
East Australian Pipeline Limited

REPORT

OPTIMISED DESIGN AND COST ESTIMATE

EAPL PIPELINE NETWORK
1
DOCUMENT NO: 042-R01

Prepared by

Venton & Associates Pty. Ltd.

98 Cliff Avenue

Northbridge  NSW  2063
TEL: +61 2 9958 2600

FAX: +61 2 9967 0401
June 20, 1999

TABLE OF CONTENTS

SECTION
PAGE

11.
summary

1.1
general
1
1.2
System design
1
1.3
Capital cost Estimate
1
2.
study basis
3
2.1
Pipeline Network
3
2.2
Load Basis
4
2.2.1
Pipeline Load Growth Projection
4
2.2.2
Load Profiles
4
2.2.3
Small Loads
4
2.2.4
Gas Flow – Moomba to Wilton
5
2.2.5
Net Gas Flow at Culcairn
5
2.3
Gas composition
6
3.
pipeline hydraulic design
8
3.1
General
8
3.2
Modelling assumptions
8
3.3
Pipeline operating pressure
9
3.4
Steady state calculations
10
3.5
Dalton – Canberra PIPELINE
12
3.6
unsteady state calculations
12
3.6.1
General
12
3.6.2
Calculation Results
14
3.6.3
Pipeline Compression
14
3.7
young compression
17
3.8
pipeline configuration
17
4.
Capital Cost Estimates
18
4.1
Estimate BAsis
18
4.2
Assumptions
18
4.3
Estimate Exclusions
19
4.4
Project approvals / land acquisition costs
19
4.5
Linepipe costs
19
4.6
Estimated Cost
19
4.7
Pipeline development cost
20
4.8
Cost reduction for  DN 300 pipeline to culcairn
21
4.9
Potential saving - Dalton – Canberra pipeline
21
4.10
Impact of australian dollar variability
21
4.11
Operating Costs – Fuel gas consumption
22


ATTACHMENTS

Attachment 1
HYDRAULIC MODEL OUTPUT

Attachment 2
PIPELINE CONFIGURATION

Attachment 3
ESTIMATE DETAIL SUMMARY

Attachment 4
SYSTEM LOAD PROFILES

1. summary

1.1 general

This report presents the results of a study undertaken by Venton and Associates Pty. Ltd. (VAPL). For East Australian Pipeline Limited (EAPL) to determine the current cost of the existing pipeline network developed today using current technology and standards. 

The proposed design is considered to be an “Optimised” design, and the capital cost estimates presented are considered to represent the present day cost of the Optimised design.  The estimate accuracy is ( 20%.

The study considers pipelines developed to match a current projection of the load growth in the pipeline.  

The study assumes that the NSW load growth is essentially within the Sydney – Newcastle - Wollongong regions, and it considers interstate gas market and supply opportunities.

EAPL provided estimates of the pipeline loads between 2000 and 2014 and details of the load profiles applying to the major loads along the pipeline.  EAPL also provided details of the existing pipeline routes, the route elevation, location of offtake points, and certain information on construction features along the pipeline routes for use in capital cost estimating.

VAPL developed designs for the pipeline network based on a network having the capacity to deliver the 2014 load using incremental compression.  Hydraulic modelling used the SIROGAS unsteady state pipeline model for network performance modelling for the initial study.  A simple steady state model was also used to establish the probable pipeline diameters and compression requirements.

1.2 System design

The optimised pipeline network is based on a transmission pipeline between Moomba and Young operating a Class 900 pressure of 15.3 MPa.  The balance of the pipeline network operates at a Class 600 pressure of 10.2 MPa, maximum.  The selected pipeline diameters and their associated operating pressures are summarised in Table 1‑1.

Table 1‑1 Pipeline Network Diameters and Pressures

Pipeline
Diameter and Pressure

Moomba to Young
DN 600, Class 900

Young to Wilton
DN 600, Class 600

Dalton to Canberra
DN 300, Class 600

Northern Laterals
DN 150, Class 600 (all lines)

Young – Culcairn
DN 350, Class 600

Burnt Creek to Griffith
DN 150, Class 600

The pipeline requires an initial compressor station at Moomba to raise the current Moomba supply pressure from approximately 6.0 MPa to the required inlet pressure of 15.3 MPa.  

Incremental compression is required progressively along the pipeline as the load grows with time.  One intermediate compressor station is required in year 2000.  Because the load falls between after 2000, the intermediate compressor station is not required again until about 2008.  In year 2014, the pipeline has 5 intermediate compressor stations.  

1.3 Capital cost Estimate

The estimated capital costs of the pipeline networks are summarised in Table 1‑2.

Table 1‑2 Estimated Capital Cost of Optimised Network (Year 2000 Basis)

Pipeline
Estimated Cost ($A’000s)

Moomba to Young
698,665

Young to Wilton
194,403

Young to Culcairn
64,677

Dalton to Canberra
18,974

Young to Lithgow
51,051

Junee to Griffith
30,446

Estimated Cost
1,058,216

The estimated cost to develop the pipeline to year 2014 and a net present cost for the full development of the pipeline is presented in Table 1‑3.

Table 1‑3 Net Present Cost of Pipeline Developed to 2014


Estimated Cost ($A’000s)

Estimated Cost of Incremental Compression
167,100

Net Present Cost of Incremental Compression

Escalation      = 1.5%

Discount Rate = 8.5%
96,725

Initial Cost
1,058,116

Net Present Project Cost
1,154,841

Some further optimisation of the system is possible.  For example,

· With more analysis it might be possible to deliver the performance required in year 2000 without an intermediate compressor station, thus delaying the cost of this facility for 8 years. 

· In year 2014, additional compression is required to maintain the flow to Culcairn during minimum pressure periods at Young.  The conceptual design provides this by installing a single 2.5 MW unit in the Young Laterals station, maintaining a 10 MPa supply to the Culcairn lateral and freeing the Young - Wilton compressor from this demand.  Locating this unit at Bomen or Uranquinty may provide a better solution from and operating standpoint, but the installation date is well in the future, and the impact of this cost on net present cost is minimal.

· Reducing the diameter of the Dalton – Canberra pipeline from DN 300 to DN 250, and by closely matching the diameter of the Northern and Junee-Griffith laterals to the nominal flows.  

· A mix of pipeline diameters in the Northern Laterals pipeline.

However the study considers that while these refinements will result in small capital cost savings, they may increase the operating complexity of the pipeline network, and result in increased operating costs, or future incremental capital.  Consequently the refinements are discounted by the study.

It should be noted that the capital cost estimates are based on currency exchange rates that were considered reasonable at the time of the study, and on imported line pipe costs current at the time of the estimate.  Both the Australian dollar and the international line pipe market are volatile, and any comparative use of the estimate should ensure that adjustments are made to ensure that the estimate basis is common.

2. study basis

2.1 Pipeline Network

The pipeline network modelled in this study is illustrated in the following map.  The network consists of a trunk pipeline from Moomba to Wilton, with lateral pipelines serving Orange-Bathurst-Lithgow, Canberra, Junee-Griffith and an interconnection pipeline with Victoria between Young and Culcairn, illustrated in the following figure.

[image: image1.wmf]
2.2 Load Basis

2.2.1 Pipeline Load Growth Projection

This analysis is based on an assessment of the energy that will be transported by the pipeline network between 2000 and 2014. The assessment was developed by EAPL, having regard to the growth of the New South Wales market published in the Fourth Gas Supply and Demand Study published by the Australian Gas Association in 1997, projected on a base of known loads in the pipeline network in 1998.  The assessment also included an analysis of development opportunities and the impact of competing pipelines.

Base and High load cases were developed by EAPL and provided as an input to this study in late 1998.

The Base case load case was revised in March 1999 as a result of a revised assessment of the market following the decision by the Eastern Gas Pipeline project to complete a pipeline from Victoria to Sydney in mid 2000.   At this time EAPL considered the High case unrealistic and discarded it from further consideration.   

The nominated loads are the Maximum Demand Quantity (MDQ) from all shippers.  The MDQ’s for the major demands are modified by the application of a load profile including a load factor.

Shortly before this report was finalised EAPL advised that the forecast loads for the Canberra, Bomen, Griffith and Northern Laterals loads between 2000 and 2005 had been reduced from those used in this study.  Since the reduction was small, and there was no change to the overall demand forecast in this period the potential impact on completed hydraulic designs was small, it was decided to ignore the revision.  

2.2.2 Load Profiles

The design philosophy used by EAPL in ensuring the existing system has adequate capacity to deliver the winter peak demand is adopted for this study.  The philosophy is:

· The historical demand profile for a seven (7) day peak period is applied to the average daily load for the flow case.

· The pipeline capacity is modelled for three continuous weeks at this load and load profile to establish stable performance.

· To be an acceptable design the pressures in the pipeline network must exceed the minimum design or contract pressure at all points throughout the network.

The hydraulic design is based on the projected load and load profiles for major centres (Sydney, Canberra, Junee-Griffith and the Bathurst/Lithgow area.

The profiles adopted are presented in Attachment 4.

The peak day flow was determined from historic data supplied by EAPL, and calculated from the average daily load for the year under consideration.  The first day in the weekly cycle is Saturday. 

Each of the minor loads is assumed to be constant at the average value calculated from the average daily load.  This simplifying assumption is reasonable because each of the loads is small relative to the total load in the transmission pipeline network.

2.2.3 Small Loads

Pipeline capacity modelling assumes that the current load at minor demand points is maintained constant throughout the life of the study period.  This is a slightly conservative assumption, forcing the entire load growth to the major loads – however since the loads are small relative to the major demands, and the growth in the smaller, rural centres is typically less than 1%, the conservatism introduced by this assumption is small.

2.2.4 Gas Flow – Moomba to Wilton

Figure 2‑1 illustrates the assessed gas flow (expressed in energy units) between Moomba and Young required to satisfy the New South Wales (NSW) and Victorian projected market between 1999 and 2014.  

Figure 2‑1   Gas Flow from Moomba
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2.2.5 Net Gas Flow at Culcairn

Figure 2‑2 shows the projected capacity required at Culcairn for gas transported between NSW and Victoria through the recently constructed Interconnect Pipeline.

The net flow at Culcairn is the sum of the contracted supply of Victorian sourced gas to NSW, and of Moomba sourced gas into Victoria.  A negative value indicates that the net flow direction is from NSW to Victoria.

The net flow into NSW is modest, as a result of the modest growth in the NSW market, coupled with an assumed capacity of the existing Moomba gas supply to satisfy a significant proportion of the growth.  Toward the end of the study period, the net flow direction reverses.

Figure 2‑2 Gas Flows through Culcairn to and from NSW


[image: image3.wmf]Net Culcairn Flow - Base Case

-50

-30

-10

10

30

50

70

90

110

130

150

1999

2001

2003

2005

2007

2009

2011

2013

2015

Year

Net Flow (TJ/d)

Net Culcairn Flow - Base Case


2.3 Gas composition

The study assumes a gas composition for supplies from both Moomba and Victoria that is similar to the composition currently supplied from Moomba.  Table 2‑1 presents the composition used to calculate gas properties in the pipeline hydraulic design.

Table 2‑1 Assumed Gas Composition

Gas Component
Concentration (Mole %)

C1
83.67

C2
9.62

C3
0.46

IC4
0.05

NC4
0.03

IC5
0.07

NC5
0.03

C6+
0.32

N2
2.86

CO2
2.99

The gross heating value (GHV) for gas with this composition is 39.03 MJ/m3.  However to maintain consistency with calculations undertaken by EAPL, the market loads were converted to volumetric flow using a GHV of 38.5 MJ/m3.  This assumption is slightly conservative, resulting in slightly higher volumetric flows than would be calculated if the GHV calculated from the gas composition was used.  (Note the assumed GHV correctly describes the average heating value of gas from Victoria).
This assumption has no significant impact on the outcome of hydraulic design and pipeline capacity determination. 

3. pipeline hydraulic design

3.1 General

Pipeline hydraulic design is the process to determine the size, operating pressure and configuration of intermediate compressor facilities along the pipeline route.

The pipeline hydraulic design used:

· A steady state – linear pipeline model for to make an initial selection of the pipe diameters and operating pressures.  

The steady state model determines the pipeline diameter that will continuously deliver the nominated MDQ flows between the assumed inlet and outlet pressures.  The steady state model may over or under-predict the diameter required to deliver the unsteady state flows, depending on the duration of the peak load, and the linepack that is available for drawdown in the period that the outflow is higher than the pipeline inflow.

Steady state modelling is typically used for pipeline diameter selection unless there is specific information available on the load profile.

· An unsteady state model to assess the capacity of the pipeline system to deliver the flow required for a peak load week, using load profiles established from historic data from the existing system for each major load.  The unsteady state model used was the FLOWTRAN/SIROGAS model supplied by William J Turner Pty Ltd.  This product has been used by EAPL for pipeline system modelling for some years. (Note that revised calculations in March 1999 were checked using the Stoner and Gregg Engineering software).

Because unsteady state computer programs accurately model a real pipeline, permitting the supply and delivery flows and pressures to vary with time, they are appropriate for design of pipeline systems where there is sound knowledge of the profile of the major loads.  This is the case for the EAPL system.

3.2 Modelling assumptions

Each hydraulic model requires a number of assumptions that reflect the design basis and the design assumptions.  The key assumptions are addressed in this section:

Item
Assumption

Ground Temperature
21( C

Maximum Pipeline Inlet Temperature
60( C

Pipeline Roughness
0.007 mm 

(Burnished steel typically 0.0076 mm – 0.0127 mm)

(Epoxy – Acrylic Lining typically 0.0051 – 0.0076 mm

Supply Pressure (Moomba)
6.0 MPa

Supply Pressure (Wodonga)
10.2 MPa

Delivery Pressure (Wilton)
3.8 MPa, (Minimum)

Delivery Pressure (Canberra)
1.2 MPa (Minimum)

Delivery Pressure (Griffith)
1.75 MPa (Minimum)

Delivery Pressure (Lithgow)
1.75 MPa (Minimum)

Pipe Steel Grades
API 5L Grade X70 and X80 (large diameter pipes)

Pipeline Maximum Operating Pressures
10.2 and 15.3 MPa (Class 600 and Class 900)

The design roughness is typical of steel pipe that has been burnished smooth by regular pigging to remove latent scale, rust or other surface contamination, or is a conservative value for pipe that is internally lined with an epoxy coating.

Typical roughness values for pipe steel following construction and hydrostatic testing are about 0.025 mm.  Thus the assumed value is appropriate either for lined pipe, or for a pipeline that has undergone a regime of wire brush pigging during its operation to progressively improve its surface quality. 

The pressure supplied by Santos at Moomba is understood to normally be higher than the assumed pressure.  This conservative assumption increases the required compressor power and fuel at Moomba but does not change the equipment selection.

The design assumes that the maximum compressor ratio used on the pipelines is 1.5, and the maximum station power is 9.0 MW (except in the case of the initial compressor station at Moomba).

A 9 MW station can be supplied as:

· A single Solar Mars unit (9 MW @ 35(C)

· Two Solar Taurus T70 (11.6 MW @ 35(C)

· Three Solar Taurus T60 units (12.8 MW @ 35(C)

Multiple smaller unit installations provide additional power, and offer increased reliability at reduced cost, because the loss of pipeline capacity resulting from loss of one unit may be offset by the reserve power available at the downstream compressor station.

3.3 Pipeline operating pressure

Maximum allowable operating pressures (MAOP) of Australian gas pipelines have progressively increased from 7 MPa used for the design of the Moomba to Wilton Pipeline, to 10.2 MPa currently used for most new pipelines, and 15.3 MPa, used for some long transmission pipelines.

Gas pipelines operate more efficiently as their operating pressure increases.  This is because friction loss increases with the square of the flowing velocity, and the actual volume of gas reduces in proportion to the flowing pressure.  Consequently a modest increase in flowing pressure makes a significant impact on the pressure losses in the pipeline.

Thus, increased operating pressure can enable the pipeline diameter to be reduced, lowering its cost.

Factors that limit the benefit of high-pressure pipelines are:

· The increased cost of compression to deliver the gas at the higher pressure and,

· The cost, and energy loss (inefficiency) that results from having to reduce the pressure from transmission level to the pressure required by the end user.

An inspection of the EAPL pipeline network suggests that it is practical to construct the pipeline between Moomba and Young as a Class 900 pipeline, with a MAOP of 15.3 MPa.  Downstream of Young there is no benefit in operating the pipeline at this pressure because the relatively short distance in a properly sized pipeline would result in the delivery pressure at Wilton being significantly higher than that required.

Consequently the hydraulic design has adopted:

· A MAOP of 15.3 MPa for the Moomba to Young section of the pipeline.

· A MAOP of 10.2 MPa for all other pipelines.

These pressures are equal to the class limit for flanges that satisfy the requirements of ANSI Class 900 and Class 600 respectively.  They currently require the designer to purchase flanges satisfying alternative compliance codes to permit this pressure at the design temperature.   The Australian Industry is currently considering an anomaly between various pressure vessel codes, and it is probable that if these pipelines were constructed today, the industry would approve their construction without derating at the pipeline design temperature.

3.4 Steady state calculations

Steady State calculations were made using the flows through the pipelines in year 2014 to establish the nominal diameter and compression configuration for each line, to minimise the effort required to achieve an optimum.  The steady state program used includes an option to allocate compressor stations of known power at optimum locations.

The results of these calculations are summarised in Table 3‑1 and Table 3‑2.

Table 3‑1 shows that the DN 650 pipeline and the DN 600 pipelines are both candidates for the Base load.  Because the initial cost of the DN 650 pipeline will be higher than the DN 600, and the number of compressor stations are similar, it is probable that a net present cost analysis would result in the DN 600 alternative offering a lower cost basis.

Table 3‑1  Pipeline Configurations - Steady State - 2014 Flow
Pipeline
Pressure In/Out (MPa)
Nominal Diameter (mm)
No. Compressor Stations
Operating Power (kW)

Moomba – Young (Flow, 2014)
15.3 / 10.2
DN 650
2
16,000


15.3 / 10.2
DN 600
5
25,850


15.3 / 10.2
DN 500
10
90,710

Because the load growth does not occur until 2009, an economic optimum solution might be to install a DN 500 or DN550 pipeline and be prepared to loop the pipeline to deliver the flows required between 2010 and 2014.  At 2009, for example, a DN500 pipeline would require 5 compressor stations and 24,200 kW.  

The DN 500 option was discarded by a preliminary inspection of the probable incremental looping costs, while the DN550 option was discarded because it is an uncommon diameter and it will still require significant compression or looping to deliver the 2014 load.

Consequently the study considers that the smallest reasonable diameter between Moomba and Young is DN 600.  

Table 3‑2 shows that a DN 550 pipeline is required between Young and Wilton to deliver the load without intermediate compression.

Because DN 550 is an unusual diameter, because the delivery pressure is close to the nominal minimum pressure at Wilton, and because supply security is important to the Sydney market, the study has selected a DN 600 pipe as the optimum diameter. 

It is probable that under unsteady state conditions, the pipe diameter could be reduced by one size (50 mm nominal), to make a greater use of the linepack in this section, but considering the size of the Sydney load, diameter constraint near the delivery point of an unsteady state load is undesirable.

Table 3‑2 Pipeline Configurations - Steady State - 2014 Flow

Pipeline
Nominal Diameter (mm)
Pressure In (MPa)
Pressure Out (MPa)
No. Compressor Stations

Young – Wilton     (Flow, 2014)
DN 650
10.2
8.5
-


DN 600
10.2
7.6
-


DN 550
10.2
5.5
-


DN 500
10.2
-
-

Table 3‑3 shows the steady state performance of pipelines transporting gas flows along the pipeline between Young and Culcairn, assuming the inlet pressure at Culcairn is 10.2 MPa.  This is not a correct assumption for the pipeline in its current configuration because compression is planned to be supplied at the NSW- Victoria border, and at Uranquinty.

In the absence of detailed knowledge of the gas pipeline network in Victoria, this study has assumed that the compressor station locations currently adopted are appropriate to the optimised design.

Table 3‑3 Pipeline Configuration - Maximum Net Flow

Pipeline
Nominal Diameter (mm)
Pressure In (MPa)
Pressure Out (MPa)
No. Compressor Stations

Young to Culcairn

(Flow in 2000)   (25 TJ/d Delivered) 
DN 350
10.2
10.0
-


DN 300
10.2
9.9
-

Young – Culcairn 

(Flow in 2014)

(93TJ/d Delivered)
DN 400
10.2
8.9
-


DN 350
10.2
6.9



DN 300
10.2
>7
1

Culcairn – Young 

(Flow in 2005) (18 TJ/d Delivered)
DN 350
10.2
10.1
-


DN 300
10.2
9.9
-

The steady state analysis suggests that the pipeline diameter should be either DN 300 or DN 350.

The study adopted a DN 350 pipeline for the Young to Culcairn pipeline because:

· The pipeline provides a link between the Moomba gas reserves and the Melbourne market, and between the Victorian reserves and the Sydney market.  The capacity of a DN 300 pipeline is too small to be reasonably considered as a means of linking the markets.  

A reasonable minimum pipeline diameter to link the two largest markets and supplies on the east coast is probably DN 400 or DN 450.  However these could not be justified using the load projections.

· The projected flows through the pipeline between 2001 and 2012 are such that a DN 250 or a DN 200 pipeline could service them.  A pipeline of this diameter between these markets would require tariffs that could not stimulate any growth in capacity (and probably should not be built).

· The incremental cost between a DN 300 and DN 350 pipeline is not great.

· A DN 350 pipeline could probably be justified through a combination of being a minimum strategic diameter to provide useful gas flows between the states (for an event such as the 1998 supply interruption at Esso’s Longford facility).  It has sufficient capacity to offer competitive tariffs if its capacity was utilised.  This would challenge the owning company’s marketing department to aggressively market the capacity and have a reasonable chance of securing sufficient to utilise a reasonable proportion of the capacity earlier than the current projection. 

The selected diameter does not offer an optimised design for the identified Interconnect loads.  However it is considered to offer the minimum reasonable diameter that would be constructed on the basis of the market opportunities for interstate gas trading.  

3.5 Dalton – Canberra PIPELINE

The Canberra load has large daily swings and the capacity is sensitive to the Young delivery pressure.  

The current diameter is DN 250, and satisfying the Canberra capacity through this pipeline often determines the operating pressure in the Young to Wilton pipeline, leading to inefficient pipeline operation.  While this problem will reduce with the optimised, higher pressure design, it may under some conditions impose a constraint on the Young – Wilton pipeline operation.

Because the pipeline is only 58 km long and the incremental cost of a larger diameter is small, a DN 300 diameter pipeline is selected as providing an optimum design considering both the capital cost and operating flexibility requirements of this pipeline.

3.6 unsteady state calculations

3.6.1 General

The unsteady state performance of the pipeline network was predicted to determine the pipeline development required to achieve capacity by progressive installation of compressor stations and compressor plant.

The initial installation is required to satisfy the year 2000 load.  This design is satisfactory for the projected loads until 2009, when equipment is installed that has capacity to satisfy the 2012 load.  In 2012 the system capacity is further enhanced to provide the capacity to deliver the 2014 load.

The analysis assumes that the pipeline is developed using compressor stations installed at the locations in Table 3‑4. 

Table 3‑4  Compressor Station Locations
Pipeline
Compressor Site
Kilometre Post
Separation (km)

Moomba to Wilton
Moomba
0



Binerah Downs
170
170


Questa Park
380
210


Bulla Park
579
199


Pine Ridge
777
198


Marsden
942
165


Young
1034
92

Northern Laterals (Bathurst-Lithgow)
Young
0.1
0.1

Culcairn - Young
Uranquinty
60
124


Young (suction)
218
158

Young – Culcairn
Young (discharge)
0
0


Uranquinty
158
158

Notes:

1) The sites selected as compressor station sites on the Moomba to Wilton pipeline are sites that exist on the current pipeline.  A consequence of this assumption is that the spacing between compressor stations varies, and this results in a less than optimal performance from compressor stations.  If a more detailed analysis of the pipeline shows that the compressor stations can be spaced at approximately equal separations then improved performance can be expected, and the design nominated is conservative.

2) The current pipeline design includes a small compressor installed at Young to reinforce the supply to the northern laterals pipeline (Bathurst – Lithgow).  This study assumes that this compressor unit is required during the development of the network, because conditions will occur where a higher pressure is required to deliver gas flows on the Northern Lateral than on the Young – Wilton pipeline.  In this situation it is more efficient to operate a small compressor to supply the lateral than to over-compress the Young - Sydney pipeline.
3) Because the net gas flow in the Young – Culcairn pipeline is both to and from Victoria, this pipeline will be configured to deliver gas from the discharge of the Young compressor station when the flow direction is towards Victoria, and to receive gas into the suction of the Young compressor when the net flow direction is north.
The unsteady state SIROGAS calculation commences with a steady state calculation that fills the pipeline to a pressure profile that satisfies steady state deliveries nominated in the data file.  The unsteady state calculation commences from this starting condition, with the load and load profiles nominated for each of the fixed and profiled loads respectively. For this study, the calculation is run over a three week period.  If the steady state flows nominated for the system are close to the unsteady state conditions, the pressure profile in the network should repeat through the three week cycle with little change.  If the flows used to determine the initial steady state pipeline pressure profile differ from the unsteady state conditions, then the pressure profile will reduce or increase with time (as linepack is drawn from, or added to the pipeline). 

A run was judged to be successful if the minimum pressure at the endpoints of each pipeline was higher than the nominated minimum value.

The unsteady state calculation procedure for the revised loads in March 1999 commenced with a steady state solution for the pipeline operating at average flows.  The unsteady state solution then commences from the steady state condition and applies a time varying profile to each of the major outflows.  Some additional computation was necessary to ensure that the revised analysis produced results similar to those produced by Sirogas.

Each of the unsteady state models computes the hydraulic power required to compress the gas between the suction and discharged pressures, and then computes the engine power and fuel consumption using correlations that are determined by the design engineer.  Typically the values are determined for:

· The heat rate – power curves for the selected engine published by the manufacturer assuming operation at or near best efficiency point.

· An expected compressor efficiency, typically in the range of 70-85%, (the low efficiency applies to the smaller units while the higher efficiency applies to the larger efficiency running near best efficiency.

Correlation coefficients are then used to calculate the power and fuel consumption.

The analyses performed for this study used performance data for Solar T60 and Mars units in the compressor models, but no attempt was made to refine the correlation coefficients to reflect the performance of the machines at part load, and no attempt was made to apply de-rated engine performance to specific installations.  The number of machines required to deliver the required power is based on inspection of the calculated power and then applying judgement.

Consequently the computed power and consumed fuel must be considered as reasonable estimates, and not as absolute values.

3.6.2 Calculation Results

The calculations confirmed that the basic pipeline configuration is:


Moomba to Young

DN 600, Class 900



Young to Wilton

DN 600, Class 600



Dalton to Canberra

DN 300, Class 600



Northern Laterals

DN 150, Class 600 (all lines)



Young – Culcairn

DN 350, Class 600



Burnt Creek to Griffith
DN 150, Class 600

The output from each of the calculations is shown graphically as plots of pressure at nominated locations and flow, in Attachment 1 to this report.

Further refinement could:

· Change the Northern Lateral from all DN 150 pipe to a combination of DN 200, 150 and 100 pipe.  The effect of this would be to reduce the pressure gradient between Young and about Orange and increase the pressure gradient in the laterals to Oberon, Orange Meter station and Lithgow.  It is not considered that this change would have a material effect on the capital cost of the pipeline at this level of cost estimate.

· Reduce the diameter of the Dalton to Canberra pipeline from DN 300 to DN 250, the size currently adopted in the network design.  The cost impact of this change is included in the estimate section of this report.

· Reduce the diameter of the Young – Culcairn pipeline from DN 350 to DN 300.  This would be associated with increased compression in 2013

3.6.3 Pipeline Compression

Compression is required on the pipeline initially and then incrementally to match the pipeline capacity with the forecast load growth. 

3.6.3.1 Moomba Inlet Compression

Table 3‑5 illustrates the compression required for the new pipeline at Moomba, assuming that the gas production facilities continue to deliver gas at 6.0 MPa. For the purposes of this study, the Moomba compressor station is assumed powered with Solar Mars 100 units that will deliver 9 MW when operated at site conditions at a design ambient temperature of 35( C.  At times when the ambient temperature is less than 35( C the delivered power is more than 9 MW.

Table 3‑5 Moomba Compression to Raise pressure from 6.0 MPa to 15.3 MPa

Year
Required Power
Compressor Units

2000
14,500
2 x Solar Mars 100

9 MW @ 40(C

2004
<13,000


2006



2007



2009
15,100
Add 1 standby

2011



2012
18,400


2013



2014
22,200
Add 1 Standby

The compressor installation schedule initially provides two units at the compressor station, supplying 100% redundancy, since the high pressure design adopted requires the initial supply to be delivered at the design inlet pressure.

As the required power increases, units are added progressively to maintain a reasonable level of redundancy.  In general, the new compression is installed in the year prior to the year nominated as it being required. 

3.6.3.2  Pipeline Compression 

Table 3‑6 illustrates the calculated power demand at each of the compressor station sites required in the development of the pipeline.  The power is reported as maximum, average and minimum kW demand during the period of the simulation.  An optimum configuration will minimise the variation between maximum and minimum power demand, and it is apparent from the table that some further refinement may offer a more uniform application of the power.   

Table 3‑6  Pipeline Compression


Binerah
Questa Pk
Bulla Pk
Pine Ridge
Young
Young Laterals

2000    Max.

Average

Min.
-
3,950

3,500

3,150
-
-
-
340

260

170

2004
-
-
-
-
-


2009   Max.

Average

Min.
-
5,100

4,600

3,700
-
-
-
160

230

120

2012    Max.

Average

Min.
-
7,150

6,750

4,350
-
7,000

4,850

1,650
5,650

2,860

0
350

180

0

2014    Max.

Average

Min.
9,000

8,500

5,300
9,300

8,500

4,900
9000

7,700

4,000
9,000

6,400

2,600
6,000

4,100

0
2,300

1,460

0

Table 3‑7  Pipeline Compressor Installation Schedule


Binerah
Questa
Bulla Pk
Pine Ridge
Young
Young

2000

1 x T60



2 x 400 kW

2009







2012

Add 1 x T60

2 x T60
2 x T60


2014
2 x Mars 100
Add 1 x T60
2 x T70


1 X C40

Table 3‑7 presents a probable installation schedule for pipeline compressor stations based on Solar T60 compressor units.  The installation schedule is based on providing sufficient power at the compressor station site by the time that it is required, and providing adequate redundancy, recognising the maturity and proven reliability of the units. 

3.6.3.3 Pipeline Compression at Young for Northern Laterals Pipeline

A compressor is installed in 2000 at Young to maintain a nominal pressure of 10 MPa at the inlet to this pipeline.   This machine allows the Northern Laterals pipeline to be optimally sized for a known inlet pressure, and allows the high capacity Young to Wilton pipeline to be operated at a pressure that is optimised for the load in that pipeline, thus contributing to efficient pipeline operation.

This compressor is installed as a component of the initial pipeline construction. Two 400 kW units (duty / standby) are installed for continuous operation because there is no main pipeline compression at Young.  

3.6.3.4 Pipeline Compression for the Young to Culcairn Pipeline

Intermediate compression is not considered necessary on the Culcairn to Young pipeline under normal conditions, provided the delivery pressure from either Barnawatha (net flow from Victoria to NSW) or from Young (net flow south from NSW to Victoria) is higher than 9 MPa. 

The design assumes that in an optimised development, a compressor station is located at Barnawatha to deliver gas from Victoria into NSW, or to receive gas from NSW and boost the pressure from NSW to that required for delivery into Victoria, depending on the net flow direction.  (This might not be the case for 2014 loads, when it might be more efficient to boost the pressure at Culcairn).

The design assumes that when the flow direction is north, flow is received into the suction of the Young compressor station, and when the flow is south, it is delivered from the discharge (or suction) of the Young compressor station, depending on the pressure required in the system.

Calculations performed for the pipeline between Barnawatha and Young for the peak flow years at Culcairn are shown in Table 3‑8.  From inspection of the output of the unsteady state calculations, the pressures at Young are typically lower than the values tabulated when flow is north, and when the flow is south, the Young compressor can be operated to deliver the pressure required, even though this may be somewhat inefficient.

It is necessary to maintain an inlet pressure of 10 MPa to deliver the 2014 flow.  The study assumes that this is provided by installing an additional compressor on the Northern Laterals offtake.  This allows the Young – Wilton pipeline to continue to operate independently of the lateral pipelines.  This may or may not be an optimum design – however because the capital expenditure is some 13 years into the future the present day impact of the net present cost is small, and does not justify further refinement.

Table 3‑8  Pressures in Culcairn to Young Pipeline
Year
Culcairn Flow
Diameter
Pressure (MPa)


(scm/h)
(mm nominal)
Barnawatha
Bomen
Young

2000

(Unsteady State)
27,010
DN 350
7.0-8.9

(at Culcairn)

7.3 –9.0

2014

(Unsteady State)
-100,640
DN 350
7.0-7.6

(at Culcairn)
8.3-8.8
10.2

Note : Negative flow represents flow from NSW into Victoria.  

Inspection of the output from steady state calculations suggests that it may be practical to install smaller  diameters and still not provide intermediate compression.  However considerable flexibility is lost, and the larger diameter is considered to represent a more flexible design at minimum cost penalty.

3.7 young compression

The design provides an intermediate compressor at Questa Park and does not provide a compressor at Young.  It could be argued that this limits the operational flexibility of the pipeline because the remoteness of the second compressor from the Sydney market will impose a time constant on the system that restricts its ability to respond to the variation in Sydney and Canberra market loads.

This may introduce inefficient operation, resulting in some operational pressure regulation at Young between the ANSI Class 900 and ANSI Class 600 pipeline sections, rather than using pressure regulation for occasional overpresure regulation.

The conceptual design assumes that with experience in load profiles, and with on-line predictive modelling capability in the control room, it will be practical to operate the Questa Park compressor to maintain adequate pressure at the inlet to the Young facility without having to resort to active pressure regulation at Young.

3.8 pipeline configuration

A significant proportion of the cost of a pipeline system is associated with the pipeline facilities (isolation valves and scraper stations.

Since the construction of the existing pipelines, there have been changes in design codes, and development of internal inspection equipment that permit the spacing between these facilities to be increased.

The optimised design recognises the cost benefit of both these developments.

The pipeline configuration used in the cost estimates is tabulated in Attachment 2.  The Moomba to Young pipeline is divided into six scraper sections each approximately 170 km long.  The scraper sections are located at sites nominated as future compressor stations.

Each scraper section has two intermediate isolating valves, locating valves at a spacing of approximately 60 km.

Between Young and Wilton there are two scraper sections (Young – Goulburn and Goulburn – Wilton).  This pipeline contains 9 intermediate isolating valves.

The Young – Culcairn pipeline is divided into two scraper sections, nominally Young-Uranquinty and Uranquinty – Wodonga (Barnawatha).  The pipeline and pipeline facilities between Culcairn and Barnawatha are assumed to be provided by Transmission Pipelines Australia.  

The NSW laterals pipeline includes 8 intermediate isolation valves.

The pipelines are provided with cathodic protection systems for control of external corrosion.

The pipeline network is provided with a communications system assumed to be provided by a combination of leased communication lines and leased communication capacity from satellite services.

4. Capital Cost Estimates

4.1 Estimate BAsis

The cost estimates are developed from a database of strongly supported as-built cost data and project cost estimates for pipelines in arid and coastal regions of Australia.

The estimates incorporate allowance for the features that currently exist along the pipelines, and advised by EAPL.   

All costs are in First Quarter 1999 dollars with no allowance for escalation.  The estimate includes allowance for financing the project with the interest cost calculated over a funds drawdown period. 

Costs are based on the nominal quantities identified on the detailed worksheets, and in particular, on the actual lengths of the existing pipeline routes. 

Allowance is made for notional quantities of rock trench, padding and other physical constraints of the pipeline route provided by EAPL.  In some cases accurate lengths of these features were not available from EAPL, and the quantities allowed are based on judgement using experience and some knowledge of the routes by the author.  The accuracy of the estimates is considered to be (20%.  The accuracy of the construction cost portion of the estimate is influenced by the assumptions made in relation to the ground conditions. 

4.2 Assumptions

A number of assumptions were made in developing the estimate.  The extent to which these assumptions influence the overall cost of constructing the pipelines through undisturbed country is unknown.  The assumptions are:

· All felled trees and vegetation are stockpiled and respread on the right of way, or burned after completion.  No allowance is made for chipping and/or mulching of felled trees.
· The estimate assumes that mobilisation costs are spread over more than one construction spread.  For example, the equipment used for Dalton to Canberra will also be employed on at least one other section.  Accordingly, mobilisation and demobilisation costs are spread across each of the pipeline projects. 

· Currency conversion:
1 AUD = 0.64 USD.
· Interest on finance raised for construction of the project is assumed to be 8.5%.  The interest charged is calculated using this rate, assuming 100% debt for the estimated cost applied for a 24 month project construction period, and assuming that through management of the finance drawdown, only 40% of the calculated interest is paid.
Escalation between the time of the estimate and the completion of construction is assumed to average 1.5% per annum.  The project estimate is escalated at this rate for a 24 month period, assuming that progressive drawdown of the capital will result in only 60% of the calculated value being applied to the project.
· Owner’s costs are assumed to be 2% of the capital cost of the project.
· Engineering, procurement and project management costs are assumed to be 7.5% of the estimated capital cost of the project.
· A contingency of 10% is applied to the estimated cost, including Owners, EPCM and Interest charges.  
· An allowance is made for Capitalised spares at a rate of 1.5% of the capital cost.
4.3 Estimate Exclusions

The estimate makes no allowance for:

· Cost of feasibility studies

· Import Duties

4.4 Project approvals / land acquisition costs

A reasonable estimate of the cost of obtaining approval for this project is included in the detailed estimate, having regard to the increasing cost of this activity in pipeline development projects.

The estimate takes note of the recent change to energy transportation pipelines that identify them as “Permitted Future Acts” under the Native Title Legislation.  This simplifies the approval process, and requires identified Native Title Claimants to be compensated in the same manner as other affected landholders.

The amounts allowed in the estimates for the project approvals represent a reasonable cost for the activities.  If this project was developed as a greenfields project it is possible that the project management would have some difficulty in managing the work within the estimated amounts.  This is because the project profile would be such that it would attract a great deal of attention from Government and Landowner / Landholder / Land Claimant Groups that could increase the estimated cost significantly.

However there is a significant allowance for Contingency (omissions) in the capital cost estimate that should accommodate omissions in this area.

4.5 Linepipe costs

Line pipe costs make up a significant proportion of the estimate.

BHP Oil and Gas Pipe provided a budget quotation for the DN 450 and smaller line pipe.   Accordingly the estimate is based on an average cost for this pipe of $A 1150 / tonne delivered Port Kembla, in both API 5L Grade X70 and API 5L Grade X80.  Budget quotations received for similar pipe in October were $A 1100 / tonne for API 5L X80 and $A 1063 / tonne for API 5L grade X 70.

This tonnage rate was applied to larger diameter pipelines.  

It must be appreciated that line pipe is offered on a world price basis.  At times when the world market is flat, as is the present situation, line pipe cost is relatively low.  In December 1997 typical prices for similar material was around $A 1400 / tonne.

A variation of this amount between the time of this estimate and construction of the pipeline would add approximately $A 65 million to the cost of the pipe.

4.6 Estimated Cost

A summary of the estimated capital cost of the pipelines proposed in this study is presented in Table 4‑1.  A detailed estimate summary is presented in Attachment 3.

 Table 4‑1  Estimated Cost of Optimised Pipelines

Pipeline
Estimated Cost ($A’000s)

Moomba to Young
698,665

Young to Wilton
194,403

Young to Culcairn
64,677

Dalton to Canberra
18,974

Young to Lithgow
51,051

Junee to Griffith
30,446

Estimated Cost
1,058,216

4.7 Pipeline development cost

The pipeline system requires incremental development through the addition of compressor stations as the pipeline load increases and the supply pattern changes.  The incremental compressor station cost for the trunk pipeline is presented in Table 4‑2.

The incremental development of the pipeline has assumed that development is staged. The development costs provide for installation of incremental compression in the years prior to that when the full power is required, ensuring that spare capacity is available as the demand increases.  For example, the pipeline is constructed in 1999 with capacity for loads to approximately 2004.  Prior to 2004, additional compression is installed to provide power to 2006.  In 2006 additional power is installed to deliver flows to 2009, and in 2009 additional power is installed to achieve the 2011 load, and so on.

The actual expenditure dates presented in Table 4‑2 represent a reasonable judgement of the probable expenditure, because the hydraulic analysis was not undertaken on a year by year basis.  Furthermore, it is probable that the expenditure for each stage would be undertaken over a two year period.

The incremental compressor station costs used in the above calculation are:

· Moomba Inlet - Cost per additional Solar Mars 100 unit, complete per installation is approx $17.5M, and approximately $31.1 M for a two unit station.

· Moomba - Wilton Intermediate Stations - Two Taurus 60 installation is $23.0M, and $10.0M per additional unit.

Table 4‑2  Future Development Costs and Net Present Cost

Pipeline
Estimated Cost ($A’000s)

2001
0

2002
0

2003
0

2004
0

2005
0

2006
0

2007
0

2008
0

2009
73,500

2010
0

2011
0

2012
93,600

2013
0

2014
0

Estimated Cost
167,100

Net Present Cost

Escalation      = 1.5%

Discount Rate = 8.5%
96,725

Initial Cost
1,058,116

Net Present Project Cost
1,154,841

4.8 Cost reduction for  DN 300 pipeline to culcairn 

The Young to Culcairn pipeline was selected as DN 350, because this was considered as the smallest diameter that could reasonably be justified to link the NSW and Victorian markets and gas supplies.

The cost penalty of this decision is estimated to be approximately $6.0 million in initial capital cost, although there is a cost penalty in 2012 in the order of $15 M  to construct an intermediate compressor station.  At a discount rate of 8.5%, the net present cost of the future compressor station is about $5.6 M.  This is close to the initial cost, and suggests that the selected diameter does not significantly depart from an optimum solution.

4.9 Potential saving - Dalton – Canberra pipeline

The proposed Dalton to Canberra pipeline size is DN 300.  The Canberra load is highly variable, and a larger than necessary pipeline was selected to provide a more constant delivery pressure to Canberra.

It is possible to deliver the volume required through a DN 250 pipeline.  If this was adopted, the capital cost of the pipeline would reduce by approximately $2.4 M.

4.10 Impact of australian dollar variability

This cost estimate is presented in Australian dollars, with US dollar components converted to Australian Dollars at the assumed rate of 1.00 AUD = 0.64 USD.

The Australian dollar is currently quite volatile, and consequently any change in the relativity will have a significant impact on the estimated cost presented in this analysis.

By way of example, a change in the exchange rate from 1.00 AUD = 0.64 USD to 1.0 AUD = 0.60 USD (a change of 6.7%) will result in the estimated costs increasing by between 2.5 and 3.0%.

4.11 Operating Costs – Fuel gas consumption

Fuel gas consumed by the operating compressors is calculated by the unsteady state model.  As discussed earlier in this report, the fuel gas calculation makes assumptions about the engine and compressor efficiency, and also assumes them to be constant irrespective of the unit load.  Consequently the calculated fuel gas demand is a reasonable estimate of the usage.

The calculated values also apply to the times of the year when the pipeline is operating at the maximum load condition addressed in the model.

The annual fuel cost should be estimated using the values tabulated in Table 4‑3, and modified using an experienced base factor that relates the annual usage to the peak usage.

 Table 4‑3  Estimated Fuel Demand

Year
Average Fuel Demand for One (1) Week Operation at Peak Load  (sm3/h)

2000
6,100

2004


2007


2009
6,475

2011


2012
11,770

2013


2014
19,442

The demand for the years for which calculations were not made is roughly proportional to the total system throughput in that year.

ATTACHMENT 1

HYDRAULIC MODEL OUTPUT

(not available with electronic version of the report)

ATTACHMENT 2

PIPELINE CONFIGURATION

(Deleted – confidential)

ATTACHMENT 3

ESTIMATE DETAIL SUMMARY

Owners Project Costs
2.0%

EPCM
7.5%

Financing Costs
6.8%

Escalation
1.8%

Contingency
10.0%

Capitalised Spares
1.5%

Financing Cost Basis


Project Duration
24

Interest During Construction
8.5%

Drawdown Factor
0.4




Escalation Basis


Project Duration
24

Escalation During Construction
1.5%

Drawdown Factor
0.6
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CAPITAL  COST  ESTIMATES 














MOOMBA  TO  YOUNG

YOUNG  TO  WILTON

YOUNG  TO  CULCAIRN

DALTON  TO  CANBERRA

YOUNG  TO  LITHGOW 

JUNEE TO  GRIFFITH


 LINEPIPE   DIA.
DN 600

DN 600

DN 350

DN 300

DN 150

DN 150


 WALL  THICKNESS  (mm)
11.8

9

5.3

78% 4.8 / 22% 7.1

4.8

4.8


PIPE  SPEC
API 5L X80

API 5L X70

API 5L X70

API 5L X70

API 5L X42

API 5L X42


CONSTRUCTION  (m/day)
2100

2100

3500

3600

3400

3700


 ROUTE  LENGTH  (km) 
1034

265

218

58

270

179



QTY
$'000
QTY
$'000
QTY
$'000
QTY
$'000
QTY
$'000
QTY
$'000

LINEPIPE













 LINEPIPE  (EX  BHP)  F.I.S.  SITE  




218 km
11396
58 km
2601
279 km
5301
179 km
3401

 LINEPIPE  C.I.F.  WOLLONGONG  (EX  JAPAN)
1034 km
206800
265 km
40423









 FREIGHT  WOLLONGONG  TO  SITE
182 kt
6915
35.6 kt
1347









 YELLOWJACKET   COATING  (1000um)




218 km
4113
58 km
936
279 km
2340
179 km
1502

 FBE  COATING  (400um)
1034 km
35748
265 km
9162









sub total

249463

50932

15509

3537

7641

4903

SURVEY  &  EASEMENT













 ROUTE  SURVEY
1034 km
775
265 km
292
218 km
165
58 km
45
279 km
376
179 km
224

 GEOTECHNICAL  INVESTIGATION
1034 km
517
265 km
193
218 km
100
58 km
50
279 km
185
179 km
100

 EASEMENT  DOCUMENT  SUBMISSION
ITEM
1015
ITEM
960
ITEM
845
ITEM
320
ITEM
815
ITEM
540

 LANDOWNER  CONTACT / NEGOTIATIONS
1034 km
1300
265 km
1000
218 km
800
58 km
150
279 km
800
179 km
800

 LAND  VALUATIONS
1034 km
715
265 km
500
218 km
400
58 km
75
279 km
300
179 km
300

 EASEMENT  LODGEMENT/REGISTRATION
ITEM
780
ITEM
690
ITEM
635
ITEM
350
ITEM
570
ITEM
395

 CLAIMS / DAMAGES  &  ACQUISITION
1034 km
1860
265 km
1645
218 km
1390
58 km
395
279 km
1295
179 km
810

sub total

6962

5280

4335

1385

4341

3169

ENVIRONMENT













 BIOLOGICAL  SURVEYS
1034 km
1160
265 km
625
218 km
680
58 km
110
279 km
810
179 km
410

 CULTURAL  SURVEYS / NATIVE TITLE
1034 km
4630
265 km
2270
218 km
1500
58 km
400
279 km
2000
179 km
1200

 CONSTRUCTION  MONITORING / AUDITS
1034 km
1710
265 km
475
218 km
240
58 km
75
279 km
400
179 km
200

sub total

7500

3370

2420

585

3210

1810

PIPELINE  CONSTRUCTION













 MOBILISATION  &  DEMOBILISATION
ITEM
9900
ITEM
5550
ITEM
2900
ITEM
750
ITEM
1300
ITEM
1300

 CLEAR  &  GRADE  R.O.W.
1034 km
2245
265 km
672
218 km
392
58 km
79
279 km
561
179 km
305

 STRINGING
182 kt
31857
35.6 kt
4910
9.98 kt
1478
2.45 kt
338
5.45 kt
805
3.5 kt
417

 DITCHING  -  EASY   
740 km
8600
170 km
2081
183 km
854
41 km
165
112 km
299
126 km
321

 DITCHING  -  RIP & EXCAVATE
164 km
6177
30 km
1246
27 km
657
13 km
169
140 km
1056
49 km
334

 DITCHING  -  DRILL  &  BLAST / ROCKSAW
130 km
18498
65 km
9434
8 km
603
4 km
272
27 km
979
4 km
126

 BENDING
1034 km
2419
265 km
618
218 km
421
58 km
94
279 km
238
179 km
143

 WELDING
1034 km
24183
265 km
6404
218 km
2893
58 km
678
279 km
1495
179 km
902

 FIELD  JOINTS
1034 km
8344
265 km
2138
218 km
1009
58 km
237
279 km
526
179 km
332

 RADIOGRAPHY
1034 km
8056
265 km
1997
218 km
823
58 km
213
279 km
431
179 km
278

 LOWER  IN
1034 km
9864
265 km
2433
218 km
939
58 km
206
279 km
453
179 km
263

 TRENCH  BREAKERS
50 No
34
200 No
140


30 No
16
650 No
194



 WEIGHT  COATING / SET - ON  WEIGHTS
20 km
1565
30 km
2598
5 km
186




15 km
238

 BEDDING  &  BACKFILL 
1034 km
10672
265 km
2871
218 km
1474
58 km
339
279 km
764
179 km
423

 E/O  FOR  PADDING
680 km
29986
198 km
9439
98 km
3589
47 km
1389
184 km
2217
126 km
1484

 RIVER  &  CREEK  CROSSINGS (DREDGED)
470 m
373
4800 m
4070
770 m
445
180 m
94
1630 m
465
900 m
256

 HORIZONTAL  DIRECTIONAL  DRILLING
580 m
694
7400 m
8428
100 m
185


2350 m
914
900 m
320

 ROAD  &  RAIL  CROSSINGS
20 No
780
39 No
1598
25 No
404
5 No
90
31 No
286
20 No
202

 TIE   INS
1034 km
6514
265 km
1667
218 km
865
58 km
183
279 km
384
179 km
225

 HYDRO  TESTING
1034 km
7030
265 km
1801
218 km
984
58 km
205
279 km
479
179 km
315

 DEWATERING  &  DRYING
1034 km
7026
265 km
1783
218 km
766
58 km
212
279 km
530
179 km
335

 GROUND  &  AERIAL   MARKERS
1034 km
1442
265 km
369
218 km
304
58 km
81
279 km
613
179 km
250

 RESTORATION  INCL  FENCES  &  GATES
1034 km
3560
265 km
716
218 km
680
58 km
166
279 km
290
179 km
384

 CATHODIC  PROTECTION
1034 km
1438
265 km
398
218 km
345
58 km
100
279 km
545
179 km
190

 SURVEY  &  AS  BUILTS
1034 km
2028
265 km
660
218 km
480
58 km
130
279 km
590
179 km
345

 PRECOMMISSIONING
ITEM
800
ITEM
380
ITEM
225
ITEM
125
ITEM
250
ITEM
160

sub total

204085

74401

23901

6331

16664

9848

STATIONS  &  FACILITIES













 SCRAPER  LAUNCHER OR RECEIVER
1 No
678
2 No
1356
2 No
662
2 No
596
6 No
828
2 No
276

 COMBINED  LAUNCHER / RECEIVER
6 No
6642
1 No
1107




1 No
226



 MAIN  LINE  VALVE  STATIONS
11 No
6688
9 No
5472
8 No
1948
3 No
654
14 No
1638
8 No
936

 INLET  COMPRESSION  STN (2 X MARS 100)  
ITEM
31100











 BOOSTER COMPRESSION 
ITEM
10000







1500



 OFFTAKE - PRESS  REG & METER (DN50)




1 No
103







 OFFTAKE - PRESS  REG & METER (DN100)




1 No
339




7 No
2632

 OFFTAKE - PRESS  REG & METER (DN150)
1 No
580


2 No
1022


6 No
3480



 PRESS REG, HEATER  &  METER (DN100)


5 No
2183









 PRESS REG, HEATER  &  METER (DN300)






1 No
1575





 PRESS REG, HEATER  &  METER (DN750)


1 No
5014









 COMMUNICATIONS  &  SCADA
ITEM
6800
ITEM
1850
ITEM
580
ITEM
225
ITEM
530
ITEM
325

 MAINTENANCE  BASES
1 No
4120
1 No
1650









 YOUNG  OPERATIONS  CENTRE W. EQUIPMENT
ITEM
1000











 CORPORATE OFFICE FITOUT & EQUIPMENT
ITEM
1500











sub total

69108

18632

4654

3050

8202

4169

Direct Project Costs

537118

152615

50819

14888

40058

23899

CAPITALISED SPARES  1.5%

1037

279

70

46

123

63

OWNERS PROJECT COSTS  2%

10742

3052

1016

298

801

478

EPCM   7.5%

40284

11446

3811

1117

3004

1792

ESCALATION COST   1.8%

10605

3013

1003

294

792

472

PROJECT FINANCING COST   6.8%

40064

11364

3784

1109

2983

1780

CONTINGENCY   10%

58814

12534

4174

1223

3290

1963

TOTALS  $'000
698,665

194,303

64,677

18,974

51,051

30,446
















Estimated Project Cost ($'000s)
$1,058,116 












EAPL  OPTIMISED  SYSTEM  DESIGN  


CAPITAL  COST  ESTIMATE  -  MOOMBA  INLET  COMPRESSION  STATION 


ITEM
A$'M

CIVILS / CONCRETE / STRUCTURAL  STEEL / BUILDINGS
2.18

2 No  MARS 100  COMP  UNITS  
17.90

METERING  SKIDS
0.90

GAS  AFTER  COOLING
1.20

600 KW  GENERATOR
0.54

OTHER  EQUIPMENT
0.36

DESIGN  ALLOWANCES
0.79

THIRD  PARTY  INSPECTION,   VENDOR  REP
0.34

PIPING  &  VALVES
3.44

ELECTRICAL
1.48

CONTROL  SYSTEMS
0.36

INSTRUMENTATION
1.35

PAINT  &  INSULATION
0.26

TOTAL
31.10

NOTE  :  COSTS  EXCLUDE  OWNERS  COSTS, EPCM  &  CONTINGENCIES.


Unit Price
       4,000 
USD
01/11/1998
With Enclosure





Current Exchange Rate
0.64








Unit cost
       6,250 
AUD







Freight & Insurance
150








Current cost to site
       6,400 








Rated Power
4742

Size Factor
0.66





Base Power
3132


















T60 Size
Size Factor

1.31489861







Quantity



Extra Unit

Single Unit


Development









  Land
1
80
80






  Landscaping
1
50
50






Subtotal


130




130











Materials

Unit Cost







  Compressor Unit
2
       6,400 
12800

6400
1
       6,400 
       6,400 

  Valve Control Skid
1
300
394

394
1
          300 
          300 

  Fuel Skid
1
100
131

131
1
          100 
          100 

  Inlet Filters
2
75
197

0
2
            75 
          150 

  Station Piping / Valves
1
800
1052

460
1
          800 
          800 

  Cooler
2
130
342

171
1
          130 
          130 

  Buildings
2
150
394

197
1
          150 
          150 

  Control System
1
150
197

197
1
          150 
          150 

  Power Generation
2
85
224

112
2
            85 
          170 

  Electrical/MCC/Cables
1
200
263

131
1
          200 
          200 

  Field Instrumentation
1
150
197

131
1
          150 
          150 

  Spares
1
300
394

131
1
          300 
          300 

  Transport
1
80
105

53
1
            80 
            80 

Subtotal


16692

8510


9080











Installation









  Site Clear & Grade, Fencing
1
150
197

66
1
          150 
          150 

  Foundations
1
200
263

197
1
          200 
          200 

  Equipment Installation
1
300
394

394
1
          300 
          300 

   E & I Installation
1
400
526

263
1
          400 
          400 

  Piping Installation
1
400
526

329
1
          400 
          400 

Subtotal


1907

1249


1450











EPCM 
12%

2231

1171


1263

Contingency
10%

2095

1093


1192

Total


23055

12024


13115

Installation Schedule
















Discount Rate

0.085














Excalatioon Rate

0.015































Required at Date
















Base Case
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
Total

Moomba








 


17500

17500


Binerah













31100


Questa











10000

10000


Bulla













25000


Pine
















Marsden











23000




Young











23000

10000






0
0
0
0
0
0
0
0
73500
0
93600
167100

Installed At Date
















Base Case
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014


Moomba








17500


17500




Binerah











31100




Questa








10000


10000




Bulla











25000




Pine
















Marsden








23000







Young








23000


10000





0
0
0
0
0
0
0
0
73500
0
0
93600
0
0
167100


0
0
0
0
0
0
0
0
84039
0
0
111909
0
0


Net Present Cost
$96,725.50

















































ATTACHMENT 4

SYSTEM LOAD PROFILES

(Deleted – confidential)


_1003066422.xls
Base

						1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Total Moomba Source Market		PJ/a		113.2		114.5		111.3		106.2		101.3		103.7		124.1		125.3		131.5		134.7		145.9		150.2		156.4		170.7		185.9		197.2

		Total Market ex Moomba to Vic thru interconnect		PJ/a		3.8		5		10		10		15		16.3		20		20		20		20		20		20		20		30		40		50

		Qty Northbound into NSw via Interconnect		PJ/a		0		0		8		14		26		36		20		25		25		25		25		25		25		25		25		25

		Total NSW/Act All Sources		PJ/a		109.4		109.5		109.3		110.2		112.3		123.4		124.1		130.3		136.5		139.7		150.9		155.2		161.4		165.7		170.9		222.2

																		151.1		157.3		168.5		174.7		185.9		190.2		196.4		200.7		205.9		207.2

		Total Moomba Supplied Markets		TJ/d		440		445		430		412		398		408		468		472		496		507		544		559		580		629		681		721

		Market ex Moomba into Vic.		TJ/d		11		15		32		32		49		55		68		68		68		68		68		68		68		103		137		171

		Total Market ex Bass Strait to NSW		TJ/d		0		0		31		51		90		124		75		91		91		91		91		91		91		91		91		91

		Total NSW/ACT All Sources		TJ/d		429		430		429		431		439		477		475		495		519		530		567		582		603		617		635		641

		Net Cap Thru Culcairn North		TJ/d		-11		-15		-1		19		41		69		7		23		23		23		23		23		23		-12		-46		-80

																		568		589		628		649		686		701		722		737		755		761

		Gas GHV		38.5

		Gas Flow from Moomba		scm/h		476,190		481,602		465,368		445,887		430,736		441,558		506,494		510,823		536,797		548,701		588,745		604,978		627,706		680,736		737,013		780,303

		Net Flow at Culcairn (- = into Victoria)		scm/h		-   11,905		-   16,234		-   1,082		20,563		44,372		74,675		7,576		24,892		24,892		24,892		24,892		24,892		24,892		-   12,987		-   49,784		-   86,580

		Total NSW / ACT Market		scm/h		464,286		465,368		464,286		466,450		475,108		516,234		514,069		535,714		561,688		573,593		613,636		629,870		652,597		667,749		687,229		693,723

		Wilton Grp		548		327		328		327		329		337		375		373		393		417		428		465		480		501		515		533		539

		Bomen		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15

		N - Lats		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		Griffith		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		Canberra		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55





Chart Base Revised

		333		327		440		435.6631545945		307.6426066493

		335		328		445		443.3567092116		309.8567092116

		322		327		430		402.6669285265		283.9796561145

		270		329		412		346.9883456816		230.0567521321

		262		337		398		350.1098377999		234.9339231129

		272		375		408		330.0133835909		226.2963441134

		267		373		468		333.0529559586		242.8483962086

		322		393		472		389.0353663012		287.9524826188

		347		417		496		419.9019031501		311.9697043993

		354		428		507		427.0482879102		325.5625033415

		384		465		544		456.8639577677		365.0477944721

		401		480		559		477.3638164282		382.079645503

		425		501		580		504.1461601357		405.3939815809

		442		515		629		559.2003427298		426.2015888325

		463		533		681		614.1256331799		446.8803039401

		471		539		721		655.931449578		454.4395449958



Wilton Revised 10-02-99

Wilton Nov-98

Ex Moomba Nov 1998

Ex Moomba Revised 29-3

Wilton Group 29-3

Year (1=1999)

Flow (TJ/d)

Flows (TJ/d)



Base Revised 10-2

								1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Total Moomba Source Market				PJ/a		115.8		117.9		115.4		102.3		105.4		93.4		90.9		103.1		109.9		111.7		120.5		125.4		132.3		147.2		163.2		175.2

		Qty Northbound into NSw via Interconnect				PJ/a		0		0		0		0		0		15		20		25		25		25		25		25		25		25		25		25

		Total Market ex Moomba to Vic thru interconnect				PJ/a		6.5		8.3		10		10		15		16.3		20		20		20		20		20		20		20		30		40		50

		Total Bass Strait Market into NSW						0		0		4		20		27		57		76		81		86		91		94		94		94		94		94		94

		Total NSW/Act All Sources		Red lines are uncertain		PJ/a		109.3		109.6		109.4		112.3		117.4		134.1		148.9		164.1		175.9		182.7		194.5		198.4		206.3		211.2		217.2		219.2

		EGP		calculated values				0		0		4		20		27		42		56		56		61		66		69		69		69		69		69		69

		NSW Market Ex Moomba						109.3		109.6		105.4		92.3		90.4		77.1		72.9		83.1		89.9		91.7		100.5		104.4		112.3		117.2		123.2		125.2

		Interconnect South						6.5		8.3		10		10		15		16.3		18		20		20		20		20		21		20		30		40		50

		Net Interconnect						-6.5		-8.3		-10		-10		-15		-1.3		2		5		5		5		5		4		5		-5		-15		-25

								-18		-23		-27		-27		-41		-4		5		14		14		14		14		11		14		-14		-41		-68

		EAPL Capacity =14 + 15 + 20						115.8		117.9		115.4		102.3		105.4		108.4		110.9		128.1		134.9		136.7		145.5		150.4		157.3		172.2		188.2		200.2

		Total Moomba Supplied Markets		= Flow Moomba to Young		TJ/d		455		462		455		403		412		377		368		407		432		439		469		486		510		562		617		659

		Market ex Moomba into Vic.				TJ/d		20		25		31		31		49		55		68		68		68		68		68		68		68		103		137		171

		Market Ex Bass Strait via IC				TJ/d		0		0		0		0		1		52		69		85		85		85		85		85		85		85		85		85

		Total Market ex Bass Strait to NSW				TJ/d		0		0		13		77		104		204		272		288		304		320		330		330		330		330		330		330

		Assumed EGP Flow				TJ/d		0		0		13		77		103		152		203		203		219		235		245		245		245		245		245		245

		Total NSW/ACT All Sources				TJ/d		435		437		437		449		468		526		571		626		668		691		731		748		771		789		810		817

		Net Cap Thru Culcairn North		= Physical Flow through IC		TJ/d		-20		-25		-31		-31		-48		-3		1		17		17		17		17		17		17		-18		-52		-86				-93073.5930735931

		EAPL Capacity =14 + 15 + 20		For Tariff		TJ/d		455		452		455		403		412		428		437		492		517		524		554		571		595		647		702		744

						TJ/d		455		462		455		403		413		429		437		492		517		524		554		571		595		647		702		744

		Moomba Gas to NSW Markets						435		437		424		372		363		322		300		339		364		371		401		418		442		459		480		488

		Total EAPL Gas to NSW Markets		Add flow N from Vic thru IC				435		437		424		372		364		374		369		424		449		456		486		503		527		544		565		573

		Wilton Group (less Bomen, NL, Griff and Canb)		=Flow Dalton to Wilton				333		335		322		270		262		272		267		322		347		354		384		401		425		442		463		471

		Gas to Wilton Via EAPL				TJ/d		333		335		322		270		262		272		267		322		347		354		384		401		425		442		463		471

		Gas to Sydney		= EAPL to Wilton + EGP		TJ/d		333		335		335		347		365		424		470		525		566		589		629		646		670		687		708		716

		NSW Total				TJ/d		435		437		437		449		467		526		572		627		668		691		731		748		772		789		810		818

		Difference from Line 19				TJ/d		0		0		0		0		1		0		-1		-1		0		0		0		0		-1		0		0		-1

		Gas GHV				38.5

		Gas Flow from Moomba				scm/h		492,424		500,000		492,424		436,147		445,887		408,009		398,268		440,476		467,532		475,108		507,576		525,974		551,948		608,225		667,749		713,203

		Net Flow at Culcairn (- = into Victoria)				scm/h		-   21,645		-   27,056		-   33,550		-   33,550		-   51,948		-   3,247		1,082		18,398		18,398		18,398		18,398		18,398		18,398		-   19,481		-   56,277		-   93,074

		Total NSW / ACT Market				scm/h		470,779		472,944		472,944		485,931		506,494		569,264		617,965		677,489		722,944		747,835		791,126		809,524		834,416		853,896		876,623		884,199

		Wilton Grp						333		335		322		270		262		272		267		322		347		354		384		401		425		442		463		471

		Bomen						15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15

		N - Lats						25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		Griffith						7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		Canberra						55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55

		Values form November 1998

		Wilton Grp						327		328		327		329		337		375		373		393		417		428		465		480		501		515		533		539

		Bomen						15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15

		N - Lats						25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		Griffith						7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		Canberra						55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55



&L&A

&LC:\Projects\042a\Excel\&F-&A&R&D



Cht - Loads 

		1999		1999

		2000		2000

		2001		2001

		2002		2002

		2003		2003

		2004		2004

		2005		2005

		2006		2006

		2007		2007

		2008		2008

		2009		2009

		2010		2010

		2011		2011

		2012		2012

		2013		2013

		2014		2014



Ex Moomba 29-03

Wilton Group - 29-03

Year

MDQ  (TJ/d)

Pipeline Loads

435.6631545945

330.5426066493

443.3567092116

332.7567092116

402.6669285265

299.8796561145

346.9883456816

245.9567521321

350.1098377999

250.8339231129

330.0133835909

242.1963441134

333.0529559586

258.7483962086

389.0353663012

287.9524826188

419.9019031501

311.9697043993

427.0482879102

325.5625033415

456.8639577677

365.0477944721

477.3638164282

382.079645503

504.1461601357

405.3939815809

559.2003427298

426.2015888325

614.1256331799

446.8803039401

655.931449578

454.4395449958



Base Revised 29-03

								1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

								1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Total Moomba Supplied Markets		= Flow Moomba to Young		TJ/d		436		443		403		347		350		330		333		389		420		427		457		477		504		559		614		656

		Market ex Moomba into Vic.				TJ/d		20		25		17		19		21		31		41		62		68		68		68		68		68		103		137		171

		Total NSW/ACT All Sources		Moomba + IC North		TJ/d		416		418		417		433		448		474		525		589		629		659		699		716		730		744		762		769

		Net Cap Thru Culcairn North		= Physical Flow through IC		TJ/d		(20)		(25)		(10)		(8)		(7)		5		18		7		1		7		17		13		10		(24)		(59)		(93)				-100640.589374665

		Moomba Gas into EAPL						436		443		403		347		350		330		333		389		420		427		457		477		504		559		614		656

		Flow In from Victoria		Add flow N from Vic thru IC				-20		-25		-10		-8		-7		5		18		7		1		7		17		13		10		-24		-59		-93

		EAPL Suppllied NSW Market						416		418		392		339		343		335		351		396		420		434		474		491		514		535		555		563

		Wilton Group (less Bomen, NL, Griff and Canb)		=Flow Dalton to Wilton				331		333		300		246		251		242		259		288		312		326		365		382		405		426		447		454

		Gas GHV				38.5

		Gas Flow from Moomba				scm/h		471,497		479,823		435,787		375,529		378,907		357,157		360,447		421,034		454,439		462,173		494,442		516,628		545,613		605,195		664,638		709,883

		Net Flow at Culcairn (- = into Victoria)				scm/h		-   21,126		-   27,056		-   11,025		-   9,125		-   7,225		5,176		19,800		8,027		615		7,591		18,056		14,303		10,550		-   26,514		-   63,577		-   100,641

		Values from 29-03-99

		Bomen						12.5		12.5		12.5		12.5		12.5		12.5		12.5		15		15		15		15		15		15		15		15		15

		N - Lats						21		21		21		21		21		21		21		25		25		25		25		25		25		25		25		25

		Griffith						7.1		7.1		7.1		7.1		7.1		7.1		7.1		8.5		8.5		8.5		8.5		8.5		8.5		8.5		8.5		8.5

		Canberra						45		45		52		52		52		52		52		60		60		60		60		60		60		60		60		60

								BDR Mods.

		Values from November 1998

		Wilton Grp						327		328		327		329		337		375		373		393		417		428		465		480		501		515		533		539

		Bomen						15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15

		N - Lats						25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		Griffith						7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		Canberra						55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55



&L&A

&LC:\Projects\042a\Excel\&F-&A&R&D



High Case

						1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Total Moomba Source Market		PJ/a		113.2		114.5		111.3		116.7		111.8		119.2		144.1		150.3		156.5		164.7		170.9		178.2		184.9		198.6		212.4		226.5

		Total Market ex Moomba to Vic thru interconnect		PJ/a		3.8		5		10		10		15		16.3		20		20		20		20		20		20		20		30		40		50

		Qty Northbound into NSw via Interconnect		PJ/a		0		0		8		14		26		36		47		52		57		60		60		60		60		60		60		60

		Total NSW/Act All Sources		PJ/a		109.4		109.5		109.3		120.7		122.8		138.9		171.1		182.3		193.5		204.7		210.9		218.2		224.9		228.6		232.4		236.5

		Total Moomba Supplied Markets		TJ/d		440		445		430		444		430		456		532		553		576		604		625		648		672		719		767		815

		Market ex Moomba into Vic.		TJ/d		10		15		32		32		40		55		63		68		68		68		68		68		68		103		137		171

		Total Market ex Bass Strait to NSW		TJ/d		0		0		31		51		80		124		163		185		201		211		211		211		211		211		211		211

		Total NSW/ACT All Sources		TJ/d		430		430		429		463		470		525		632		670		709		747		768		791		815		827		841		855

		Net Cap Thru Culcairn North		TJ/d		-10		-15		-1		19		40		69		100		117		133		143		143		143		143		108		74		40

		Gas GHV		38.5

		Gas Flow from Moomba		scm/h		476,190		481,602		465,368		480,519		465,368		493,506		575,758		598,485		623,377		653,680		676,407		701,299		727,273		778,139		830,087		882,035

		Net Flow at Culcairn (- = into Victoria)		scm/h		-   10,823		-   16,234		-   1,082		20,563		43,290		74,675		108,225		126,623		143,939		154,762		154,762		154,762		154,762		116,883		80,087		43,290

		Total NSW / ACT Market		scm/h		465,368		465,368		464,286		501,082		508,658		568,182		683,983		725,108		767,316		808,442		831,169		856,061		882,035		895,022		910,173		925,325

		Wilton Grp		548		328		328		327		361		368		423		530		568		607		645		666		689		713		725		739		753

		Bomen		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15

		N - Lats		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		Griffith		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		Canberra		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55

						Total Moomba Supplied Markets
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				1999		440

				2000		445

				2001		430

				2002		444

				2003		430

				2004		456
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Sheet2

		

								Total Moomba Supplied Markets		Net Cap Thru Culcairn North		Total Moomba Supplied Markets		Net Cap Thru Culcairn North		Wilton Grp		Wilton Grp

								TJ/d		TJ/d		TJ/d		TJ/d

						1999		440		-11		440		-10		327		328

						2000		445		-15		445		-15		328		328

						2001		430		-1		430		-1		327		327

						2002		412		19		444		19		329		361

						2003		398		41		430		40		337		368

						2004		408		69		456		69		375		423

						2005		468		7		532		100		373		530

						2006		472		23		553		117		393		568

						2007		496		23		576		133		417		607

						2008		507		23		604		143		428		645

						2009		544		23		625		143		465		666

						2010		559		23		648		143		480		689

						2011		580		23		672		143		501		713

						2012		629		-12		719		108		515		725

						2013		681		-46		767		74		533		739

						2014		721		-80		815		40		539		753
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Base

						1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Total Moomba Source Market		PJ/a		113.2		114.5		111.3		106.2		101.3		103.7		124.1		125.3		131.5		134.7		145.9		150.2		156.4		170.7		185.9		197.2

		Total Market ex Moomba to Vic thru interconnect		PJ/a		3.8		5		10		10		15		16.3		20		20		20		20		20		20		20		30		40		50

		Qty Northbound into NSw via Interconnect		PJ/a		0		0		8		14		26		36		20		25		25		25		25		25		25		25		25		25

		Total NSW/Act All Sources		PJ/a		109.4		109.5		109.3		110.2		112.3		123.4		124.1		130.3		136.5		139.7		150.9		155.2		161.4		165.7		170.9		222.2

																		151.1		157.3		168.5		174.7		185.9		190.2		196.4		200.7		205.9		207.2

		Total Moomba Supplied Markets		TJ/d		440		445		430		412		398		408		468		472		496		507		544		559		580		629		681		721

		Market ex Moomba into Vic.		TJ/d		11		15		32		32		49		55		68		68		68		68		68		68		68		103		137		171

		Total Market ex Bass Strait to NSW		TJ/d		0		0		31		51		90		124		75		91		91		91		91		91		91		91		91		91

		Total NSW/ACT All Sources		TJ/d		429		430		429		431		439		477		475		495		519		530		567		582		603		617		635		641

		Net Cap Thru Culcairn North		TJ/d		-11		-15		-1		19		41		69		7		23		23		23		23		23		23		-12		-46		-80

																		568		589		628		649		686		701		722		737		755		761

		Gas GHV		38.5

		Gas Flow from Moomba		scm/h		476,190		481,602		465,368		445,887		430,736		441,558		506,494		510,823		536,797		548,701		588,745		604,978		627,706		680,736		737,013		780,303

		Net Flow at Culcairn (- = into Victoria)		scm/h		-   11,905		-   16,234		-   1,082		20,563		44,372		74,675		7,576		24,892		24,892		24,892		24,892		24,892		24,892		-   12,987		-   49,784		-   86,580

		Total NSW / ACT Market		scm/h		464,286		465,368		464,286		466,450		475,108		516,234		514,069		535,714		561,688		573,593		613,636		629,870		652,597		667,749		687,229		693,723

		Wilton Grp		548		327		328		327		329		337		375		373		393		417		428		465		480		501		515		533		539

		Bomen		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15

		N - Lats		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		Griffith		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		Canberra		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55





Chart Base Revised

		333		327		440		435.6631545945		307.6426066493

		335		328		445		443.3567092116		309.8567092116

		322		327		430		402.6669285265		283.9796561145

		270		329		412		346.9883456816		230.0567521321

		262		337		398		350.1098377999		234.9339231129

		272		375		408		330.0133835909		226.2963441134

		267		373		468		333.0529559586		242.8483962086

		322		393		472		389.0353663012		287.9524826188

		347		417		496		419.9019031501		311.9697043993

		354		428		507		427.0482879102		325.5625033415

		384		465		544		456.8639577677		365.0477944721

		401		480		559		477.3638164282		382.079645503

		425		501		580		504.1461601357		405.3939815809

		442		515		629		559.2003427298		426.2015888325

		463		533		681		614.1256331799		446.8803039401

		471		539		721		655.931449578		454.4395449958



Wilton Revised 10-02-99

Wilton Nov-98

Ex Moomba Nov 1998

Ex Moomba Revised 29-3

Wilton Group 29-3

Year (1=1999)

Flow (TJ/d)

Flows (TJ/d)



Base Revised 10-2

								1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Total Moomba Source Market				PJ/a		115.8		117.9		115.4		102.3		105.4		93.4		90.9		103.1		109.9		111.7		120.5		125.4		132.3		147.2		163.2		175.2

		Qty Northbound into NSw via Interconnect				PJ/a		0		0		0		0		0		15		20		25		25		25		25		25		25		25		25		25

		Total Market ex Moomba to Vic thru interconnect				PJ/a		6.5		8.3		10		10		15		16.3		20		20		20		20		20		20		20		30		40		50

		Total Bass Strait Market into NSW						0		0		4		20		27		57		76		81		86		91		94		94		94		94		94		94

		Total NSW/Act All Sources		Red lines are uncertain		PJ/a		109.3		109.6		109.4		112.3		117.4		134.1		148.9		164.1		175.9		182.7		194.5		198.4		206.3		211.2		217.2		219.2

		EGP		calculated values				0		0		4		20		27		42		56		56		61		66		69		69		69		69		69		69

		NSW Market Ex Moomba						109.3		109.6		105.4		92.3		90.4		77.1		72.9		83.1		89.9		91.7		100.5		104.4		112.3		117.2		123.2		125.2

		Interconnect South						6.5		8.3		10		10		15		16.3		18		20		20		20		20		21		20		30		40		50

		Net Interconnect						-6.5		-8.3		-10		-10		-15		-1.3		2		5		5		5		5		4		5		-5		-15		-25

								-18		-23		-27		-27		-41		-4		5		14		14		14		14		11		14		-14		-41		-68

		EAPL Capacity =14 + 15 + 20						115.8		117.9		115.4		102.3		105.4		108.4		110.9		128.1		134.9		136.7		145.5		150.4		157.3		172.2		188.2		200.2

		Total Moomba Supplied Markets		= Flow Moomba to Young		TJ/d		455		462		455		403		412		377		368		407		432		439		469		486		510		562		617		659

		Market ex Moomba into Vic.				TJ/d		20		25		31		31		49		55		68		68		68		68		68		68		68		103		137		171

		Market Ex Bass Strait via IC				TJ/d		0		0		0		0		1		52		69		85		85		85		85		85		85		85		85		85

		Total Market ex Bass Strait to NSW				TJ/d		0		0		13		77		104		204		272		288		304		320		330		330		330		330		330		330

		Assumed EGP Flow				TJ/d		0		0		13		77		103		152		203		203		219		235		245		245		245		245		245		245

		Total NSW/ACT All Sources				TJ/d		435		437		437		449		468		526		571		626		668		691		731		748		771		789		810		817

		Net Cap Thru Culcairn North		= Physical Flow through IC		TJ/d		-20		-25		-31		-31		-48		-3		1		17		17		17		17		17		17		-18		-52		-86				-93073.5930735931

		EAPL Capacity =14 + 15 + 20		For Tariff		TJ/d		455		452		455		403		412		428		437		492		517		524		554		571		595		647		702		744

						TJ/d		455		462		455		403		413		429		437		492		517		524		554		571		595		647		702		744

		Moomba Gas to NSW Markets						435		437		424		372		363		322		300		339		364		371		401		418		442		459		480		488

		Total EAPL Gas to NSW Markets		Add flow N from Vic thru IC				435		437		424		372		364		374		369		424		449		456		486		503		527		544		565		573

		Wilton Group (less Bomen, NL, Griff and Canb)		=Flow Dalton to Wilton				333		335		322		270		262		272		267		322		347		354		384		401		425		442		463		471

		Gas to Wilton Via EAPL				TJ/d		333		335		322		270		262		272		267		322		347		354		384		401		425		442		463		471

		Gas to Sydney		= EAPL to Wilton + EGP		TJ/d		333		335		335		347		365		424		470		525		566		589		629		646		670		687		708		716

		NSW Total				TJ/d		435		437		437		449		467		526		572		627		668		691		731		748		772		789		810		818

		Difference from Line 19				TJ/d		0		0		0		0		1		0		-1		-1		0		0		0		0		-1		0		0		-1

		Gas GHV				38.5

		Gas Flow from Moomba				scm/h		492,424		500,000		492,424		436,147		445,887		408,009		398,268		440,476		467,532		475,108		507,576		525,974		551,948		608,225		667,749		713,203

		Net Flow at Culcairn (- = into Victoria)				scm/h		-   21,645		-   27,056		-   33,550		-   33,550		-   51,948		-   3,247		1,082		18,398		18,398		18,398		18,398		18,398		18,398		-   19,481		-   56,277		-   93,074

		Total NSW / ACT Market				scm/h		470,779		472,944		472,944		485,931		506,494		569,264		617,965		677,489		722,944		747,835		791,126		809,524		834,416		853,896		876,623		884,199

		Wilton Grp						333		335		322		270		262		272		267		322		347		354		384		401		425		442		463		471

		Bomen						15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15

		N - Lats						25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		Griffith						7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		Canberra						55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55

		Values form November 1998

		Wilton Grp						327		328		327		329		337		375		373		393		417		428		465		480		501		515		533		539

		Bomen						15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15

		N - Lats						25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		Griffith						7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		Canberra						55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55



&L&A

&LC:\Projects\042a\Excel\&F-&A&R&D



Cht - Loads 

		1999		1999		1999		1999

		2000		2000		2000		2000

		2001		2001		2001		2001

		2002		2002		2002		2002

		2003		2003		2003		2003

		2004		2004		2004		2004

		2005		2005		2005		2005

		2006		2006		2006		2006

		2007		2007		2007		2007

		2008		2008		2008		2008

		2009		2009		2009		2009

		2010		2010		2010		2010

		2011		2011		2011		2011

		2012		2012		2012		2012

		2013		2013		2013		2013

		2014		2014		2014		2014



Ex Moomba 29-03

Wilton Group - 29-03

Ex Moomba - High Case

Wilton Group - High Case

Year

MDQ  (TJ/d)

Pipeline Loads

435.6631545945

330.5426066493

440

328

443.3567092116

332.7567092116

445

328

402.6669285265

299.8796561145

430

327

346.9883456816

245.9567521321

444

361

350.1098377999

250.8339231129

430

368

330.0133835909

242.1963441134

456

423

333.0529559586

258.7483962086

532

530

389.0353663012

287.9524826188

553

568

419.9019031501

311.9697043993

576

607

427.0482879102

325.5625033415

604

645

456.8639577677

365.0477944721

625

666

477.3638164282

382.079645503

648

689

504.1461601357

405.3939815809

672

713

559.2003427298

426.2015888325

719

725

614.1256331799

446.8803039401

767

739

655.931449578

454.4395449958

815

753



Cht - Culcairn

		1999

		2000

		2001

		2002

		2003

		2004

		2005

		2006

		2007

		2008

		2009

		2010

		2011

		2012

		2013

		2014



Net Culcairn Flow - Base Case

Year

Net Flow (TJ/d)

-10

-15

-1

19

40

69

100

117

133

143

143

143

143

108

74

40



Base Revised 29-03

								1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

								1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Total Moomba Supplied Markets		= Flow Moomba to Young		TJ/d		436		443		403		347		350		330		333		389		420		427		457		477		504		559		614		656

		Market ex Moomba into Vic.				TJ/d		20		25		17		19		21		31		41		62		68		68		68		68		68		103		137		171

		Total NSW/ACT All Sources		Moomba + IC North		TJ/d		416		418		417		433		448		474		525		589		629		659		699		716		730		744		762		769

		Net Cap Thru Culcairn North		= Physical Flow through IC		TJ/d		(20)		(25)		(10)		(8)		(7)		5		18		7		1		7		17		13		10		(24)		(59)		(93)				-100640.589374665

		Moomba Gas into EAPL						436		443		403		347		350		330		333		389		420		427		457		477		504		559		614		656

		Flow In from Victoria		Add flow N from Vic thru IC				-20		-25		-10		-8		-7		5		18		7		1		7		17		13		10		-24		-59		-93

		EAPL Suppllied NSW Market						416		418		392		339		343		335		351		396		420		434		474		491		514		535		555		563

		Wilton Group (less Bomen, NL, Griff and Canb)		=Flow Dalton to Wilton				331		333		300		246		251		242		259		288		312		326		365		382		405		426		447		454

		Gas GHV				38.5

		Gas Flow from Moomba				scm/h		471,497		479,823		435,787		375,529		378,907		357,157		360,447		421,034		454,439		462,173		494,442		516,628		545,613		605,195		664,638		709,883

		Net Flow at Culcairn (- = into Victoria)				scm/h		-   21,126		-   27,056		-   11,025		-   9,125		-   7,225		5,176		19,800		8,027		615		7,591		18,056		14,303		10,550		-   26,514		-   63,577		-   100,641

		Values from 29-03-99

		Bomen						12.5		12.5		12.5		12.5		12.5		12.5		12.5		15		15		15		15		15		15		15		15		15

		N - Lats						21		21		21		21		21		21		21		25		25		25		25		25		25		25		25		25

		Griffith						7.1		7.1		7.1		7.1		7.1		7.1		7.1		8.5		8.5		8.5		8.5		8.5		8.5		8.5		8.5		8.5

		Canberra						45		45		52		52		52		52		52		60		60		60		60		60		60		60		60		60

								BDR Mods.

		Values from November 1998

		Wilton Grp						327		328		327		329		337		375		373		393		417		428		465		480		501		515		533		539

		Bomen						15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15

		N - Lats						25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		Griffith						7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		Canberra						55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55
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High Case

						1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Total Moomba Source Market		PJ/a		113.2		114.5		111.3		116.7		111.8		119.2		144.1		150.3		156.5		164.7		170.9		178.2		184.9		198.6		212.4		226.5

		Total Market ex Moomba to Vic thru interconnect		PJ/a		3.8		5		10		10		15		16.3		20		20		20		20		20		20		20		30		40		50

		Qty Northbound into NSw via Interconnect		PJ/a		0		0		8		14		26		36		47		52		57		60		60		60		60		60		60		60

		Total NSW/Act All Sources		PJ/a		109.4		109.5		109.3		120.7		122.8		138.9		171.1		182.3		193.5		204.7		210.9		218.2		224.9		228.6		232.4		236.5

		Total Moomba Supplied Markets		TJ/d		440		445		430		444		430		456		532		553		576		604		625		648		672		719		767		815

		Market ex Moomba into Vic.		TJ/d		10		15		32		32		40		55		63		68		68		68		68		68		68		103		137		171

		Total Market ex Bass Strait to NSW		TJ/d		0		0		31		51		80		124		163		185		201		211		211		211		211		211		211		211

		Total NSW/ACT All Sources		TJ/d		430		430		429		463		470		525		632		670		709		747		768		791		815		827		841		855

		Net Cap Thru Culcairn North		TJ/d		-10		-15		-1		19		40		69		100		117		133		143		143		143		143		108		74		40

		Gas GHV		38.5

		Gas Flow from Moomba		scm/h		476,190		481,602		465,368		480,519		465,368		493,506		575,758		598,485		623,377		653,680		676,407		701,299		727,273		778,139		830,087		882,035

		Net Flow at Culcairn (- = into Victoria)		scm/h		-   10,823		-   16,234		-   1,082		20,563		43,290		74,675		108,225		126,623		143,939		154,762		154,762		154,762		154,762		116,883		80,087		43,290

		Total NSW / ACT Market		scm/h		465,368		465,368		464,286		501,082		508,658		568,182		683,983		725,108		767,316		808,442		831,169		856,061		882,035		895,022		910,173		925,325

		Wilton Grp		548		328		328		327		361		368		423		530		568		607		645		666		689		713		725		739		753

		Bomen		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15

		N - Lats		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		Griffith		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		Canberra		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55
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								Total Moomba Supplied Markets		Net Cap Thru Culcairn North		Total Moomba Supplied Markets		Net Cap Thru Culcairn North		Wilton Grp		Wilton Grp

								TJ/d		TJ/d		TJ/d		TJ/d

						1999		440		-11		440		-10		327		328

						2000		445		-15		445		-15		328		328

						2001		430		-1		430		-1		327		327

						2002		412		19		444		19		329		361

						2003		398		41		430		40		337		368

						2004		408		69		456		69		375		423

						2005		468		7		532		100		373		530

						2006		472		23		553		117		393		568

						2007		496		23		576		133		417		607

						2008		507		23		604		143		428		645

						2009		544		23		625		143		465		666

						2010		559		23		648		143		480		689

						2011		580		23		672		143		501		713

						2012		629		-12		719		108		515		725

						2013		681		-46		767		74		533		739

						2014		721		-80		815		40		539		753






