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[bookmark: _Toc281253714]Specifications

TECHNICAL SPECIFICATION FOR THE CONSTRUCTION OF ONE MULTIPURPOSE GEOTEXTILE REEFS AT MIRYA


General
 Abbreviations 
	The following abbreviations are used in the Bill of quantities.
PS		:	Provisional Sum
LS		:	Lump Sum
BS		: 	British Standard
IS		:	Indian Standard
mm		:	millimeters
cm		:	centimeters
Sq.cm.		:	square centimeters
m		:	meters
m2		:	square meter
m3		:	cubic meters
T		:	tonnes (1000 kg)
Kg		:	Kilograms
do		:	ditto
Drg.No		:	Drawing Number
Dia		:	Diameter
max.		:	maximum
min 		:	minimum
MHHW		:	Mean Higher High Water Level
MLHW		:	Mean Lower High Water
MSL		:	Mean Sea Level
MHLW		:	Mean High Low Water
MLLW		:	Mean Lower Low Water
No(s).		:	number(s)
Rs.		:	rupees


 Standards
 Work shall be carried out in accordance with the standards, specifications and bye-laws issued by the Indian Standard Institution. In absence of such specifications or other similar organizations or other relevant standards issued elsewhere the specifications of specified approved manufacturers shall be followed. These shall, in every case, be the latest issue of such standards, specifications, bye-laws, etc. including all revisions, amendments and addenda subsequently issued. In absence of all these specifications instructions from and directions of the Engineer shall be followed.

Specific Points To Be Noted:
All drawings are for basic guideline explaining the scheme. These should be studied in conjunction with the specifications, etc. Any discrepancies should be brought to the notice of the Employer and clarified before the tender is submitted or work is awarded. All clarifications and details explained by the Employer shall be final. These shall be followed and work executed without any additional cost to the contract. 
The tender drawings given are quite extensively detailed, however there may be certain detail which may require further more detailing while actual execution or there may be certain detail which could have been in advertently overlooked. Such details shall not constitute extra items. The drawings are for guidelines for the Contractor when he works out his quotation. Any item of works not indicated on the drawing but in line with the design and with the thinking shall be deemed to be a part of the contractual obligation and nothing extra shall be paid to the Contractor for the same.
The successful Tenderer shall have to prepare a statement showing method of working for each item of work for quality assurance and this shall be submitted to the Engineer for their approval prior to start of work. The Contractor is required to prepare and submit detailed working drawings and  construction information including:
Working drawings including detailed site layouts including reference point coordinates
Topographic and bathymetric survey results including drawings and provision of original survey data.
Reports and records of all tests for all materials and proposed works to be carried out by the contractor or his manufacturer or supplier or organisation/parties worked under BOQ item 5
Quantity surveys and drawings and/or records as required for the measurement and payment of the works.
As built drawings for all permanent works, incorporating all changes or ammendments made in the course of the construction works. 
Full Provisions 
The various items of work detailed in various parts include all allowance necessary, without extra measurement or charges for meeting the requirements of various components/parts of the contract documents (viz. Technical specifications, drawings and bills of quantities etc) and any or all of the followings unless specifically provided for. 
(i) Compliance with all the conditions of the contract including General Conditions of Contract, Bill of quantities, Technical Specifications, Drawings including Notes thereon, Specifications in Standards, Specifications of Manufacturers and relevant Indian Standards wherever applicable. However, in case if there is any discrepancy between drawing and tender, the explanation given by the Engineer shall prevail. 
(ii) All labour, materials, tool and plants, equipment, transport which may be required in preparation and for entire execution and completion of the works, including waste of materials, carriage and cartage, carrying in, return of empties, hoisting, setting, fitting and fixing in position.
(iii) Local Conditions; nature of works, local facilities for supply of labour and material, accessibility to site, and all other matters affecting the execution and completion of the works.
(iv) Duties, etc. as stated in Special Condition of Contract. 
(v) Supervision Competent supervision of the works.
(vi) Labour : Reasonable terms and conditions of employment, liabilities to pay compensation, wages as per statutory enactments, temporary accommodation, sanitation, compliance with Contract Labour Act.
(vii) Water: Provision of all water required including temporary plumbing and drinking water connections.
(viii) Stores/Offices  Provision of all structures such as temporary workshops, stores, offices, labour camps etc. required for efficient execution of the works and their maintenance during execution to approval of the Engineer, their removal thereafter and cleaning up of site on completion of works.
(ix) Precautions against Risks :Precautions to prevent loss or damage from all or any risk, insurance of sheds or any temporary accommodation. Watching and lighting and provisions, pertaining to these as in General Conditions of Contract.
(x) Notices, Fees, etc. Compliance with statutory provisions or regulations and or bye-laws of any local authority and or any public service company or authority affected by the works.
(xi) Setting out the works including all apparatus required.
(xii) Site Drainage: Removal of all water that may accumulate due to springs, sub-soil water, rains, flood/tides and any other causes on the site during the progress of the works or in trenches and excavations.
(xiii) Work: Execution of work in workmen like manner and provide facilities for inspection etc.
(xiv) Rectification of bad work :Rectification or removal and reconstruction of any work which (as decided by the Employer or his representative  has been executed with unsound or imperfect material or unskilled workmanship or a quality inferior to that contracted for, or lack of supervision whether during construction, or reconstruction or prior to the expiry of the maintenance period.
(xv) Protection :Responsibility for damage and loss of any building, materials, etc. at the site until handing over. 
(xvi) Cleaning Site and Works :Removal by the Contractor, of all tools, plants and materials from the site; sweeping buildings, washing floors, cleaning joinery, removal of splashes of paint and handing over the whole site in a neat and tidy condition.
(xvii) Completion :Completing the works to the satisfaction of the Engineer on or before the date of completion.
(xviii) Difficult Position :Accessibility or otherwise to site, at easy or difficult positions in works.
(xix) Errors : Rectification of all errors to the satisfaction of the Engineer .
(xx) Artificial light : All artificial lighting by electric power, when the need arises, for carrying out works.
Salient Features of the Project
The salient features of the project are shown in Table 1 and Figure 1 . Severe erosion is occurring in the north part of the bay and accretion in the south part.
The overall project design for erosion control at Mirya is:  
(i) Constructing a small headland “Cup Reef” to trap sand at the northern end of the 	Bay. 
(ii) Beach nourishment using 450,000 m3 of sand to return to the beach most of sand 	trapped within and around the existing fishing port, including the sand trapped behind 	the fish harbor breakwater. Beach nourishment is a separate contract. 

[bookmark: _Ref242936543][bookmark: _Toc247240525]Table 1  Outline Features for the Reef at Northern Mirya Bay

	Parameter
	

	Distance offshore (m, to MSL from inner-most section of reef)
	260

	Depth of water (m)
	1.5-3 m

	Crest height (below LAT) (m)
	0

	Longshore length of reef (m)
	245

	Volume of reef (m3)
	11,157

	Predicted salient amplitude (m)
	100

	Estimated length of the accumulation zone
	800m



Figure 1 Salient Features of the Project
[image: mirya_all_works]
The reef will be positioned approximately 260 m offshore with along-shore lengths of 360 m.  The reef is to be constructed of sand filled geotextile containers.  The individual container units will be oriented in a shore perpendicular fashion. 


[bookmark: _Toc247240507]Reef Levels The proposed reef and tidal levels are shown in Table 2 
[bookmark: _Ref245419892][bookmark: _Toc247240526]Table 2 Reef and Tidal Levels
	 
	
	Level (cd)

	Range
	
	Main stem
	Outer arm

	
	
	
	

	MHHW
	
	2.3

	MLHW
	
	2.1

	MSL
	
	1.5

	MHLW
	
	1.2

	MLLW
	
	0.5

	
	
	
	

	Offshsore 100year significant height Hs
	
	8.3

	Offshore wave 100year H1 1%
	
	13.9

	
	
	
	

	Depth limiting wave height(m)
	
	2.75

	
	
	
	

	Bed level(cd) at reef site
	
	-3.0
	-2.6

	Reef Height (cd)
	
	2.7
	2.4

	 
	
	 
	 

	Design Crest level at construction (cd)
	
	-0.3
	-0.2

	Estimated settlement(m)
	
	-0.1
	-0.1

	Indicative pancaking 5%  (m) 
	
	-0.1
	-0.1

	Estimated final crest level
	
	-0.5
	-0.4




Time and Schedule
Weather Down-Time: The tenderer shall be deemed to have included for all cost and delays in the execution of the Works, due to exceedance of wave height / wind speed limits for operation of his equipment, in his price and programme. Subject to evidence of unforeseen weather conditions the Contractor may claim for extra time but not extra costs to complete the work. Unforeseen are considered to be long periods of high waves outside the seasonal norms; it is the responsibility of the tenderer to research the normal wave patterns at the specific site location. No additional payments will be made for additional mobilisation costs due to unforeseen bad weather conditions. Underestimation of any site condition does not qualify for any claim.
Schedule : The proposed implementation schedule is based on one full working season. Working seasons are defined as the seven months 1 October to 30 April. The monsoon period defined as 1 May to 30 September (5 months) can be used for procurement, shipping and mobilisation. 
A period of 3 months from the commencement date has been allowed for preparation, procurement of the geotextile, bags and mats, shipping, customs clearance and mobilisation of personnel. If the commencement date is given after 1 August then the following working season will not be considered as a full working season and the end date of the contract will be adjusted to allow for a 'part working season' in addition to the one full working season. The Contractor is expected to execute some works as soon as possible after the notice to proceed including execution of some works during any additional part working season.
For example if the commencement date is end November; the period December to end April (5 months) will be considered as a 'part working season' in addition to the one 'full working season'. The Contractor is expected to execute some works during this period.  In this example the period of the contract period would be:
	Part working season 5 months (December to April)
	1st Monsoon season 5 months (May to September)
	1st working season   7 months (October to April) 
	
	Total 17 months
Within 30 days  of commencement the Contractor must submit a plan of construction. The plan shall incorporate all the requirements in these specifications.
Method of measurement
Method of measurement is specified in the specifications described below and shall be read in conjunction of Preamble to Bill of quantities.  

Environmental Monitoring and Management Plan
The impact of the construction works on the environment must be kept to a minimum. An environmental monitoring plan has been prepared to help support protection of the environment. As part of the conditions of the contract the Contractor is required to support and comply with the environment monitoring plan. The requirements are described in Table 3 below.

[bookmark: _Ref256777132][bookmark: _Ref256777146]Table 3   Requirements for Environmental Management
	Issue
	Potential Environmental Impacts
	Required Mitigation Measures
	Compliance

	Damage to site area or access roads etc.
	Possible removal of terrestrial habitat
	Sites rehabilitated before contractor leaves site upon completion of construction activities. Planting and stabilization of site, including replacement of any native plant species.
	Photographs to be take before the start of the work of access areas and the Contractors site area. Clean up and stabilization measure  must address any damage caused  during the construction

	Air quailty

	Minimizing air pollution from exhaust fumes
	Adherence to national standards that apply to emissions for the types of vessels, vehicles and equipment proposed by contractor for construction and adherence to national ambient air quality standards

Engines and generators turned off when not in use. 
Equipment conforms to international standards.
Verbal social complaints dealt with immediately and efficiently.
	Site engineers to assess and instruct contractor on shortcomings.

Communities to advise engineers of any shortcomings.

	
	Minimizing reduction  in air quality due to dust
	Dust suppression (e.g. regular sprinkling, i.e. morning and evening, or other means) 
If necessary, halt  work during excessive onshore winds.
Verbal social complaints dealt with immediately and efficiently. 
	Site engineers to assess and instruct contractor on shortcomings 

	Noise
	Increased noise

	Adherence to national noise standards
Engines and generators turned off when not in use 
Equipment conforms to international standards. 
Vehicles/engines fitted with adequate silencers 
Daily checks and remedy of potential sources of excessive noise especially out of daylight hours. 
Complaints regarding noise dealt with professionally and with respect 
	Site engineers to assess and instruct contractor on shortcomings

	Sediment Quality
	Sediment quality
Chemical contaminants in sand used to fill reefs/berms.
	Fill material must comply with  international sediment quality standards. Contractor to submit sand source for chemical testing before use
Chemical testing of sand source before use – compounds to be tested in samples are to be based on initial assessment of potential contaminants of concern (e.g., oils/grease, PAH compounds, pesticides from upstream locations, heavy metals) in target area
	
Contracted laboratories

	Water Quality
	High turbidity during filling of reefs/berms
Possible turbidity from onshore activity 
Leaks/spills of fluids (fuel, oil, hydraulic fluids) during vessel and equipment operation 
Water quality affected by contaminants in sand
	Adherence to national water quality standards
Supervision of all operation procedures to minimize spillage of sand and oil/fuel 
Accidental oil/fuel and sediment spills contingency plans should be initiated immediately 
Sediment is to be screened for potential contaminants (described above) and not used if present above thresholds identified in international standards
	Contractor to submit work plan to supervisor for approvals

	Water and Sediment Quality
	Marine biota and habitat
Structures in sea will cover soft-sediment benthic habitat and biota
High turbidity and sediment settlement temporarily impair photosynthesis and biological production in adjacent offshore areas
Material spills (e.g., oils, fuels, sediments) would likely affect nearby biota
	Minimize sediment release during construction to reduce affected area outside sites of beach sand nourishment and reef placement
Implement contingency plans if spills of sediment, fuels or other material occurs
	Contractor
Engineers to monitor quality –evidence of any pollution to be sent for analysis


	Navigation
	Impairment of navigation
	The Contractor must organize vessel/barge movement and geotextile-filling operation carried out in consultation stakeholders to avoid interference with near-shore vessel traffic / fishing 
	Engineers to liase with fishermen and other coastal shipping

	Fishing Activities
	Impairment of fishing activity due to construction of reefs and beach nourishment
	Public consultation to identify locations, times and types of potential conflict, and develop site-specific measures to minimize disruption of traditional beach seining and boat use
	PMU
Contractor

	Vehicle traffic
	Potential road accidents
	The Contractor must consult with communities to identify times/types of potential conflict, develop timing windows for truck traffic and measures to advise public and truck drivers regarding road safety requirements
	Contractor and local authorities

	Water quality
	High turbidity during sediment placement or other work activities
Possible turbidity from onshore activity 
Oil discharge during vessel and equipment operation 
Contaminants in sand
Release of possible contaminants from sediments
Possible leaks or accidental spills of oils, fuels or hydraulic fluids
	The Contractor must adhere to national water quality standards
Supervision of all operation procedures to minimize spillage of sand and oil/fuel 
Contractor must minimize any potential soil erosion. 
Accidental oil/fuel and sediment spills contingency plans should be initiated immediately 
Sediment is to be screened for potential contaminants and not used if present above thresholds identified in international standards
Soil erosion is to be considered with all onshore activities.
	Contractor and  engineer to monitor visually. Any suspect water pollution incident to be supported by water quality testing.


	Terrestrial biota and habitat

	Onshore biota/habitat
Removal of habitat for site access or material/equipment staging
	Any disturbance to local habitats should be rectified before contractor leaves site. Planting and therefore stabilization of the environment, replacement of any native plant species.
Sand piles or protruding abnormalities to be levelled 

	Contractor has to minimize impacts on onshore biota/habitat. Photographs to be taken before commencement of work and put good by the Contractor before completion of works.


	
	Sediment for beach nourishment will cover soft-sediment benthic habitat and biota
High turbidity and sediment settlement temporarily impair photosynthesis and biological production in adjacent offshore areas
	Minimize area of sediment release during construction to reduce affected area outside sites of beach sand nourishment.
Implement contingency plans if spills of sediment occurs
	Contractor to adjust work methods in sea to minimize sediment release and disturbance of the bottom sediments.


	Safety and Human Health
	Reduced safety and amenity to beach users
	Public consultation to identify locations, times and types of potential safety risks, and develop sites-specific advisories and safety measures
All equipment, waste and construction materials debris must be inspected and/or removed daily from site.
	Environmental Management Committee.
Contractor


	Tourism
	Beach amenity and recreational use impaired
	All equipment, waste and construction materials debris must be removed daily from the site. 
	Contractor.
 Community organisations to report any deficiencies



Mobilisation (boq item nr 1)

Mobilisation is an all inclusive payment which will include delivery of equipment, vessels, establishment of storage and any other requirements the Contractor may need to carry out the works. Payments for mobilisation, also covers all the costs for demobilisation.  

These would include requirements for provision of temporary access roads or structures if required. It also includes the requirements for rental and establishment of a shore work area and site offices as required. The shore work site should be located not greater than 15km from the project site. Mobilisation also includes payment for any temporary anchoring during the construction period.

The Employer will be responsible to ensure the Contractor has permission and free access to the sites.

Within 7 days of signing the contract the Contractor shall submit a detailed mobilisation and work plan 
The Contractor will be required to provide a signboard at each site following the required design of the Employer which should be included in the mobilisation costs

No additional payment will be made for remobilisation for delays due to weather.

Basis For Payment The Contractor shall  be paid as a one off lump sum for each site. 70% will be paid on mobilisation and the remaining 30% at the time of practical completion.  
	
Procurement of high quality geotextile tubes (boq items nr 2 )
Supply of Geotextile tubes
All  geotextile tubes shall be new and undamaged. No materials which are not new or damaged will be accepted. The tubes shall follow the designs as shown in the album of drawings. Sizes must be plus or minus 50mm of the specified size.  

· The geotextile must be proven on multipurpose reefs to be strong enough to withstand the long-term forces of the ocean, must be non-woven staple fibre geotextiles and inert in the sea
· The materials must have no environmental impacts, such as pollution or leaching
· The company providing the containers must demonstrate the geotextiles products have been used and proven on offshore submerged structures.
· The company must have proven ability to manufacture the required shapes of the geobags

The tube material must comply with the specifications in Table 5 below and the dimensions shown in the BOQ and drawings. The fabricating facility shall operate under a management system that is 3rd party certified to ISO 9001:2000 standards. The Geotextile Containers shall be fabricated in such a way so as to ensure an efficient and durable container suitable for offshore applications. Containers shall be supplied pre-fabricated, with the practical minimum need for site closures. 

The Contractor shall provide a certificate stating the name of the geotextile manufacturer, product name, style, chemical compositions of filaments and other pertinent information to fully describe the geotextile.

The manufacturer’s certificate shall state that the furnished geotextile meets Minimum Average Roll Value (MARV) requirements of the specification as evaluated under the manufacturer’s quality control program.  A person having legal authority to bind the manufacturer shall attest to the certificate.

Fabrication

Geotextile tubes shall be fabricated by sewing together standard sheets of high strength, non-woven geotextile material to form a tubular shape. The tube will have lengths, widths and circumferences as specified in the BOQ and Table 9 When filled as specified the containers will take on the shape of a flattened ellipse. Prior to installation the Contractor is responsible for all the geotextiles for damage. Defective geotextiles must be destroyed. The number of seams shall be minimised ; the number of seams should not exceed 4 for the 2.7m containers and 3 for the smaller containers.

Seams

The number of seams and overlaps shall be minimised ; the number of seams should not exceed 4 for the 2.7m containers and 3 for the smaller containers. Sewn seams shall be constructed in such a manner as to provide a minimum strength across the joint not less to that of the parent material, as listed in Table 5. All factory joints shall include chain stitch (secondary) with overlock stitch (primary) reinforcement. Seam yarn should comply with the strength requirements listed in  Table 4 below

[bookmark: _Ref273869920]Table 4 Sowing Yarn Requirements

	Description
	Unit
	Value

	
	
	Primary
	Secondary

	Polymer
	
	Polyester
	Polypropylene

	Breaking Strain
	Kg
	20
	36

	UV Stability
	%
	70
	70



The Contractor shall submit independent test results and statements of quality for the proposed yarn and seam to the Engineer, (as described in Section 3, para 1.8) indicating without exception that the proposed geotextile container seams meet with the requirements of the specification.
























[bookmark: _Ref229114309]Table 5 Specifications for Geotextile Tubes

	Property
	Test
Method
	Unit
	 
Recommended
Geotextile

	Physical (MARV)1

	Polymer
	
	
	UV Stabilised Polyester + 
Polypropylene

	Mass - Base
	AS3706.1
	g/m2
	1,080

	Mass - Coating
	AS3706.1
	g/m2
	800

	Thickness @
2kPa pressure
	
AS3706.1
(ASTM D5199)
	mm
	10.5

	Mechanical (MARV)1

	CBR Puncture
Strength
	AS3706.4
(ASTM D5199)
	N
	10,000

	CBR Elongation
	
	mm
	50

	Wide Width 
Tensile Strength
XD/MD
	AS3706.2
(ISO 10319)
	kN/m
	45/90

	Wide Width 
Tensile Elongation
(weakest direction)
	AS3706.2
(ISO 10319)
	%
	88

	Trapezoidal 
Tear Strength
(weakest direction)
	AS3706.3
(ASTM D 4533)
	N
	900

	Seam Strength 
Efficiency
XD/MD
	
	%
	>70/>90

	Hydraulic (TYPICAL)

	Water 
Permeability
	AS3706.9
	m/s
	3.0 x 10-4

	Flow Rate
	AS3706.9
	l/m2/s
	27

	Pore Size
	AS3706.7
	µm
	<75

	Fines retention
(Hydrodynamic)
	NFG 38.017 (Modified)
	%
	95

	Durability (MARV)1

	Resistance to Weathering
(UV resistance after 
500hrs exposure)
	AS3706.11
(ASTM D4355)
	%
	75

	Abrasion Resistance
(Strength retained after
 80,000 revolutions)
	BAW Rotating Drum
	%
	75



1MARV : Minimum Average Roll Value

1. All geotubes must be sand coloured nonwoven composite 2000 gsm, UV Stabilised Polyester + UV stabilised
2. Polypropylene (PP) fibres shall be ;
a. 100 denier staple fibre
b. homogenously  needle punched into the polyester geotextile substrate to form an integrally formed dual layer
c. There shall be strong physical bonding between the upper and lower layers formed by needle punching
d. Mass of the 100 denier PP layer shall be not less than 800 gsm
3. Manufacturer shall provide evidence of UV stabilisers added to polypropylene fibre such that they meet the maximum, extra out-door level 4 requirements
4. Suppliers shall provide full details of working seam and performance values in both machine direction (MD) and cross machine direction (XD)
Samples of the Geotextile Material

The bidder is required to submit four clearly marked samples of the geotextile material proposed for the  Geotextile tubes. Each sample should be clearly marked and supplied with the suppliers name and  suppliers own specification and  independent certification. Each sample should have a minimum dimension of 40cm x 40cm (as described in Section 3, para 1.7)  .
Independent Certification

The bidder is required to submit samples of material including a sample of seam to an independent international laboratory . The name and address of the laboratory will be advised and the bidder will be required to submit a sample of size as advised by the laboratory. The bidder is required to pay for all the costs of the independent testing including the courier of the sample, testing and preparation of the report. The bidder is required to submit a receipt of the sample  and the laboratory test results as a part of the bid from the testing laboratory as a part of the bid documents. More details on independent certification is given in Section 3 Evaluation and Qualification Criteria
Fastening
To provide fastening locations for the bags, webbing straps will be sewn on either side of the geotubes at 2.5m intervals
Ports
Tube filling ports shall be placed at intervals not exceeding 7.6m (25 feet) along the crest of the tube. Each port should consist of a tube at least 1.5m and circumference slightly larger than the filling pipe. The port sleeves shall be fabricated of the same material as the tubes and shall have drawstring systems to ensure closure.  
Delivery 
Geotextiles for tubes shall be delivered only after the the Engineer has received and approved the required submittals. Geotextiles shall be labeled, shipped, stored, and handled in accordance with ASTM D 4873 and as specified herein. Each segment of geotextile tube shall be wrapped in an opaque and waterproof layer of plastic during shipment and storage. The plastic wrapping shall be placed around the geotextile in the manufacturing facility and shall not be removed until deployment. 

Each packaged segment of geotextile tube shall be labeled with the manufacturer’s name, geotextile type, lot number, roll number, and roll dimensions (length, width, and gross weight). Appropriate handling equipment and techniques, as recommended by the manufacturer and as mentioned in the submittals and approved by the Engineer shall be used. 

Geotextile and/or plastic wrapping damaged as a result of delivery, storage, or handling shall be replaced, as directed by the Engineer, at no additional cost to the government. Minor damage can be repaired subject approval by the Engineer. 
Handling
Geotextiles shall not be handled with hooks, tongs, or other sharp instruments. Geotextiles shall not be dragged along the ground. Any surface upon which the geotextile may rest or from which it may be deployed shall be leveled and prepared to a relatively smooth condition free of ruts, erosion rills, obstructions, depressions or debris, or protrusions) greater than 150 mm in height (6 in.) that could snag and tear the fabric. A shallow “swale” or “cradle” may be constructed under low-water conditions on the tube center line to prevent geotextile tubes from rolling during filling operation. 
Storage. 

 Geotextile tubes shall be: (a) stored in areas where water cannot accumulate, (b) elevated off the ground, and (c) protected from conditions that will affect the properties or performance of the geotextile. Geotextiles shall not be exposed to temperatures in excess of those recommended by the manufacturer or 140°F (60°C), whichever is less. Outdoor storage shall not be for periods that exceed the manufacturer’s recommendations or 2 months, whichever is less. Geotextiles shall not be exposed to direct sunlight prior to deployment for more than 14 days. Geotextiles that are exposed to direct sunlight for more than 14 days will be replaced at no cost to the government.  Geotextiles must be protected from damage from rats, insect or other form of potential damage.

Basis of Payment for Geotextile Tubes will be based on a lump sum for each bag as specified including delivery to the Contractors shore site. Payment will be authorised based on a certificate of inspection from the Engineer and submission of manufacturers certificates for each geotube.  Payment will be made based on 70% of unit rate on delivery to the shore site. An additional 20% will be payable once each individual geotube has been put in place and filled to the correct specifications. The final 10% will be made once all the geotextile tubes have been correctly installed on the site.

Supply and Installation of Geo Mat (boq item 3)
The geo mat must be of a non woven composite material. The composite must be of a laid geogrid made of stretch monolithic polypropylene (PP) flat bars with welded junctions and mechanical bonded filter geotextile welded within the geogrid structure. The material must comply with the  specifications as shown in Table 6 below

[bookmark: _Ref229114364]Table 6 Specifications for Geo Mat

	Property
	Test method*
	Unit
	

	Geogrid
	

	Raw material
	-
	-
	Polypropylene (PP), white

	Mass per unit area
	EN ISO 9864
	g/m²
	240

	Max. tensile strength, md / cmd**
	EN ISO 10319
	kN/m
	≥ 40 / ≥ 40

	Elongation at nominal strength,md / cmd**
	EN ISO 10319
	%
	≤ 8 / ≤ 8

	Tensile strength at 2% elongation,md / cmd**
	EN ISO 10319
	kN/m
	16 / 16

	Tensile strength at 5% elongation,md / cmd**
	EN ISO 10319
	kN/m
	32 / 32

	Aperture size,md x cmd**
	-
	mm x mm
	Approx. 31 x 31

	Production specific elongation
	-
	%
	0

	Geotextile
	

	Raw material
	-
	-
	Polypropylene (PP), white

	Mass per unit area
	EN ISO 9864
	g/m²
	150

	Max. tensile strength, 
md / cmd**
	EN ISO 10319
	kN/m
	6.0 / 10.0

	Elongation at max. tensile strength, 
md / cmd**
	EN ISO 10319
	%
	50 / 30

	Puncture force
	EN ISO 12236
	N
	1,670

	Displacement at static puncture strength 
	EN ISO 12236
	mm
	30

	Detector tested
	-
	-
	Yes

	Roll dimensions, width x length 
	-
	m x m
	4;75 x 100


  *based on, **md = machine direction, cmd = cross machine direction


Joins of geomats must have an overlap of not less than 1.5 metres. Geomats must be fixed to the geotubes using the web ties on the geotubes. The Contractor must submit details of the fixing and joining arrangements of the geomats to the geotubes to be approved by the Engineer.  Outer edges of the geomats must be hemmed using high strength nylon. Temporary fixing of the geomat is required and the Contractor must submit details of this for approval by the Engineer.

Basis of Payment for Geomat will be based on  the area in square metres of geomat measured after cutting and joining, The price includes supply, transport, installation and hemming and  joining and supply and fixing of ropes and attachments.. The measurement will be based on the area of the final joined and material. No payment will be made for join overlaps or hems of the individual sections. No payment will be made for cutting and loss of material not used. 

Payment will be authorised based on a certificate of inspection from the Engineer and submission of manufacturers certificates for each geomat.  Payment will be made based on 50% of unit rate on delivery to the site. An additional 30% will be made once the once the geomat has been correctly placed on the seabed. The remaining 20% will be paid once the geomat and all the filled geotextile tubes have been correctly installed on the site
Transporting geotubes placing and fixing on the sea floor to correct location and position, filling the geotextile tubes with dredged sand from the location specified(to be sourced by the Contractor), and sealing as specified. (boq item 4).
Bathymetric Surveys

The Contractor will be required to carry out weekly bathymetric survey of the reef location during the construction to ensure that the reef construction is as per the design provided. These surveys should be using a standard survey system (echosounder and GPS) and continuously logged on to a computer or memory card.  All depths should be reduced to Chart Datum. The data should be provided in ASCII format in three columns with xyz

The  depth accuracy of the bathymetric surveys must be 100mm horizontal and 100mm vertical. Outputs must be plotted as a grid on not more than  4m x 4m
 
An initial survey of the area around each reef (including the reef footprint and an area around the reef of not less than 200 m from the outer edge of the proposed reef) shall be prepared. The Contractor will compare the bathymetry with the original bathymetry carried out under the surveys carried out at the design stage in 2008.  If more than 0.2 m of bed level changes have occurred since the original surveys carried out in2008  then Contractor will be required to consult with the original reef design consultant, or other  design consultant with proven experience of designing offshore submerged geotextile reefs, who will advise on any required adjustments to the reef location or design. A provisional sum has been provided for in BOQ item 5 for any supplementary design, survey or testing requirements outside this BOQ.  The Engineer is required to give prior approval of the consultant and the costs to be incurred under this item.

At the completion of the reef construction undertake a detailed survey of the reef shape - both bathymetry and inspection diving and notify the project management group about the completion of the reef construction and must submit a completion certificate including detailed photographs of the reef construction. Crest levels of the geo bags will be checked using a total station/GPS survey.

The Contractor will be required to provide soft copy photographs and video footage of the work as it progresses. 
Positioning of the Geotextile tubes
Once the final location of the reef has been agreed with the Engineer, the Contractor is required to undertake highly accurate surveys to establish the reference points for setting out the reef structure. Setting out reference points must be established using DGPS or shore based system using a total station. Four to six temporary reference points must be established on the sea bed with a horizontal accuracy of 200mm. These points will be used to set out the positions of the geomats and geotextile tubes. The position of the geotextile tubes are shown in Drawings 1 and described in Table 7 

[bookmark: _Ref281227185]Table 7 Reef Location Points
	 Reference Point
	 Location
	Easting
	Northing 

	 
	 
	 
	 

	Point A: Southern point
	Southern corner of bag 69
	316334
	1882584

	Point B: Eastern Point
	In front of bag 56-mid point on east side of scour bag 19
	316389
	1882679

	Point C: Northern Point
	Northern corner of bag 25
	316105
	1882789



Temporary Fixing
The Contractor will establish a method of temporary fixing and location of the geomats and the geotextile tubes prior to filling. The Contractor must ensure the locations are accurate to 200mm and the geotextiles tubes touch without gaps. Temporary fixing must be secure to withstand bad weather.
Sand Source

The Contractor will be required to source the sand material from the sand heaps located outside the harbour area as shown on the attached map . The Contractor will be required to carry out surveys and supply samples and analysis of samples showing the grain size to the Engineer prior to starting the work. From these samples the Contractor will prepare a sand extraction plan to be approved by the Engineer.

The Contractor will  transport sand to the reef sites using appropriate methods. Sand samples must be collected not less than twice daily for grain analysis. Suitable material for bag filling must not contain more than 15% fines.(percent passing No 200 sieve); this is required to minimise subsidence of tubes through the loss of fill material through the geotextile subsequent to filling.  Some materials in the borrow area may not be suitable for fill material in which case alternative material may have to be sourced or some processing maybe required to reduce the level of fines. Unsatisfactory materials include materials containing roots or other organic matter, trash debris stones larger than 5cm and materials with fines greater than 15%. Unsatisfactory materials shall not be used and alternatives shall be sourced at no additional cost. The analysis of sand grains samples at the  sand dump sites near the harbour are summarised in Table 8.

[bookmark: _Ref250926042]Table 8 Analysis of Sand Grains at the Dredge Dump Sites Near the Harbour

	Station
	Lat/
Long
	Grain Size
phi-scale  (mm)
	Skew-
ness
	Kurtosis
	Composition (Percentage)
	Sed
Type
	Sorting
Type
	Skewness
Type

	
	
	Median
	Mean
	SD
	
	
	Granule
	Sand
	Mud
	
	
	

	1
	17° 00.00 N
73° 16.94 E
	1.825
(0.28)
	1.896
(0.27)
	1.241
(0.42)
	0.002
	0.899
	2.026
	95.978
	1.996
	SGS
	PS
	S

	2
	17° 00.00 N
73° 16.94 E
	1.993
(0.25)
	2.056
(0.24)
	1.066
(0.48)
	0.011
	0.898
	1.585
	97.32
	1.095
	SGS
	PS
	S

	3
	17° 00.01 N
73° 16.93 E
	0.869
(0.55)
	0.707
(0.61)
	1.106
(0.46)
	-0.165
	1.001
	7.068
	92.932
	0
	GS
	PS
	CS



Filling of the Geotextile bags
The construction method should be in such a way that:

· Deploying each bag separately and fill completely 
· Eliminate gaps between bags by accurately placing them relative to each other
· Provide a smooth surface to the reef face to optimize the coastal protection elements of the reef.
· The containers are tight and that the geotextile cannot flap under wave or current forces.


Sand and water slurry will be pumped into the geotextile bags. The bags must be filled full and the bags must not show any locations of sag or under filling. The Geotextile Container units shall be hydraulically filled to the levels and volumes shown on the drawings. The achievement of the specified reef construction envelope by the Contractor requires the development of an appropriate container placement and filling methodology. Incorrect filling procedures, while achieving the correct volume, may not achieve the correct shape due to a range of factors including, uneven filling pressures; overfilling or under filling along the container length, the use of unsuitable fill material or container repairs conducted during filling resulting in uneven container shapes.


All bags must be filled to achieve the design crest level with a variation of +/- 0.25m of the design levels. Horizontal tolerences shall be +/- 0.25m.. Individual geobags are designed to butt up tightly to each other; in no cases should a gap between the individual bags exceed 0.5m.  There must not be any continuous gaps between reef elements which might allow sand to leak from  under the reefs. Bags will be inspected on the day of filling and also 15 days later. Crest levels of the geotextiles will be confirmed by the bathymetric surveys against the design levels; any under filling must be topped up. The Contractor must present photographs and survey information to support the correct bag filling. Crest levels of the geo tubes will be checked by total station/GPS and the Contractor will be required to present survey information to the Engineer.

Fabric or Seam Failure

The supervising engineer shall be notified immediately of a fabric or seam failure during the filling process. The geotextile fabric shall be protected during installation from binding, clogging, penetrations, tears, or other damage. Damaged geotextile fabric shall be repaired or replaced. The supervising engineer  or his designated representative, shall visually inspect geotextile materials, prior to installation, for damage and imperfections. Damaged geotube assemblies shall be replaced or repaired at no extra cost. The option of repair of damaged tubes will be at the discretion of the supervising engineer. Repair shall be made by placing a patch of the same type of geotextile, which extends a minimum of 0.46 m (1.5 ft) beyond the edge of the damage or defect. Patches shall be continuously fastened using a sewn method or other approved methods recommended by the manufacturer. The machine direction of the patch shall be aligned with the machine direction of the geotube repaired. Geotextiles that cannot be satisfactorily repaired shall be replaced at no additional cost. 


Basis of Payment The basis of payment for the transporting geotubes  fixing on the sea floor to correct location and position, filling the geotextile tubes with dredged sand from the location specified(to be sourced by the Contractor), and sealing. Payment will be based on the volume of sand put into the geotextile tubes with measurement of the sand volume based on the number of bags filled against  the volume of each geotextile bag as summarised below.  The total volume of filling will not exceed the volume in the bills of quantities. A schedule of the volume of the bags is shown in Table 9. Payment will be an all in payment covering transportation, surveys and particle analysis, fixing on the sea floor, sourcing and transportation of sand and filling and sealing of the geotubes.

[bookmark: _Ref251015041]Table 9 Schedule of Geotextile Bags

	Length (m)
	Breadth (m)
	X-sectional area (m2)
	Filled volume (m3)
	Number of bags
	Total volume (m3)

	
	
	
	
	
	

	9.3
	1.6
	1.3
	12.09
	1
	12.09

	10.4
	1.6
	1.3
	13.52
	1
	13.52

	15.5
	1.6
	1.3
	20.15
	1
	20.15

	28.8
	1.6
	1.3
	37.44
	1
	37.44

	29.7
	1.6
	1.3
	38.61
	1
	38.61

	30.2
	1.6
	1.3
	39.26
	1
	39.26

	33.8
	1.6
	1.3
	43.94
	1
	43.94

	36
	1.6
	1.3
	46.80
	17
	795.60

	27
	5.9
	11.4
	307.80
	1
	307.80

	18
	5.9
	11.4
	205.20
	11
	2,257.20

	27
	6.1
	13.9
	375.30
	9
	3,377.70

	18
	6.1
	13.9
	250.20
	4
	1,000.80

	27
	4.8
	8.5
	216.00
	2
	459.00

	18
	4.8
	8.5
	144.00
	18
	2,754.00

	 
	 
	 
	 
	69
	11,157.11



Design support (Boq item 5)
A provisional sum has been allocated to source design support and any additional testing outside the contract specification as required. This would be either from the original design consultant or from any design consultant with proven experience in designing offshore submerged geotextile reefs, approved by the Engineer. This may be required for example if there are any significant changes in the bathymetry at the time of the start of construction in which case some minor adjustments might be made to the reef position to ensure the optimum level of the crest

Basis of Payment. A provisional sum; payment to negotiated according the type and extent of the  service required. The terms and reference and cost must be approved by the Engineer and the Employer.


[bookmark: _Toc23233013][bookmark: _Toc23238062][bookmark: _Toc41971553]
[bookmark: _Toc232349743][bookmark: _Toc281253715]Drawings and Figures

Figure  2 Location Map
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Project location at Ratnagiri 
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Figure 3 Chart of Mirya Bay
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Figure 4 Proposed Reef Location
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5
 Reef Location
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Figure 6  Source of Sand for Filling Geo Bags
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Ratnagiri Fishing Harbour
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Sand to be sourced from sand heaps located just to north of Ratnagiri Fishing Harbour
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Drawings 

Drawing 1 Reef Layout
Drawing 2 Bag Sizes
Drawing  3 X Sections A-B
Drawing  4 X Sections C-D
Drawing 5 X Section E-F
Drawing 6 Scour Bags









[bookmark: _Toc23233014][bookmark: _Toc23238063][bookmark: _Toc41971554][bookmark: _Toc281253716]Supplementary Information


Mirya bay is located 8 km north of Ratnagiri, the west coast District town in the state of Maharashtra,, India. Ratnagiri is about 450 km from Mumbai, Maharashtra, India. 

The proposed reef is offshore of the Mirya beach. 

The Project Management Unit (PMU), office of the Engineer and employer are at Mumbai and Ratnagiri. Whenever required, the contractors representative is expected to attend meetings with PMU at site, PMU offices at Mumbai and Ratnagiri.
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