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1 Non-technical Summary  

1.1 Background 

The non-technical summary outlines the findings of the Addendum 4 to the Environmental 

lmpact Assessment for Reclamation and Expansion at lbrahim Nasir lnternational Airport 

(INIA), Hulhulhe, Kaafu Atoll, which involves construction of a temporary water production 

facility at the Hulhule for the period of the construction works of the INIA expansion project, 

The proponent and contractor of this project is Male’ Airports Company Limited (MACL), 

main contractor is Chinese Beijing Urban Construction Group (BUCG) and subcontractor for 

RO plant, borehole and storage tank construction is Static Company Pvt Ltd. 

1.2 Project Detail 

The proposed project involves construction of a temporary water production facility at 

Ibrahim Nasir International Airport under the Reclamation and Expansion at lbrahim Nasir 

lnternational Airport (INIA) project. The water production facility will include RO plant 

house (housing two RO plants of 250ton/day, two boreholes, settlement tanks, 2 water 

storage tanks of capacity 500tons each, brine discharge line and also pipeline connecting 

temporary facility to existing MACL water grid near the project temporary site). This 

temporary facility will be located at the south eastern side of Hulhule. The diameter of the 

boreholes is 8 inch while the depth is 40m. Water extracted through the borehole will be used 

as feed water for the 2 RO plants (250ton/day).  

1.3 Key impacts, mitigation measures and alternatives 

1.3.1 Key impacts 

Impacts on the environment from various activities of the water production facility, mainly 

the borehole construction component and its operation have been identified through 

interviews with the proponent, field data collection and surveys as well as based on past 

experience in similar development projects.  

Possible impacts arising from the project have been analysed with the aid of a Leopold 

Matrix. In any development project major direct impacts to the environment (either short-

term or long-term) occur mainly during the construction phase. Potential direct or indirect 

impacts on the environment (on land and reef system) from the proposed works are limited to 

a relatively small number of activities, which include: 

 Groundwater contamination/salinisation due to extraction of groundwater during 

and after drilling to clear out the chemicals used during the drilling process as a 
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hardening agent for the walls of the borehole. This is foreseen to be minor to 

insignificant due to moderate extraction rates. 

 Groundwater contamination due to leakage of drill slurry from the slurry collection 

pits 

 Extraction of groundwater during operation phase which is foreseen to be 

insignificant due to moderate drilling rates.  

1.3.2 Mitigation measures 

The severity of impacts is predicted by reviewing the design plans and construction 

methodologies. Mitigation measures are formulated in light of the information revealed by 

the project engineers. 

Mitigation measures are discussed for the construction stage of the project. During the 

construction stage it is important to take measures to minimize impacts on the degradation of 

groundwater quality. Method of drilling also has to be taken into account to minimise impact. 

A method that has the least impact on terrestrial or marine environment has to be utilized. 

1.3.3 Alternatives 

Considering the alternatives for the project (alternative to setting up a temporary water 

production system) analysis of alternatives shows that the proposed methods and locations 

are the most feasible for the project. No project scenario was also considered as an 

alternative. However, given that the benefits greatly outweigh the negative impacts, this was 

not seen to be a feasible option.  

  



2-10 

 

2 Introduction 

This fourth Addendum to the EIA report for the reclamation and expansion at Ibrahim 

Nasir International Airport is formulated to address the proposed temporary constructions, 

which are required to cater the need for water during the construction phase of the project. 

These include construction of a temporary water production facility with the construction of 

two boreholes as feed water sources for the proposed water facility.  

The proponent of the proposed project is Maldives Airports Company Limited. The 

estimated cost of the proposed project is USD 950,000. Static Company Pvt Ltd will 

undertake the construction works of the proposed works.  

2.1 Purpose of the report and need for the EIA 

This document presents the findings of the fourth Addendum to the Environmental Impact 

Assessment (EIA) for Reclamation and Expansion at Ibrahim Nasir International Airport, 

North Male’ which is to construct a water production facility with two boreholes. Developers 

of such development projects are required to carry out EIA studies under the Environmental 

Act of Maldives. The developer is required to obtain approval of the Environmental 

Protection Agency (EPA), prior to the implementation of any development activities on the 

island.  

Land and Marine Environmental Resources Group Pvt Ltd have been engaged by 

subcontractor for the construction of water production facility, Static Pvt Ltd to prepare the 

this addendum to the EIA.  This addendum is prepared in accordance with Environmental 

Impact Assessment Regulation of the Environment Protection Agency. 

As per the EIA regulation, an EIA application form, project brief and draft TOR for the 

project was submitted to the Environmental Protection Agency (EPA). The scoping meeting 

was held at the Ministry on the 24th August 2016 with the project proponent, consultant and 

officials from EPA. Based on the discussions at the meeting, a ToR was finalized and 

approved by EPA on the 30th August 2016 (see Appendix 2). 
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3 Project Setting 

The project conforms to the requirements of the Environmental Protection and 

Preservation Act of the Maldives, Law no. 4/93. The EIA has been undertaken in accordance 

with the EIA Regulations 2012 of Maldives by a registered consultant. Furthermore, it 

adheres to the principles underlined in the regulations, action plans, programs and policies of 

the following Ministries of the Government of Maldives. 

 Ministry of Environment and Energy 

These are discussed in detail in Table 1.  

Table 1. Legislation pertaining to the project 

Legislation How does current project conform to legislation 

Environmental Protection 

and Preservation Act (Law 

4/93) 

 

EIA undertaken as stipulated in the Act, which states that 

any developmental project, which has a potential impact on 

the environment, should have an EIA done prior to 

commencement of the project. List of such projects are 

given in the EIA Regulations 2012 

Desalination Plant 

Regulation 

The Desalination Plant Regulation specifies that all water 

generating facilities have to be registered at EPA prior to 

operation. Water Department of EPA grants license for 

operating desalination or water production facilities, which 

has to be renewed every five years.  

 However plants constructed for temporary period need 

not be registered. Hence no registration is required for 

the proposed project, as the system will be 

decommissioned after the completion of the project in 

3 years.  

Borehole drilling – 

guidelines and technical 

specification 

 

The Environmental Protection Agency has a set of draft 

guidelines and technical specifications for borehole drilling. 

The scope of the guidelines addresses drilling boreholes and 

installation of electric pumps for source water extraction for 

various water supply development projects including 

reverse osmosis desalination. The guideline addresses the 
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following issues: 

 Drilling site and its environmental protection; drilling 

site should be at a location designated by the client in 

consultation with EPA and the Environmental 

Consultant.  

 Equipment and materials and drilling fluids and 

drilling method 

 Design and depth of borehole; boreholes should be dug 

to a minimum depth of 30 m even if the electrical 

conductivity/salinity has reached 50-60mS/cm prior to 

reaching a depth of 30 m. If electrical 

conductivity/salinity at 30 m is less than 50-60mS/cm 

drilling should be continued until electrical 

conductivity/salinity has reached 50-60mS/cm 

 Yield estimates during drilling 

 Pumping tests 

 Recording and reporting of daily activities during the 

drilling process which must be provided to EPA at the 

end of the project 

 Water sampling and quality testing with parameters to 

be tested identified including electrical conductivity 

and salinity of discharge water 

 Code of conduct during the project and supervision by 

a qualified and experienced engineer 

 All drilling projects have to submit an EIA report prior 

to its commencement 

The project will conform to the technical specifications and 

guidelines as per the EPA guideline and all necessary testing 

and reporting will be carried out as specified in the 

guidelines  

Dewatering Regulation 

(2013/R-1697) – 31
st
 January 

2014 

The Dewatering Regulation has been formulated to 

introduce measures so as to minimize impact on the 

environment and ecosystem due to dewatering work which 

may be carried out as part of construction works or during 

other works. Any development which requires dewatering 

as part of the project, can only implement the dewatering 

phase after obtaining the required approval from the 
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Environmental Protection Agency, which is the 

implementing agency for the regulation. The regulation does 

not apply to dewatering which may be required for the 

installation/cleaning of a groundwater well for personal use 

or use of groundwater for agricultural purposes.  

Prior to carrying out dewatering the proponent of such 

projects have to submit an application form to EPA with 

required documents, which are detailed in the regulation, 

and application form. It is also the responsibility of the 

proponent to inform the relevant councils, if there are 

residential areas or agricultural lands within 100m radius of 

the site where dewatering will be carried out.  

The regulation further details what should be done with the 

water extracted during dewatering, and what actions should 

be taken should dewatering impact users within 30m radius 

of the site. 

The regulation further specifies fines, which will be 

applicable, if the regulation is not followed. 

The proposed project will conform to the regulation, by first 

submitting an application form to carry out dewatering 

within the project site. The proponent will also carry out all 

the additional measures necessary to obtain the approval for 

EPA and to abide by the regulation. 
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4 Project Description 

4.1 Project Proponent 

The project proponent of the proposed development project at Ibrahim Nasir International 

Airport (INIA) is Maldives Airports Company Limited (MACL). The contractor for the 

Reclamation and Expansion project is Chinese Beijing Urban Construction Group (BUCG) 

and subcontractor for RO plant, borehole and storage tank construction is Static Company Pvt 

Ltd. 

4.2 The Project 

The proposed project involves construction of a temporary water production facility to 

cater the need of water (for work camp, batching plants) during the construction phase of the 

airport expansion project. This system includes construction of a RO plant house with two 

RO plants with capacity of 250 ton/day; construction of two boreholes of diameter 8 inches 

(inner diameter) while the depth would be 40m and setting up of two  storage tanks with 

capacity of 500m
3  

each. Water extracted through the boreholes will be used as feed water for 

the two RO plants. Total capacity of the facility would be 500ton/day. Location of the 

settlement tank; boreholes for feed water and brine discharge pipelines are shown in Figure 1 

and the site plan is in Appendix 3. Boreholes will be located at the south eastern side of the 

INIA plot within close proximity to the water facility. Brine discharge will be through a 

pipeline run across the paved road on the eastern side and pipe end off of revetment structure. 

4.3 Need for the Project 

Although INIA have a water production facility that caters for the current needs, the 

additional load required for the construction and for the labor force during the time of INIA 

expansion project would not be met by the existing system. Hence a temporary system is 

proposed for this particular project that would be decommissioned once the whole project is 

completed within 3 years. The details of the production and consumption rates from the 

existing water facility are explained in Table 2.  
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Table 2. Production and consumption rates from the existing water facility at the INIA 

Production capacity:  820ton/day 

Daily consumption rate 720ton/day 

Projected increase in demand during the construction phase of 

the INIA expansion  

300ton/day 

400ton/day during peak 

hours 

As it can be seen from the table 2 above, the existing system yields 820ton of water every 

day. This volume is just sufficient for the current consumption demand which 720ton/day is 

according the Project Department of MACL. It is expected that the consumption would 

increase by 56% during the construction period that would last for 3 years.  This increase 

would demand up to 1,220ton/day, exceeding the current yielding capacity. Hence a 

temporary water production facility is necessary to cater for the additional demand that would 

arise during the construction and reclamation works for the INIA expansion project.  

4.4 Location and Extent of Site Boundaries 

The Ibrahim Nasir International Airport is located on the Hulhule’ Island situated in the 

south eastern side of North Male’ Atoll. The water plant and associated facilities are located 

at the eastern side of the island, close to the shoreline. The location of RO plant and proposed 

borehole is provided in Figure 1and Figure 2 (refer Appendix 3 for site plan). The drill mud 

and slurry generated during the drilling works will be collected at two ground pits within the 

compound and re-injected during drilling works (since drill slurry will contain bentonite 

mud) remaining water will be pumped via the brine discharge line off of the revetment 

structure.  
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Figure 1. Location of the water production facility; location of RO plant building, locations of 

the proposed boreholes (red filled circle), storage tanks, Line showing the brine discharge pipe 

 

  

 

 

 

A   B 

 

 

 

 

 

C       D 

Figure 2 The project site; A-Plot where the RO house is to be constructed; B & C-Area where 

the water tanks & boreholes will be constructed; D- Brine discharge location (off the revetment 

at the southeast side of Hulhule’ Island) 
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4.5 Construction phase and schedule for implementation 

The construction of the temporary water production facility at INIA is estimated to last 18 

weeks including surveying and EIA preparation work. This would involve all the physical 

work of the construction of all components of the water production facility. Schedule for 

implementation is shown in Table 3 below and a detailed schedule is provided in Appendix 4 

Table 3: Schedule for implementation of borehole drilling work 

Project Component 
Weeks 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Preliminary work, 

surveying 
                  

EIA report preparation                   

Procurement                   

Construction of  the 

boreholes, RO plants, RO 

plant house & networking 

                  

Testing                   

Operation of boreholes                   

Demobilization                   

4.6 Decommissioning of the water production facility 

The proposed temporary water production facility will be decommissioned after 3 years, 

once the construction of the INIA expansion project is complete. During the 

decommissioning, the prefab materials that will be used to construct the RO house, the tank 

materials and equipment that could be reused will be shipped out, re-exported (for other 

projects of BUCG). Any material or equipment including the scrap metals that can be 

auctioned will be sold and all the construction debris after the demolition will be disposed at 

the waste management center at K. Thilafushi. Demolition of RO building and storage tank 

foundations will be done using an excavator.  

The boreholes will be plugged using sand and cement mixture through pumping mixture 

into the borehole.   
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4.7 Major Inputs and Outputs 

4.7.1 Inputs  

4.7.1.1 Mobilization and material unloading 

Construction material and machinery will be brought to the site during the 1
st
 week of the 

project, together with the drilling team. Materials brought to site will be unloaded at the 

existing harbor facility on the island and transferred to the project site. The list of machinery 

and equipment that will be used is attached in Appendix 5.  

4.7.1.2 Workforce 

Total workforce for the project is 14, which include 12 workers, 1 site supervisor and 1 

site engineer. Accommodation of the workforce will be arranged at the existing project site 

(existing temporary accommodation facility) built for the INIA expansion project.  

4.7.1.3 Site Clearance 

No site clearance is required, as the site is vacant with no vegetation or buildings.  

4.7.1.4 Borehole Drilling and Construction methods 

Borehole Drilling 

Drilling of the borehole will use Rotary mud drilling method, using a hydraulic rotary rig. 

Bentonite will be used as a drilling fluid. Bentonite is an insoluble, inert and non-toxic 

material, which is commonly used in drilling work. It helps to seal the borehole and exerts a 

positive hydrostatic pressure against the borehole walls, preventing the inflow of groundwater 

into the borehole. The borehole will be drilled to a depth of 40m, which is deeper than the 

minimum depth of borehole as per guideline (The Borehole Construction guidelines set by 

EPA which states that boreholes should have a minimum depth of 30m and electrical 

conductivity/salinity of 50-60mS/cm). Once the borehole drilling is completed, air 

compressor will be used for pumping air into the boreholes for flushing drill fluid and 

cleaning the borehole. Appendix 4 shows a more detailed work methodology as provided by 

the Client.  

Drill slurry will be disposed into two mud pits of size 1m x 0.5m x 0.5m constructed 

within the plot. Canvas lining will be laid to avoid leakage of fluids to ground. 
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RO plant house 

The RO plant house will be of prefabricated segments, the building will be prefabricated 

in China and brought to site for assembling. The foundation of RO plant building will be 

caste initially prior to assembling prefabricated units. Settlement tanks will be caste using 

concrete. Concrete works will be done using mobile concrete production vehicles already 

present at site. 

Storage tanks 

The two storage tanks will be built using Glass Reinforced Plastic (DRP) material, which 

is a modular design. Initially the foundation of the tanks will be caste in-situ using concrete. 

Concrete works will be done using mobile concrete production vehicles already present at 

site. Afterwards the modular segments will be assembled. 

Pipeline network and brine discharge line  

The water network pipeline connecting the labor camp and batching plants will be laid at 

existing paths/roads of Hulhule. The pipelines will be laid using mini excavator. The network 

will be connected to existing grid of INIA which connects the labor camps and batching 

plants. 

The brine discharge pipeline will be constructed using 6inch PVC pipe, the pipeline will 

be buried under ground and run across the main road (on the eastern side) and over the 

revetment structure. The pipe end will be located at the bottom of revetment structure 

(footing). A summary of the inputs and outputs of the project is presented in Table 4.  

Table 4. Inputs and outputs of the water production facility  

 
Details Source/Type How to obtain resources 

In
p

u
ts

 

14 workers (1 Site 

Supervisor, 1 Site 

Engineer, 12 Workers ) 

Contract workers Local contract workers 

Construction material 

Concrete works: Concrete 

machine, sand, cement etc 
Locally obtained 

Electrical: Electric Drill, cutoff 

machine, circular saw, electrical 

planner, grinder, bar bender, 

vibrator, halagon light 

Locally obtained 
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Finishing: roofing sheets, timbre 

etc 
 

O
u

tp
u

ts
 

Fresh Water  

One RO plant house  

Two RO plants of 250ton/day each 

with 2 boreholes (8” diameter, 30m 

depth).  

Seawater extracted through 

boreholes using pumps at an 

average rate of 250m
3
 to 300m

3
 per 

hour 

Two water storage tanks (GRP 

Tanks) of 500m
3 
capacity each, 

hence a total capacity of 1000m
3
 

Purchase locally, if available, 

otherwise imported 

Drill Slurry 

Water extracted during the drilling 

process, which is also mixed with 

Bentonite, used as absorption agent 

(hardens walls of borehole).  

Drill slurry collected using 2 

mud pits of dimensions 1m x 

0.5m x 0.5m, this slurry will be 

re-injected to drill hole. 

4.7.2 Outputs 

The key output of the project is the RO plant facility. This facility would result in the 

following outputs. 

4.7.2.1 Borehole 

Two boreholes of 8-inch diameter and 40 m depth, which has 8” PVC casing (see Figure 3 

for borehole locations and Appendix 6 for borehole design). The area around the PVC casing 

will be bentonite packed (ground level to -2m). Gravel packed zone will be up to 20 m from 

the bottom of the hole. 

4.7.2.2 RO plant house and RO plants 

The RO plant house consists of the plat room, water boosting systems and the settlement 

tank. RO plant house will be built with imported pre-fabricated materials. Two RO plants of 

capacity 250ton/day will be constructed with a total capacity of 500ton/day. For the detail 

drawing of the plant house, see Appendix 3.  
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4.7.2.3 Water Tanks 

Water produced from the RO plant will be stored in the two tanks located at close 

proximity to the RO plants. Each tank will hold 500m
3
 of water.  

4.7.2.4 Extraction rate 

Seawater will be extracted through the boreholes at a rate of 250m
3
 to 300m

3
 per hour 

using GROUND FORCE pumps. The maximum extraction rate of the pump is 300m
3
 per 

hour. The RO plants will desalinate the extracted water.  

4.7.2.5 Drill Slurry 

At the completion of the borehole construction, the water extracted initially, which is 

mixed with Bentonite, will be re-injected into two mud pits constructed within the plot. 

Bentonite is a naturally occurring, non-toxic compound in the form of clay and hence the 

discharge of this is not foreseen to cause any environmental impacts. Once the Bentonite has 

been removed, water will then be extracted for 12 more hours to clean the well and this water 

will be discharged to the lagoon. The proposed brine outfall will be used for flushing and 

testing of well. Detailed methodology for the drill slurry disposal is explained in the 

methodology provided in Appendix 4.  
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Figure 3 Locations of boreholes (B1, B2), drill slurry collection pits and flushed water disposal 

site 

4.8 Risks associated with the project 

No major or significant risks are foreseen to be associated with this project (both during 

the construction and operation phase) as the project design and set up is seen to have minimal 

or negligible impact on the environment. The duration of drilling works would be completed 

within 14 days; therefore duration of impact will be short.  

Location of drill 

slurry collection pits 

Flushed water 

disposing location  
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5 Methodology 

Data collection and compilation of this report are based on:  

 Consultation and discussion with the proponent with regard to design and work 

methodology that would be used to implement the proposed activities of the 

project, 

 Examination of the existing environment to identify significant environmental 

components that are likely to be affected, 

 Consultation with major stakeholders to exchange information on the project and 

to follow the EIA procedures required for the report, and 

 Evaluation of available and relevant literature on environmental impacts associated 

with similar projects.  

Information on existing environment was collected during the field visit to the project site 

on the 5
th

 September 2016. 

5.1 Water quality analysis 

In order to assess the quality of water, sample was taken from the general site where the 

borehole flushing line is located and at near the proposed RO plant house (Figure 4). Water 

samples were tested in-situ using Hanna HI 93703 portable turbidity meter and Hanna 

HI9828 multiprobe water test meter for pH, Salinity, Conductivity, Turbidity, TDS and 

dissolved oxygen. Prior to testing, turbidity meter was calibrated using two part calibration 

method using 0 FTU and 10FTU solution. The standard unit FTU is equivalent to NTU as a 

unit of turbidity. The Hanna HI9828 probe was also calibrated prior to testing using quick 

calibration solution (HI9828-25 solution) for DO, ORP, Conductivity and pH. 
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Figure 4 Water sampling locations (G1: groundwater sample, S1: seawater sample)  

G1

S1

G1:4 10’56”N, 73 32’03”E

S1:

0 0

4 10’55”N, 73 32’04”E
0 0
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6 Existing environment 

6.1 Geographic location and general setting of INIA, Hulhule’ 

The general setting and geographic location of INIA has been discussed in the EIA report 

for Reclamation and Expansion of INIA (Water Solutions Pvt Ltd, 2014) and will not be 

reiterated here. Existing environment discussed in the Addendum is as per requirement of the 

TOR for the current project. 

The Ibrahim Nasir International Airport is located on the Hulhulé Island which is formed 

on a large reef in the south eastern side of North Malé Atoll. The land for proposed water 

production facility is located at the south eastern side of the island (see Figure 1 for project 

location). The boreholes will also be located at the eastern side of the proposed RO plant 

building. 

6.2 Physical environment 

The eastern side of Hulhule is modified over the years with major reclamation works and 

shore protection works. Part of the reclamation was undertaken by dredging on the eastern 

side back reef area. The proposed brine discharge line is located just off of the footing of 

revetment structure. The lagoon substrate at the area is mostly sand and rubble. 

Surface currents at the project area is thought to flow northwards due to swell wave 

received at the reef and location of large borrow pit which is deeper than lagoon area near the 

project area.  

6.3 Terrestrial Environment 

The proposed water production facility is to be located at empty land at Hulhule void of 

vegetation (recently reclaimed land) (see Figure 1). No vegetation clearance will be required 

for setting up the facility and construction of boreholes. 

6.3.1 Ground water quality 

The ground water was tested using Hanna Multi probe meter (HI9828). A list of 

parameters tested and their values are given in Table 5.  
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Table 5 Results of the parameters tested to assess groundwater quality at the proposed borehole 

construction site 

Reading Temp°C pH DO (mg/l) E.C 

(µS/cm) 

TDS g/l Salinity 

(PPT) 

1 28.37 7.74 2.40 941 0.47 0.46 

2 28.37 7.74 2.40 941 0.47 0.46 

3 28.37 7.74 2.40 941 0.47 0.46 

4 28.37 7.74 2.40 941 0.47 0.46 

5 28.37 7.74 2.40 941 0.47 0.46 

6 28.38 7.74 2.40 941 0.47 0.46 

7 28.38 7.74 2.40 941 0.47 0.46 

8 28.38 7.74 2.42 941 0.47 0.46 

9 28.38 7.74 2.42 945 0.48 0.47 

10 28.38 7.74 2.42 945 0.48 0.47 

Average 28.38 7.74 2.41 942 0.47 0.46 

All parameters for groundwater quality at the site were observed to be within the normal 

range.  

6.4 Marine Environment 

The brine discharge location consists mainly of sand and rubble hence no detail survey was 

carried out to study the area. Sea water quality was tested to establish the baseline condition 

of the receiving water.  

6.4.1 Sea water quality 

The baseline survey carried out to study the seawater quality in 2010 showed that water 

quality is uniform at all the sites observed. Refer the EIA for the Reclamation and Expansion 

at INIA (Water Solutions 2014) for the baseline results. Further, for the purpose of this 

project seawater testing was done in-situ at the proposed brine discharge area (south eastern 

side of Hulhule’ Island) using Hanna multi-probe water test meter HI9828 and Hanna 

Turbidity meter HI93703. The Table 6 below shows results of the water test. 
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Table 6 Results of the parameters tested to assess seawater quality at the proposed brine 

disposal location (FTU is equivalent to NTU) 

Reading Temp°C pH DO 

(mg/l) 

E.C 

(µS/cm) 

TDS g/l Salinity 

(PPT) 

Turbidity 

(FTU) 

1 28.13 7.14 5.23 52890 26.44 34.27 0.15 

2 28.13 7.14 5.23 52890 26.44 34.27 

3 28.13 7.14 5.23 52890 26.44 34.27 

4 28.14 7.14 5.23 52890 26.44 34.27 

5 28.14 7.14 5.23 52890 26.44 34.27 

6 28.14 7.14 5.23 52890 26.44 34.27 

7 28.14 7.14 5.23 52890 26.44 34.27 

8 28.14 7.14 5.24 52900 26.45 34.29 

9 28.14 7.15 5.24 52900 26.45 34.29 

10 28.14 7.15 5.24 52900 26.45 34.29 

Average 28.14 7.14 5.23 52893 26.44 34.28 

It can be observed that, the current values are almost the same as the baseline values and 

all parameters were observed to be within the normal range. 
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7 Stakeholder consultation 

As per the ToR, consultation was done with contractor of the project to identify 

decommissioning details of temporary water production facility. Meeting was held at BUCG 

temporary site at Hulhule on 5
th

 September 2016 at 11:30.  

The site manager, engineers and personnel from subcontractor, Static Company Pvt Ltd 

was present at the meeting. The EIA consultants briefed the requirements as per the TOR 

regarding decommissioning works. 

The personnel from BUCG informed that most of temporary accommodation facility units 

and RO plant building prefabricated units will be unusable by end of project construction 

stage due to rusting. These materials will be sold as scrap material. The foundation of the RO 

plant building will be demolished using excavator and construction debris disposed at 

Thilafushi or government approved site.  

The modular units of GRP tanks will be disassembled and shipped out of country or to 

other project sites within Maldives. The foundation of the tank will be demolished using 

excavator and construction debris disposed at Thilafushi or government approved site. 

The RO plants and other equipment that can be reused will be shipped out of country (for 

use in other projects) or to other project sites within Maldives. 

The boreholes will be plugged using sand-cement mixture pumped in to the borehole. The 

borehole PVC casing will be removed prior to plugging the borehole. 

Table below provides list of people met 

Table 7 Contact numbers/email address of people met 

Name Office Contact number/email 

Aishath Abdul Rahman Engineer / (Expansion 

Projects) Maldives Airports 

Company Ltd 

3315366 

Hussain Mohamed Project Manager/ Static 

Company limited 

3310313 

Dave Cui Site Manager/ BUCG cuibowen@bucg.cc 
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8 Environmental Impacts 

8.1 Impact Identification 

Various methods are available to categorize impacts and identify the magnitude and 

significance of the impact, such as checklists, matrices, expert opinion, modeling etc. Impacts 

on the environment from various activities of the resort construction work (constructional 

impacts) and operation of the resort (operational impacts) have been identified through 

interviews with the project management team, field data collection surveys and based on past 

experience in similar development projects. Data collected during field surveys can be used 

to predict outcomes of various operational and construction activities on the various related 

environmental components. This data can also be used as a baseline for future monitoring of 

the environment.  

Possible impacts arising from the construction and operation works are categorized into 

reversible and permanent (irreversible) impacts. The impacts identified are also described 

according to their location, extent (magnitude) and characteristics. Reversible and irreversible 

impacts are further categorized by intensity of impacts (negligible, minor, moderate and 

major) for identifying best possible remedial (mitigation measures) action to be taken. Below 

are the impact categories (Table 8). 

Table 8. Impact prediction categorized 

Impact 

category 
Description 

Reversible/ 

irreversible 
Cumulative impacts 

Negligible 
The impact has no significant risk to 

environment either short term or long term 
Reversible No 

Minor 
The impact is short term and cause very 

limited risk to the environment 
Reversible No 

Moderate 
Impacts give rise to some concern, may 

cause long term environmental problems 

but are likely short term and acceptable 
Reversible May or may not  

Major 
Impact is long term, large scale 

environmental risk 

Reversible 

and 

Irreversible 

Yes, mitigation 

measures has to be 

addressed 

The concept of the Leopold Matrix (Leopold et. al., 1971) has been used to classify the 

magnitude and importance of possible impacts which may arise during the constructional and 

post constructional stage of the proposed project. This is one of the best known matrix 

methodology used for identifying the impact of a project on the environment. It is a two 

dimensional matrix which cross references between the activities which are foreseen to have 

potential impacts on the environment and the existing conditions (environmental and social) 

which could be affected.  
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The matrix has the actions which may cause an impact on the horizontal axis and the 

environmental conditions which may be impacted on the vertical axis. While the original 

Leopold matrix lists 100 such actions and 88 environmental conditions, not all are applicable 

to all projects. Hence the matrix used in the current assessment is a modified matrix 

customized to this project.  

Each action which is evaluated is done so in terms of magnitude of impact on the 

environmental condition and significance of this impact. In addition to this probability of 

impact as well as duration of impact is also assessed and shown separately. All probable and 

significant actions, their magnitude of impact and duration of impact are further described in 

the text. 

This version of the Leopold Matrix has been adopted from Josimovic et. al (2014) and the 

EIA adopts the grading scales used in the paper referred. Listing of these grading scales are 

shown in Table 9 below. 

Table 9.  Grading scales for the four impact evaluation criteria 

Evaluation 

criteria 
Designation Scale 

Impact 

Probability 

M Impact is possible (probability <50%) 

V Impact is probable (probability >50%) 

I Impact is certain (probability = 100%) 

Impact 

Magnitude 

0 no observable effect 

1 low effect 

2 tolerable effect 

3 medium high effect 

4 high effect 

5 very high effect 

Impact 

significance 

P limited impact on project site (immediate site) 

I Impact of importance at Island level  

A Impact of importance at Atoll level  

N Impact of national character 

M Impact of cross-border character 

Impact duration 
P Occasional/temporary 

D Long term/permanent 

The proposed project involves construction of a temporary water production facility. Most 

impacts for the project are envisaged for the construction phase of the project, while the 

operational phase is also envisaged to have some impacts on the environment. The severity of 

impacts is predicted by reviewing the design plans and construction/drilling methodologies. 
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Mitigation measures are formulated in light of the information revealed by the project 

engineers (drilling method and equipment or machinery used). 

8.2 Limitation or uncertainty of impact prediction 

Uncertainty of impact prediction are mainly due to the lack of long term data, inherent 

complexity of ecosystem and lack of coordinated monitoring programs with consistent 

methodologies which can be used to predict outcomes or reliability of predictions of previous 

projects.  

The impacts are predicted by reviewing the survey data collected during the field visits 

and information revealed by the designers and engineers. The data collected during the field 

visit is limited in terms of number of days to a week or few more, which limits the overall 

understanding of even the short term environmental conditions. 

The time limitation of EIA field data collection and report preparation is also a hindrance 

to properly understanding the environmental factors dictating the conditions of the habitat.  

8.3 Construction Impacts 

In any development project major direct impacts to the environment (either short term or 

long term) occur mainly during the construction phase. Potential direct or indirect impacts on 

the environment (on land and reef system) from the proposed works include: 

 Groundwater contamination due to drilling activities 

8.3.1 Terrestrial Impacts: Minor 

Groundwater will be extracted during drilling as well as after completion of the drilling 

works to clear out the chemicals used (Bentonite) during the drilling process to harden the 

walls of the borehole. Extraction of groundwater during and after completion of drilling of 

the borehole has the potential to impact the groundwater quality by increasing its salinity. 

However the impact is foreseen to be minor to insignificant as the extraction rate is moderate. 

The water extracted during dewatering process will be re-injected to drilling hole and water 

extracted during flushing and testing of the well will be discharged to the nearest shore area 

via the existing brine outfall.  

Groundwater may be contaminated due to possible leakage of the drill slurry through the 

collection pits. This can be avoided by ensuring proper sealing of the collection pit walls. 

Hence the impact is expected to be minor.  



8-32 

 

As far as impact to the vegetation and fauna are concerned, the proposed location is a 

cleared area and no tree or plant near the area will be removed. Hence the impact is 

negligible.  

8.4 Operational Impacts: Negligible 

No significant negative impacts are envisaged during the operation phase of this project. 

The only potential impact foreseen is an impact on groundwater due to continued extraction 

or leakage of drill slurry. However the extraction rate is not foreseen to be high enough to 

impact ground water and drill slurry will be collected in caution with proper sealing of the 

pits. Furthermore the depth of borehole is 40m; therefore impact due to extraction is 

envisaged to be negligible. 

8.5 Impact Analysis 

An analysis of the impacts due to the project was done using the Leopold matrix. Impacts 

are assessed according to probability of impact, significance of impact, magnitude of impact 

and duration of impact. Tables 10 to 13 gives the assessment for the impacts, and these are 

further discussed above with their scoring.  

As evident from Tables below, the project limited number of activities which have the 

potential to have an impact on the environment. These minimal impacts are envisaged to be 

limited to the project site, though due to nature of impact, most are temporary impacts.  

  



Chapter 8-33 

 

Table 10. Assessment of Probability of impact from project activities 

 

 

 

 

 

 

 

Table 11. Assessment of magnitude of impact due to project activities 

 

 

 

 

 

 

Table 12. Assessment of significance of impact from project activities 
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Table 13. Assessment of duration of impact due to project activities 
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9 Alternatives 

Alternatives are proposed for the following components of the proposed water production 

facility;  

 Source water from elsewhere 

 Feedwater source 

 No project 

9.1 Considered alternatives 

9.1.1 Sourcing water from elsewhere 

 Proposed Source: Temporary construction of water production facility to cater the 

water needs for the construction phase of the whole project  

 Alternative: Purchasing water from the existing water production facility at MACL 

and to supplement them with water transported from Male’.  

9.1.2 Feedwater source 

 Proposed Source: Two boreholes near the RO plant house  

 Alternative: Seawater pipeline from eastern side reef 

 

9.2 Selected alternatives 

9.2.1 Source water from Male’ (MWSC) 

The proposed source of water is through constructing a temporary water production facility 

with two boreholes and two water tanks while the alternative is to purchase water from the 

existing water production facility at MACL and supplement them with water transported from 

Male’.  

But the cost that would incur in arranging such logistics and purchasing water would be 

higher than building a temporary facility. Hence this option is considered not feasible and 

construction of the facility is selected.  

9.2.1 Feedwater source 

The reason for selecting boreholes instead of seawater intake pipeline is due to possible 

damage to pipeline from environmental factors (swell waves received eastern side breaking at 
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the reef). Also two wastewater disposal pipelines of airport facility is located at this area 

(approximately 300m) hence it was decided that seawater pipeline is not feasible.  

9.2.2 The no-project scenario 

If considering the no-project scenario, none of the foreseen environmental impacts, which 

may arise due to the project, will be encountered. However, if no project, given the existing 

supply and demand, the additional demand of water for the construction works and the workers 

will not be met and it will not be feasible to source water from elsewhere. Hence, given that the 

environmental impacts due to the proposed project are minor to insignificant, and the benefits 

outweigh the negative impacts, the no-project scenario is not considered feasible.  
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10  Mitigation Plan 

There are a number of actions that can be taken to minimize or avoid impacts altogether. 

Those that are explored below emerged out from the discussions and consultations during this 

EIA and from the past experience of the consultant. Mitigation measures are selected to reduce 

or eliminate the severity of any predicted adverse environmental effects and improve the overall 

environmental performance and acceptability of the project. 

Mitigation measures are discussed for the construction stage of the project (Table 14). During 

the construction stage it is important to take measures to minimise impact on groundwater, 

terrestrial and marine habitats.  

Table 14 Possible environmental impacts and mitigation measures for the temporary water facility 

construction work at INIA 

Phase 
Possible 

Impacts 

Mitigation 

Measures 
Location 

Time 

Frame 

Mitigation 

Costs 

Institutional 

Responsibility 

C
O

N
S

T
R

U
C

T
IO

N
 –

 t
em

p
o

ra
ry

 i
m

p
ac

ts
 

Drilling and 

extraction of 

groundwater -

contamination 

of groundwater 

Monitor 

groundwater 

parameters during 

extraction as per 

borehole drilling 

guidelines 

Attain dewatering 

permit prior to 

initiation of 

borehole drilling 

works 

Borehole 

drilling 

location  

 

 

During 

construction 

phase 

Covered by the 

project 

proponent 

(cost details 

provided in the 

monitoring 

program) 

Contractor, 

Proponent 

Impact on 

ground water 

lens (Volume of 

ground water) 

As per the 

regulation, if 

electrical 

conductivity/salinity 

at 30 m is less than 

50-60mS/cm 

drilling should be 

continued until 

electrical 

conductivity/salinity 

has reached 50-

60mS/cm 

Borehole 

drilling 

location  

 

During 

construction 

phase 

Covered by the 

project 

proponent 

(cost details 

provided in the 

monitoring 

program) 

Contractor, 

Proponent 
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Contamination 

of groundwater 

due to possible 

leakage of drill 

slurry  from the 

collection pits 

into the ground  

Proper sealing of 

the collection pits 

using the proposed 

materials (canvas) 

Site engineer shall 

check the condition 

of the sealing every 

hour 

Collection 

pit 

location 

area  

During 

construction 

phase 

n/a 
Contractor, 

Proponent’s Site 

Engineer 
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11 Monitoring Program 

Monitoring is the systematic collection of information over a long period of time. It involves 

the measuring and recording of environmental variables associated with the development 

impacts. Monitoring is needed to; 

 Compare predicted and actual impacts 

 Test the efficiency of mitigation measures 

 Obtain information about responses of receptors to impacts 

 Enforce conditions and standards associated with approvals 

 Prevent environmental problems resulting from inaccurate predictions 

 Minimize errors in future assessments and impact predictions 

 Make future assessments more efficient 

 Provide ongoing management information 

 Improve EIA and monitoring process 

Impact and mitigation monitoring is carried out to compare predicted and actual impacts 

occurring from project activities to determine the efficiency of the mitigation measures. This 

type of monitoring is targeted at assessing human impacts on the natural environment.  Impact 

monitoring is supported by an expectation that at some level anthropogenic impacts become 

unacceptable and action will be taken to either prevent further impacts or re-mediate affected 

systems. Mitigation monitoring aims to compare predicted and actual (residual) impacts so that 

effectiveness of mitigation measures can be determined.   

Monitoring works during the construction phase will be carried out according to the details 

given in Table 15. Cost for the monitoring (data collection) activities will be covered by the 

proponent (commitment to carrying out and financing the mitigation and monitoring work is 

given at the beginning of the report).  

Monitoring during borehole construction shall be done in accordance to the borehole drilling 

guideline (Borehole drilling, technical specification and guideline, EPA Sept 2011).   
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Table 15 Monitoring programme for construction phase of the project 

Monitoring parameter Methodology 
Sampling 

frequency 

Estimated cost for 

monitoring 

Water sample monitoring at every 5 

m  interval during drilling (electrical 

conductivity and salinity) in 

accordance to the borehole drilling 

guide of EPA Sept 2011 

Sample collected 

sent for testing or 

in-situ tested 

using portable 

water quality 

meter  

During drilling 

process 

If testing done from 

lab  MRF 4,000.00 

At completion of drilling, water 

samples will be collected and tested 

for pH, conductivity, Total dissolved 

solids, Chloride, Calcium and 

Magnesium hardness, Boron, 

Phosphate, Sulphate, Iron, Fluoride, 

Ammonia and Lead.  

Samples should also be tested for 

microbiological tests  (Total and 

Feacal coliform) 

Water samples 

collected and 

sent to certified 

laboratory for 

testing 

Once (after 

completion of 

drilling) 

MRF 10,800.00 

 

Possible leakage of slurry from 

collection pits 

Check the 

condition of the 

sealing hourly 

During the 

drilling 

operation 

 

n/a 

Daily log sheets have to be maintained throughout the drilling process. The monitoring report 

has to be prepared after completion of drilling works and completion of borehole construction. 

The monitoring report for borehole construction shall be as follows (adopted from Borehole 

Drilling Guideline; EPA Sept 2011) 

a) Name of the Island 

b) Date of drilling 

c) Reference number of borehole 

d) GPS Co-ordinates of borehole (latitude / longitude) 

e) Method of drilling 

f) Diameter of borehole and depth 

g) Description of strata drilled 

h) Vertical water quality profile at 5 m intervals (E. Conductivity/Salinity) 

i) Depth at which seawater is reached 
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j) Records of components and quantities used or added to the drilling fluid or air. 

k) Water level at the start of each working day 

l) Problems encountered during drilling 

m) Details of installations in the borehole (if any) 

n) Depth, size and description of well casing 

o) Depth, size and description of well screens 

p) Aquifer depth after completion of well 

q) Borehole design and installation details (as built drawings) 

r) Condition of the collection pit seal 
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12 Conclusion 

The environmental impacts associated with the proposed project are considered minor to 

insignificant. This conclusion is based on the evaluation of various components of the proposed 

project, implementation methods discussed, findings of the existing environment and 

environmental components that are likely to be affected. The only environmental component 

which will be affected is impact to ground water. Since the duration of the impacts is short, the 

magnitude of impact is envisaged to be minor.  

Therefore, with due consideration to the environmental components identified above and the 

extent of the project activities and their likely and predicted impacts identified, the consultant 

concludes that the project components and designs are feasible and appropriate mitigation 

measures have been considered to correct and minimize unfavorable environmental changes.  
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Appendices 

Appendix 1 List of abbreviations 

BUCG  Beijing Urban Construction Group 

EIA  Environmental Impact Assessment 

EPA  Environmental Protection Agency 

INIA   Ibrahim Nasir International Airport 

MACL  Maldives Airports Company Limited 

MEE  Ministry of Environment and Energy 

RO  Reverse Osmosis 
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Appendix 2 Terms of Reference (ToR) 
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Appendix 3 Site Plan 
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Appendix 4 Detailed work methodology and Project Schedule  

Method Statement for Construction of Bore Hole 

This procedure enumerates drilling, construction & development of bore well using 

hydraulic drilling rig, mud pump and compressor. 

2 boreholes. 8 inch each.  

METHOD OF DRILLING OF BORE HOLE  : 

1. Temporary Works :  

Temporary light post will be fixed to illuminating working area.  

The surrounding area will be barricaded to avoid unnecessary movement of workmen  

2.Survey : 

Land survey will be conducted to find out the exact location of the borehole as per 

engineering drawing. 

3  Work Method  

3.1 Location of the bore hole shall be worked out from the approved drawing and 

marked on the top of the existing ground profile. Drilling shall be carried out at these 

marked locations. 

3.2   5m X 5m area surrounding the drilling location  shall be cleaned before set up 

of drilling machine. 

3.3   Two mud pit(1.0X0.5X0.5 M) shall be made by using shovel and spade in front 

of drilling location and connected each other by a drain and canvas lining shall be done 

to prevent fluid loss.  
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3.4  Drilling mud shall be prepared by mixing of bentonite with water with a 

proportion of 1:2 before 12 hours of starting of borehole. Thickness of the mud shall be 

controlled as per the strata encountered during drilling. It is better to use bentonite as 

less as possible to retain the natural condition of aquifer. If there is severe caving 

encountered during drilling through a particular stratum then  150 gm poly-anionic 

cellulosic polymer shall be used by mixing with 50 Kg bentonite and 100 liter water.  

3.5  Drilling rig is placed on the drilling spot with proper platform and verticality 

alignment of the machine is done by using spirit label. During th e whole drilling process 

this is checked frequently to maintain the verticality and alignment of borehole.  

3.6  After attaching the mud pump and drilling machine with 50 mm hoses drilling 

shall be started with 250 mm reamer bit upto the loose formation or overburden and 

200mm dia PVC casing will be placed inside hole. The depth of outer casing shall be 

decided as per geological strata encountered at site. 

3.7  After placing of outer casing upto required depth drilling shall be continued with 

mud circulation, with the help of 200 mm drag & rock roller bit.  

3.8  Soil samples shall be collected from return water from borehole at every 2 m 

interval or change of strata. Soil samples will be preserved in polythene bags marked 

with borehole number and depth and date of collection. Bore Log shall be prepared as 

per the sample received during drilling from different depth. Soil samples shall be sent 

to soil testing lab for grain size analysis. 

3.9  After drilling is completed upto 30m depth hole shall be reamed again by using 

200 mm dia reamer bit.  

3.10  Flushing of borehole shall be carried out after completion and water sample 

shall be collected in a sterilized 1liter capacity bottle from outgoing water of borehole 

and sample shall be sent to chemical lab within a day for further testing as per 

specification. The following tests of water like pH, EC, Temperature, Taste, Odour & 

Colour shall be conducted at site and that report shall be submitted along with drill -log. 
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3.11  After reaming of the hole, 6m length(3mX2) 152 mm dia PVC screen pipe with 

bottom bail plug shall be placed inside the hole and threaded solid PVC casing pipe 

(152mm) shall be attached with the screen pipe & lowered one by one freely upto the 

depth of borehole. At least 50 cm of PVC casing shall be kept above the ground level of 

the borehole. 

3.12  Daily Progress Report (DPR) shall be submitted regular basis. After completion 

of borehole drilling log along with stratification, ROP, casing details and water analysis 

at site shall be submitted. Laboratory Water & Soil Testing reports shall be provided 

after completion of the relevant tests.  

4. METHOD OF CONSTRUCTION OF WELL:  

4.1 With the help of 38 mm gravel feeding PVC pipe silica gravel shall be placed 

through the annular space between outer and inner PVC casings and the gravel shall 

make a layer surrounding inner PVC casing. Gravel feeding pipe shall be raised slowly 

till the gravel shall be filled upto 20 m from the bottom of the hole.  

4.2  After that 3 m thick sand layer shall be placed above the gravel layer.  

4.3    Outer casing shall be removed after placing the sand layer. 

4.4  Bentonite clay layer of 2 m is placed over the sand layer. The bentonite clay 

layer shall be described as a seal between cement sand concrete layer and gravel pack. 

4.3  Above bentonite clay seal, M25 grade concrete shall be placed upto the ground 

level i.e. 5m.Fine aggregate for use in the production of concrete shall be of river sand 

and for coarse aggregate shall be composed of crushed gravel of 20mm size and it shall 

be free from salt and other organic impurities. The mixture ratio of cement, sand & 

coarse aggregate is 1:2:3 

4.4  DPR of construction of well shall be submitted in regular basis and after 

completion of well construction, diagram of the same shall be submitted.  
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5. METHODS OF DEVELOPMENT OF BOREWELL: 

5.1  Development of bore well is essential in order to obtain an efficient and long 

lasting well. The purposes of well development are as follows:  

a. To rectify the damage to the aquifer caused due to excavation of the borehole.  

b.  To increase the porosity and permeability of screened formation adjacent to the 

borehole. 

c. To stabilize the formation/gravel pack around the screen so that the well will yield 

sand within permissible limits with water.  

5.2 The methods of development of bore well are as follows:  

a. Surging with air compressor : With the help of 12kg/sq.cm capacity 

compressor bore well shall be flushed. 25 mm flexible hose shall be attached with a 1m 

long hollow pipe and it is lowered in the hole. Now by attaching the other  end of hose 

with compressor we release air to bore well and it will be flushed. After continuous 

flushing of 10 minutes air compressor shall be stopped for 5 minutes and then again 

flushing shall be carried out by same process for 8 hours. 

b. Chemical Was hing:  After air flushing with compressor hole is washed with 

Sodium hexa-meta phosphate solution. 

c. Bailing:  A bailer is a 1m length, 76mm dia PVC pipe with a one way valve at the 

bottom. It shall be lowered into the well by tripod arrangement, till it fi lls with water 

and sediment. It shall be then pulled to the surface and emptied. This process shall be 

continued for 12 hours or till the sand content in water shall be negligible.  

d. Back Washing : In this method with the help of a pump water lifting from  bore 

well shall be started and frequently  switch off  and switch on the pump shall be carried 

out, so the water in the rise pipe fall back through the screen openings with pressure 

and clean it. 
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e. Over Pumping : In this method the well shall be pumped at  a much larger rate 

continuously for an hour or until sand become negligible.  

6. TESTING OF THE WELL : 

6.1  By using the require capacity pump the yield shall be simply measured with the 

help of a 200 lit empty barrel and stopwatch. Time taken to fill up the  200 lit drum in 

second can be converted in cubic meter per hour. For accuracy of the reading the same 

procedure shall be conducted three times and then average of three stop watch reading 

shall be taken for calculation. Water sample shall also be collected before completion of 

the test for chemical and biological analysis. 

6.2 Step draw down test shall be carried out with the help of required capacity pump 

or  compressor, at least five steps of 60 minutes each. Discharge rates shall be fixed on 

the basis of 25%, 70%, 100%, 125% & 150% of required yield and drawdown will be 

measured by lowering measuring tape after every 1 hour.  

6.3 Constant discharge pumping test shall be carried out with the help of required 

capacity submersible pump or compressor at 150% of design discharge for 12 hours 

.Drawdown shall be measured after every 1 hour by lowering a measuring tape.  

6.4  On completion of constant discharge taste, 12 hours recovery test shall be 

carried out & water level should be measured for every one minute for first 1 hour and 

then every 5 minutes for the remaining hours.  

6.5  All test reports shall be submitted in a tabular format after completion of all 

tests. 

8. CAPPING OF BORE WELL : 

8.1  After completion of yield test submersible pump is removed from the b ore well 

and well shall be capped with threaded 10ò PVC cap to protect it to fall any unwanted 

material inside. 
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Appendix 5 Materials and Equipment List  
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Appendix 6 Borehole Design 


