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1. Executive Summary

This report reviews the Telstra Efficient Access (TEA) model, version 1.0, as
presented to the ACCC on 3 March 2008; together with a replacement Engineering
Main Cable module provided by Telstra to the ACCC on 15 July 2008.

The documentation for the Telstra TEA model describes engineering rules to be
used in the Engineering modules of the model. The engineering rules are, in the
main, concerned with the estimation of placements of cables and the required
underground structures of conduit, pits and manholes. The engineering rules
described in the documentation are extensive and detailed and, on the whole,
represent good engineering practice.

Unfortunately, there are a number of areas in which the implementation falls short
of the documented rules and the stated intentions.

An earlier version of this review found an implementation error in the Main Cable
module. This error was corrected in the final version reviewed here.?

In addition, although the documentation indicates that the cable design uses
shortest paths and that duplicate cables have been removed, this is not the case in
the default input dataset (Access database) provided with the model. There are
examples of sections with multiple paths towards the exchange and cable
segments where demand flows in both directions. Neither of these attributes is
efficient. This can be fixed by preprocessing the input data in the way indicated by
the documentation: selecting only shortest paths and removing duplicate cable
routes.

Of more serious concern is the fact that the input dataset shows that some
Distribution Areas (DAs) overlap. This is not efficient. It raises the question of the
overall design of the DAs. While a complete redesign of DAs within each Exchange
Service Area (ESA) could be attempted (this would be a major project in itself), a
more limited redesign might be possible based on suitable clusters of DAs. (In US
terms, the DAs would be clustered into Allocation Areas.) At the very least, the
input data should be preprocessed to eliminate overlaps between DAs.

The lack of preprocessing of the cable data in the input dataset affects the
calculations in the Main and Distribution modules. This results in more cable and
conduit being placed than is necessary.

There are some minor inconsistencies between the documentation and the model
for the Main module. There is one undocumented feature in the Main module
(concerning Fibre demand). These matters have only a minor or no effect on the
calculations.

Finally, the data design, which specifies what data items there are and where they
should appear in the input processing, is not optimal. For example, a terrain
specification (which indicates the proportion of rock) for each ESA appears in the
user interface. This parameter, however, is based on geography and should
appear in the input dataset (Access database). By contrast, a New Estates ratio,

1 Eng-Main-Engine-v1.0-ACCC-Fixes CONFIDENTIAL.xIs, received 15 July 2008.



which is a land-use parameter that could vary by location and time, is specified
only as a single average for all ESAs, when it should be specified for each ESA in
the user interface. A parameter to indicate duct sharing with the interexchange
network appears as a single average in the user interface, when it could be
specified by cable route from the cable plant records in the input dataset. A formal
redesign of the data would be beneficial.



2. Optimisation and Efficiency

Telstra claims that there are network efficiencies built into the design rules used in
the TEA model. This chapter considers the optimisation and efficiency items in the
engineering rules based on Telstra’s documentation? and the implementation in the
model.

The TEA model is a “scorched node” model of an access network in the sense that
the main nodal locations are fixed: the telephone exchange location; the
Distribution Area (DA) boundaries; the Pillar locations at the edge of each DA; and
the customer locations. The model then dimensions a traditional access network to
meet the customer demand using the locations specified.

The main optimisations and efficiencies built into the engineering rules of the TEA
model are:

The provision of a single cable route from each customer premises to the
exchange;

e The placement of pits and manholes to minimise their use;

e The sizing of cables in the distribution and feeder networks;

e The placement of cable joints to optimise the jointing of cables;
e The sizing of pillars.

This chapter considers each of these items in turn.

2.1 Cable routes and Distribution Areas

The Telstra documentation indicates that two network designs are not used in the
model:

e Cabinet-fed pillar;
e Customer fed directly from branch cable.

These are non-standard designs that lead to operational complexity. Itis
appropriate that they should be eliminated.

The other main efficiency measure indicated in the model documentation is the
elimination of duplicate cable runs and the choice of shortest-path routes:

A crucial feature of the modelling process is the ability to identify and
select efficient distribution and main cable routes that minimize distance,
from all existing CAN routes. In the distribution network, only routes
necessary to connect network serving structure points to pillars are
identified and selected. Further, when multiple routes are identified, only
the route that minimizes distance is selected. Likewise, in the main

2 Telstra, Access Network Dimensioning Rules: Long run incremental costing model input,
2007.



network, only routes necessary to connect pillars and main-fed building
terminals to the exchange building are identified and selected; and, when
multiple routes are identified, only the route which minimizes distance is
selected. Consequently, routes that would not be deployed today, given
the opportunity to replace the network from scratch, have not been
included in the TEA model.3

This feature is meant to be implemented in the construction of the database used
in the model. In the model database, each network structure point has assigned to
it a predecessor structure point: this data structure is meant to be the
representation of a single tree network with its root at the exchange.

In fact, this feature has not been fully implemented in the database accompanying
the model (labelled TEA-Data-v1.0.mdb). In the data provided, there are multiple
paths to the exchange from some structure points.

Take, for example, the data for Blackburn (BLBN) ESA, the exemplary ESA used in
the Telstra documentation.

In the main cable data for BLBN, consider the entries (taken from the Main Cable
Excel sheet) shown in the following figure.

Figure 2.1: Blackburn Main Cables Extract

[c-i-c]
Source: TEA-Data-v1.0

In this data extract, structure point 20556231 has a “"Next Structure Number” (that
is, the next structure point in the direction of the exchange) of 20556233 for
Cables labelled 5, 14 and 17, with a distance to the exchange of 2,241 m; and a
“Next Structure Number” of 20556232 for cable CA11, with a distance to the
exchange of 2,477 m. Both these cable directions are used in the model. For
shortest-path routing, all main cables passing through structure point 20556231
should be directed towards structure point 20556233.

In the BLBN data, there are 31 instances (out of 5,958 records) where a structure
point has two different next structure points.

The data extract also shows a case where cables are laid in both directions within a
network segment. For cable 5, the cable runs from 20556232 to 20556231 while,
for cable CA11, the cable runs in the other direction, from 20556231 to 20556232.
That is, in the segment 20556231-20556232, there are cables in both directions.
The main cable algorithms place cables - and conduit - in both directions in this
segment. The cable and conduit placements are therefore excessive.

In the BLBN data, there are 80 instances (out of 5,958 records) where there are
bi-directional entries. Some of these entries refer to the same physical segment.

3 paragraph 23 of Telstra, ULLS Undertaking: Telstra Efficient Access (TEA) Model Overview,
21 December 2007.



A similar problem infects the DA data. There are cables in both directions in some
segments and some structure points in two DAs. The figure shows an extract of
the DA data for BLBN.

Figure 2.2: Blackburn Distribution Area Extract

[c-i-c]

Source: TEA-Data-v1.0

In the data extract, current structure number 20556984 has two next structure
numbers: 20556985 for DA P71 and 20556983 for DA CA13. This data extract also
shows that the segments 20556984-20556985 and 20556984-20556983 are bi-
directional.

In the BLBN Distribution Area data, there are 158 instances (out of 16,123
records) where a structure point has two different next structure points.

Telstra claims* that the bi-directional segments are an “unintended consequence”
of the method for removing cabinets from the cable data. This appears to be the
case for the Blackburn data.

Bi-directional segments should not occur at all in a shortest-path layout. In the bi-
directional segments shown above, cables are placed in both directions in these
segments.

In addition, the Blackburn DA data extract shows that a structure point can reside
in two different DAs. Structure point 20556984 is in both DA P71 and DA CA13.
This should not occur if the DAs are efficiently designed. In all 158 instances of
duplicate paths in the BLBN data, the relevant structure point is listed in two
different DAs.

The conclusion is that efficient cable paths, and hence duct placements, have not
been implemented in the TEA model. This could be corrected by preprocessing the
data, before it is presented to the model, to select the shortest available cable path
from each structure point to the exchange. There should be no bi-directional
segments, as this is clearly inefficient. The documentation implies that the data
has been preprocessed but it has not.

Telstra claims® the following with respect to DA design:

All of the 158 instances in the Blackburn Exchange, where a structure point
feeds two different next structure points, involve two distinct shortest-path
distribution cable routes, are shared by different Distribution Areas. In
those instances, a structure point that provides the shortest path between
points A and B on one cable route; [sic] also lies on the shortest path
between points C and D of another cable route. TEA appropriately selects
that structure point as part of the shortest path for both cable routes.

4 Telstra (Tony Warren), “Telstra’s ULLS Undertaking”, Letter to ACCC, 15 July 2008.

> Telstra (Tony Warren), “Telstra’s ULLS Undertaking”, Letter to ACCC, 15 July 2008, pp. 5-6.



It is not surprising that two different cable routes, serving separate and
distinct sets of customers, do not follow the same path. They are different
cable routes, which terminate at different pillars and serve different
customers. Each of them follows the shortest path route to arrive at their
respective destinations.

The comment about cable routes is misleading. It would only be true if the cable
placements were to follow the existing cable layout. But Telstra claims to have
optimised the cable layouts for the model. Any cable passing through a structure
point that did not follow the shortest path from this structure point back to the
exchange could be replaced with a shorter one that does follow the shortest path.
There is, therefore, a further optimisation step that needs to be taken with the
cable data.

The data analysis and the Telstra comment raise the issue of the overall layout of
the DAs. In the Australian suburbs, DAs abut one another. In some, perhaps
many, circumstances, it would produce a lower overall cost if the DAs were laid out
differently, given that the customer demand is now known (unlike when the DAs
were laid out and customer demand was only estimated). For efficient design, the
DAs should not overlap. It is legitimate, however, for Telstra to use a scorched
node approach - fixing the current pillar points - for the purposes of the model.
Nevertheless, the data within DAs should be cleansed to remove any overlaps
between DAs.

A middle ground between the current scorched node approach and a full scorched
earth approach - when, for example, the ESAs are fixed but the complete outside
plant is redesigned without reference to the existing plant — would be to undertake
limited redesign of DAs within Allocation Areas (groups of DAs).® Whether this
would lead to any significant cost reduction is unknown. It may do in areas that
have experienced unexpected population growth or where there has been
significant infill from the earlier suburban land use.

2.2 Pits and Manholes

The pits and manholes are laid out according to the diagram and rules in section
3.2 of Access Network Dimensioning Rules. The description is of a very clean,
efficient design and layout in the default case. This represents best practice in
laying out a Distribution network.

Section 3.3.4.1 of Access Network Dimensioning Rules suggests that manholes
may be placed at “severe changes of direction” in the Distribution network. This is
a good design rule. There appears to be no provision for this rule in the model
itself, as changes of direction are not indicated in the base data. This could lead to
an underestimate in the humber of manholes placed by the TEA model.

6 See, for example, Marsh, B.L., "The Feeder Allocation Process”, Bell System Technical
Journal, Vol. 57, No. 4, April 1978, pp. 869-890.



2.3 Cables and Cable Sizing

A key issue in the design of cables for the distribution and main-cable networks is
the assumed maximum transmission distance for each cable gauge. The
transmission limits for the default case are given in a table in section 3.1.1.1 of
Access Network Dimensioning Rules. The maximum distances given are not
conservative but, rather, permit suitable transmission losses.” Thus, if anything,
the cable gauges and hence the cost of cables will be underestimated.

The same table gives maximum cable sizes for each cable gauge. These
maximumes are standard for copper cables.

Section 3.1.1.2 of Access Network Dimensioning Rules describes the use of heavier
gauge (0.64 mm conductors) cable in the main-cable network. (This heavier
gauge is not normally used in the distribution network.) Because of the maximum
transmission distances and the use of at maximum 0.64 mm gauge cable in the
feeder network, the longest loop lengths in Band 2 ESAs must fall below 6,900 m.

The placement method uses the heavier gauge cable in the main-cable network
furthest from the exchange. This is not global best practice for loop make-up and
may result in a greater length of heavier gauge cable being placed than is
minimally necessary.® It may, however, correspond to Telstra’s current loop
practices. The documentation notes the possibility of “cable congestion”
(presumably meaning the placement of larger ducts) close to the exchange. The
rules used in the model result in 25.6% of cable placements in the default case
being of heavier-gauge cable in the main-cable network.

An efficient cable design would use the heavier gauge cable closest to the
exchange. This minimises the total length of heavier gauge cable used. The
additional duct volumes required near the exchange have only a minor effect on
installed cost.

Section 3.1.1.2 also contains a formula for calculating the minimum length of
0.64 mm cable required if the loop length exceeds 4,300 m and is less than
6,900 m. (The reader should note that the formula calculates distances in
kilometres, even though the discussion is in metres.) This is a standard loss
calculation to limit the insertion loss. The documentation also describes how the
cable length is extended to the next flexibility point (joint) in the feeder network.

It is not clear from the documentation what the model does if the need for heavier
gauge cable exceeds the feeder-cable length. The model actually implements the
formula without imposing an upper limit of the feeder cable length. This should
not be a problem as it should not occur if the DAs and ESAs have been well
designed.

7 For cable transmission calculations, see, for example, Freeman, Roger L.,
Telecommunication System Engineering, Wiley, 3rd edition, 2004.

8 For optimal loop make-up, see, for example, McLaughlin, C.D., and Albers, J., “"Exchange
Feeder Route Analysis Program: An Application of Branch and Bound Techniques to Economic
Cable Sizing”, International Symposium on Subscriber Loops and Services, Ottawa, Canada,
May 1974. Conference Record IEEE Cat. No. 74 Cho 844-1 COMM.



We consider the specific fill factors used in aggregating demand for cable pairs
later in this document. In this section, we consider the overall effect of
aggregating demand and fill factors.

For the Distribution network, the default fill factor is [c-i-c]%. This is equivalent
to providing [c-i-c] pairs per living unit in residential areas. Practice can vary
depending on the type of residential area but a provision of 1.5 pairs per living unit
(a fill factor of 67%) is common.

Given that ultimate demand is known (demand at customer locations is specified),
one could argue that the Distribution network should be designed at 100% fill -
that is, that no adjustment to demand should be made. However, just changing
the Distribution fill factor to 100%, with no other changes to the default case,
produces less than a one percentage point change in the cost. This is probably
because the default non-tapered design makes generous provision of cable in most
distribution branches.

One could also assume that the Main Cable network is sized for ultimate demand,
by setting the Main Cable fill factor to 100%. This produces a reduction in cost of
slightly more than one percentage point.

Once the demand (including fill factor) is known, the model chooses the next larger
cable size above the demand. This assumes that the cost function for cables
exhibits decreasing average cost per pair.° This is normally the case. It also
means that one larger cable is always preferred to two smaller cables, as the
model assumes.

2.4 Cable Jointing

The jointing rules for Distribution cables are described in section 3.2 of Access
Network Dimensioning Rules, particularly in section 3.2.3. The jointing of cables,
as described in the documentation, is efficient. Joints are only included where
necessary: where cable connections are required or where the maximum cable
lengths require a joint in a long network branch.

The maximum street cable length (section 3.2.3.1.1) is taken to be 500 m, which
is a generous value and errs on the side of underestimating the number of cable
joints.

2.5 Pillars

The “placing and sizing of pillars” are described in section 3.3.1 of Access Network
Dimensioning Rules, within section 3.3 on Feeder Network. The placement of this

section is somewhat misleading, as the sizing of pillars is actually performed in the
Distribution module; and the pillar placements are reported under the “Distribution
Network” heading.

° For a general description of economic cable sizing, see Freidenfelds, J., “A Simple Model for
Studying Feeder Capacity Expansion”, Bell System Technical Journal, Vol. 57, No. 4, April
1978, pp. 807-823.



The “placing” of pillars is fixed in the model. The pillar sits at the point of
confluence of the relevant Distribution Area and is where the Feeder Cables (Main
Cables) are connected to the Distribution cables. This location is defined in the
basic input data and is not changeable.

The documentation notes that pillars “should be placed around the corner from the
main conduit route to enable easier access” (p. 10) but this feature is not directly
implemented in the model. It is implicit in the input data.

The “sizing” of pillars consists of choosing either a 900-type pillar or an 1800-type
pillar, depending on how many pairs are to be terminated. The sizing algorithm
leaves some spare capacity in the pillar. The effect of this oversizing of pillars is
likely to be small. Pillar sizing is fully described in section 4.5.

2.6 Conclusion

The above discussion leads to the following conclusions regarding the optimisation
and efficiency factors built into the network design.

1. The cable routes are fixed by the input data to the model. The data has
not been preprocessed to determine the shortest paths and to eliminate
duplicate routes. The model actually places unnecessary cables and ducts
because of this omission. The cable routes as given are not efficient.

2. The existing cable routes are used in the design. There is no attempt to
redesign the DAs or ESAs based on the current customer demands. There
are problems in the input data with overlapping DAs, which leads to
inefficient cable and duct design in the Distribution module.

3. The location of pillars is also set by the input data. This is a “scorched
node” approach and is satisfactory for a top-down model. There may be
some overestimation of pillar sizes and costs in the model but the effect is
likely to be very small.

4. Pits and manholes are placed according to a very clean outside plant
design and at least one feature in the placement of manholes is not
implemented in the model. The overall effect is to underestimate the
number of pits and manholes needed for an actual network.

5. The design of cables with mixed gauges may overestimate the number of
heavier gauge (22 AWG) cable pairs needed in a feeder route. The use of
low cable fills will also overestimate the number of cable placements
required. However, these issues have only a small effect on the overall
cost.

6. Cable jointing is included at points where cable joins are required or where
maximum haul lengths for cables would be exceeded. In general, this will
underestimate the actual number of joints required.

In total, the model with the current data overestimates the placement of cables
and ducts. The effect of eliminating the unnecessary duplication of cables is
difficult to estimate because the full network topology for all 584 ESAs would need
to be reanalysed. The cables and ducts are the largest cost components. The



other placements - of pits and manholes — may be slightly underestimated in the
model.



3. Main Cable Network Engineering

3.1 Summary of Findings

Ovum’s initial review found an implementation error in the cable demand
algorithms. This error was subsequently fixed by Telstra in a later version.®

The other findings in this chapter are:

e The problems in the input data identified in section 2 affect the cable and
conduit placement calculations. In the case of bi-directional sections, the
algorithms place too much cable and conduit.

e There is an undocumented feature concerning “Fibre T Block Demand”.
This has only a minor effect on the ULLS cost in the default case but could
be significant if it were set to a larger number. This feature should be
documented.

e There are some minor inconsistencies between the documentation and the
implementation in the model. These are listed in Table 3.1 below.

3.2 Demand at Fibre Fed Pillars

The demand at Fibre Fed Pillars is calculated only in the case of a ‘ULL Network
Design’. The calculation is performed in the ‘Main-Summary’ sheet. This demand
is calculated as the ‘Demand Served at a Cross Connection Point’, when a fibre
cable is used, less the amount of ‘Fibre used for Building Terminals’. The model
also adds in the demand for a ‘Fibre T Block’, which in the Input sheet is specified
as ‘Demand at Fibre Fed Terminals’. This final element is not specified in the
documentation (paragraph 145).

This extra element (Fibre T Block Demand) increases the demand at fibre fed
pillars and has the practical implication of increasing the price per line calculated in
the Calc-Engine. In this Engine, the cost per line is calculated as the total
investment (e.g. in cables or cable joints) divided by the number of distribution
lines. The number of distribution lines is the number of total lines minus the
demand at fibre-fed pillars.

10 Eng-Main-Engine-v1.0-ACCC-Fixes CONFIDENTIAL.xls, received 15 July 2008.



Figure 3.1: Demand at Fibre Fed Pillars
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Source: Ovum

Fibre T Block Demand is set at [c-i-c] in the input worksheet. Compared to the
number of total lines per ESA, this number can be considered negligible. It is not
documented, nor is it clear why this parameter has been included in the
calculations.

3.3 Length of Main Cables

The calculation of length of main cable is done in two phases and separately for .40
gauge, .64 gauge and Fibre. First, the length of cables at full capacity is
calculated, then the length of cables at less than full capacity is calculated.

The Cumulative .40 gauge cable demand is calculated in worksheet Main-Collapsed
based on sections identified in worksheet Main-Detail that require .40 gauge cable.
The types of cable to be utilised in a section are then calculated in the Main-
Collapsed worksheet based on the cumulative .40 gauge cable demand in that
section. If demand is higher than 2,400 pairs, there will be at least one fully
utilised Normal (.40 gauge) Cable. If demand is lower than 2,400 pairs but bigger
than 1,200 pairs (the next size of cable), then a cable with 2,400 pairs is also
selected. The lengths of each of these sections (multiplied by the number of
cables) are then calculated.



Figure 3.2: Length of Main Cables at full capacity
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We have already raised the issues in section 2 concerning evidence of lack of
optimisation of some routes. This affects the cable placement algorithms used
here. In its initial review, Ovum detected an implementation error in the Main-
Collapsed worksheet due to a limitation in Excel. This was fixed in Telstra’s revised
version of the Engineering Main Cable module.!

The calculation of cables at less than full capacity follows a similar logic but only
considers the identified demand for cables at either 1,200, 800, 400, 200 and 100
pairs.

The same types of calculations apply for cables identified as .64 gauge and Fibre.
The .64 gauge cables are identified using the algorithm specified in item 3.1.1.2 of
the Dimensioning Rules document. The Fibre cables are identified by the existing
type of cable or if a predecessor section in a route was identified as a fibre section.

3.4 Length of Main Conduits

The formulas for calculating the length of Main conduits are based on the
calculations of the number of cables in a section. One of the conduit configurations
(28, 20, 16, 12, 8, 6, 4, 2, or 1 conduit) is then selected, on a best-fit basis, based
on the number of cables in the section plus one.

11 Eng-Main-Engine-v1.0-ACCC-Fixes CONFIDENTIAL.xIs, received 15 July 2008.



The length of main conduits, for each conduit configuration, is calculated by
multiplying the number of conduits by the length of the section and summing up
the results for all sections.

As this calculation depends on the calculation to determine the number of Main
Cables, it will also be affected by any incorrect placements of cables (as in bi-
directional segments).

3.5 Number of Pits and Manholes

The numbers of Pits and Manholes are determined through the identification of
Pits/Manholes required at cable mergers and Pits/Manholes required because of the
maximum allowed distance between Pits/Manholes. The configuration of
Pits/Manholes is determined according to the number of cables passing through it.

Figure 3.3: Number of Pits and Manholes

Branches feeding # in nb of cables Distance from last
current structure coming in and out Manhole
of structure

|

Pits / Manholes at Distance Pits /
Cable Mergers Manholes

Number of Pits /
Key: Manholes

| Input |

| Calculation |

Source: Ovum

The difference in number of cables coming in and out of a structure, in the case
where there is a single branch feeding the structure, indicates a merger between
.64 and .40 gauge cables. Because this calculation depends on the previous
calculation of number of cables, there is a possibility that the Number of Pits or
Manholes will be impacted by errors in cable placements.

The numbers of Pits/Manholes are separated by type (i.e. size). There is a small
deviation between the module documentation and the model in that the largest
Manhole in the documentation is described as size 24 (paragraphs 203 and 212)
and the model considers the largest size as 28. The model is consistent with item
3.3.4 of the Dimensioning Rules document. We understand that this is an editorial
mistake.



3.6 Number of Joints Main Cable

The number of Joints in the Main Cable is calculated for different types and sizes of
cables. The diagram below shows the calculations of joints for large cables. For
smaller cables the calculation is similar, with the difference that fully utilised large
cables are not considered.

Figure 3.4: Number of Joints Main Cable
Branches feeding # in nb of cable Segment
current structure coming in and out length

| |

Joints at merger ] [ Joints at pillar ] [ Distance joints ]

[ 1 — ]
Joints for fully Joints for less than
utilised cables fully utilised cables

Number of Joints

Key: Main Cable

| Input |

| Calculation |

Source: Ovum

The number of cable joints depends on the cable placements.

3.7 Count of Fibre Customer Multiplexer
(CMUX) equipment

For structures whose existing type of cable is fibre and there is a local demand, the
applicable CMUX AU (Access Unit) is identified. The office unit (CMUX NU -
Network Unit) is then calculated based on the sum of all CMUX AUs for a given
ESA.

3.8 Number of pairs terminating at ESA

The number of pairs terminating at the ESA is identified as the sum of cumulative
cable demand for structures whose next structure coincides with the next structure
which has the maximum cumulative cable demand. This calculation is done per
type of cable.



3.9 Number of Building Terminals Served by
Main Cable

Building terminals are identified by a different code in the identification of the
Cross Connect Point. The number of building terminals by size type is identified by
matching the demand at the cross connect point with the different types of
Building Terminals.

3.10 Main Module Documentation

Ovum has reviewed the “Telstra’s Efficient Access Model - Model Documentation”,
dated 3 March 2008.

The documentation is segmented in four main sections:
e A. Model Overview
e B. Engineering Distribution Module
e C. Engineering Main Module
e D. Cost Calculation Module

Ovum followed a paragraph-by-paragraph approach in order to check the
document’s consistency with the model.

Ovum concludes that inputs and formulas described in sections A & C of the
documentation are consistent with the model’s spreadsheets and functionality.

In the table below, we summarise Ovum’s review of the Engineering Main Module
(section C). There are three columns in the table:

e Par. No: Paragraph Number of the documentation

e Consistency compliance: Yes/ No indication between the documentation
and the Engineering model

e Comments: For navigation purposes, we provide the spreadsheet and
column that the relevant inputs or formulas are used in the model. The
name convention we use is based on the following format xxClm y, where
xx is the first letters of the name of the spreadsheet: i.e. for “"Main-
Collapsed” we use MC, for "Main-Summary” we use MS etc. Cimy
indicates the column in the relevant spreadsheet where the formula which
is described in the documentation is used in the model. In cases where a
series of columns follow the same logic, these are indicated in the format
xxClm y:z, i.e. from columns y to z.

For example: Paragraph No. 145 is reflected in spreadsheet “Main-
Summary” and Column D.

Table 3.1: Review of Documentation for Engineering Main Module

Consistency
Par. No compliance | Comments

C-133- Yes Information/ Description




Consistency

Par. No compliance | Comments
134
Information/ Description; Lacks the description
of field 'Demand at Fibre Fed Terminals', lines
C-135 Yes 94-96.
1st bullet
pt Yes Information/ Description
2nd bullet Information/ Description; Consistent with item
pt Yes 3.3.2.5 of the Engineering Rules document
Information/ Description; Not mentioned in item
3.3.5 of the Engineering Rules document;
3rd bullet Appropriate assumption to facilitate CMUX
pt Yes maintenance
4th bullet Information/ Description; Consistent with item
pt Yes 3.3.2 of the Engineering Rules document
5th bullet Information/ Description; Not described in the
pt Yes Engineering Rules document
6th bullet Information/ Description; Consistent with item
pt Yes 3.3.4.1 of the Engineering Rules document
7th bullet Information/ Description; Consistent with item
pt Yes 3.3.1 of the Engineering Rules document
8th bullet Information/ Description; Consistent with item
pt Yes 3.3.5 of the Engineering Rules document
Information/ Description; Not described in the
Engineering Rules document; supposedly, this
9th bullet has to do with 3.3.2.2. to 3.3.2.4 but method for
pt Yes quantification is not explicit
136 Yes Information/ Description
137 Yes Information/ Description
138 Yes Information/ Description
139 Yes Information/ Description
Information/ Description; Methodology is not
clear, text should clarify whether, in the
Collapsed worksheet, the entries (lines) are for
unique 'Current Structure Number' and 'Next
Structure Number' combinations that are part of
140 Yes optimised routes
141-143 Yes Information/ Description
C2 - 144 Yes Information/ Description
145 Yes MSCIm D
146 Yes MDCIm R
147 Yes Information/ Description
148 Yes MDCIm Y
149 Yes MDCIm Q
150 Yes Information/ Description




Consistency

Par. No compliance | Comments
151 Yes MDCIm U
C3 - 152 Yes Information/ Description
153-157 Yes Information/ Description
158 Yes MSCIm E; MSCIm K; MSCIm P
159 Yes Information/ Description
160 Yes Information/ Description
161 Yes MCClm I
162 Yes MCCIm ]
MCCIm K; Although the descriptive part of the
paragraph states that the formula is essentially
the same, there is an important distinction in
that it doesn't consider the ‘Cumulative Fibre
Cable Demand Segment' but instead the Number
of Fibre Strands (which include fibres used to
connect the CMUX) - This is articulated better in
163 Yes paragraph 166.
MCCIm E; Lookup Key with more than 15
164 Yes characters
MCCIm F; Lookup Key with more than 15
165 Yes characters
MCCIm H; Lookup Key with more than 15
166 Yes characters
Information/ Description; Original
implementation error has been corrected by
167 Yes Telstra.
168 Yes MDCIm V
169 Yes Information/ Description
170 Yes Information/ Description
171 Yes Information/ Description
172 Yes MDCIm W
173 Yes Information/ Description
174 Yes Information/ Description
175 Yes Information/ Description
176 Yes MDCIm X
177 Yes Information/ Description
178 Yes Information/ Description
179 Yes MDCIm M
180 Yes MDCIm N
181 Yes MDCIm S
182 Yes MDCIm T
183 Yes MDCIm P
184 Yes MDCIm AE
185 Yes Information/ Description




Consistency

Par. No compliance | Comments
186 Yes Information/ Description
187 Yes Information/ Description
188 Yes MDCIm O
189 Yes Information/ Description
190 Yes Information/ Description
191 Yes MSCIm FtoJand L to O
192 Yes Information/ Description
193 Yes MSCIm Q to V
194 Yes Information/ Description
195 Yes MCCIm L
196 Yes MCCIm M and N
C4-197 Yes MSCIm W to AE
198 Yes Information/ Description
MCCIm P; Max conduit type is 24 even if
199 Yes requirement is higher.
200 Yes MCCIm O
C5-201 Yes MSCIm AF to Al
202 Yes Information/ Description
203 Yes MCCIm X
204 Yes MCCIm V
205 Yes MCCim W
206 Yes MCCIm R
207 Yes MCCIm S
208 Yes MCCIm T and U
MCCIm G; Lookup Key with more than 15
209 Yes characters
MCCIm Q; That formula takes as an assumption
that the base data is ordered in different lines
sequentially according to the distance in a given
route. That can be verified in the Worksheet
'Main-Detail' as the information distance to CO is
provided but cannot be easily verified in
210 Yes Worksheet 'Main-Collapsed'.
211 Yes MCCIm AB
MCCIm AA; Editorial mistakes in the model
documentation: the largest size Manhole is 28
and not 24; in the MATCH function, there is a '-
212 Yes 1" argument missing
MCCIm Z; Editorial mistakes in the model
documentation: There is a ')' missing before
213 Yes the ',0'
214 Yes MCCIm Y
C6 - 215 Yes MSCIm AK; MSCIm AR; MSCIm AX




Consistency

Par. No compliance | Comments
MSCIm AL to AP; MSCIm AS to AV; MSCIm AY to
216 Yes BD
217 Yes Information/ Description
218 Yes MCCIm AL to AN
219 Yes MCCIm AC
220 Yes MCCIm AD and AE
MCCIm AF; The model looks at Cumulative .40
Gauge Cable Demand Segment > 1 and not > 0
as intended. Impact in the model is negligible as
in practice this variable is either zero or a value
221 Yes that far exceeds 1
MCCIm AG and AH; Same comment as above but
222 Yes for '.64 Gauge' and 'Fibre'
223 Yes Information/ Description
224 Yes MCCIim Al
225 Yes MCCIm AJ and AK
226 Yes MSCIm AQ; MSCIm AW; MSCIm BE
C7 - 227 Yes Information/ Description
228 Yes MSCIm BF and BG
229 Yes Information/ Description
230 Yes Information/ Description
231 Yes MDCIm AC
232 Yes MDCIm AD
233 Yes MSCIm BH
C8 - 234 Yes MSCIm BI to BK
235 Yes Information/ Description
C9 - 236 Yes Information/ Description
237 Yes MSCIm BL
238 Yes MSCIm BM to BO
239 Yes Information/ Description
240 Yes MDCIm Z
241 Yes MDCIm AB
242 Yes MDCIm AA
MCCIm AF; The model looks at Cumulative .40
Gauge Cable Demand Segment > 1 and not > 0
as intended. Impact in the model is negligible as
in practice this variable is either zero or a value
221 Yes that far exceeds 1
MCCIm AG and AH; Same comment as above but
222 Yes for '.64 Gauge' and 'Fibre'
223 Yes Information/ Description
224 Yes MCCIm Al




Consistency

Par. No compliance | Comments

225 Yes MCCIm AJ and AK

226 Yes MSCIm AQ; MSCIm AW; MSCIm BE
C7 - 227 Yes Information/ Description

228 Yes MSCIm BF and BG

229 Yes Information/ Description

230 Yes Information/ Description

231 Yes MDCIm AC

232 Yes MDCIm AD

233 Yes MSCIm BH
C8 - 234 Yes MSCIm BI to BK

235 Yes Information/ Description
C9 - 236 Yes Information/ Description

235 Yes Information/ Description
C9 - 236 Yes Information/ Description

237 Yes MSCIm BL

238 Yes MSCIm BM to BO

239 Yes Information/ Description

240 Yes MDCIm Z

241 Yes MDCIm AB

242 Yes MDCIm AA

235 Yes Information/ Description
C9 - 236 Yes Information/ Description

237 Yes MSCIm BL

238 Yes MSCIm BM to BO

239 Yes Information/ Description

240 Yes MDCIm Z

241 Yes MDCIm AB

242 Yes MDCIm AA




4. Distribution Network Engineering

4.1 Summary of Findings

Ovum'’s review points out that there are three dimensioning rules where network
requirements are over calculated resulting in increased costs:

e Tapered vs. non-tapered case

The default option of the model is to run in a non-tapered configuration.
Under this condition, the cable pair size requirements are dimensioned in
sets of 100 pair cables, without taking into account cable sizes of less
capacity e.g. 10, 30 or 50 pair, where capacity needs are considerably
lower than 100 pair.

This assumption caters for future network expansions by trading-off a
degree of inefficiency across the network, as cable numbers and sizes are
over-dimensioned especially in areas of lower density. The use of non-
tapered cable is, however, common practice in DA design.

e Utilisation (fill) factor for the distribution network (default value of 60% for
all the areas). As indicated in section 2, a fill factor of 67% (corresponding
to 1.5 pairs per living unit) is normal. This makes little difference to the
costs.

e Rounding inefficiencies, e.g. a capacity requirement of 35 pair cables
results in the selection of the 50 cable pair size (tapered) or the 100 cable
pair size (non-tapered). A detailed cable dimensioning if the ultimate
customer demand were assumed to be known would minimise excess cable
pairs. However, it is best practice to admit some additional capacity to
allow for unplanned new demand and for fault restoration.

If we set the fill factors to 100% for all cables, then the tapered design for all ESAs
is about 4% cheaper per line than the non-tapered one. This supports the view
that a non-tapered design, which provides greater operational efficiency, would be
preferred by an efficient operator of a copper-cable access network.

4.2 Distribution Conduits

The model uses two different types of conduit runs: 100mm and 50mm. For the
100mm run, there are five different configurations of conduits. For the 50mm run
there is only one configuration. The six different types of conduit configuration
are: 8x100mm, 6x100mm, 4x100mm, 2x100mm, 1x100mm and 1x50mm runs.

The model uses the following logic for calculating the size of conduit required for
each segment:

e If Segment Length < 50m and there are no branches coming from
independent pits, then the 50mm conduit run will be used.

e The model uses the term “Pit Extensions” for road crossing conduits. The
total number of pit extensions required is calculated as the sum of pit



extensions for non-commercial addresses and for building terminals. The
first factor is dimensioned based on an average number of Lead-Ins per
Pit. The second factor of the equation is equal to the number of pits
serving building terminals divided by 2, in order to account that only 50%
of the buildings are on the opposite side of the street; hence a pit
extension is required.

e In any other case, the conduit configuration is determined based on the
number of blocks of 4x100 pair cables in the segment. For example if 17 x
100 pair cables are in the segment, then the conduit run to be used is
6x100mm, as the smaller conduit configuration, 4x100mm, does not meet
the requirement. This is a satisfactory algorithm.

In order to calculate the total physical length of conduit for each configuration, the
model sums the length of conduit (segment length) included under each conduit
configuration for each segment and type of density area. In this case, the Density
is calculated as Demand Served by Pillar i.e. the total number of services in
operation (SIOs) within the DA/ Area (sq.km).

Ovum ran some examples using full ESA data to check that the model is assigning
only one pillar for each DA. These examples (BLBN, DONC, ENGA, MENA, PETR,
SYRA, TRAK, WIRC)*? showed that the maximum number of pillars for each DA is
one. This confirms that the DAs are well dimensioned.

Street Conduits

See above

Road Crossings

See above

Lead-in Conduits

See above

4.3 Distribution Pits

There are three types of pits in the distribution engine model: number 9 pits,
number 6 pits and number 5 pits. Every pit type can be used in any of the five
density type areas. Different dimensioning rules apply for the different pit types.

Number 9 and number 6 pits are used where segment lengths exceed the
maximum distance between the pits. The model uses Number 5 pits for lead-ins
and building terminals that are not served by number 6 and number 9 pits.

The number of No. 9 or No. 6 pits required is equal to the segment length divided
by the distance between pits; i.e. when the copper length exceeds the maximum

12 saved versions of the examples we examined could not be generated as the saving
process was crashing the model.



allowed distance, a new pit is required. A pit is also required where there is more
than one branch coming from dependent pits and the segment is not a lead-in.

The dimensioning process for No. 9 and No.6 pits is described in the following
diagram.

Figure 4.1: No. 9 and No. 6 Pit Requirements
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Source: Ovum

Base data indicate the links of each structure with previous elements in the
network. These links are identified in the model using the Current Structure
Number and Next Structure Number identifiers.

The model assumes that, as a minimum, one No. 5 pit is installed at route mergers
and distance limits under the above conditions and at least one No. 9 pit is present
for every DA at the point where the distribution cables connect to the pillar.

The model assumes also that half the building terminals will be located on the
opposite side of the street from the distribution conduit run. In these instances a
No. 5 pit will need to be placed on each side of the street. In addition, in 25% of
the cases a No. 5 pit will be required on both sides of the street when serving 2
pair lead-ins. Ovum believes that, probably, the additional 25% is derived from
the possibility of a pit serving a) both sides of the road and b) 2-pair lead-ins,
resulting in 1 out of 4 probability.

The following diagram illustrates the No. 5 pit dimensioning process.



Figure 4.2: No. 5 Pit Placement
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The model assumes that, for all the cases, four cable pairs are served by one pit;
hence the Average Lead-Ins per Pit is equal to four. The user has the option to
configure the percentage of pits serving one, two or three cable pairs (set to zero
in the default scenario). It is an appropriate design, which somewhat
underestimates the number of pits, to assume that four cable pairs are served by
one pit.

Distances between pits

The model assumes the following distances between pits.

Figure 4.3: Maximum Distance between Pits

[c-i-c]

Source: TEA model

The value for the No. 5 Pit is used to calculate the Number of Pits at Route Mergers
and Distance Limits.

The model does not use different pit distances for different pit configurations (Pit-
5, Pit-6 and Pit-9).

4.4 Distribution Cables

There are four types of distribution cables used in the model: the 100, 50, 30 and
10 pair cables.



The model uses a [c-i-c]% Distribution Cable Fill factor in order to dimension the
capacity requirement (number of copper pair cables required) for each structure,
which serves 2 pair lead-ins. In the case that the structure serves a building
terminal, then the capacity requirement is equal to the existing building terminal
size. The model aggregates the capacity requirement at each structure, depending
on the links of each structure with previous elements in the network. These links
are identified in the model using the Current Structure Number and Next Structure
Number identifiers.

The number of fully utilised 100 pair cables is derived from the cumulative capacity
requirement divided by 100 (DistributionMaxCopperCableSize).

The remaining demand is allocated to cable sizes depending on whether the user
selects a non-tapered or tapered approach. For a non-tapered option, the
remaining capacity, if any, is served by an additional 100 pair cable. For the
tapered option, the model selects the smallest cable size that is greater than or
equal to the remaining capacity requirement.

The model calculates the Length of Distribution Cable by Cable Size. The results
are presented in the “Distribution-Summary” worksheet.

The process is described in the following diagram.

Figure 4.4: Distribution Cable Lengths
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The Copper Cable Length is equal to the Segment length (base data) plus 4.2m.
This is to allow for a loop in the pit that can be pulled out in order to join cables
together. When no cables are joined together at the structure, the Copper Cable
Length is equal to the Segment Length (no need for the additional 4.2m to join
cables).



Street Cables

Maximum street cable distance

The model default (non-tapered) option is to assume that the maximum distance
between joints for 100 cable pair is 500m. For the rest of the cable sizes (10, 30
and 50 cable pair) the model uses the same maximum cable distance of 500m.
Lead in Cables

The model uses 2 cable pairs as the minimum pair count to be used for all non-
building terminals.

Residential lead in cables

The lead-ins are identified in the input data with their lengths. In the final
calculation for the “Distribution-Inputs” sheet, the average length of lead-ins is
calculated from the “Distribution-Detail” sheet. The average length of lead-ins is
used in the costing module.

Multi Dwelling Residences and Commercial Properties

These customer locations have a Building Terminal placed at them. The Building
Terminal is sized to account for the actual demand at the premises. Building
Terminals can accommodate 100, 50, 30 or 10 cable pairs.

The length of the lead-ins for these premises is taken to be the sum of the lengths
of all cables used for the lead-ins. This quantity is used in costing the lead-ins.

4.5 Placing and Sizing of Pillars

Pillars are placed in the network in order to connect cables from the Main and
Distribution parts.

The model considers two sizes of pillars. Their specifications are show below.

Figure 4.5: Pillar Sizes and Capacities

[c-i-c]

Source: TEA model

The dimensioning rule is based on the condition of whether the number of
distribution cables or the number of main distribution cables connected to a pillar
exceeds the (maximum) pillar capacity on either side. In this case, the large
pillars (1800 size) will be used and their number is determined by dividing the
number of main or distribution cables by the pillar’s capacity for each network side.
The maximum of these two numbers is equal to the total number of fully utilised
pillars.

Additional pillars are calculated to accommodate any remaining demand, i.e.
demand not served by 1800 pillars at full utilisation. The model calculates first the



number of pairs terminated on the main side of the pillar in blocks of 100 pairs,
under the assumption that the minimum cable size on the feeder side of the pillar
is 100 pair cable. The remaining capacity requirement on the main side of the
pillar is calculated as the total number of pairs terminated on the main side of the
pillar less the number of pairs that are terminated on fully utilised pillars. The
remaining capacity on the distribution side of the pillar is calculated as the total
number of pairs connected to the distribution side of the pillar less the number of
pairs that are connected to fully utilised large pillars. If the capacity requirements
exceed the capacity specifications of a small (min) pillar, then a large (not fully
utilised) pillar will be used.

This process is presented in the following figure.

Figure 4.6: Pillar Sizing
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| Input

The sizing of pillars is satisfactory.

4.6 Distribution Module Documentation

Ovum has reviewed the “Telstra’s Efficient Access Model - Model Documentation”,
dated 3 March 2008.

The documentation is segmented in four main sections:



A. Model Overview
B. Engineering Distribution Module
C. Engineering Main Module

D. Cost Calculation Module

Ovum followed a paragraph-by-paragraph approach in order to check the
document’s consistency with the model.

Ovum concludes that inputs and formulas described in sections A & B of the
documentation are consistent with the model’s spreadsheets and functionality.

In the table below, we summarise Ovum'’s review of the Engineering Distribution
Module (section B). There are three columns in the table:

Par. No: Paragraph Number of the documentation

Consistency compliance: Yes/ No indication between the documentation
and the Engineering model

Comments: For navigation purposes, we provide the spreadsheet and
column that the relevant inputs or formulas are used in the model. The
name convention we use is based on the following format xxClm y, where
xx is the first letters of the name of the spreadsheet: i.e. for “Distribution-
Collapsed” we use DC, for “Distribution-Summary” we use DS etc. Cimy
indicates the column in the relevant spreadsheet where the formula which
is described in the documentation is used in the model. In cases where a
series of columns follow the same logic, these are indicated in the format
xxClm y:z, i.e. from columns y to z.

For example: Paragraph No. 44 is reflected in spreadsheet “Distribution-
Detail” and Column R.

Table 4.1: Review of Documentation for Engineering Distribution Module

Consistency

Par. No compliance Comments

Bl1-8 Yes Information/ Description
9 Yes Information/ Description
10 Yes Information/ Description
11 Yes Information/ Description
12 Yes Information/ Description
13 Yes Information/ Description
14 Yes Information/ Description
15 Yes Information/ Description
16 Yes Information/ Description
17 Yes Information/ Description
18 Yes Information/ Description
19 Yes Information/ Description
20 Yes Information/ Description

B2 - 21 Yes Information/ Description




Consistency

Par. No compliance Comments
22 Yes Information/ Description
23 Yes Information/ Description
24 Yes Information/ Description
25 Yes Information/ Description
26 Yes Information/ Description
27 Yes Information/ Description
28 Yes DSCIm D
29 Yes DSCIm E:G, Checked with different size cables
30 Yes DDCIm N
31 Yes Information/ Description
32 Yes DDCIm AJ
33 Yes DDCIm Z
34 Yes Information/ Description
35 Yes Information/ Description
36 Yes Information/ Description
37 Yes DDCIm O
38 Yes Information/ Description
39 Yes DDCIm M
40 Yes Information/ Description
41 Yes Information/ Description
42 Yes DDCIm AW
43 Yes DDCIm L
44 Yes DDCIm R

DDCIm Q: Tested for both non-tapered and

45 Yes tapered designs
46 Yes DDCIm P

B3 - 47 Yes Information/ Description
48 Yes Information/ Description
49 Yes DSCIm H:K
50 Yes Information/ Description
51 Yes DSCIm L
52 Yes DSCIm N
53 Yes DDCIm AL
54 Yes DDCIm AD
55 Yes DDCIm AE
56 Yes Information/ Description
57 Yes DDCIm AK
58 Yes Information/ Description
59 Yes Information/ Description
60 Yes Information/ Description
61 Yes DDCIm AO




Consistency

Par. No compliance Comments

62 Yes DDCIm AN

63 Yes DDCIm AM

64 Yes DSCIm M

65 Yes Information/ Description

66 Yes DSCIm O

67 Yes DCCIm M

68 Yes DCCIm P

69 Yes DCCIm K

70 Yes DCCIm N

71 Yes DCCIm O

72 Yes DCCIm Q

73 Yes DDCIm AT

74 Yes DDCIm AF

75 Yes DSCIm P

76 Yes DSCIm R

77 Yes DCCIm R

78 Yes Information/ Description

79 Yes DSCIm S

80 Yes DCCIm S

81 Yes DCCIm E

82 Yes DDCIm AU

83 Yes Information/ Description
The documentation does not specify the
differences of conduit sizes and runs among the

84 Yes five density areas.

85 Yes Information/ Description

86 Yes DSCIm T:BC

87 Yes Information/ Description

88 Yes Information/ Description

89 Yes DCCim U

90 Yes DCCIm T

91 Yes DCCIm V

92 Yes DCClm W

93 Yes DCCIm X

94 Yes DCCIm Y

95 Yes DCCIm Z

96 Yes DCCIm AA

97 Yes DDCIm AV

98 Yes DDCIm AG

99 Yes DDCIm Al

100 Yes Information/ Description




Consistency
Par. No compliance Comments

101 Yes DSCIm BD:BU

102 Yes Information/ Description

103 Yes Information/ Description

104 Yes DCCIm H

105 Yes DCCIm I

106 Yes DCCIm ]

107 Yes DDCIm AS
DDCIm AP: The model uses the same distances
for different pit configurations; i.e. the model
doesn't differentiate the distances between No.5,

108 Yes No.6 and No.9 pits

109 Yes DCCIm F

110 Yes DCCIm G

111 Yes DDCIm AQ

112 Yes DDCIm AR

113 Yes Information/ Description

114 Yes Information/ Description

115 Yes DSCIm BV

116 Yes DDCIm S

117 Yes DDCIm U

118 Yes DDCIm T

119 Yes DSCIm BW:BY

120 Yes Information/ Description

121 Yes DSCIm BZ

122 Yes DSCIm CA:CC

123 Yes DDCIm W

124 Yes DDCIm Y

125 Yes DDCIm X

126 Yes Information/ Description

127 Yes DSCIm CD
DDCIm AC: The model uses 2 pairs per site i.e.

128 Yes only 2 pair Lead-Ins are served by a structure

129 Yes DDCIm AB

130 Yes DSCIm CE

131 Yes DDCIm AA

132 Yes DICIm D107

Source: Ovum




5. Engineering Factors used for
Costing

5.1 Introduction

In addition to the Engineering modules, there are several engineering-related
parameters that are used in the Costing module. This section examines the effects
of these parameters.

The parameters used are all averages based on Telstra operations. (The one
potential exception — the amount of rocky terrain within an ESA - is set to a
constant [c-i-c]% in the default data; and hence reflects an average value.)
Because of the use of averages, it could be misleading to look at the TEA model
costs for one or a few ESAs. In a specific ESA, there may be little concrete to be
broken out and restored, for example (as in a Canberra suburb where the rights of
way run at the back of suburban blocks). In some ESAs, there may be mainly new
estates, in which the ducting has already been installed by the estate developer.
Hence, the costing is really only valid for a large sample or the complete set of
Band 2 ESAs.

The engineering related cost averages fall into four categories, which we consider
in turn:

1. Terrain type - the proportion of rock in the ESA;
2. Surface breakout and restoration costs;
3. Interexchange Network duct sharing;

4. New Estates.

5.2 Terrain type

In the user interface, the proportion of rock can be entered for each ESA. This
parameter is really set by the geography of the ESA and so, like the structure of
DAs, should be part of the input dataset (that is, in the database, not in the user
interface).

The rock proportion is then used to add additional cost to the underground plant in
the ESA. Pits and Manholes have specific costs for "Rocky Placements”. Trenching
and Boring costs for conduits are given as proportions of conduit placements in
Normal or Rocky terrain and by Density Zone (see below).

Underground placements are more difficult in rocky terrain than normal terrain, no
specific justification is given for the extent of the rocky terrain. The use of a single
factor value ([c-i-c]%) in the default case suggests that the values have been
estimated from overall costs, perhaps with some limited sampling of a few ESAs.
Hence, it is likely that the separation of terrain by rock type is really misleading, as
the costs are set to provide the overall average cost in some Telstra data.

The terrain parameter does permit a range of numerical results to be obtained
from the model but, without detailed knowledge of terrain type in each ESA, this
study is largely theoretical.



If the terrain parameter is to be useful, Telstra should specify the terrain type
(perhaps a proportion of rock, as currently) for each ESA in the input dataset, as it
is set by the geography of the ESA. The actual costs would need to be separated
by terrain type, perhaps by sampling a large number of placement projects. The
specific costs for each underground placement type could then be specified in the
default cost data.

5.3 Surface Breakout and Restoration Costs

All cable placements in the model are assumed to be underground. For Band 2
(suburban) ESAs, this is appropriate. Hence, there are costs for trenching (surface
breakout and restoration) included in the model.

In the costing module, the breakout and restoration costs are calculated in a
number of stages.

First, the Density Zone (variously called the Density Range in the model and the
documentation) is calculated for each DA in the Engineering Distribution module.
The user density is calculated from the total customer demand (in pairs) in the DA
divided by the DA geographic area (which is in the input dataset). This density is
then classified into one of 5 density zones. That is, the DA is given a Density Zone
designation.

The Density Zone boundaries can be specified in the user interface. A change here
should also be accompanied by changes to the proportions of breakout activities by
Density Zone. The relevant tables are also included in the user interface.

Duct and pit placements calculated by the Distribution module are added together
for each Density Zone in the summary of placements by ESA that is used in the
Costing module.

The Costing module then applies the proportions of each breakout and restoration
activity to the conduit and pit placements in each of the Density Zones. This is an
appropriate method, based on actual DA characteristics, to approximate the actual
breakout and restoration activities that would be required if the cable runs were
duplicated.

A direct method of calculating surface breakout and restoration costs would be
available if the Cable Plant Record System kept an indication of surface type for
each conduit run. Then the surface type could be specified in the input dataset for
each segment between structure points (just as the length of the segment is
specified). It is not known if the Telstra system includes the surface information.
Some very modern cadastral systems now do so but it has not been common in
earlier systems because the maintenance of this data is time-consuming.

Further, there is the issue of what a modern, efficient operator would do if it were
to duplicate the Telstra infrastructure. Much of the concrete surface breakout and
restoration in a suburb could be avoided in suitable circumstances. For example,
when Bright laid fibre for a pilot in South Perth, it used lateral boring through the
nature strips for the fibre runs. This avoided the concrete footpaths in most cases.
While this may not be entirely satisfactory for copper cable placement, it indicates
that careful surveying and planning can avoid difficult surfaces.



In addition, some duct costs could be avoided altogether. In several locales
worldwide (for example, Brisbane and Paris), it has been suggested that existing
drains and easements could be used for telecommunications ducting. This could
avoid many conduit runs but new pits and manholes may still be required in
significant numbers.

In summary, while the TEA model does a credible job of estimating surface
breakout and restoration activities, much of the resultant cost could be avoided by
a new provider with careful planning in Band 2 ESAs (mostly suburbs).

5.4 IEN Duct Sharing

The Costing module uses a proportion for conduit sharing between main cables and
interexchange network (IEN) cables. By default, this is set at [c-i-c]%, meaning
that [c-i-c]% of main cable conduits are shared with IEN cables. This is used to
reduce the CAN-related costs of conduits for main cables.

This parameter is set in the user interface and represents an average over the
group of ESAs being studied. However, because Telstra generates the input
dataset from the real cable records, the actual sharing of ducts with the IEN could
be specified in the input dataset, along with the other cable parameters. This
approach has been used in other engineering design tools.!3

5.5 New Estates

The user interface permits the specification of a New Estates Ratio. This ratio is
used as an average over all ESAs under study to allow for the fact that some
underground plant may be in place and not paid for by the operator. It is suitable
and necessary that the presence of new estates should be recognised in the
Costing module.

The presence or absence of new estates is really a land-use parameter and should
preferably be specified for each ESA. With actual or proposed land-use changes,
this parameter could be varied. This is in contrast to the terrain parameter, which
is based on geography and does not change within an ESA.

13 Duct sharing was specified in the LEIS System developed by Bellcore (Telcordia
Technologies) for the US RBOCs in the 1980s.



6. Conclusion

While the TEA model makes a credible attempt at an efficient engineering design
based on a “scorched node” approach to an access network, there are a number of
deficiencies in design and implementation.

An earlier review identified an implementation error in the Engineering Main Cable
module. This has been fixed by Telstra in a later version.

The other main deficiency in implementation is that, despite the Telstra
documentation stating otherwise, the cable paths have not been restricted to the
shortest (most efficient) paths. Ovum has found examples in the input dataset
where multiple paths exist and where duplicate cable placements are calculated.
This issue can be addressed by preprocessing the input dataset to select only the
shortest paths. While Telstra claims that non-shortest paths are sometimes
legitimate, such a layout does not represent an efficient design.

The input data also shows that some DAs are actually overlapping. This suggests
that the current DA design is not efficient. In an alternative bottom-up approach,
the DAs would be redesigned, perhaps based on Allocation Areas. This would be a
project of significant size. While overlaps in the input data could be resolved by
preprocessing the DA data, it would still be likely that the DA design is not that of a
modern efficient operator.

Because the cable and conduit data has not been cleaned up before it is presented
to the model, the actual cable and conduit placements calculated in the Main and
Distribution modules are in excess of requirements. Data preprocessing is
necessary if the Engineering modules are to function as described in the
documentation.

There are also a number of application design decisions that do not correspond to
an appropriate data analysis. Specifically, the terrain specification, which should
really be set as an input based on geography, appears in the user interface, while
the new estates ratio, which is a land-use parameter that could vary over time in
an ESA, is input as a single average over all ESAs. In addition, conduit sharing
with the IEN is specified as a single average, whereas it could be specified by cable
route from the actual cable records. A well thought-out data design would avoid
such anomalies.

The question of avoidable costs is also raised by the surface breakout and
restoration estimates. While the TEA model provides an approximation to Telstra’s
actual practice, a new modern efficient operator would plan to work around difficult
surfaces as much as possible. This is not taken into account in the default data of
the model.
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