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Final


DAM DEVELOPMENT OPTIONS

APPENDIX A

Guidelines for the preliminary sizing, costing and engineering economic evaluation of planning options
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1 INTRODUCTION
During the execution of the Vaal Augmentation Planning Study (VAPS), the Project Planning Directorate of the South African Department of Water Affairs and Forestry (DWAF) recognised that the standard methodology developed during that study for the sizing and costing of water resource project components and for the economic evaluation of water resource development options would be a valuable tool for subsequent planning exercises.  It was accordingly decided to capture these guidelines in a single document that could be made available to planning professionals both within the Department and those consultants appointed by the Department to undertake specific assignments (DWAF, 1996).

For the purposes of the Lower Orange River Management Study (LORMS), the design criteria utilised in the VAPS study were reviewed and modified where deemed necessary, and the cost models updated by utilising contract prices for the Maguga, Mohale, Inyaka and Paris Dams as well as the Matsoku Weir.  Due to the specific nature of this study, namely the development of dam options for the Lower Orange River, only the design criteria and cost models for dams were reviewed.

The purpose of these guidelines is to provide a standard framework for first pass comparative costing and project economic evaluation of water resource development options.  It is envisaged that as additional information is obtained on the options under investigation that the models provided in these guidelines would be expanded and adjusted to more accurately reflect the actual circumstances.

These guidelines are merely planning tools and are not suitable for the preparation of detailed designs, engineer's estimates or tender documentation.

2 LEVEL OF DETAIL REQUIRED FOR THIS STUDY

As stated in the VAPS report, the benefit of investigating development options through a predetermined sequence of increasingly more detailed planning phases, is that it allows decision makers the opportunity to terminate the investigation of identified sub-optimal options without incurring unnecessary expenditure in taking them to a greater than necessary degree of detail.

It is difficult to make clear distinctions between Reconnaissance Level, Pre-feasibility Level and Feasibility Level planning studies.  Planning studies are commissioned for various purposes and largely due to the availability and cost of obtaining information, the number and competitiveness of the development options from which the planner must make a selection, and the time constraints on the study, planning assignments often share characteristics with more than one level of study.

The Lower Orange River Management Study is considered to be a pre-feasibility study.

According to the VAPS report, the broad definitions of the three levels of study should be taken to be the following:

2.1 RECONNAISSANCE LEVEL PLANNING STUDY

An initial exploratory study to conduct a preliminary examination of an area in order to obtain and evaluate existing information and identify likely schemes and layouts.

This level of study comprises a desk study of available mapping and existing reports and data bases with only limited verification and field work.

It is generally applicable to studies where the accuracy and detail of the results are not likely to be determinant with respect to a final decision.

2.2 PRE-FEASIBILITY LEVEL PLANNING STUDY

A precursor to the feasibility study in which resources and constraints of the likely final scheme as well as the most beneficial layouts are identified for final optimisation.

This level of study requires fieldwork to obtain accurate information and data and often requires considerable verification.  Drilling and sampling are not usually required at this stage.

The level of accuracy and detail resulting from the study are, however, not considered sufficient for the purpose of detail design of works and will require further investigation and final optimisation for that purpose.

2.3 FEASIBILITY LEVEL PLANNING STUDY

An intensive investigation and optimisation of the most beneficial layouts of the final scheme resulting in one best layout with final specifications of major dimensions.

The results of this study must be of sufficient detail and accuracy to define the detail design of the scheme.

2.4 TABLE INDICATING APPROXIMATE LEVEL OF DETAIL REQUIRED FOR EACH LEVEL OF PLANNING STUDY

The table below had been reproduced from the VAPS report and provides an indication of the level of detail to which a particular study task should be investigated.  The LORMS study was undertaken in accordance with the recommendations for a pre-feasibility study.

At any level of investigation the objective is to carry out sufficient work to enable proper comparisons of alternatives to be made so that the correct decisions can be made about further studies.  However, it is necessary to minimise unnecessary expenditure investigating layouts or components that are eventually rejected in favour of the selected scheme.

Note:
Civil works include tunnel inlets and outlets, pump stations, inlet towers etc.  Whilst only dam development options are being investigated during this study, reference to other water resource components have been retained to provide a more complete index to planning studies.

	Type of Investig-ation
	Component
	Identification of

Development Options
	Reconnaissance
	Pre-feasibility

	Objective
	
	Identify all apparently technically viable alternative layouts which can meet the needs in terms of yield and delivery dates.
	Select typically not more than 4 basic layouts and desirably not more than 2 layouts for further study.

Notes:

Selection will be on the basis of technical feasibility, economic evaluation and social and environmental impact.

Range of layouts would typically include 2 or 3 dam sites and 2 or 3 conveyance routes in various combinations.
	Select the best layout for further study on the basis of technical feasibility, social and environmental acceptability, plus economic and financial viability.

	Survey
	Layout

Dam Basin

Dam Site

Pipeline Route

Canal Route

Tunnel Route

Civil Works
	1:250 000 mapping for layout configurations

1:50 000 mapping for capacity

1:10 000 for prelim quantities

1:50 000

1:50 000

1:50 000

1:10 000 if significant component of cost
	1:50 000

1:50 000

1:10 000

1:50 000

1:50 000

1:50 000

1:10 000
	1:10 000

1:10 000/

1:50 000 min

1:10 000 plus

X-Section or 1:1000

1:50 000

1:10 000

1:50 000

but 1:1000 for adit/portals

1:10 000/

1:1000


	Type of Investig-ation
	Component
	Identification of

Development Options
	Reconnaissance
	Pre-feasibility

	Geotech-nical
	Dam Basin


	Published geological maps and reports
	Published information, aerial photography and walkover site inspections.
	Surface geological mapping.

Limited trenching to facilitate mapping.

Limited drilling possible to identify critical features which could restrict the feasible options.  No laboratory testing.

	Design
	Dam

Pipeline 

Canal

Tunnels

Civil Works/ Infrastructure
	Typical design adopted to give "all in" quantities.
	Design based on sizing criteria.
	Preliminary design based on best information.

	Cost Estimates
	Dam

Pipeline 

Pump Station

Canal

Tunnels

Civil Works

Temporary Works

P & G
	Rate/m3 of wall

Rate/km/dia

Rate/KW

Rate/km/capacity

Rate/km/dia

Lump sum

Lump sum

Lump sum
	Unit rates for major items on basis of historical information with a % allowance for miscellaneous items.
	Resource based cost estimates for major activities and adjustment of miscellaneous items for specific site considerations.

	Regional Economics
	
	N/A
	N/A
	Assessment required.

	Environ-

Mental Impact
	Dam Basin

Dam Site

Pipeline Route

Canal Route

Tunnel Route

Civil Works/

Infrastructure
	Nil
	Geographic overview to identify: 

- sensitive and non sensitive areas.

This is a desk study with overview field trip.

- fatal flaws

- qualitative assessment of time and cost implications of impacts.
	Initial project specific assessment to identify:

- time and cost implications of impacts.

ROIP required, together with ranking of impacts. Limited field work.


	Type of Investig-ation
	Component
	Identification of

Development Options
	Reconnaissance
	Pre-feasibility

	Environ-mental water require-ments
	Natural streams
	
	Overview of available information. Site investigation and assessment based on related experience. Possible IFR assessment.
	Detailed assessment of in-stream flow requirements early in Pre-feasibility. (Guidelines not followed strictly in Pre-feasibility).

	Social Impact
	Dam Basin

Dam Site

Pipeline Route

Canal Route

Tunnel Route

Temporary & Permanent Civil Works/ Infrastructure
	
	Overview to identify:

- time and cost implications of impacts.
	

	Hydrology
	
	Published hydrology
	First level patching, analysis and naturalization.
	Detailed hydrological studies.

	Yield analysis
	
	Historic analysis based on above hydrology.
	Primary historic analyses. Possible long term stochastic analyses in specific cases.
	Long term stochastic analyses.

Scheduling with planning model, using short term characteristics.


3 COMPONENT SIZING CRITERIA

Guidelines are provided in this section for the first pass sizing of the main parameters of the following dam development project components:

3.1
Embankment dams

3.2
Mass concrete dams

3.3
Weirs

3.4
Social, environmental, and administration costs

3.5 Economic life and annual maintenance and operational costs (excluding

energy)

The design criteria utilised in the VAPS study were reviewed and modified where deemed necessary.  In particular, the sections on Flood determination were rewritten due to inconsistencies in the terminology and presentation in the VAPS guidelines for the various dam types.  Anomalies between the sections on Typical dimensions and the Figures were corrected.  The sections on Foundation grouting were rewritten to be consistent between the various dam types.  References to the sizing of outlet works were consolidated under the section on Intake and outlet works.  The references to typical costs for mechanical items were moved from the design guidelines to Section 5.9.

GUIDELINES FOR SIZING OF EMBANKMENT DAMS

3.1.1 Definitions

Embankments include the following:

· Earthfill embankment with impervious core.

· Rockfill embankment with impervious core.

· Rockfill embankment with reinforced concrete upstream face (CFRD).

3.1.2 Flood determination

Flood magnitudes
Recommended Design Discharge (RDD)
Use Table 5.1 on page 28 of the SANCOLD (South African National Committee on Large Dams) Guidelines on Safety in Relation to Floods - Report No 4, 1991.

Safety Evaluation Discharge (SED)
Use Table 5.2 on page 30 of above SANCOLD document.

Diversion Flood
Use the 1:20 year flood with no allowance for flood attenuation.

Flood Attenuation
Ignore any flood attenuation.

Freeboard
Total freeboard above FSL:

For SED = Flood surcharge (+1 m for dams over 50 m)

For RDD = Flood surcharge + 3 m

whichever is the greater.

3.1.3 Spillway design

Use either central mass concrete overflow sections, lateral chute (by-wash) or lateral (side channel) overflow with ogee crest and concrete lined chute.  Maximum convergence 1:8.

For floods greater than the RDD a separate higher level emergency spillway overflow and chute may be incorporated with reduced concrete lining.

For the central and lateral by-wash spillways, the appropriate sizing of a side channel spillway is as follows:

· Head over spillway


= h

· Top width of trapezoidal channel

= 6h

· Bottom width of trapezoidal channel
= 3h

· Depth of invert below ogee level

= 2h

· Height of control sill at entrance

= 0,5h to rectangular chute.

Side channel spillways may be tapered and these dimensions suggest the maximum section.

3.1.4 Typical dimensions

Crest width and slopes (see Figure 3.1 at end of this section)

	Type of dam
	Crest Width
	U/S

Slope
	D/S Slope
	Top Core

Width
	Core Slopes

u/s and d/s

	Earthfill
	H/5 max 15m

       Min    5m
	1:3
	1:2,5
	H/8 max 10m

         min  3m
	1:0,5

each face

	Rockfill
	H/5 max 15m

       Min    6m
	1:1,75
	1:1,6
	H/8 max 10m

         min  5m
	1:0,25

each face

	Concrete faced rockfill
	H/5 max 15m

          Min 8m
	1:1,4
	1:1,4
	Not

Applicable
	Not

Applicable


3.1.5 Special zones

Earthfill Embankment

Riprap on u/s face : Thickness normal to slope H/50, min 600 mm, max 1500 mm.

Filter zone under Riprap: Total thickness normal to slope H/50, min 600 mm, max 1000 mm.

Filter d/s of core : Thickness H/25, max 4000 mm.

Blanket filter on foundation under d/s shell zones : Thickness 1000 mm min, 2000 mm max.

Rockfill Embankment

Filter u/s of core : Thickness H/25, max 3000 mm.

Composite filter d/s of core : Thickness H/12, max 6000 mm.

Concrete Faced Rockfill Embankment

Bedding and drainage zone for facing concrete : Horizontal thickness 12 m.

3.1.6 Excavation depth for preliminary assessment of quantities

	Type of Dam
	Unsuitable Material in Footprint 
	Material in Core Trench

	Earthfill

	0,5 m, 1,0 m, 2,0 m

	H/15, min 2 m, 3 m, max 5 m

	Rockfill

	2,0 m


	H/25 min 1 m, 3 m, max 3 m

	CFRD
	2,0 m

	Plinth min 1 m, 3 m, max 6 m


Note: Where more than one depth is specified above, it refers to:

a) Shallow weathering

b) Moderate weathering

c) Deep weathering

3.1.7 Foundation grouting

Blanket grouting over invert of cut off trench and perimeter plinth: Depth = 5 m @2 m c/c in both directions.

Curtain grouting on centre-line of cut off trench or perimeter plinth: Depth = 0,75H, spacing 2 m c/c.

3.1.8 Reinforced concrete facing

Slab thickness: 300 mm + 0,0024H

Perimeter plinth: width H/8 with min 4 m, thickness 2,0 m dowelled.

Joint spacing in facing slab: 15 m max width, with rubber and copper water stops continuous in up slope direction.

3.1.9 Intake and outlet works

Outlet works sized to lower reservoir from full to 10% capacity in 90 days, excluding any inflows.

Stoplogs and operating gates to be accessible from above max water level.

Provision of free standing tower, or concrete lined vertical shaft.

Min dia 4 m, max dia 12 m internal dimensions.

Dual gate/valve system, bottom outlet plus min 4 upper level draw-offs

Stoplogs and screens.

Access bridge to tower.

Diversion tunnels through abutment for dams over 50 m height.

3.1.10 Reservoir purchase line

Allow to purchase the area below the level of the unattenuated SED + 1 m.

GUIDELINES FOR SIZING OF MASS CONCRETE DAMS

3.1.11 Definition

These criteria apply to dams that will classify as Category II or III dams in terms of the dam safety regulations.  Smaller structures should be treated according to the criteria for weirs.

3.1.12 Flood determination

Flood magnitudes
Recommended Design Discharge (RDD)
Use Table 5.1 on page 28 of the SANCOLD Guidelines on Safety in Relation to Floods - Report No 4, 1991.

Safety Evaluation Discharge (SED)
Use Table 5.2 on page 30 of above SANCOLD document.

Diversion Flood
Use the 1:10 year flood for concrete dams with no allowance for flood attenuation.

Flood Attenuation

Use the Görgens formula:

Q out = 0,99 - 5,56 Area reservoir
Q in                      Area catchment

Freeboard

Wet freeboard
Use the flood surcharge associated with the attenuated RDD.

Total freeboard
Use the flood surcharge associated with the attenuated SED, or RDD + 2 m.

3.1.13 Spillway design

Use a central mass concrete ogee overflow section, for which the flood surcharge is to be calculated by means of:

Q out = 2,0 l h1,5 (m3/s) where

l = overspill length






h = flood surcharge

Allow for a concrete apron 1 m thick and length equal to (10 + H/5) m, where H is the difference between the apron invert and the NOCL of the dam.

In the presence of unfavourable downstream rock conditions, provide a stilling basin.

3.1.14 Typical dimensions

Figure 3.2 at the end of this section is proposed to aid determining quantities for concrete, excavations and foundation preparation.  Rates will be calculated such that no reduction needs to be applied for galleries.

If no further information is available, allow the following excavation dimensions:

· Strip depth


: 2 m (as per sketch), and

· Excavation depth

: H/25, max 5 m.

3.1.15 Foundation grouting

Consolidation grouting : Over reaches of the dam where H > 30 m: allow for three rows of consolidation grout holes spaced at 1 m to a depth of 10 m.

Curtain grouting near upstream toe : Depth = 0,75H, spacing 2 m c/c.

Drainage holes : Depth = 0,25H, spacing 3 m c/c

3.1.16 Construction joints

Allow for construction joints at 15 m intervals.

3.1.17 Intake and outlet works

Outlet works sized to lower reservoir from full to 10% capacity in 90 days, excluding any inflows.

Stoplogs and operating gates to be accessible from above max water level.

3.1.18 Reservoir purchase line

Allow to purchase the area below the level of the unattenuated SED + 1 m.

GUIDELINES FOR SIZING OF WEIRS

3.1.19 Definition

For the purpose of applying these guidelines consider a weir to be a dam that is classified as a Category I dam in terms of the dam safety regulations.

3.1.20 Flood determination

Flood magnitudes

Recommended Design Discharge (RDD)
Use Table 5.1 on page 28 of the SANCOLD Guidelines on Safety in Relation to Floods - Report No 4, 1991 (typically 1 : 50 year flood)

Safety Evaluation Discharge (SED)
Use Table 5.2 on page 30 of above SANCOLD document.

Diversion Flood
The construction period for weirs will generally be much shorter than for dams.

Based on the aforementioned SANCOLD guidelines use:

· 1 : 5 year flood for a 1 year river construction period,

· 1 : 10 year flood for a 2 year or longer river construction period.

Flood attenuation

Ignore any flood attenuation.

Freeboard

The total freeboard provided, measured from the spillway crest, shall be the greater of :

· The flood surcharge + 1,5m when passing the unattenuated RDD; or

· The flood surcharge when passing the unattenuated SED for any embankment sections or 0,5 m less than the flood surcharge when passing the unattenuated SED for any concrete sections.

3.1.21 Spillway design

Use a central mass concrete ogee overflow section, for which the flood surcharge is to be calculated by means of:

Q out = 2,0 l h1,5 (m3/s) where

l = overspill length






h = flood surcharge

Allow for a concrete apron 1 m thick and length equal to the height difference between the apron invert and the NOCL, provided that the apron is founded on sound rock.

In the presence of unfavourable downstream rock conditions, provide a stilling basin.

3.1.22 Typical dimensions

Embankments

Use a minimum crest width of 4,0 m.  Allow for a blanket drain and chimney drain (say 1,0 m nominal thickness and/or width) below the FSL + 1,0 m.  Embankment slopes are generally to be as for embankment dams.

Gravity concrete sections

Use the basic section shown in Figure 3.2.

Even with crest gates include all concrete in the spillway cross-section that is below the FSL of the basic section in the quantity measurements.

Excavation depths

The excavation depths to be adopted must be assessed on an individual basis for the particular rock conditions at each weir.

3.1.23 Foundation grouting

Curtain grouting : Allow for a grout curtain depth equal to the water depth at FSL above the founding level, with a minimum grout curtain depth of 5,0 m.  The grout curtain is to extend along the flanks to where the founding level reaches FSL + 1,0 m.  Spacing of holes 2 m c/c.

Ignore drainage holes.

3.1.24 Reservoir purchase line

Allow to purchase the area below the level of the unattenuated SED + 1,0 m.

GUIDELINES FOR ESTIMATING SOCIAL, ENVIRONMENTAL, AND ADMINISTRATION COSTS

3.1.25 Social and compensation costs

A high and a low estimate of compensation costs should be made for each layout.

The low estimate will be based on the market value of the land and structures.

The high estimate of land related compensation costs should be calculated by capitalizing the value of the potential crop yield net of input costs (i.e. input costs deducted) over a 50 year period at real discount rates of 6%, 8% and 10%.
Structures and improvements should be costed separately from the land costs, making use of the following guideline estimates:

· Huts on tribal land:
R40 000 per person with a cap of R240 000 for an extended family unit.

· Labourers dwellings:
R70 000.

· Farm houses:

R500 000 each (based on a price of approximately

R2000/m2).

· Sheds:


R200 000 each (based on a coverage of approximately

325m2)

· Windmills


R20 000 each.

A qualifier should be included with the social and compensation costs to the effect that the estimates are unlikely to approximate the purchase or compensation price and has been included in the report merely for comparison purposes.

For the high estimate, allowance should be made for a social and developmental consultant’s fee equal to 15% of the compensation costs (before the fee).

In the economic analysis, social and compensation costs should be treated as a lump sum disbursement taking place during the 2nd year of construction.

3.1.26 Environmental studies

Allowance of 2% of the total project cost should be made for archaeological, baseline, tourism and other related environmental studies.

GUIDELINES FOR THE ECONOMIC LIFE, AND ANNUAL OPERATIONAL AND MAINTENANCE COSTS

	COMPONENT
	ECONOMIC LIFE
	ANNUAL MAINTENANCE AND OPERATIONAL COSTS (excluding energy)

	Dams, tunnels and siphons

Civil works

Mechanical and electrical 
	50 years

30 years
	0,25% p.a.

4,0% p.a.

	Pipelines and canals

Civil works

Mechanical and electrical
	50 years

30 years
	0,5% p.a.

4,0% p.a.

	Pumping stations

Civil works

Mechanical and electrical
	50 years

30 years
	0,25% p.a.

4,0% p.a.

	Hydro electric power stations

Civil Works

Mechanical and electrical


	75 years

50 years
	0,25% p.a.

Guidance to be obtained from Eskom.


4 COSTING MODELS

4.1 Introduction

Simple spreadsheet models, each comprising a bill of rates, is provided in this section for the first pass pricing of the following dam development options:

· Earthfill dams

· Rockfill dams

· Mass concrete dams

· Rollcrete dams

The cost models have been standardised with one page of items measuring direct cost items and one page of Preliminary and General items and items for design, supervision and contingencies.

The "Pay Reference number" column is used to cross-reference the item description in the cost model with the corresponding item in the "Method of Measurement" (see Section 5).

The base date for the rates given in the models is April 2004.

4.2 Review of costing

4.2.1 Sources of information

The following sources of information were used (reasons of source used as well as pitfalls with regard to the unit prices are also given):

· Maguga Dam
Maguga Dam is a 115 m high clay core rockfill dam on the Komati River in Swaziland.  It was completed in February 2002.

The latest payment certificate (No 44) was used being a fair representation of the final value of the project.  As the tender prices were very keen at the time, the unit rates are considered to be on the low side.  The value of any variations or claims particular to a work section was therefor added to the total value of that section to 

arrive at a more realistic cost.

· Mohale Dam
Mohale Dam is a 145 m high concrete faced rockfill dam on the Senqunyane River in Lesotho.  It was completed in March 2002.

The original priced bill of quantities of the awarded contract was used.  There were very little claims or variations on this contract.  The contractor was also already “on site” which would have had a significant influence on some of the rates especially the rate for placing the rockfill.

· Injaka Dam
The Injaka Dam is a 53 m high earthfill dam on the Marite River in Mpumalanga.  It was completed in 2001.

The latest payment certificate was used as there are major variations and claims on the original bill of quantities (R67 million out of R216 million which have a substantial influence on the unit rates).  It is also interesting to note that, although this dam seems to have a major earthfill embankment, the cost of the earthfill section is relatively small in the total scheme of things being only 14%.  Should some of the cost in the “Miscellaneous” (20%) or “Preliminary and General” (46%) Sections be allocated to the unit rates of the earthfill, these rates would be more realistic.

· Matsoku Weir

The Matsoku Weir is a 19 m high mass gravity concrete structure on the Matsoku River in Lesotho.  It was completed in October 2002.

The latest payment certificate (No 54) was used being a fair representation of the final value of the project.  As the tender prices were very keen at the time, the unit rates are considered to be on the low side.  The contract also included the Matsoku Tunnel to Katse Dam and is therefor not considered to be a true example of a dam project.  In particular the “P & G” section comprised 176% of the unit rate sections.

· Paris Dam
The Paris Dam is a 68 m high concrete arch dam on the Bivane River in Kwazulu-Natal.  It was completed in 2000.

The third lowest tender document was used as the awarded tender does not provide 

realistic values.  The contractor and the owners are still busy with litigation more than 2 years after completion of the contract.  This tender (the 3rd lowest) was also the one recommended to the owners of the dam.  With regard to the unit prices from this document the following was kept in mind:

· The site is perfectly suited for an arch dam.

· Prices for the foundation excavation and formwork were higher than for gravity dams due to the difficult access and the general complexities involved with an arch dam.

4.2.2 Methodology

The following methodology was used:

· All items in each document were classified according to the items used in the VAPS document.  Those items that did not fall under any specific item were classified under “Miscellaneous”.

· A weighted average was then determined for the unit rates of each item.

· Finally, using the unit rates determined and the percentages for items like “Landscaping”, “Miscellaneous” and “Preliminary and General”, the total cost of a selection of the projects was tested using the applicable cost model compared to the actual cost to make sure that all costs were included in the unit rates and the percentages.

4.2.3 Updating of VAPS rates

The unit rates in the VAPS cost models were escalated to April 2004 by using high plant component indices for the embankment dams and high material indices for the concrete dams.  These rates were then compared to the rates developed above and  appropriate values were selected for inclusion in the LORMS cost models.

Earthfill DAMS

ROCKFILL DAMS

MASS CONCRETE DAMS

ROLLCRETE DAMS

5 METHOD OF MEASUREMENT

There are cost models for the following sections of the study:

· Earthfill dams

· Rockfill dams

· Concrete dams (mass)

· Concrete dams (rollcrete)
The cost models have been standardised with one page of items measuring direct cost items and one page of Preliminary and General items and items for design, supervision and contingencies.

It has been assumed that cost estimates are based upon limited detail at the reconnaissance and pre-feasibility stage.  The cost models have thus been reduced to a few items only and most of these items embrace other activities.  It is intended that all-in rates shall be used for measurement and cost estimation as described in the following paragraphs.

The cost models include a payment reference (pay ref) column where reference is made of the Method of Measurement clauses:

Pay ref. 
1
Site clearance



2
River diversion (other than measured work)

3 Excavation

4 Foundation treatment



5
Filling



6
Formwork



7
Concrete



8
Reinforcement



9
Mechanical Items

Site Clearance

Clearing and grubbing of areas where excavation or placing of fill or where right of way clearance is required shall be measured, but not dam basins.  Dam basins are covered in the percentage for miscellaneous.

The unit shall be hectare (Ha).

Clearing shall be divided into three categories:

5.1.1
Sparse where only grass and roots are removed, transported to areas

specified for disposal.

5.1.2
Bush, where the density of small trees and bush requires the use of a

bulldozer.

5.1.3
Trees, where plantations and the like are encountered which requires cutting

of trees, removal by crane, trailer or logging equipment before a bulldozer can

be used to remove stumps and roots.

5.1 River diversion

The item is provided to cover activities associated with a river diversion, whether open channel or tunnel.  The work involved in creating a sum for a diversion should have its own bill of quantities or calculation.

The unit shall be lump sum.

5.2 Excavation

5.2.1 Bulk excavation

Bulk excavation for dams and structures shall be measured by the net plan area times the depth.  The rate shall accommodate excavation in all materials excluding rock.

The unit shall be m3.
5.2.2 Confined excavation

Confined excavation shall occur when an excavation is so restricted in area or width to preclude removal of material by a bulldozer.

The unit shall be m3.

5.2.3 Extra over for rock

A separate item is provided for excavation in hard material that requires the use of drilling and blasting with explosives.  The rate must include for any overbreak which may occur, as well as the use of controlled blasting techniques.

The unit for extra over for rock shall be m3.

5.2.4 Preparation of solum of dam or final foundation preparation

This item shall include for all activities to prepare the surface of the excavated foundation level, where required by the dam specification, to receive the earth or rockfill materials comprising the embankment or concrete in dam wall.

The unit shall be m2.

5.3 FOUNDATION TREATMENT

Activities of drilling and grouting for curtain and consolidation grouting shall be measured as depth of hole drilled and injected with cementitious grout.

The unit shall be lineal metre (m).

5.4 FILLING

5.4.1 Earthfill

Embankment fills for dams, weirs or cofferdams constructed of earth obtained from borrow pits shall include for excavating in borrow pit, haulage of up to 3 km and placing in embankment, spreading, watering and compacting to specifications.

The unit shall be m3 of earthfill placed.

5.4.2 Rockfill

Embankment fills for dams, weirs or cofferdams constructed of rock obtained from 

quarries shall include for drilling and blasting in quarry using explosives, excavating and haulage of up to 3 km and placing in embankment, spreading, watering and 

compacting to specification.

The unit shall be m3 of rockfill placed.

5.4.3 Filters

Filter materials required in dams, weirs or cofferdams shall be obtained from natural deposits or by crushing and screening rock obtained in a quarry, for haulage up to 3 km and depositing in the embankment in zones as shown on the drawings.

The unit shall be m3 of filter material placed.

5.4.4 Rip rap

Rip rap shall be placed as required in thickness shown on the drawings and shall be obtained from borrowpits, and shall include for haulage up to 3 km.

The unit shall be m3 of rip rap placed.

5.4.5 Overhaul

Overhaul of fill material for placing in the embankment shall be measured over and above the 3 km free haul distance in m3/km.

5.5 FORMWORK

Where shuttering is required to form concrete, then the surface area of concrete formed shall be measured in square metres (m2).  The following categories of formwork are measured separately:

5.6.1
Formwork gang formed - (vertical sloping or horizontal).

5.6.2
Formwork to structures - intricate.

5.6 CONCRETE

The following categories of concrete are measured separately:

5.7.1
Mass concrete in gravity dam – 15 MPa.

5.7.2
Structural concrete – 30 Mpa.

5.7.3
Rollcrete in gravity dam – 15 MPa.

5.7.4
Facecrete in rollcrete dam including waterstops – 20 MPa.

The unit for concrete shall be m3.

5.7 REINFORCEMENT

Steel rod reinforcement in structures shall be cut, bent and fixed in position in accordance with the specification and drawings and is assumed to be all high yield deformed bar.  An average quantity of 100 kg reinforcement per m3 of concrete shall be allowed for in all reinforced concrete structures.

The unit for reinforcement shall be tonne (t).

5.8 MECHANICAL ITEMS

All the cost models have mechanical equipment such as valves and structural steelwork.  An item is provided for the cost of these mechanical items, which is to be based on experiences for the type of work involved.  At feasibility stage the costs can be confirmed as more detailed information becomes available.

5.9.1
Valves, gates and outlet pipework

5.9.2
Cranes and hoists

5.9.3
Structural steelwork

The unit for Items 5.9.1 and 5.9.2 is lump sum and for Item 5.9.3 per tonne (t).

The amounts allowed for mechanical outlets are to satisfy the requirements of the Dam Safety Office and exclude inlets and outlets as may be required for operation:

Valves, gates and outlet pipework, allow the following:

· dams up to 50 m high

=
R10 000 000

· dams 50 - 100 m high

=
R15 000 000

· dams above 100 m high

=
R25 000 000

Cranes and hoists, allow the following: 

· dams up to 50 m high

=
 R5 000 000

· dams 50 - 100 m high

=
 R7 000 000

· dams above 100 m high

=
R10 000 000

5.9 Fencing

The dam basin shall be fenced off with stock fencing.  Security fencing at the dam wall is allowed for under ‘Miscellaneous’.

The unit is km.

5.10 LANDSCAPING

The percentage allowance is to cover the cost of grassing to earthfill dams and to restoration of work areas (including quarries and borrow areas) after completion in accordance with environmental requirements. The provision of gravel on the crests of earthfill or rockfill dams is also included in this item.

The unit for landscaping is %.

5.11 MISCELLANEOUS

The limited number of items in the cost models in the interest of simplicity means that unmeasured items have to be included in the total cost of the project as a percentage of the total of measured direct cost items.

Typical items are as follows:

· Surface drains, access manholes and collector pipes for earthfill and rockfill dams,
· Instrumentation,
· Control block,
· Permanent offices, ablutions, lighting, telephone, power supply,
· Security fencing around dam structure,
· Handrailing,
· Etc.
The unit for miscellaneous is %.

5.12 PRELIMINARY AND GENERAL

A percentage in each cost model is provided which covers the cost of most items of indirect nature.  The percentage may be amended in accordance with the guidelines given below:

Fixed P & G


-
15%

Time related costs

-
10% for a 1 year project





-
5% - 10% per year for durations up to 4 years





-
5% per year for a 5 year project

A few establishment type items have been excluded and given a separate cost item in the cost model.  These are:

· Access roads



see item 5.14.1

· Electrical supply to site


see item 5.14.2

· Construction water to site


see item 5.14.3

· Railhead and materials handling

see item 5.14.4

· Accommodation erection cost only
see item 5.15

The unit for preliminary and general is %.

5.13 PRELIMINARY WORKS

These items often included in the percentage for preliminary and general have been recognised as varying too much on projects of this size and therefor the following items are clearly defined and are to be costed individually.

5.13.1 Access road

This item is for the access road or roads to the construction site from the nearest public road and allows for a gravel surfaced all weather road 5 to 6 m wide.  The cost includes all earthworks, layerworks, drainage and fences that are constructed.

The unit rate generally to be used is for roads in flat or undulating countryside, not hilly or with steep slopes.

The unit for access roads is km.

5.13.2 Electrical supply to site

Following discussions with Eskom during the development of the VAPS document, it was decided that each site is "site specific" and no simple formula of kW demand x kilometres of overhead transmission lines would be applicable.  Further advice will be given to each reconnaissance team so that a reasonable estimate of cost can be included in the item.

The unit for electrical supply to site is lump sum.

5.13.3 Construction water to site

The requirements of each dam site are “site specific” and need to be assessed on an individual basis so that a reasonable estimate of cost can be included in the item.

The unit for construction water to site is lump sum.

It should be noted that the cost of small quantities required for domestic use (potable water) is included in the Preliminary and General Item 5.13.

5.13.4 Railhead and materials handling

Certain proposed schemes will have large quantities of cement for delivery to the project and upgrading of existing facilities may be required.  This cost item is to be used where required for the cost of special upgrading-bypasses round residential areas etc.

The unit for railhead and materials handling is lump sum.

5.14 ACCOMMODATION

Each project will have accommodation facilities for the supervisory and contractors’ staff.  The extent to which each project has to construct temporary or permanent accommodation will depend upon a number of factors including availability in local towns and the expected total of staff and workmen that have to be accommodated.

The unit for accommodation is lump sum.

5.15 CONTINGENCIES

The allowance for all project costs due to unforeseen circumstances, claims and extra work is included as a percentage of the total cost of direct and indirect work excluding consulting fees.

The unit for contingencies is %.

5.16 PLANNING DESIGN AND SUPERVISION

The cost of consulting engineers’ fees is allowed as a percentage of the total of the direct and indirect work.

The unit for planning, design and supervision is %.

5.17 VAT

Value added tax is added as a percentage of the total cost of direct and indirect work and consulting fees.

The unit for VAT is %.

5.18 COST OF RELOCATIONS

Each project will have an impact upon the landowners, existing services such as roads, and in some cases houses and other accommodation will have to be relocated.

The unit for relocation of services and accommodation shall be lump sum.

5.19 COST OF LAND ACQUISITION

Land required for each project will have to be assessed regarding possible compensation and at both reconnaissance and pre-feasibility stages, financial allowances must be made that are reasonable.

The unit for acquisition is lump sum.
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