 . A 11
ws ﬂ ﬁ
o.00 {}"h |
X ns | ss i'uD. g 7| 8 |15
E [] _ﬂ: |
Bl :

10,00 W5 |
Sample Kev /T Remarks || Losged By
| B Where full 0.2m penetration has not been achieved D - Disturbed Sample N - MNatural Moisture Content C - Conzoladation
the number of blows for the quoted penctration 5S -SPT Sample L A arg Limit Test LCT-Unconfined Compression Existing Dhmuthu
s given (not N-value) W - Water Sarmple G - Girain Size Analysis (CU - Consolidated Undrained © S [Supervised By:
s i ground level
W Ciround Warer Level observed inside the WE-Worey Sample 506 -Specific Gravity Test ULl-Unconsolidared Undrained = f
: 3 i 3 ’ 2 considered
Borchole, after the saturation U Undisturbed Sample B- pH - Chemical Prasad
NE Not Encountered C5- Core Sample V- Vane Shear Test [0 - Organic content as the zero Drilled By:
HE -Hammer Bounce Cr - Core Recovery (%) 50," - Sulphate Content level
Fo - Free Down ROD-Rock Chuality Designation () Cl - Cloride Content MNimal
: E3 ® o= =] ~ AA i T =
{EE Made Ground I_g_’,:_"_g_l Silt lo g Gravel 48] Laterite Nodules | Completely Weathered Rock
= =] Clay i I Sand 2 Za3| Organic Matter . 'E Silty Sand Highly Weathered Rock | Fresh Rock
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€l; ELS INTERNATIONAL (PVT) LTD. Format No:
SITE INVESTIGATIONS DIVISION ELS-S1-02

: Geotechnical Investigation for Project Management Consultant for .
Project Kulhudhuffushi Harbor Expansion Project, Maldives Beeelinle No LEH2
Client M/s. WAPCOS Limited Sheet 2 of 2
Location Kulhudhuffushi Rig Joy Core Diameter {54mm Water Column Height 2.00m
Date of Started 09.10.2017 Drilling Method { Wash Casing depth  118.00m . s = T32259N
Date of Finished 10.10.2017 Casing Diameter}76mm Elevation (m) Coordinates 286005E
| _g - Ficld Récoids Moisture Content - % —
E |2 w = = : Zon i : drained Shear Stre -t/m”
HEEEERERE Soil Description (SPT) —
2l 8 2 fal = g 1 B = SPT Resistance - Blows/ft
10.00 Continue from Page | L e e & S 10 15 320 25 30 35 40 45

D9| ss 10 8 18

T
=]
-2
L
*®

11.00

12.00

:u .ﬁ_ R—
Do ss 18] 8 15 23
X -

13.00 WS

i X[m S5 bU 8 9 12 |21
14.00 EY

ws ﬂ {h}
0. : o 2
15.00 .- ﬂ Same as previous description - [
X D12) S8 nu (] 8 17 | 25
: hﬂf 23
R
16.00 WS

i DI13| S8 'h'{}: ol 12 7] 19l '
1‘!.:mX Y N 19

ik — =
ws 0
= : nﬂ
18.00 | b
D13 88 'Q'G 6l 9 11| 20
R nL 20
18.45 The borehole was terminated at the depth of
19.00 18.45m
20.00
Sumple Key / Test hey Remarks Logged Hy

SPT Where full 0.3m penetration has not been achieved D - Dsturbed Sample N - Matural Moisture Content | C - Consolidution

|.h|.- .numln.'l u]'.|i||\\\$ forr the quoted penetration 55 -SPT Sample I_ - .-Alrurhl.'.r_lkl imit T.L'ﬂ UCT-Unconfined Compression Existing .IJimmIm
) is given {not N-valie) o G - Grain ;‘ilzc Analysis CLr - C‘nn.\'nlid.:ltcd Undrained gmund level Supervised By:
GWL  : Giround Water Level observed inside the S0 -Specific Gravity Test Ub-Unconsolidated Undrained A

: ; . ; = : s considered

Borehole, after the saturation U Undisturbed Sample B - Bulk Density pH - Chemical Prasad
NE  Not Encountered CS- Core Sample V- Vane Shear Test O - Organic content as the zero frarre
HEB “Hammer Bounce Cr - Core Recovery (%) 50,” - Sulphate Cantent level
FD» - Free Down ROD-Rock Quality Designation (%) 1 = Choride Content Mimal

® ® . G — .Y . 1 SEETR - '

Made Ground *%%x| Silt |0 ﬁ' Gravel M4 Laterite Nodules [[---v~- Completely Weathered Rock Q_\j’j

=_—J Clay | ... Sand < #L12] Organic Matter >, *| Silty Sand [ —.>~--] Highly Weathered Rock I Fresh Rock
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Figure 2 (i)
GD ELS INTERNATIONAL (PVT) LTD.
SITE INVESTIGATIONS DIVISION
. Geotechnical Investigation for Project Management Consultant for
Project 4 b i b il Borehole No LBH-N-04
Kulhudhuffushi Harbor Expansion Project, Maldives
Client M/s. WAPCOS Limited Sheet 1 of )
Location Kulhudhuffushi Rig Joy Core Diameter 154mm Water Column Height 2.00m
Date of Started 15.10.2017 Drilling Method | Wash Casing depth 10.90m Coordinates 731939N
Date of Finished 16.10.2017 Casing Diameter]76mm Elevation (m) Dorcinates 285984E
] : Moisture Content - % -—
g = 3 el Field Records —_ LS—
E|E -y b= E - Soil Desecrinti iy Undrained Shear Strength - t/m
s |Slgle] 2 € | & wollideseripion (SPT) R N R I T
a2 |dl& .n"' 2 =] 3 E ] E ] SPT Resistance - Blows/ft —a
0.00 Ground level ] o 0 G2 5 10 15 20 25 30 35 40 45
D1| DS 0.00 1 (q
I b'ﬂ: Light gray, sub anguar to angular, coral
ﬂ ¥ SAND with coral rock fragments
1.00 M
Xu: 88 oo [T 7] 7|2
B v
ws . uD_
2.00 R
= 10 L)
p3l ss 12 9 (i} 15
-b 'U
B - .t Medium dense, light gray, sub anguar to
gb angular coral SAND with coral rock
3.00 g % ; ey
- - A fragments with traces of silt
X D4|ss 0 e 9 7 11 18
i RN
4.00 ws 0.
) ﬁ'a
= n ‘h'
X Ds| 88 450 [V. 7 5 4 9
0
5.00 L U
(]ﬁ Loose, light gray, sub angular to angular,
WS "D coral SAND with traces of silt
0 .D_
6.00 s
X D6 58 600 |-V s e |17
B NIk
. k,o‘
7.00 ws G .
LN
7| 88 (. . . 1 4 o]
‘3. | Medium dense, light gray, sub anguar to
8.00 = i
B L 0 angular coral SAND with coral rock
| 3 fragments with traces of silt
WS i
9.00 U'U-
Xam ss “1} w| 7] 5|2
i e
10.00 ws = 0 |
Sample Key [ Test Key Remarks Logaed By :
SPT Where full 0.3m penetration has not been achieved D - Disturbed Sample N - MNatural Moisture Content C - Consolidation
the number of blows for the quoted penetration S8 -SPT ‘-.:mpl._ L - Anerberg Limit Test UCT-Unconfined Compression EXiSIing Drimuthu
is given {not N-value) W Wi G - Grain Size Analysis (CU - Consolidated Undrained Supervised By
= : . e i i . } ) ground level
GWL ¢ Giround Water Level observed inside the WE-Wre . SG -Specific Gravity Test UU-Unconsolidated Undrained onsidered
Borehole, after the saturation UD- Undisturbed Sample B - Bulk Density pH - Chemical CELETaTD Prasad
NE Mot Encountered 5= Core Sample V - Vane Shear Test 0 - Organic content as the zero I
HEB -Hammer Bounce Cr - Core Recovery (%) 50, - Sulphate Content level
Fi Free Down ROQD-Rock Quality Designation (%) CT - Cloride Content Nimal
EE Made Ground xX Silt |'=ele &y Gravel Ve Laterite Nodules ': “-’j Completely Weathered Rock [ ;1
= _—] Clay s _1 Sand ‘; ;‘::l Organic Matter | =, *] Silty Sand ]I{ii_.hl\«' Weathered Rock | Fresh Rock
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GB ELS INTERNATIONAL (PVT) LTD. Format No:
SITE INVESTIGATIONS DIVISION LRk
3 Geotechnical Investigation for Project Management Consultant for
Project g i R R Borchole No LBH-N-04
Kulhudhuffushi Harbor Expansion Project, Maldives
Client M/s. WAPCOS Limited Sheet 2 of 2
Location Kulhudhuffushi Rig Joy Core Diameter {54mm Water Column Height 2.00m
Date of Started 15.10.2017 Drilling Method i Wash Casing depth  110.90m Coordinates 731939N
Date of Finished 16.10.2017 Casing Diameteri76mm Elevation (m) : 285984E
s - Moisture Content - % —a
El= o 2 E Ficld Records Und I'T‘:juﬁ;: mﬁl}lLrnugll tm*
=, - ) = =, - 4 i3 raine car Strength - UVm” g
z [S|¢g E 2 =1 ?U Soil Description (SPT) L L R ]
2 |18 2 2 3 E]| E E . SPT Resistance - Blows/ft i
10.00 Continue from Page | 0 ] ] S 10 15 20 25 30 35 40 48
0‘) Same as previous description \
i By 33
X po| ss 10.50 ﬂ g 20| 18] 15 | 33 i
11.00 s oy s ; ; 2 - / |
-0 ﬂ Dense, light gray, sub anguar to angular
s -.".| coral SAND with coral rock fragments with
| ML traces of silt
e
12,00 = ?
piof ss 1200 V-7 s3] 6 |10 /
.b.ﬂ 11 19
02
13.00 WS B h'{].
o
Xnn ss -2 ] w0 |2
14.00 0’0 . 21
g
ws o
i 14
- ~a-| Medium dense, light gray. sub anguar to —
D1 ss ‘{}'b. 13 & )’ e 16 ] 13 8 21
‘b angular coral SAND with coral rock L 21
- -1 fragments with traces of silt ?
16.00 WS "Lt
L -} 0
i 0%
Xl)u 55 h{] 9 | 10 6 16
17.00 0 T 6
ws 0%
B i h'{].
15.00 :[} L3
3] ss '0'0 15 ] 13 17 | 30 \
Ei B L 30
18.45 The borehole was terminated at the depth of
19,00 18.45m
20.00
Sample Kev [ Test Kev Remarks r; ogged By
J5FT Where full 0.3m penetration has not been achieved D - Disturbed Sample N - Natural Moisture Content | - Consolidation |
the number of blows for the quoted penetration 55 -SPT Sample L= Atterberg Limit Test LICT-Uneonfined Compression Iins‘-ting Dmuthu
) is given (not N-value) ) w .- Water . ple G - ii:uiuf ‘\m_ Analysis CL - ('unsulid.n(cd Undrained ground level Supervised Hy:
[GWL  : Ground Water Level observed inside the WS-Warey Sample 5Gi -Specific Gravity Test Ull-Unconsolidated Undrained idered
Borehole, after the saturation UD- Undisturbed Sample B - Bulk Density pH - Chemical RO Prazad
NE Mot Encountered €S- Core Sample V - Vane Shear Test €} - Organic content as the zero [Fmase
HB -Hammer Bounce Cr - Core Recovery (%) 50, - Sulphate Content level
FD - Free Down ROQD-Rock Quality Designation (%) CT - Cloride Content Nimal
k<] Made Ground 2% x| Sil |2 St Gravel atbl] Laterite Nodules [---2=-2] Completely Weathered Rock Q\;J
R ay " an — . reanic Matter Silty San T ighly Weathered Roc Fresh Rocl
Clay Sand = 253 Organic M Silty Sand i Highly Weathered Rock Fresh Rock
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Figure 2 (j)

GD ELS INTERNATIONAL (PVT) LTD. Format No:
SITE INVESTIGATIONS DIVISION ELS-SE0L

Z Geotechnical Investigation for Project Management Consultant for R
Eroject Kulhudhuffushi Harbor Expansion Project, Maldives Borcholo No L BHAS
Client M/s. WAPCOS Limited Sheet 1 of 2
Location Kulhudhuffushi Rig Joy Core Diameter {54mm Ground water level 1.20m
Date of Started 24.09.2017 Drilling Method {Wash Casing depth 18.00m . . ] 732562N
Date of Finished __125.00.2017 Casing Diamcter | 76mm__|Elevation (m) Coondingics IR5012E
Z2 = =1 . . ) Moisture Content - % -—
£ g 2 ; £ = Soil Descripti l"l1.|d1Rl_.f,Urdb Undrained Shear Strength - t'm~
'E_ “ 9 Fand 2 "‘E E_I oL escription (SPT) 0 20 30 3050 60 T0 =0 90
2l2lz128 E <] o E E £ SPT Resistance - Blows/ft —
0000 Ground level "j f‘ :) = 5 1S 0 25 30 35 40 45
D1 Ds 0.00 U“’ 3 ~
o Light gray, fine to coarse, sub angular to
- o angular, coral SAND with sea shell
4 ¥ fragments
1.0 e
B A

X D2| ss 1.00 U 13] 24 5 29 I
A | T 29
5 (v :

2.00 0 v

D3| ss ‘ﬁ 0 7 [§] 8 14
i D
3.00 "~

s
L}

b
X D4 |55 [} 2: 6| 3 215

4.00 WS - ()4

L L]
Ds| ss -0 4 7 7 0|17

.0 []

5.00 2

- 2 Medium dense, light gray.sub angular to
= 52 n‘ angular, coral SAND with coral rock
02 fragments with some silt

7

6.0

7.00

X 7| po U-u
.00 ; f{]{ NO SAMPLE

U o
= 'ﬁ. []
.00 i
ps | ss . _"I} 7|10 8|18
piiet 18
| 0
10,00 WS -. U
L Ly Text Key Bemarks §logged By :
| & Where full 0.3m penctration has not been achieved D - Disturbed Sample N - Matural Moisture Content C - Consolidation
the number of blows for the quoted penetration S5 -5PT Sample L - Arerberg Limit Test UCT-Unconfined Compression Exiﬂing Dimuthu
is gaven (not Nevalue) W - Water Sample i - Cirain Size Analysis (U - Consolidated Undrained : Supcrvieed By-
: 2 ¥ > q 7 5 ¢ ground level
WL Ground Water Level observed inside the WS- Wgrey Sample S€i -Specific Gravity Test Ull-Unconsolidated Undrained = H
T s < e considered .
Borehole, after the saturation UD- Undisturbed Sample B - Bulk Density pH - Chemical Prasad
NE Mot Encountered €S- Core Sample V - Vane Shear Test 0 - Organic content as the zero [Fmease
HB -Hammer Bounce Cr - Core Recovery (%) S0,* - Sulphate Content level
1 = Free Down ROD-Rock Quality Designation (%) CT - Cloride Content Nimal
¥ 3 S oD - TL : A Bereap - :
Made Ground le= ok | silt = o4 Gravel $4] Laterite Nodules [--o- Completely Weathered Rock d:i
=_=] Clay | A | Sand 2 2% 2| Organic Matter ¥ Silty Sand ---] Highly Weathered Rock Fresh Rock

M/s. WAPCOS Limited, Geo technical Investigation Report  Page 43 of 57
India




Ministry of Housing and Infrastructure, Maldives

Project

Kulhudhuffushi Harbour Expansion

elb ELS INTERNATIONAL (PVT) LTD. Format No:
\ i W N i LS-S1-02
SITE INVESTIGATIONS DIVISION ELS:51H
) Geotechnical Investigation for Project Management Consultant for
Project i e L R Borehole No L BH-05
Kulhudhuffushi Harbor Expansion Project, Maldives
Client M/s. WAPCOS Limited Sheet 2 of 2
Location Kulhudhuffushi Rig Joy Core Diameter 154mm Ground water level 1.20m
Date of Started 24.09.2017 Drilling Method {Wash Casing depth  118.00m Coordinat 732562N
— = D o
Date of Finished 25.09.2017 Casing Diameteri 76mm Elevation (m) parfinatles 285912E
2 - Moisture Content - % -—m
E |3 2 - E Field Records Undrained Shear ‘itrcn!_.lh“ tm-
= = — L= . IR e J s s gth - t/ [r—
= 5] g = -E = ;’-jl Soil Description (SPT) 0 20 30 30 50 60 0 &0 90|
=N EAELF E = e} = = £ ~ SPT Resistance - Blows/fl
10,00 Continue from Page | = = i & 5 W 15 20 35 30 35 40 45
= - P{)ﬁ 22
X Do) S8 -H i 5 10 12 22
11.00 e . o
B .0 0 Same as previous dcscrlplmn
ws - 0-0
I ui}-
12.00 P \
piof ss 12.00 U 13117] 16 | 33
-4 0 33
- o Medium dense, light gray.sub angular to
ws 0 gh, angular, coral SAND with coral rock
13.00 : iy . . .
— L fragments with some silt N
1
- -4h
Ei o ss 13.50 | U 8 | 30| uB [>s0
14.00 - ()4 =50 )
R Very dense, light gray,sub angular to
ws 2 Eu angular, coral SAND with coral rock
- fragments with some silt
15.00 {} L3
Ei pi12| ss ) HB =50
ROCK LEVEL i Sl §
15.50
16.00
Highly fractured, poru‘us, light gray, coral e
cs ROCK
17.00
17.00 O
Highly fractured, porous, light gray, coral crerven || RoD=0%
18.00 cs ROCK
18.50 The borehole was terminated at the depth of
19.00 18.50m
20.00
Sample Kev / Test Key Remarks Logged By :
| B Where full 0.3m perctration has not been achieved D - Disturbed Sample M - Natural Moisture Content  |C - Consolidation
the number of blows for the quoted peretration 55 -SPT Sample L - Atterberg Limit Test UCT-Unconfined Compression Existing Drirnuthu
s given (not N-vahie) W - Water Sample G - Grain Size Analysis CU - Consolidated Undrained Supervised By
. i : : : : : ground level
WL Ground Water Level observed inside the WS-Warey Sample S0 -Specific Ciravity Test Ul-Unconsolidated Undrained = A
Borchole, after the saturation UD- Undisturbed Sample B - Bulk Density pH - Chemical SRR Prasad
NE Mot Encountercd CS- Core Sample V- Vane Shear Test ) - Organic content as the zero fremare
HB -Hammer Bounce (Cr - Core Recovery (%) 50,7 - Sulphate Content level
FI2 - Free Down ROD-Rock Quality Designation (%) CT - Cloride Content Mirmal
@ Made Ground X" it | silt |22 88 Gravel Aa84] Taterite Nodules [--=o=-" Completely Weathered Rock Q\:j
—_—J Clay ] i I Sand > 2%2| Organic Matter X *| Silty Sand o \‘"‘,I Highly Weathered Rock I Fresh Rock
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ANNEXURE-II

SUB SOIL PROFILE DRAWINGS
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SUB - SOIL PROFILE (LBH 1 to LBH 3) - Along the Shoreline
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SUB - SOIL PROFILE (LBH 4 to LBH 5) - In the Reclamation Area
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SUB - SOIL PROFILE (MBH 1 to MBH 5)

WATER LEVEL
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