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Executive Summary

A new solar farm is proposed to be installed 10km southeast of the Twizel township. This solar farm will
require a Grid Injection Point (GIP) to link the solar farm to circuit 1 of the Benmore to Islington line (BEN-
ISL-A). A new cut-in structure will be installed in-line at the mid-span of structures BEN-ISL-A0083 and
A0084 to form a line-in-line-out (LILO) configuration. The proposed structure will be a standard 2DD-
HSTC tower with no body extension (BE) and 3m leg extension (LE). The existing Goat ACSR/GZ
conductors in the relevant span will be cut to size to form the new spans either side of the new structure
T83A.

This report has determined all the internal and external clearances that will be associated with the
implementation of the new structure. All external clearances were concluded to be maintained or
increased from the existing configuration of the circuit. Internal clearances all meet the requirements as
per TP.DL 12.02.

The blowout corridor was found to decrease in all effected spans, therefore no new easement allocation
will only be required except for the slack spans as they run perpendicular to the existing alignment.

A geotechnical assessment has been excluded from this report as at the time of submission the
Geotechnical data had not yet been collected.

Structural assessments concluded that the existing structures BEN-ISL-A T83 and T84 were overloaded
in both the existing and proposed configuration of the line. The overutilisation of the proposed
configuration was less than that of the existing, however, further investigation of this is recommended to
ensure the structural integrity of these towers. The proposed tower T83A reported a structure usage of
40% in the new configuration.

2 foundation types (pile and Slab & Pedestal) have been considered for the proposed tower T83A.

The construction sequencing for the line concluded that an outage will be required during construction of
the new tower. The construction of the foundation for the new tower will also require an outage if the
height of equipment exceeds 5m.

The cost of the proposed GIP has been estimated from the Transpower TEES spreadsheet to be $753,932.
The existing and proposed structure were assessed under construction and maintenance loading
conditions and found to have a structural utilisation of under 95%. This will however be required to be
further investigated depending on the contractor’s construction methodology.
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1.0 Background & Scope

1.1 Background

This solution study report (SSR) investigates the design of a new cut-in structure proposed to be installed
on the Benmore-Islington-A (BEN-ISL-A) line. The new cut-in structure will be installed to serve as a Grid
Injection Point (GIP) from the proposed Greenfield substation and 300MW solar farm to be installed 10km
southeast of the Twizel township. The new GIP will be installed between structure T83 and T84 of the
BEN-ISL line in a line-in line-out (LILO) configuration.

The scope of the project calls for the investigation of 3.5km of the BEN-ISL-A line from T79 to T88. The
existing line is a 220kV single circuit with a double overhead earth wire (OHEW) configuration. The tap
off structure will be a double circuit structure to accommodate for the LILO configuration while either side
of the tap-off remains a single circuit line. The scope includes the creation of PLS TOWER models for the
existing structures as well as the investigation of the loadings associated with the proposed and existing
structures upon the installation of the GIP. The line will also be checked to ensure all spans within the
scope meet the relevant clearance requirements outlined in Transpower standards. Analysis was also
completed to ensure the new structure layout falls within the existing blowout corridor.

EPR assessments have been excluded from the scope of this project. It is expected that Transpower will
engage a separate engineering consultant (EC) to complete these assessments.

1.2 Line overview

A summary of the BEN-ISL-A line has been included in Table 1 and a single line diagram (SLD) of the
circuit as Figure 1.

Table 1: BEN-ISL-A Line Summary

Line Name  BEN-ISL-A |
Model Name BEN-ISL-A
Circuit Name BEN-TWL Circuit 1
Length 127.0km (3.5km in scope)
Structure Quantity 333 (9 in scope)
Conductor Type Duplex Goat ACSR GZ (Existing and Proposed)
Duplex Goat ACSR AC (Proposed slack spans)
Operating Voltage 220kV

Max Operating Temperature 50°C (Existing and Proposed)

(MOT)

Earth wire 2x GHSS 7/3.71
Snow/ Ice Zone S

Wind Zone A7

Elevation range 0-900m

350-450m (in scope)
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Figure 1: BEN-TWL Circuit 1 SLD

2.0 Inputs & data validation

2.1 Inputs

The following technical inputs were received from Transpower to form the basis for the SSR design
models:

- BEN-ISL-A(BEN-T333) als opten 20190123.bak

- 2DD-HSTC Tower Data Input Rev A.xIsx

- 220kV A-FRAME Gantry.bak as per TP65059

- 512a BEN-ISL-A(BEN-T333)_Temperature 2019.xls

- BEN-ISL-A_T80-T88_RP300yr_Rev0 Loading Criteria.xlsx

- Transpower Database - Insulator sets Rev D6.xIsx

2.2 Design Criteria Document (DCD)

The DCD was compiled to encapsulate the input data for the project using the data specified in section
1.2. This document also details the relevant clearances and loading criteria outlined in TP.DL 12.01 &
12.02. The DCD has been included in Appendix A.

3.0 PLS-CADD & PLS TOWER modelling

3.1 PLS TOWER Modelling

To accurately model the section of line in which the GIP will be installed, the Tower models were required
to be created. The section of line within the scope of this project includes 2, C357-D strain structures and
8, C327-A suspension structures. It was assumed that the model could be accurately analysed through
insertion of only the neighbouring structures to the new cut-in structure (T83 and T84).
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All unaffected spans within the scope of this project remained clipped to keep an accurate representation
of these spans in the proposed configuration.

T83 and T84 are both C327-A type structures and thus this M4 structure type was modelled within PLS
TOWER software based on drawings extracted from Redeye. The Redeye drawings used to model the
Tower are included in Appendix H.

Upon insertion of the PLS TOWER models, the as-built PLS CADD model was checked for consistency
with the lidar data for any discrepancies that may be present.

3.2 Weather & Structure load cases

Weather cases and load cases were generated based on the Weather and Load case generator
spreadsheet. The Snow Zones were modified to match the zones required by TP.DL. 12.02.

3.3 Generic Wind Speed

After discussion with Transpower, it was determined that site specific wind speeds were not available for
the towers within the scope of this report. The wind speeds were ascertained using the standard TP.DL
12.01 WCLC generator spreadsheet. Generic wind speeds were calculated from this spreadsheet by
inputting each tower and conductors’, centroid height, wind topographical factors, and the average span
length. The generic wind speeds were only calculated for existing and proposed Tower’s 82, 83A, 83,
and 84. This was done as all other towers within the scope would have minimal changes in loading and
therefore would not require analysis. The generic structure and conductor wind speeds is summarised in
Table 2 and further detailed in Appendix G.

Table 2: Generic Wind Speeds

Structure Centroid O.f Centroid of Structure Wind Conductor Wind
Number Structure Height Co_nductor Speed (m/s) Speed (m/s)
Height (m)
82 30.04 16.30 57.00 48.84
83 30.04 20.20 57.00 53.16
83A 33.70 20.20 58.00 53.16
84 30.04 16.39 57.00 48.87

*All Structures use a topographical factor of 1.18

4.0 Design Ideology

After discussion with Transpower it was determined that the proposed tower T83A would be a 2DD-
HSTC. The height of the tower was selected based on the clearance requirements of the new spans. It
was ascertained that all clearance requirements of the new spans could be satisfied with the lowest
variant of the tower. The smallest variant of the 2DD-HSTC tower includes a 0-meter body extension (BE)
and 3-meter leg extension (LE). Therefore, a 2DD-HSTC BEO LE3 was selected.

The new tower T83A will be positioned in line with the existing alignment between structure T83 and T84.
Figure 2 and Figure 3 display the plan view of the proposed structures position and a 3D representation
of the proposed configuration respectively. This design aligns with the configuration of Arrangement 1
suggested in AECOM'’s initial proposal.

The gantry structures were proposed to be standard 220kV A-Frames as per reference drawings
TP65059. The new gantry structures have been labelled Gantry 1 and Gantry 2 for the purposes of this
report as they are yet to be assigned with appropriate asset IDs.
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Figure 2: Plan View of New Structure 83A Position.

Figure 3: 3D View of Proposed Configuration

Revision — 18-Oct-2024
Prepared for — Transpower Nz Ltd — Co No.: 372941



AECOM Far North Solar 'The Point' 5

4.1 Outage

The decision to keep the structure in the current alignment will result in a longer outage time as the BEN-
TWL circuit 1 will need to be de-energised to build the proposed structure. This was deemed acceptable
as circuit 1 of Tekapo B to Twizel (TKB-TWZ) line can supply a supplementary feed to the Twizel
substation at the time of works as evident in Figure 1. There is another parallel path due to the BEN-
TWZ-A line running through Ohau B and C, providing more redundancy.

4.2 Structure Placement/Loading

The placement of the structure being in line with the existing lines is preferred as it means the
neighbouring structures will not be required to support the deviation angle that would otherwise be
present. Neighbouring structures T83 and T84 will therefore maintain similar transverse loading to the
existing configuration. The longitudinal loading was expected to remain similar in the new configuration.
The length of the conductor was designed so that horizontal tensions on these structures will remain
balanced and therefore keeping the longitudinal load much the same. The length of conductors in the
proposed configuration is summarised in Table 18.

4.3 Cut-in Spans

Two slack spans will form the LILO configuration. These spans will be strung with new Goat ASCR AC
conductors with single overhead earth wire (OHEW) to connect cut-in structure T83A to the station gantry.
The characteristics of these spans have been summarised in

Table 3: Slack span design

Back Ahead Span Conductor Condu_ctor Earthwire Earthwlre
Structure 1D Structure 1D L Type Tension Type Tension
(m) (%UTS) (%UTS)
83A Gantry 1 Goat ASCR SCIGZ 7
63 5 2.5
Gantry 2 83A AC 3.71

50 External Clearances Assessment

Within the scope of this project the line has no undercrossing lines or structures and therefore no such
analysis was necessary.

All required external clearance values include the standard Transpower 0.5m buffer to account for
variability in the ground and allow construction tolerances.

51 Ground Clearances

The proposed cut-in structure T83A will be placed centrally along the existing alignment. This allows
existing conductors in span T83 to T84 to be cut to the required length that ensures clearances are met
in the new spans. The conductor length was also designed so clearances were increased in the
neighbouring spans. All ground was assumed to be traversable and therefore TP.DL 12.02 specifies a
required clearance to ground to be 8m. Tactical thermal uprating (TTU) was also considered. Ground
clearances were simulated at 75°C operating temperature to check if the proposed configuration will allow
for future uprating.

All clearances at a MOT of 50°C and still air snow loads (SDS) were found to satisfy the required values.
When simulated with a MOT of 75°C, slight clearance violations were identified in spans 81 to 82 and 82
to 83. These violations should be further investigated in the instance the line is proposed to be uprated.

A table specifying the additional margin over the required clearances to ground were summarised in Table
4 and fully detailed in Appendix B.
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Table 4: Summary of Ground Clearances

Clearance Margin Above Required (m)

Existing Proposed Proposed
Configuration (50°C)  Configuration (50°C)  Configuration (75°C)
79-80 1.56 1.43 0.65
80-81 2.19 2.2 1.45
81-82 0.67 0.69 -0.35
82-83 1.02 0.98 -0.06
83-84 13 - -
83-83A - 5.93 5.79
83A-GANTRY 1 - 1.63 1.86
GANTRY 2-83A - 1.69 5.62
83A-84 - 1.92 5.43
84-85 1.32 1.25 0.26
85-86 1.62 1.53 0.61
86-87 1.03 0.98 0.07
87-88 1.03 0.96 0.04
5.2 Roads & tracks

Within the scope of works the line crosses over 3 tracks.

Figure 4 displays a plan view of the identified tracks. These tracks have unsealed road surfaces and
therefore were assumed to have a low crossing importance classification. TP.DL 12.02 requires vertical
clearance of 8m to a track of this classification. All track crossings have sufficient clearances from the
line. A summary of the additional margin above the required clearance to these tracks is outlined in Table
5 and Appendix B.

Figure 4: Plan View of Tracks within Scope
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Table 5: Clearances to Road Crossings

Clearance Margin Above Required (m)
Proposed Configuration

Existing Configuration |

79-80 2.87 2.82

83-83A - 6.15

83-84 2.07 -

83A-84 - 6.16

84-85 6.11 6.16
5.3 Vegetation

All clearances to vegetation were considered based on the Lidar data provided. All clearance
requirements were met. The presence of any vegetation that may have grown since the lidar data of this
area was taken should be confirmed at detailed design stage. This needs to be done to ensure clearance
values are maintained upon the construction phase of the project. The available clearance values at each
span are published in Table 6 and Appendix B.

Table 6: Clearance to Vegetation

Availible Clearance (m)

Structure ID

Existing Configuration

Proposed Configuration

79-80 4.07 4.07
80-81 4.44 4.45
81-82 16.03 16.03
82-83 15.55 15.55
83-84 15.46 -
83-83A - 15.7
83A-84 - 15.65
84 15.5 15.5
85 15.74 15.74
86 13.28 13.28
87 15.63 15.63
6.0 Internal Clearances assessment

The internal clearance assessment was simulated with Jumpers installed between the proposed spans
T83 to T83A and T83A to T84 to the terminal spans. These clearances were sufficient however this will
be further assessed at the detailed design stage of this project.

6.1 Internal Wire Clearances

Internal wire clearances for phase-to-earth and phase-to-phase were conducted to ensure all
requirements as per TP.DL 12.02 are met. The clearance checks yielded no violations. A summary of the
clearances achieved has been included in Appendix C.
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6.2

The clearance of the conductors to each tower was reviewed under everyday deflection (EDD) and High
wind (HWD) conditions. Structure clearances were only specified for Tower 83, 83A, and 84 as all other
towers in the scope are unchanged from the existing configuration. All clearances met the required values
as set by TP.DL 12.02. The structure clearances have been summarised in Table 7 and fully detailed in
Appendix C.

Structure Clearances

Table 7: Wire Clearances to structure

Required Clearance at Required Clearance at
Structure ID Clearance at ) Clearance at EDD (m)
HWD (m) EDD (m)
83 0.75 1.21 1.9 2.16
83A 0.75 1.65 1.9 2.42
84 0.75 1.21 1.9 2.16

7.0 Geotechnical Desktop Analysis

Geotechnically analysis is yet to be completed at the time of submission of this report and therefore
summary of the geotechnical parameters present at the site of works will be supplied as an addendum to
this report.

8.0 Structural Assessment

Structural assessment was only carried out on the proposed tower and its neighbouring towers (T83 and
T84) as the change in loading on all other towers within the scope was assumed to be negligible.

8.1 TOWER assessment

The proposed tower T83A and the neighbouring towers were assessed to the standard load cases
generated by the approved Transpower WCLC spreadsheet. SAPS analysis level L3 was used to
determine structure utilisations.

The utilisations of each tower are summarised in Table 8. Full tower utilisations and further outputs from
PLS-CADD are included in Appendix F.

Table 8: Structural utilisations by tower

Tower
type

Max

Usage

Existing Line

Load Case

Tower
Member

Max
Usage

Proposed Line

Load Case

Tower
Member

(%) ID (%) ID
MWO0300_A5+E MWO0300_A5+E BI-
83 | ca2r-A | 1487 Bles00T Bl | 33138XY | 1250 157 B 60-403/P
2DD-
83A - 400 | ES0050_5+E NA-TNA- | 510-510Y/X
HSTC
MW0300_A5+DA MWO0300_A5+E BI-
84 C327-A | 1672 BI++00,T BI+ 60-69C/P | 1301 +00,T BI- 60-253/Y
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The structure utilisations illustrated in Table 8 indicate that the existing structures in both the existing and
proposed configuration are over utilised. The structures have been modelled in the strengthened
configuration as per Transpower drawing TZ10823 which is included as Appendix H. Though the tower
utilisations will be decreased in the proposed configuration, it is Transpower practise to only address the
strengthening required within the project scope. Therefore, only towers T83 and T84 are considered at
this instance.

The overutilisation of structures T83 and T84 can be solved by adding 50x50x5mm bracing members to
the lower common body. A high-level sketch of the approximate strengthening required is included as
Figure 5.

]
|
I
I
[}

G New Angle
‘ members to
v, be 50x50x5

{ \ \
f \
>70mm from existing . \
Bolt !
s N\ |
‘e i \ ; ‘H
{ 1%« )3/4'::_3ka 3 7 }
B S /4 e e e e —— N
Figure 5: Strengthening proposed for existing structures.
8.1.1 Snow Loading

The elevation of the line varies from the Benmore substation through to the proposed works. Over this
section the elevation peaks at T26 at 942m, however, the average elevation across the spans within the
scope (T79 to T88) is 407m. As per Transpower standard weather and Load case generator spreadsheet
snow loading is required at all altitudes in the South Island Ice Zone. Snow load cases have been
simulated on the existing adjacent structures T83 and T84 at an elevation of 900m for a conservative
assessment.

The structures usage of the adjacent structures T83 and T84 were tested under exclusively the snow
loads discussed in this section to identify any overloads. The structure usage of the adjacent structures
under snow loads was found to be less severe than the overloads identified under high wind summarised
in Table 8. A summary of the overloads identified due to snow loads is included as Table 9.
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Table 9: Adjacent Structure Loadings under Snow and Ice Conditions

Max Usage Usage
Struc. ID cifelle IO . Control Load Case U .
Label Strengthening Member Strengthening
(%)
83 20-33 74.29 Comp ESO050 9+E NA-,T NA- None
84 20-33 69.56 Comp ES0050_9+E NA-, T NA- None

8.2

Two A-Frame gantries were selected as per drawing TP65059. The loadings on the line side of these
gantries were compared with line loading parameters specified in note 2 of TP65059 sheet 1. The gantries
were found to be within all required parameters. The required and proposed conditions of the gantries
are specified in Table 10 and TP65059 is included as Appendix L.

Gantry Assessment

Table 10: Maximum Gantry Line Side Conditions

Conditions In Proposed
Configuration

Maximum Conditions

Gantry Conductor Installed Span Installed Span
Name Type Fmgl Turnof: Length Fmgl Turnof: Length
Tension  Angle (°) (m) Tension  Angle (°) (m)
(UTS%) (UTS%)
Duplex
Gantry 1 Goat ‘o . o 1.2 12 65
Duplex '
Gantry 2 Goat 1.2 12 65
8.2.1 Inverted Gantry Design

Industry accepted practise suggests that insulators with vertical departure angles greater than 5° should
be inverted to avoid pooling in a rain event. Pooling that will shorten the creepage distance and therefore
decrease the electrical capacity of the insulator. Both slack spans in the proposed configuration have
departure angles exceed 5° and therefore it is suggested that the insulators be inverted for attachment
to both Gantry 1 and Gantry 2 in the proposed configuration. The vertical departure angle of each wire
connecting to the gantries has been summarised in Table 11.

Table 11: Vertical Departure Angle of Gantry Attachments

Vertical Departure Angle (°) (-ve value indicates above Horizontal axis)

Gantry ID Phase Number

EW
Gantry 1 35 2.1 -7.5 -7.6
Gantry 2 3.6 -2 -7.8 -7.6
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8.3 Foundation assessment

The foundations of the existing structures within the scope of this project were identified as grillage
foundations. Initial high-level calculations of the utilisation of these foundations were conducted to identify
any required strengthening. After discussion with Transpower engineers it was confirmed, the loads
should be simulated in the proposed configuration and tension of the line as no future reconductoring is
planned. The geotechnical parameters were ascertained based on a geotechnical desktop review (GDR)
of the site completed on 08/12/2023. A table of the geotechnical parameters used to calculate the
foundation capacities and utilisations is summarised in Table 12.

Table 12: Geotechnical Parameters

Soil Description Bull_< Int_er_nal Un_drained .
Density Friction Soil Shear Bulk Density
(Dry) angle, g | Strength,Su (Wet) [kN/m3]
General Specific [kN/m3)] N [kPa]
Non- GRAVEL 18 30 0 8
Cohesive
8.3.1 Existing Foundation Assessment

The calculations indicated that both structure 83 and 84 will require strengthening. Table 13 summarises
the high-level capacity of the existing structures. The foundation calculation and reference drawing are
fully detailed in Appendix J.

Table 13: Foundation Capacities of Existing Structures

Design Uplift Load Calculated Capacity Utilisation
Structure ID ) (kN)
83 160 112 142.9%
84 179 112 159.8%
8.3.2 Proposed Pile Foundation Design

A high-level assessment of the proposed pile dimensions for the new structure 83A has been provided.
The pile diameter has been assumed to be 900mm and the soil parameters as per Table 12. The
foundation has been designed to accommodate the site-specific loads of T83A. A summary of the site-
specific foundation loads is detailed in Table 14 and the proposed pile dimensions for T83A is included
in Table 15. The full MATHCAD calculation details are included as Appendix K.

Table 14:Site-Specific Foundation Loads

Foundations Loads

Compression (kN) ‘ Uplift (kN)
Longitudinal Transverse Vertical ‘ Longitudinal  Transverse Vertical
83A 88.2 106.2 396.2 80.4 83.5 535.3
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Table 15: Initial Proposed Tower 83A Pile Dimensions

Tower Number Pile Diameter (mm) Pile Depth (m)
83A 900 9

A detailed foundation assessment/design of the new tower and further analysis of existing towers will be
submitted as an addendum pending the Geotechnical analysis of the site. The assessment will include
the design of a bored foundation for the proposed structure and further calculation/checks of the
capacities of the existing foundations.

8.3.3 Pad and Pedestal

A pad and pedestal type foundation was also considered for proposed structure 83A. The pad and
pedestal foundation was designed for all load cases including the snow and ice loads discussed in Section
8.1.1 of this report. A drawing of the pad and pedestal foundation design and the loads considered have
been included in Appendix J.

9.0 Property & Environmental Assessment

9.1 Blowout

The structures within the scope of works lie on land owned by the developer of the new solar farm and
therefore the blowout corridor will remain over an interested party’s land regardless of the arrangement
adopted for the cut-in structure. This excludes the new slack spans that will require a new easement and
thus, approval according to NESETA. Nevertheless, the blowout corridor in the new configuration will
remain within the existing corridor. A summary of the calculated blowout of the structures within the
scope was illustrated in Table 16 and a full summary is included in Appendix D.

Table 16: Summary of Blowout

Proposed Existing Proposed R e e
or Existing Span Maximum Maximum Blowout 'pd'
Blowout (m) (-ve indicates Decrease)
Both 79 - 80 12.7 12.7 0.0
Both 80-81 12.8 12.8 0.0
Both 81-82 13.1 13.1 0.0
Both 82-83 24.8 24.7 -0.1
Proposed 83 - 83A - 13.9 -
Proposed 83A - 84 - 14.1 -
Existing 83-84 25.7 - -
Both 84 - 85 24.9 25.5 -0.6
Both 85 - 86 13.1 13.1 0.0
Both 86 - 87 12.0 12.0 0.0
Both 87 - 88 12.0 12.0 0.0
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9.2 Condition assessment.

A review of the existing Condition Assessment (CA) data held in MAXIMO / OBIEE was carried out. The
lowest insulator CA was a value of 60 at tower T82, T84, and T86. As per Table 1 of TP.SS 02.40 a
condition assessment of 50 suggests a work order should be planned for corrective maintenance,
therefore AECOM suggests these insulators should monitored and a work order placed if the condition
worsens to a rating of 50. A summary of the insulator CA’s is summarised in

Table 17 and Appendix E.

Table 17: Condition Assessment of Insulators.

Tower Lowest Insulator Date of Comment
Number CA Assessment
T79 80 24/07/2019
T80 85 24/07/2019
T81 70 24/07/2019
T82 25/07/2019 Wear cold end
60
shackles
T83 65 25/07/2019
T84 25/07/2019 Wear cold end
60
shackles
T85 75 25/07/2019
T86 25/07/2019 Wear cold end
60
shackles
T87 85 03/09/2018
T88 70 03/09/2018

The condition of the steel of each of the tower within the scope was also assessed. All structures within
the scope maintain a steel condition of over 60%. As stated above, TP.SS 02.40 suggests a CA rating of
50 requires the planning of corrective maintenance, thus the tower steel should also be monitored for any
further deterioration. The collated CA’s of each tower have been summarised in Appendix E.

9.3 Electro-magnetic Field (EMF)

The MATHCAD sheet used to calculate EMF is currently being updated and therefore a full EMF
assessment as per ADEGL 02.13 is not possible at the time of the submission of this report. To gain a
preliminary understanding of the EMF present in the proposed configuration, the PLS CADD tool “3D
EMF Along Line” was used. Assessments were run on the cross section of the lines at the mid-span of
T83 to T83A and T83A to Gantry 1. The current load was simulated at 60% and 110% of the current
rating as per ADEGL 02.13. The results of the EMF reports are published in Appendix M.

The AN and RI cannot be simulated in PLS CADD and therefore these will be submitted as an addendum
once the Transpower MATHCAD spreadsheets are available.
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9.4 Lightning Protection (Rolling Sphere Test)

A rolling sphere test was carried out within PLS CADD to compare the lightning protection of the proposed
configuration to the existing line. This was done by specifying a strike distance that yields a length of wire
that is exposed in the existing configuration. This length of exposed wire was then compared to the length
of exposed wire yielded from the proposed configuration with the same strike distance input. This allowed
comparison of how the change in configuration will affect the vulnerability of the line to lightning strike.
The strike distance is proportional to stroke current as per TP.DL 01.04 Section 3.1.16.

A stroke current of 8kA which corresponds to a strike distance of 30m was found to result in the existing
configuration having a total of 246m of conductor outside the protection envelope provided by the
OHEWSs. The 246m exposed length of conductor is made of 4 instances of the outside conductors,
adjacent to the structures being exposed as seen in Figure 6.

When simulating the proposed configuration with a strike distance of 30m, 231m of wire was exposed
including the gantry spans. This indicates that the proposed configuration will improve lightning protection.
This is likely due to the transposition of the conductors as they attach to T83A. The transposition creates
less exposed wire as the conductor’s transition to a vertical configuration under the OHEWSs as illustrated
in Figure 7.

& g

—

Figure 6: Existing Configuration Rolling Sphere Test
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Figure 7: Proposed Configuration Rolling Sphere Test

10.0 Constructability

10.1 Construction Sequencing

A high-level construction sequencing of the project is outlined as follows.
1. Bored Pile foundations to be constructed for proposed Tower T83A.
2. Tower Strengthening to take place on existing structures.

3. Concrete over grillage for existing foundations (Requirement for this is subject to the
Geotechnical data)

Outage to be taken.

Span T83 to T84 shall be cut to and conductors shall be anchored to ground to maintain tension
balance at structure T83 and T84.

6. Tower T83A constructed.
Conductors can be attached to new Tower T83A.

8. Pending the commissioning of the substation either landing spans can be strung and the line
reenergised or a bypass configuration can be adopted utilising the third crossarm installed on the
2DD-HSTC structure as illustrated in Figure 8.
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Figure 8: 2DD-HTSC Tower lllustration

The construction of the foundation of proposed tower T83A before an outage is taken is contingent on
the assumption the equipment required to construct the piles does not exceed a height of 5m. TP.DL
12.02 Table 22 specifies a distance of 4m to mobile plants under live conductors. The clearance to ground
under span T83-T84 is 9.3m at MOT of 50 degrees and 10.9m at EDS. Assuming Transpower would like
to design to MOT wire conditions, the mobile plant equipment must be less than 5m in height to meet
requirements.

10.2 Conductor Lengths

As specified in item 2 of the construction sequencing above, the existing conductors from span T83-T84
will be cut to size for attachment to the new structure. Lengths of the conductor in the proposed
configuration were calculated to keep existing and proposed clearance requirements met while also
maintaining balance in the existing structures. The presence of the new crossarms and insulators installed
within the new spans were considered as these will affect the final length of the conductor. The lengths
of the existing conductors have been specified in Table 18.
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Table 18: Existing and Proposed Conductor Lengths

17

=45 Insulator Sl SElaEs Amount of Conductor
Phase Conductor Proposed Proposed
. +Crossarm Length removed from
Location Length (m) Length (m) Conductor | Conductor Existing Length(m)
9 Length (m) | Length (m) 9 9
Top Phase 396.677 9.12 197.47 199.21 18.58
Middle 396.665 9.42 197.73 198.93 20.10
Phase
Bottom 396.665 9.72 198.06 198.61 19.33
Phase
10.3 Insulation Design

The arc distance and creepage distance of the new strain insulators were compared to the existing
insulators. The proposed insulators were confirmed to have larger creepage distance however the arc
length of the proposed insulators is shorter than that of the existing. The arc length is controlled by the
spacing distance and number of discs. Table 1 of the reference tab of “Transpower Power -Insulator set
rev D6” states that the ideal number of discs for 220kV is 14 that equates to an effective set length of
2044mm and therefore this is the configuration that was adopted for this design. A summary of the
creepage and arc distance of both the existing and proposed insulators has been included as Table 19.

Table 19: Arc and Creepage length of Insulators

Existing or Insulator Cr_eepage Arc Length Insula}tor Diisre DIl
Distance Drawing Reference
Proposed Set (mm)
(mm) Reference
Existing 11B 4940 2210 TF25006 N/A
Proposed 860B 5600 2044 TP62036 ENG377CED22
Proposed 865C 5600 2044 TP62036 ENG377CED22
10.3.1 Earth Wire Dead-Ending

The earth wire that initially spanned from T83 to T84 will now be dead ended to the proposed structure
T83A and then turn-off to the gantries. The earth wire is proposed to be dead ended at the tower end
using set 22 and at the station end using set 26C as per TF25009.

10.4

During the construction phase of the project the conductors will be anchored to ground to allow assembly
of the new structure. This scenario was modelled in PLS CADD using the strengthened configuration of
C327-A as is present on site. This TOWER model was used as it will produce a more conservative
utilisations until the re-strengthened configuration of T83 and T84 is confirmed by Transpower. The
utilisations of the existing structures T83 and T84 were confirmed under construction and maintenance
loading (CM) criteria. Analysis was considered for the works taking up to one week (CM1) and up to 6
months (CM2). A summary of the utilisations of the existing towers during the anchoring of conductors
was included as Table 20 and an illustration of the PLS CADD modelling as Figure 9.

Table 20: C&M Tower utilisations

Construction Loading

Structure e - e "
Number Tower type | CML1 Utilisation (%) CM2 Utilisation (%)
83 C327-A 69.97 91.51
84 C327-A 71.33 93.31
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Figure 9: PLS CADD Modelling of Conductors anchored to Ground

10.5 Access roads and Construction Pads
Access to the site is assumed to be included as part of the larger substation works.

A 30m x 30m constructability pad for the proposed structure T83A will be required for construction. Figure
10 displays a high-level illustration of the location of the constructability pad, however, a constructability
site visit by the contractor to confirm all indicative set up dimensions is recommended.

Figure 10: High-level Constructability Pad Location
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11.0 Costing

11.1 TEES Costing Estimate

A TEFE's costing assessment was completed to estimate a high level of the procurement required for the
project. This assessment excluded costing of items such as the anchor blocks as these were considered
be included in the contractor methodology. A table summarising the items contained in TEES estimate
was included as Table 21 and a full description in Appendix I.

Table 21: TEES estimate

Description Quantity

'”term_ez‘gg:(e\;'_”;gtlj’gz CSIEE TOWer | 2pp-HsTC 1 Per Tower $298,788.4
Minor tower strengthening - 2 Per Tower $21,984.70
New foundation - tower - pile Bored Pile 1 Per Tower $239,633.9
Terminal Span Conductor - cct/km Goat ACSR AC 0.43 CCT/km $9,793.0
Earthwire - cct/km 7 3-71 GHSS 0.14 CCT/km $504.5
2 x Set 860B
Insulator sets = 220kV - strain 2 x Set 865C 6 CCT Set $93,229.50
2 x Set 865E
Crane Pad - 1 Per Pad $8,854.7
Existing Foundation Strengthening COG 2 Per Tower $81,143.0
Total i i i $753,931.63

Costing of the new station Gantry’s and Geotechnical analysis required for the new tower has been
excluded as this is assumed to be included in the overall substation works cost. Erection costs of new

tower will be specified by the contractor.

12.0 Directives at the DIR stage

A few observations were made at the SCORED workshop that would need consideration during the DIR
stage.

1 Groundwire peak strengthening on the 2DDHST towers carried out on similar projects.
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FNS ‘The Point’ 330MW Solar Farm SS
ENGINEERING DATA AND DESIGN PARAMETERS

GENERAL LINE INFORMATION AND DESIGN PARAMETERS

ITEM

DESCRIPTION

VALUE/SOURCE

REFERENCE/COMMENTS/ WEATHER CASE

Affected Section Length

BEN-ISL-A (BEN-TWZ CCT1) - T80-T88

3.67km

Transpower Asset Map

Affected Tower Configuration

BEN-ISL-A - T80-T88

Steel lattice single circuit flat top

As per Transpower Database - _Lines_Assets_TWR V1.xlsx

Maximum Operating
Temperature

BEN-ISL-A ACSR/GZ GOAT

50°C (Existing)

Existing: Transpower Asset Map

Line Thermal Rating

Duplex Goat ACSR/GZ - 50°C

1103A (Proposed)

Transpower Conductor Current and Temperature Rating
Utility Ver3.11 (Latta)

Electrical Design Parameters Nominal System Voltage 220kV
Terrain Parameters Terrain Category 2 AS_NZS 1170.2 Sec 4.2.1
. . TP.DL 12.01:2021 Sec 7.3.2, Appendix B
Wind Return Period 300yrs . .
Wind region A6
Mge Factor 0.953 TP.DL 12.01:2021 Appendix B
AS_NZS 1170.2 Sec4.4.3
Miee Factor 1.18 — Interpolated from outer lee zone

Structural Design
Parameters

Image of Interpolated Lee Factor included as Appendix A

Structure Loadings

Reliability, Security, and Safety Loading
Conditions

TP.DL 12.01:2021 Sec 7 & 8

Construction Loads

CM1, CM2 and CM3 load cases considered

2kN man standing load assessed in PLS-
Tower

Capacity reduction factor = 0.5

TP.DL 12.01:2021 Sec 5.4
TP.DL 12.01:2021 Sec 6.3.5 Table 5
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GENERAL LINE INFORMATION AND DESIGN PARAMETERS (CONTINUDED)

ITEM

DESCRIPTION

VALUE/SOURCE

REFERENCE/COMMENTS/ WEATHER CASE

Structural Design
Parameters

Broken Wire Loads

One broken phases

Existing Suspension Structure

Broken Wire Loads

All Wire Broken

Stop structures only. Refer to Attachment 1.

Structural Design/Verification

Towers: Designed to ASCE-10 and checked
with PLS-Tower

PLS MODELING PARAMETERS

ITEM

DESCRIPTION

VALUE/SOURCE

REFERENCE/COMMENTS/ WEATHER CASE

PLS-CADD Modeling

Source

BEN-ISL-A(BEN-T333) als opten 20190123.xyz

Coordinate System

New Zealand Transverse Mercator (NZTM)

Standard Transpower PLS-CADD coordinate system

Levels

New Zealand Geodetic Datum 2000,
Meters above Ellipsoid Datum

Standard Transpower PLS-CADD datum

Conductor System

Configuration (Existing)

BEN-ISL-A Duplex Goat ACSR/GZ

Tower 0082, 0083, 0083A, and 0084

Configuration (New Section)

BEN-ISL-A Duplex Goat ACSR/AC

From 0083A to Station Gantries

TOWER Modeling

Configuration (Existing)

BEN-ISL-A 83 — C327-A Strengthened
BEN-ISL-A 84 — C327-A Strengthened

C327-A-ew2-susl-strg0-BEO-le22-22-22-22{Validation}[rA1].TOW
Tower C327 Joint Diagram Rev 002.dwg

C327-A TOWER Data Input Master - Rev 002.xlsx

Redeye Dwg Number: T1421, T210823, XM3298

Configuration (New Structure)

New Structure Tower 83A
e  2DD-HSTC

2DD-HSTC3-ew2-leftarms(2x)+jx(ah&bk)-be05-le3.0-3.0-3.0-3.0
{Master} [rA].tow

2DD-HSTC Tower Data Input Rev A Joint Diagram.pdf
2DD-HSTC Tower Data Input Rev A.xlsx
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PLS MODELING PARAMETERS (CONTINUED)

Conductor System

Cable File

Existing: goat_acsr_gz_ungreased_pre1964 tp-
wir-566-rev-A_l.wir

Goat ACSR GZ: @ = 25.96mm, CBL = 135.137kN "TP-WIR-566"

Proposed to be same as existing apart from
Terminal Spans

Terminal Spans: goat_acsr_ac_greased_tp-wir-
549B_|.wir

Goat ACSR AC: @ = 25.97mm, CBL = 134.129kN "TP-WIR-549"
Goat ACSR GZ: @ = 25.96mm, CBL = 135.137kN "TP-WIR-566"

Earthwire System

Configuration (Existing)

BEN-TWZ-A
7 3-71 GHSS

Configuration (New Section)

BEN-TWZ-A

Cable File

7_3-71_ghss_ungreased_pre1964

7_3-71 GHSS: @ = 11.13mm, CBL = 93.857kN “TP-WIR-567"

VIBRATION/TENSION LIMITS

ITEM

DESCRIPTION

VALUE/SOURCE

REFERENCE/COMMENTS/ WEATHER CASE

Vibration/tension Limits

Under 30Pa wind air, everyday
temperature (10°C) Conductor
should not exceed

30Pa wind, Ted: values between 18% & 22%
preferred.

TP.DL12.01:2021 Sec7.7.1

Earthwire Sag

Not to exceed 95% of phase conductor sag

TP.DL 12.01:2021 Section 7.6.1:

Ultimate Tension Limit

A capacity reduction factor
(CRF) of 70% CBL to be applied
to conductor tensions

TP.DL 12.01:2021 Sec 6.3 Table 6
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INSULATORS
ITEM DESCRIPTION VALUE/SOURCE REFERENCE/COMMENTS/ WEATHER CASE
Coastal or Inland Inland
Material Porcelain
e NGK Porcelain post-1970 Set 11B — 0.4m?
. _ 2
Wind A * NGKPorcelain post-1970 Set 13A - 0.63m As per Transpower Database — Insulator sets
ind Area 2
e 220 _TEN_860B_DI38-0.79m Rev D6.xlsx
e 220 TEN_865C_DI38 —0.40m?
e NGK Porcelain post-1970 Set 11B — 0.95kN
Weight e NGK Porcelain post-1970 Set 13A — 1.49kN As per Transpower Database — Insulator sets
eig
e 220 _TEN_860B_DI38 - 1.27kN Rev D6.xlsx
e 220 TEN_865C_DI38 —0.64kN
Suspension Insulators
Insulation BEN.ISL e NGK porcelain post-1970 (Stnd) — 11B As per Transpower Database —
Existing Insulator Set A0080. 0088 ® NGK porcelain post-1970 (Antifog) — 11B _Lines_Assets_INS V1.xlsx
-0 Strain Insulators
e NGK porcelain post-1970 (Stnd) — 13A, 11B
Full tension Strain Insulators:
e 220_TEN_860B_DI38
e |length-3.302m
° Glaés Cap and Pin insulator TP62036_3_0.dweg
PEN-ISL- * Weight~1270N TP62036_5_0.d
New Insulator Set AOO083A —>_1.0WE
Terminal Span Strain Insulators: See Appendix B for reference drawings.
e 220_TER_865C_DI38 As per Transpower Database — Insulator sets
e Length—3.5075m Rev D6.xlsx
e Glass Cap and Pin insulator
e Weight — 640N
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e 220 _TER_865E_14
e |length—3.33m

Terminal Span Strain Insulators (Gantry Side):

Insulation (cont.) New Insulator Set Gantries - : TP62036_5 0.dwg
e Glass Cap and Pin insulator
e Weight —853N
FOUNDATION/GEOTECHNICAL PARAMETERS
ITEM DESCRIPTION VALUE/SOURCE REFERENCE/COMMENTS/ WEATHER CASE
Structure Loadings As per TP.DL 12.01:2021 TP.DL 12.01:2021 Sec 7 & 8
Geotechnical design soil
strength parameters and TBC - once detail investigations are completed TBC
groundwater levels _
Capacity Reduction Factors Weight of Concrete and Steel ®c=0.95
Foundation Weight of Soil ®s=0.9

Failure Sequence Factor:

Soil Strength ®s = 0.65 to 0.85

@1 = 0.95 (for suspension foundations)
= 0.85 (for strain foundations)

TP.DL 01.01:2023
TP.DL 12.01:2021 Sec 6.3 Table 6

Foundation type

Existing foundation types: Grillage

_Lines_Assets_FNDT V1.xlsx
Reference Drawing “T1421_3" has been included in Appendix C

CLEARANCES — 220kV

ITEM

DESCRIPTION

VALUE/SOURCE

REFERENCE/COMMENTS/ WEATHER CASE

Internal Electrical
Clearances

Design Assumption

Construction tolerance of 0.5m not included unless noted

Conductor to Structure Clearance

0.75m — High Wind (HWD)
1.90m — EDS & EDD

TP.DL. 12.02:2020: Table 1

Minimum Approach Distance (MAD)

2.2m — Maintenance

TP.DL. 12.02:2020: Table 2

Live Line Minimum Approach Distance

1.6m — Phase to Earth

NZECP46 Part 2, Sect 2.3
EDS and EDW to live-line climbing corridor
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CLEARANCES - 220kV (continued)

ITEM DESCRIPTION VALUE/SOURCE REFERENCE/COMMENTS/ WEATHER CASE

1.0m from tower face
Tower 1.0m above crossarm bottom chord

Climbing Corridor 0.3m above crossarm top chord
TP.DL. 12.02:2020 Table 3

Internal Electrical Distances 0.5m either side of centre of pole climbing side
Clearances (continued) Pole 1.0m from pole face climbing side

0.4m from all other pole faces

Phase to Phase 0.75m — High Wind (HWD)

TP.DL 12.02, Table 4:
Clearance 1.90m — EDS & EDW

0.5m buffer is included for all minimum distances to ground, buildings and other structures, under crossings, water crossings

Design Assumption . . .
and when checking clearance to vegetation. Refer TP.DL 12.02, section 6.2.

Vertical 8.0m Traversable Still air (e.g., MOT) and Continuous | TP.DL. 12.02:2020 Table 7
6.5m Non-Traversable |range of wind up to HWD NZECP 34:2001 Table 4
5.0m HWD : i
Distance to Ground TP.DL. 12.02:2020 Table 7, Figure 4
Radial Horizontal clearance used in PLS- CADD
adla 8.0m Traversable EDD ) i
when calculating vertical clearances only.
6.5m Non-Traversable . .
Radial clearances used otherwise
External Clearance ' 4.0m HWD
Requirements EWP Clearance Vertical TP.DL. 12.02:2020 Se8.4.1 Table 11
7.5m MOT&EDD
) Still air (e.g., MOT) and
Distance to . . .
. Radial 4.5m Continuous range of wind up to TP.DL. 12.02:2020 Se8.3.3 Table 9
vegetation
HWD
: TP.DL. 12.02:2020 Se8.3.3 Table 9
Growth Limit Zone | Horizontal |150m-300m: 4.5m End 15% span
TP.SS. 02.18
Horizontal |150m-300m: 8.5m Centre 70% span
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CLEARANCES — 220kV (continued)

REFERENCE/COMMENTS/ WEATHER

ITEM DESCRIPTION VALUE/SOURCE
CASE
Horizontal 300m-500m: 8.0m 0
Growth Limit Zone End A5%span TP.DL. 12.02:2020 Se8.3.3 Table 9
(Continued) Horizontal 300m-500m: 15.5m Centre 70% span TP.5S.02.18
Vertical accessible 7.0m TP.DL. 12.02:2020 Se8.4.1 Table 10 Anss
Vertical 6.5m TP.DL. 12.02:2020 Se8.4.1 Table 10 Byss
Buildings or other not accessible All weather conditions.
structures Radial accessible 5.0m TP.DL. 12.02:2020 Se8.4.1 Table 10 Cyss
External Clearance
Requirements Radial
i a. TP.DL. 12.02:2020 Se8.4.1 T
(continued) A om DL. 12.02:2020 Se8.4.1 Table 10 Dyss
Undercrossing
Structure (not normally |Radial 4.0m TP.DL. 12.02:2020 Se8.4.1 Table 10, Dyss.
accessible)
Radial 3.3m (Still Air)
Undgrerossing TP.DL. 12.02:2020 Se8.5.3.1 Table 18
b Wi ; .DL. 12.02: €8.5.3.1 Table
Conductor Radial 2.7m (with wind on either
circuit up to HWD)
Distance to Road Vertical 8.0m TP.DL. 12.02:2020 Se8.3.1 Table 7

Blowout Criteria
(For Easements)

Horizontal Electrical
Clearance, HWD Load
Case

WHWD(3yrs RP)

Blowout + 5.0m

Containment Within

the Easement

WMW(300yrs RP)

Blowout + 0.5m

TP.DL. 12.02:2020 Sec 8.8.

TP.DL. 12.02:2020 Table 10 Cyss

TP.DL. 12.01:2021 Table 21
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APPENDICES

APPENDIX A — Miee Factor Interpolation

2 & TWZ-DEV-A0701
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Appendix B — Insulator 860B and 865C Reference Drawings
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- & DEAD END FIITING 20 1. ALL DIMENSIONS ARE IN MILLINETRES AND LENGTHS SHOWN ARE NOMINAL. ACTUAL LENGTHS
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[ I8 /o (REFER NOTE 2 R TO SERVICE SPECIFICATION TP.SS 02.15 TO DETERM ORRECT TYPE OF INSUL
. f 1 : 3. REFER T0 SERVICE SPECIFICATION T2.SS 04.16 TO DETERMINE THE CORRECT DEAD-END ANL
) 5 TERMINAL FITTINGS 70 USE.
=/ 4. ITEM 4 LENGTH N FACH STRING SHALL BE ADVUSIED SO THAT BOTH INSULATOR STRINGS
- N SHOWN. THE MAXIMUM ACCEPTABLE MSALIGNMENT IS 30mm. DRAWNG TP76628 PROVIDES EXAMPLES
WHCH SAG UNKS 70 USE AND HOW 70 ADJUST THEM 10 KEEP THE ENDS OF THE INSULATOR SETS
ALK
12-22 THCK WITH STRAIGHT 5. WHEN THE SAG LINK LENGIK ADJUSTMENTS HAVE BEEN COMPLETED, ADJUST THE SUBCONDUCTOR
M20 CLEARANCE HOLE o LENGTHS USING TEMS 11 SO THAT BOTH SUBCONDUCTCRS HAVE THE SAME SAG
| SWIVEL, STRAIN PLATF, FTC 6 IEM 4 SAC UNK MFL 'S 160 kN POST 2012 AND 145 &N PRE 2013
[ 7|« 5 REFERENCE DRAWING:
. & - — o g
Gifﬁ%%%; v [ ]I ok 0 =i dt=——= TP76629 — DUPLEX CONDUCTOR, DOUALF ATTACHMENT, SAG LINK LENGTH SETTINGS
= 4 ! ¢
. Lo\ :
265-398 PRIOR 10 2011, DIFFERENT INSULATOR SETS WERE USED. REFER 1O DRAWNGS TF25008,
R 1129990, 0000, 5
76| 76 325-511 60 95 A 621651300 | 70 joq | 2RGS0, TFA%000:.Tf=00%s
LM ! ' f 2 TABLE 1: NOMINAL INSULATOR STRING LENGTHS (REFER NOTE 2)
_ DISC INSULATOR STRING COMPOSITE INSULATOR STRING
. VOITAGE
(kv) NO Of usco PJIEM \ Usco
DSCS Y ema) | coe | MO i)
0 ~— 5 o | 4|
fD 66 L011747 918 455
- L011748 990 53.7
7 1022 38
235-33 THICK WITH STRAIGHT ATOR 1 | | or17n 1355 435
M24 CLEARANCE HOLE = o ""-SUI' OR 110 | ot 0
SWIVEL, SIRAIN PLAIE, EIC St LO11771 1355 53.7
14 2044 38
220 011772 2220 433
L.::uF% W L011773 2350 53.7
1 IABLE 2: CONDUCTOR AND MMS ASSEMBLY CODE
CONDUCTOR INSULAT
" NOMINAL MMS ASSEMBLY
3 TYPCAL CODE NAME | coip D ODES
GOAT ACSR 25.97
PHOSPHORLS AMC 26.25
- 860A, 8608 &
ZEBRA ACSR | 2862 '860C
SELENIUM ASAC 29.25
= SULFUR AMAC 375
) TABLE 3: MATERIAL LIST
5 - 1M e SETA | s&TB SET C _
ROUND SECTION OR CHAMFERED A DESCRIPTION MFL (kN - REMARKS
J M20 CLEARANCE HOIE INSUL NO. (k) QUANTITY REQUIRED PER SIT
SHACALE, SIRAIN PLATE, LIC T SACKLE, W20 BOLT, 28 CLEVS 150 . B
2 | SHACKLE, M24 BOLT, 36 CLEVS 320 - 2
| 3 |BALL Y-CLEVIS, IZC 20 BALL, M20 CURVED BOLT 160 - - 2
J—\{—\ ; éEﬁ = 4 |SAC LINK, 24 CLEVIS, M20 BOLT, 20 TONGUE, 22 HCLE, 265-398 LONG 160 2 2 2 NOTES 4.6
4 [SAC (INK, 24 CLEVIS, M20 30LT, 20 TONGUF, 22 HOLF, 325-511 LONG 160 2 2 2 NOTES 4,6
2650—}98 5 |LNK PLATE, TRANGULAR, 20 THK, 22 HOLE, 60 LONG 160 2 2 2
12 |62 325,811 6 |BALL CLEVS, [EC 20 BALL, M20 30T, 24 CLEVIS | 160 | 2 2 2
s 7 |DSC INSUL, STD, /EC 20 BALL & SOCKET, 146 SPACING 160 TABLE ! TABLE 1 TABLE |
7 JLATOR, IEC 20 BALL & SOCKET 210 2 2 2
8 ET CLEVS, JEC KET, M20 ECLT, 24 CLEVIS 160 2 2 4
9 |[RECIANGULAR YOKE PLAIE, 20 THK X 65 HIGH X 460 SPACING, 22 HOLE 160 [
10 |PARALLEL UNKS, M20 BOLTS, 24 CLEVISES, 100 LCNG 210 2 2 2
4 11 |SAG ADJ PLATE, 20 THK, 22 HOLE, 70-122 ADJUST 160 2 2 2 NOTE 5
12 | TWISTED CLEVIS CLEWIS, M20 BOLTS, 24 CLEVISES 160 2 2 2
REV DESCRIPTION CONSULTANT P ORG SZL SCALT
« WAVE | SN [ 0ATE | DR | DATE | A | GATE | AP [DaTE | aP3 | 0AIF GENERAL TL DESIGN A2 1:10
D | NOTE & ADDED. TASLE 3 TTEM 4 D=TAILS SEVISED, RETAINING PLATE REMOVED FROM SAG LINKS ENZ | AH 74 LP | 704 A4 | B4 - - MC 1114 "3
€| STANDARD POLE DESIGN — SUTE UPDATE BECA | B0 0517 0N [05.17 T w0517 o5 1217 TRANSPOWER INSULATOR SETS .IPB%“’Z“(‘)"%‘%
D B DUPLEX ACSR & AAAC D/A. RANGZ 25 TO 35mm SOURCE FLE NAWE
51, Aocdand FULL TENSION - DOUBLE ATTACHMENT P62036_J5_0.dwg
1 T 2 T 3 ’ 4 s ! 6 T [ 10 [ I 12 [E] T

Pagello

f13

=




TRANSPOWER =COM

r 2 ! 3 4 \ 5 N 6 i 7 " 8 1 3 \ 10 N n ' 12 3 13
NOTES
DEAD END FITTING
20 TONCUE ; - . ~ .
N 22 HOLE 1. AL DNENSIONS ARC IN MILUMETRES AND LENGTHS SHOWN ART NOMINAL. ACTUAL |
£C (REFER NOTE 3) VAY VARY FROM THE NOMNAL LENCTHS
D Mo ! 2. REFER 10 SERVICE SPECIFICATION TP.SS 02,15 10 DETERMING THE CORRECT TYPE Cf
F FoIE INSULATOR STRIN
aN ot 1 3. REFER 10 SERVICE SPECIFICATION TP.55 04.16 10 DEIERMINE THE CORRECT DEAD-END AND
HACKLE. STRAN P! . ReE ERVICE SPEC S 3 p
SHACKLE, STRAN PLATE, JUMPER TERMNAL FITTINGS 10 USE i
4 FOR USE ON TERMINAL (REDUCED TENSION) SPANS ONLY, USE THESS INSULATOR SEIS AT THE
¢ SUBSTATION GANIRY ONLY.
» = 3650 5 STRUCTURE INSULATOR SETS ARE SHOWN ON TP62036 SHEET 6
u oL 5. COLLECTION OF WATER, REVERSE [TENS 2, 7 AND B TOGETHER WHERE THE 8
L 10 CLNATION OF THE INSULATOR STRING EXCEEDS 5 DEGREES ABOVE HORIZONTAL
(REFER NOTES 4, 5 & 6) 7. IF THE LENGIH OF [TEM & 'S NOT SUTABLE WHERE AN EXISTNG INSULATOR SET IS BEING
REPLACED, REFER T TRANSPOWER FOR MORE SAG LINK LENGTI OR LINK STRA® OPTIONS
8. PREVIOUS YOKE PLATE L022567 DOWNRATED T0 S0<N. NEW YOKE PLATE L022563 IS 30mm
1 —_— ‘ r
9
12|62 642-1120
c ! ! c
PRIOR 7O 2011, DFFERENT INSULATOR SETS WERE USED. REFER 10 DRAWNGS TF25013,
] 1729991, TF30001, 1730007 L
P , - =
3 e ——— TASLE 1: N L INSULA RING LENGTHS (REFE
SPAINGEOLT, EYERQLT ® ABLE 1: NOMINAL INSULATOR STRING LENGTHS (REFER NOTE 2)
) EYE NUT VOLTAGE DISC INSULATOR STRING COMPOSITE INSULATOR STRING 5
- INSULATOR (LW) O OF SCD o.M Usch GRADING RING
! ~ c USC ; . GRADING R
/—|=§—3 SET 865D il u (mm/kV) CODE L1 (M%) (mm/kv) | REQUI
T SCAE 1:10 |
N (REFER NOTES 4, 5 & €) 5 | 730 45 L
66 [ L011747 918 433 NONE
=t [ Lot1748 | 990 53,7 NONE
e 7 1022 38 .
87 642-1120 10 o770 | 138 433 | LVE END ONLY |
w1771 | 1385 537 | UVE END ON.Y
1 2044 38 ]
7 220 772 2220 433 BOTH ENDS I
| o773 | 2350 537 BOTH £NDS
® N TABLE 2: CONDUCTOR ANC MMS ASSEMBLY CODE DATA
FlUP 10 22 THIK WITH— 2 .
STRAIGKT N20 (D CONDUCTOR INSULATOR SET
CLEARANCE HOLE - |
1801\ BT, STRAN INSULATOR NOMINAL MMS ASSENALY  [MAX. LOAD CAPACITY
PLATE, F1C & ST B65¢ TPICAL CODE NAVE | (o i P )
0 N ACS %
(REFER NOIES 4, 5 & 6) GOAT ACSR 2597
PHOSPHORUS AMAC 26.25 06 (ST 8650
- e 865C, 8650 & & )
6 | ZEBRA ACSR 28.62 B85 126 (SETS 865C & | |6
: ELENIUM ARAC 2925 885E)
78|76 642-1120 60 95 o SWFUR MAC 3375
A TABLE 3: MATERAL LIST r
ITEM R Serc | SETD | SETE | [1p M
0 DESCRIPTION MFL (kN REMARKS ~
NO. () QUANTITY REQUIRED PER S CoDE
" 1 [BALL Y-CLEVIS, IEC 20 BALL, M20 CURVED BOLT 160 1 02256 | "
2 | SOCKET CLEVIS, IEC 20 SOCKET, M20 30LT, 24 CLEVIS 160 2 1 1 1022521
3 [SHACKLE, M6 BOLT, 225 CLEVS 120 - | - 1022540
4 | SHACKLE, M20 BOLT, 24 C.EVIS 160 - - 2 1022541
SAG LINK, 24 CLEVIS, M20 30LT, 20 TONGUE, 22 HOLE, 642-1120 LONG | 160 1 | 1 NOTE 7 & 9 | 1022558
UNK PLATE, TRIBNGULAR, 20 THK, 22 HOLE, 60 LONC 160 1 1 1 1022550
) BALL CLEVSS, IEC 20 BALL, M20 BOLT, 24 CLEVIS 160 1 1 1 1022512 | [y
DISC INSUL, STO, EC 20 BALL & SOCKET, 145 SPACING 160 TBLE 1 | TABLE 1 | TABLE 1 | NOTE 6 | L011002
COMPOSITE SUSP INSULATOR, IEC 20 BALL & SOCKET 210 1 1 1 NOTE 6 | TAGLE 1
YOKE PLATE, 20 THK X 95 HIGH X 460 SPACING, 22 HOLT 160 i 1 1 NOTE 8 020563 | |-
10 | TWISTED CLEVS CLEVIS, M20 BOLTS, 24 CLEVISES 160 2 2 2 022539
REV DESCRIPTION CONSULTANT i DRG.SIZ% SCAF FOLDER
K YAVE | TSN [ DATE | DRV [ DATE | CHK [T | 4P [ DATE | APS [ DATE GENERAL TL DESIGN A2 N.T.S. GEN/101.2D|%
D | NOTE 9 AJDED. TABLE X ITEM S DETALS REVISED, RLIAINING PATL REMOVED FROM SAG UNKS IPNZ M [ 704 WP [ 7014 M (8] - - MC [ w i
£ | STANDARD POLF DESIGN — SUTF UPDATE BECA | BEW [0517| 36 [05.17 HS |05.17] MWJ [65.17] 05 [12.17 TRANSPO ER INSULATOR SETS 'I'mﬁné\cz"&)u%ne %ﬁ m‘EM
T TR T DUPLEX ACSR & AAAC DA. RANGE 25 TC 35mm SR T
CNATEORSED Rt PROMBTED, | eligen o TERMINAL SPAN — GANTRY END TP62036_5_0.0wq
z ! 3 [ ! 5 J 3 T 7 L) 5 J 3 T 1 1 n ! 12 1 3 "
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TRANSPOWER Page 1 of 1

TP.DL 12.01 WEATHER AND LOAD CASE GENERATOR FOR PLS-CADD

PLS-CADD WC & LC Generator Master Rev H.xlsx

SITE NAME[BEN-ISL-A | secrion[T80-T88 | Revison[ A |
VULNERABILITY ANALYSIS? N
Line Reliability (return period, years) 300 Years (default 300 for Towers; 150 for standard poles)
Use this filename for this Spreadsheet| BEN-ISL-A_T80-T88_RP300yr_RevA Loading Criteria.xlsx
For PLS-CADD CRITERIA FILE NAME employ|BEN-ISL-A_T80-T88_RevA Reliability Loading 300 yrRP.cri

Select Conductor & Earthwire types & utilisation limits (select *“None* if not applicable) VDC %UTS MWT %UTS MOT Cable Filename I

Conductor (Required) 1 Goat_ACSR_GZ_Prel1994 22% 70% 50°C r_gz_greased_prel968_tp-wir-t
Conductor 2 *None*
Conductor 3 *None*
Conductor 4 *None*

Earthwire 1 7_3.71_SCGZ 22% 70% 7_3-05_scac_greased_l.wir
Earthwire 2 *None*
Earthwire 3 *None*
Earthwire 4 *None*
LINE SECTION LOCATION INFORMATION
Wind Loading Site Specific (SS) or Generic (GL) GL Provide additional data below & employ generic wind speeds given in Tab Staking table

North or South Island S (NorsS)
Portion of Line <5km from Coast? N for tin
Max GROUND LEVEL Altitude along line section 500 m (NZGD2000 - refer ADEGL.02.25)
Wind Zone (Ref TP.DL 12.01 Appendix B. Figure B-1) A7 (If more than one wind zone refer to Transpower)
TP.DL 12.01 Ice Zone S Ref Appendix B. Figure B-2
SECURITY Level (for RSL loading) Default = 1 1 RSL Loading based on 100Pa Wind
Failure Containment (FC) on all structures ? N In Staking table identify which structures are 'STOP' Structures
Identify deflection & cracking specification, if applicable N "N" = Not applicable (towers), "SP" = Standard Steel / Concrete Pole to TP.PL 01.15

This ADDITIONAL data required when Generic loading selected

"XP" = Standard steel pole to TP.PL 01.20; "WP" = Standard Wood pole to TP.PL01.11

The following regional wind speed has been selected

V1000,2-10,cat=2 46 with lVIrp for 300 years return period
Select Min Terrain Category 2.5 Ref AS/NZS 1170.2 4.2.1 & Amdt 2
Structures  Condrs
Select Average Height area centroid >GL (m) 15 30
Terrain Height Multiplier My car 0.97 1.05
Wind speed Topographic factors 1 1 Effects of M,, M;,M,. (My = 1)
Average span (m) 350 Span to be representative (small spans result in higher loading)
Span Reduction Factor 0.75
Employ the following generic wind speeds for V(rp1000,1215,cat:2.5)| 45.00 42.51 [m/s [Enter in Staking Table]

COMMENTS:
1
2

AD-TE Lines

BEN-ISL-A_T80-T88_RP300yr_Rev0 Loading Criteria rev001.xlIsx

12/06/2024



TRANSPOWER STRUCTURE GROUPS Page 1 of 1

PLS-CADD STRUCTU RE GROU PS BEN-ISL-A T80-T88 Rev A PLS-CADD WC & LC Generator Master Rev H.xlIsx
These are the structure groups to be included; Grey indicates the CADD default group "All";
500 Max height (from Staking Table); ROUND UP to nearest 100m the others are line specific but may be included as defaults
3 Enter number of height intervals (max 3)
IF REQUIRED THE HEIGHT BANDS MAY BE ADJUSTED MANUALLY Filter to remove blank rows and copy orange columns to PLS-CADD
Height Bands PLS-CADD INPUT [CRITERIA \ STRUCTURE LOADS (METHODS 3, 4)... \ STRUCTURE GROUPS ]
Min Max Group Name Group Description Rule For Group Membership PURPOSE
- All Built in group that all structures belong to Automatic: all structures Default - Automatic - all structures
DEFAULT |PLS-POLE PLS-POLE created structure Automatic: PLS-POLE created TP for pole serviceability cases
0 200 (GL Max 200m GL not more than 200m Automatic: str. base elevation inside 0.00 to 200.00 (m) For elevation dependent load cases
200 400 (GL Max 400m GL not more than 400m Automatic: str. base elevation inside 200.00 to 400.00 (m) For elevation dependent load cases
400 500 |GL Max 500m GL not more than 500m Automatic: str. base elevation inside 400.00 to 500.00 (m) For elevation dependent load cases
DEFAULT [Stop Designated Stop Structure Manually assigned by user For Failure containiment cases restricted to "stop" structures
0 200 (Stop GL Max 200m Stop with GL up to 200m Automatic: str. base elevation inside 0.00 to 200.00 (m) and inside all following groups 'Stop' For height dependent FC cases restricted to stop structures
200 400 [Stop GL Max 400m Stop with GL up to 400m Automatic: str. base elevation inside 200.00 to 400.00 (m) and inside all following groups 'Stop' For height dependent FC cases restricted to stop structures
400 500 ([Stop GL Max 500m Stop with GL up to 500m Automatic: str. base elevation inside 400.00 to 500.00 (m) and inside all following groups 'Stop' For height dependent FC cases restricted to stop structures
Line specific - as required
Line specific - as required
Line specific - as required
Line specific - as required
Line specific - as required
Line specific - as required
Line specific - as required

AD - TE Lines BEN-ISL-A_T80-T88_RP300yr_Rev0 Loading Criteria rev001.xIsx : Structure Groups 12/06/2024



% TRANSPOWER

PLS-CADD WEATHER CASES

FOLLOWING WEATHER CASES APPLICABLE TO SITES WITH GROUND ELEVATIONS < FOR DEFAULT TP.DL 12.01 ANALYSES
PLS-CADD WC & LC Generator Master Rev H.xlsx

BEN-ISL-A T80-T88 Rev A

1) Sel

+ W/,

b

WEATHER CASES

Case "1" (chi

ks to see if the case is "loaded”) - These also i

b,

lude the def:

for Safety, Serviceability, etc.

2) Cases with "1" are those that are Lines with more than one wind region. Select "W" (=Wind) after resetting previous columns

PLS-CADD DATA INPUT [Criteria \ Weather ]

Page 1 of 1

CONTROL COLUMNS CASE SELECTION
Air
Weather [Coincident] & &' 5 §' Density
Case Wind S E ‘oo Factor (Q)] Wind Wind Wire Ice |Wire Ice|Wire Ice| Wire |Ambient|Weather| NESC Wire Gust
Weather = = o < L _ 4 N . . . 5
WEATHER CASE Case ID Return Return _g g‘ : (] Description (kg/m”3) | Velocity | Pressure | Thickness | Density | Load Temp. | Temp. Load |[Constant| Wire Wind Height Adjust Model Response
Period Period 2s|E ﬁ (Pa/(m/s) | (m/s) (Pa) (em) [(N/mA3)| (N/m) | (degC) | (degC) | Factor | (N/m) Factor
(Years) (years) | = @ SN A2)
Maximum Wind conditions MW 300 300 1 A MWO0300_A5 0.6 0.953 0.545 0.0 0 0 7 1 Apply Span Specific Wind & Ice Adj. 1
Minimum Temperature with wind MT 300 300 1 A MT0300_A5 0.6 0.572 0.196 0.0 0 0 -11 1 Apply Span Specific Wind & Ice Adj. 1
Extreme Snow ES 50 - il - ES0050_5 0.6 5.774 20 3.0 3900 0 -5 1 None 12
Cascade & RSL Wind RW 1 - 1 - RW0001_5 0.6 12.910 100 0.0 0 0 5 1 None 1
Cascade & RSL Snow RS 1 - 1 - RS0001_5 0.6 0 0 1.0 3900 0 -5 il None 1.2
Default C&M CM1 - - 1 - CM1 0.6 12.910 100 0.0 0 0 5 1 None 1
Extended C&M Works (Summer) CcM2 - 1 1 A CM2_A 0.6 0.565 0.192 0.0 0 0 5] 1 Apply Span Specific Wind & Ice Adj. 1
Extended C&M Works (with snow) CM2S - - 1 - CM2S_5 0.6 5.774 20 1.0 3900 0 -5 1 None 1.2
Delayed Strengthening (Summer) CcMm3 - 4 1 A CM3_AS5 0.6 0.681 0.278 0.0 0 0 -11 1 Apply Span Specific Wind & Ice Adj. 1
Delayed Strengthening (Snow) CM3S - - 1 - CM3S_5 0.6 5.774 20 1.0 3900 0 -5 1! None 12
Vibration Damage Control VDC - - 1 - VDC 0.6 7.071 30 0.0 0 0 5 1| None 1
Everyday still air EDS - - 1 - EDS 0.6 0 0 0.0 0 0 5 1! None 1
Everyday Wind (Structural) EDW - - 1 - EDW 0.6 12.910 100 0.0 0 0 B 1 None 1
Falling Tree Deflection TP.SS 02.18 FTD - - ik - FTD 0.6 18.257 200 0.0 0 0 35 1 None ik
Maximum Operating Temperature Condr 1 MOT 50 - 1 - MOT_50 0.6 0 0 0.0 0 0 50 1 None 1
Everyday wind deflection Condr 1 EDD 50 - 1 - EDD_50 0.6 12.910 100 0.0 0 0 35 1 None il
High Wind Deflection Condr 1 HWD 50 3 it A HWD_A50 0.6 0.658 0.260 0.0 0 0 32 1 Apply Span Specific Wind & Ice Adj. 1
Maximum Wind deflection Condr 1 MWD 50 50 1 A MWD_A50 0.6 0.854 0.438 0.0 0 0 32 1 Apply Span Specific Wind & Ice Adj. 1
Snow Deflection — Still air SDS - - il - SDS_5 0.6 0 0 3.0 3900 0 -5 1 None 12!
Snow Deflection — Wind 50%P 4. SDD - - 1 - SDD_5 0.6 4.082 10 3.0 3900 0 -5 1 None 1.2
Snow Deflection — No snow SDO - - 1 - SDO 0.6 0 0 0.0 0 0 -5 1 None i
Thin (and thick) Ice — No Ice TIO - - 1 - TIO 0.6 0 0 0.0 0 0 -11 il None 1
Minimum Temp Still air MTS - - i - MTS_S 0.6 0 0 0.0 0 0 -11 1 None 1
Support replace criteria 10 year for wind RCW 15 15 1 A RCW_A5 0.6 0.777 0.362 0.0 0 0 7 il Apply Span Specific Wind & Ice Adj. 1
CA criteria wind 6 year CA6 10 10 ik A CA6_A5 0.6 0.749 0.337 0.0 0 0 7 1 Apply Span Specific Wind & Ice Adj. 1
CA criteria Wind Orange Tag CAl 4 4 1 A CA1_A5 0.6 0.681 0.278 0.0 0 0 7 il Apply Span Specific Wind & Ice Adj. 1
CA criteria Wind Red Tag CAO 2 2 1 A CAO_A5 0.6 0.625 0.234 0.0 0 0 7 1 Apply Span Specific Wind & Ice Adj. 1
Support Replacement criteria snow RCS - 1 - RESES 0.6 0 0 1.0 3900 0 -5 il None 12
AD - TE Lines BEN-ISL-A_T80-T88_RP300yr_Rev0 Loading Criteria rev001.xIsx : Weather Cases 12/06/2024



% TRANSPOWER

BEN-ISL-A T80-T88 Rev A

Criteria / Cable Tensions

Page 1 of 1

PLS-CADD WC & LC Generator Master Rev H.xlsx

Cable *.wir file must be saved in directory BEN-ISL-A_T80-T88\PLS\Cables
This tab does not require any input - mereley select the appropriate rows and copy to PLS-CADD

FIRST SECOND Applicable
Case . ) Maximum Maximum Cable
Applicable ? Height Weather Case Cable Condition % of Ultimate Tension (N) |Catenary (m)| (blank=all
[Select 1] Dependent? cables)
1 VDC Creep FE 22% goat_acsr_gz
1 VDC Creep FE 22% 7 3-
1 YES MWO0300 A5 Creep FE 70% goat_acsr_gz greased pre196¢
1 YES MWO0300 AS Creep FE 70% 7 3-05 scac grease
1 YES MTO0300 A5 Creep FE 70% goat_acsr_gz greased pre196¢
1 YES MTO0300 A5 Creep FE 70% 7 3-05 scac grease
1 YES ES0050 5 Creep FE 70% goat_acsr_gz greased pre196¢
AD-TE BEN-ISL-A_T80-T88 RP300yr Rev0 Loading Criteria rev001.xlsx : Cables 12/06/2024




































































































































































































































































































































































