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1.2

1.3

CHAPTER 1 INTRODUCTION

OBJECTIVE OF THE SERVICES

The objective of the Services is to contribute to the stabilization of the future power supply in Lae
through the implementation of the Lae Area Distribution Network Improvement Plan (from 2016

to 2030).

OUTLINE OF THE STUDY

Item Content

Remarks

Objective supply in Lae and surrounding areas.

Improved stabilization of the long-term status of the power

Outputs

A distribution network improvement plan will be developed in
the Lae area over the period from 2016 to 2030.

Target area

for project | Lae Area (Lae City, Nadzab, Erap, Taraka, etc.)

coverage
Implementing | 5 power L1d. (PPL)
agency
RS gfthe Lae Area Distribution Network Improvement Project
Services

IMPLEMENTATION STRUCTURE FOR THE STUDY

PPL is in charge of the implementation of this Study and counterpart agencies and officers from
the PPL Head office are assigned as members. Table 1.3-1 is a list of counterpart officials taking
part as members. The implementation structure of JICA Study Team is shown in Fig. 1.3-1.

Table 1.3-1  Member List of Local C/Ps

Organization Name Position

Mr. Chris Bais Project Director
Mr. Francis Uratun Project Manager
Mr. Andrew Yuants Network Planning Engineer

PPL Head Office Mr. Kero Tom Financial Expert
Mr. Damien Sonny Renewable Energy & Carbon Specialist
Mr. Maira Pulayasi Distribution Engineer
Mr. Titus Tsigese Environmental Expert

The Project for Formulation of Ramu System Power Development
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International Operations
NEWJEC Inc.

JICA Study Team

Project Management Group

Team Leader/
Power Development
Plan

Deputy Team Leader/
Distribution&Substation
Facility

Yukao Tanaka

Kenichiro Yagi

Environmental and Social Consideration
Support(No.1)/ Project Coordination(No. 1)

Tomokazu Kimura

Environmental and Social Consideration
Support(No.2)/ Project Coordination(No. 2)

Nobuhiro Nawate

Keiichi Inoue

Power Demand Forecast

System Planning

System Operation

Protection Relay

Hydro Development
Planning

Economic and Financial
Analysis

Distribution & Substation
OM/Project Coordination
(No.3)

Kiyotaka Ueno

Kiyoshi Yoshida

Kozo Matsuoka

Akihiro Maekawa

Yuichi Sano

Masaru Nishida

Tetsuo Murata

Energy Supply &
Demand Analysis

System Analysis

Distribution/Substation
Planning(No.1)

Environmental and
Social Consideration

Thermal Development
Planning

Distribution Planning
(No.2)

Tetsuo Sada

Koichi Uchida

Takamu Genji

Shimpei Tomita/
Shusuke Minato

Yukihiro Murata

Tatsuhiro Tamura

Fig. 1.3-1

14 OVERALL WORK SCHEDULE FOR THE STUDY

Implementation Structure of JICA Study Team

The Study is roughly divided into three stages, namely, “collection and analysis of basic
information” “Formulation of distribution network improvement plan” and “Technical guidance
on distribution network”. The major work items and timing are shown in Fig. 1.4-1 and the Main

Study Components and Schedule are presented in Fig. 1.4-2.
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Preparatory work
1stfield survey
1st work in Japan
2nd field survey
2 work in Japan
3 field survey
3rd work in Japan
4t field survey
4t work in Japan
5t field survey
5t work in Japan
6th field survey
6th work in Japan
7t field survey

7t work in Japan

Lae Area Distribution Network Improvement Plan

Collection and analysis of basic information

Compilation of issues of transmission,
substation and distribution facilities and study
on countermeasure / Design of distribution

network structure

Formulation

of distribution
network
improvement
plan

Initial environmental examination

Technical guidance on distribution network

improvement plan

Fig. 1.4-1 Overall Work Flowchart

FY 2014 | FY 2015 FY 2016
*:Preparetion Work [11 (12 [ 1 2 | 3] 4 5 [ 6 | 7 8 9 [10 1112 1 2 7 8 | 9 | 10
I st [ ond__ | [3dd | [ ah | [[sth [ 6th
m [3d] |

Work Work in Japna
Demarcation Filed Suney in PNG

B Lae Area Distribution Network Improvement Plan

B!

2

Collection and analysis of basic information

Compilation of issues of transmission, substation and
distribution facilities and study on countermeasure /
Design of distribution network structure

B!

Y]

B!

@

Formulation of Distribution network Improvement Plan

B4 Initial environmental examination

Technical guidance on distribution network

B
improvement plan

a

C Common for Ramu System and Lae Area

Preliminary Work (in Japan) and Explanation and

C
discussion on Inception Report

Q

Preparation of Various Reports, Explanation and
Discussion

;SQ 2ndfdcc

Ro/RL Ro/Re AA3rd I¢C

i

C3  Preparation of Final Report

FIR
4 Technical Transfer ][] 1 [
G5 SeminarWorkshop/Public Information, etc. A 1$tWorkgnop
Legend [ IField Survey [ Iworkin Japan /\ Report submission /\ Workshop A Joint Coordination Committee(JCC))
Fig. 1.4-2 Main Study Components and Schedule
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CHAPTER 2 COLLECTION AND ANALYSIS OF BASIC INFORMATION
OF THE LAE AREA DISTRIBUTION NETWORK

2.1 OUTLINE OF THE POWER NETWORK IN THE LAE AREA

Lae city is the provincial capital of Morobe Province (population of about 650,000) and the second
largest city in Papua New Guinea (PNG) with a population of over 120,000.

The power network of Lae area comprises of three power stations (P/S), 132/66kV transmission
lines (T/Ls) mainly and plural substations. Of the substations, diesel generators are installed at
Taraka and Milford substations. Distribution network are connected to each consumer after
stepping down to 240 V /415 V distribution transformers from 11kV and partly 22kV distribution
lines (D/Ls). Power is also supplied to some large power consumers through 11kV lines directly.

From RAMU P/S

=

L J_ Taraka S/S
132kV = 1 132 kV o ——
o1 = . J [603] kv
Erap SS 132/
11kV 1
20MVA =
Nadzab S/S 66 KV
[508] | l
66/ . .. ..
132 kV LKV
[604] N 11KVFdr.1 to 5 (Taraka)
11kV Fdr.1 (Nadzab area) 66 kV
[509]
————> BAIUNE S/S Milford S/S
. 66/ 66/
11kV 11kV D2 |-
HIDDEN I 20MW 30MW - I
VALLEY S/S
Legend | TR |
D1 [ : Diesel Engine Generator [Actual Capacity 19.2MW] G —_— \L %l - %l l— -
D2 | : Diesel Engine Generator [Actual Capacity 11.6MW] b /SV\{SSI:;W] 11KV Fdr.1 to 6 (Milford)
G | : Gas Turbine Generator (Light Oil) [ 26MW]

Fig. 2.1-1 Outline of the Power Network Facilities in the Lae Area

* Voltage of Transmission line [508] was changed from 66kV to 11kV.
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2.1.1 Outline of Transmission Facilities in the Lae Area
(1) 132kV transmission lines [603]

The existing 132kV single-circuit T/L is mostly running along the Markham River together with
the Highlands Highway.

Power is transmitted to the backbone substation (Taraka substation) from Ramu P/S and others
located outside Morobe Province via roughly 160 km of 132kV T/Ls, after that power is supplied
to each consumer from the Taraka substation.

(2) 66kV transmission lines
1) Taraka S/S — Nadzab S/S line [508]
The existing 66kV single-circuit T/L is mostly running along the Highlands Highway.

2) Taraka S/S — Milford S/S line [509]

There is an existing 66kV single-circuit T/L to the Milford substation in the center part of the
Lae city.

3) Milford S/S — Wharf P/S line

There is an existing 66kV single-circuit transmission to Wharf P/S near the seaboard region
in Lae city. This T/L was commissioned in 2015.

The Project for Formulation of Ramu System Power Development 2-2
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Legend:

:132kV Transmission lines [603]

—— :66kVTaraka S/S— Nadzab S/S line [508]
:66kVTaraka S/S — Milford S/S line [509]

—— :66kVMilford S/S — Wharf P/S line

Fig. 2.1-2 66kV Transmission Lines Route

Table 2.1-1 Transmission Lines in the Lae Area

Sections Voltage ; Length Number of
NO. From To (kV) Line ID (km) Circuits Conductors
1 Singsing point Erap SW 132 601 96.9 1 ACSR Deer
2 Erap SW Taraka S/S 132 603 40 1 ACSR Deer
Hidden Valley ACSR
3 Erap SW S/s 132 604 110 1 Sapphire
4 Taraka S/S Milford S/S 66(11) 509 46 2 ACSR
Camel/Tiger
5 Taraka SIS | Nadzab S/S 66 508 36 1 v
6 Taraka S/S Wharf P/S 66 1
As of March 2015, Source: JICA Study Team
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132kV Line (Near Taraka S/S) 66kV Lines [508 & 509]

66kV Line [509] (in the city) 66kV Milford S/S — Wharf P/S line

Fig. 2.1-3 Photographs of 66kV Transmission Lines

2.1.2 Outline of Substation Facilities in the Lae Area
Substations in the Lae area are shown in Table 2.1-2, Fig. 2.1-4 and Fig. 2.1-5.
Table 2.1-2 Substations in the Lae Area
No Name Voltage ratios Number of Unit capacity | Total capacity
' (kV) transformer units (MVA) (MVA)
132/11 2 20 40
1 Taraka S/S
132/66 2 20 40
2 Milford S/S 66/11 30/20 50
4 Nadzab S/S 66/11 1 1 1
5 Hidden Valley S/S 132/11 2 25 50
As of March 2015, Source: JICA Study Team
2-4
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)

(2)

®)

(4)

Taraka substation
Taraka S/S (132/66/11kV) is located in the northwestern suburb of Lae city.

Taraka S/S is one of the key substations in the Ramu grid to supply bulk electric power to Lae and
was commissioned in the early 1970s.

There is one 132kV T/L bay for Erap S/S, two 66kV T/L bays for Milford and Nadzab S/S and five
11kV distribution feeders. There are two units of 132/66kV, 20 MVA auto-transformers and two
units of 132/11kV, 20 MVA main transformers. The latter transformers are operated in parallel. A
single bus bar system is applied for both 132 and 66kV switchyards. The Static Synchronous
Compensator (STATCOM) of 132kV, 10 MVar was commissioned in 2012.

Milford substation

Milford S/S (66/11kV) is located at the center of Lae in Lae city. Milford S/S is also one of the key
substations in the Ramu grid supplying bulk electric power to Lae city.

There are two 66kV T/L bays for Taraka S/S and Wharf P/S and six 11kV distribution feeders.
There is one unit of 66/11kV, 20 MVA main transformer and one unit of 66/11kV 30 MVA main
transformer, which are operated in parallel.

Nadzab substation

Nadzab S/S (66/11kV) is located near Nadzab airport. Nadzab S/S is also one of the key substations,
because it supplies Nadzab airport.

There is one 66kV T/L bay for Taraka S/S and one 11kV distribution feeder. There is one 66/11kV,
1 MVA transformer.

Erap switching station

Erap switching station, which switches 132kV T/Ls, is located in Markham Valley of Morobe
Province, which is about 40 km from Lae city in a west-northwestern direction. Erap switching
station is one of the newest substations in the Ramu grid, commissioned in December 2010. There
are three 132kV T/L bays in the switchyard, including one each for the Ramu 1 switchyard, Taraka
S/S and Hidden Valley S/S. The one-and-a-half circuit breaker bus bar scheme is applied to the
existing 132kV switchyard.
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Fig. 2.1-4 Location of Key Substations

Erap SW Nadzab S/S

Transformer of Taraka S/S Transformer of Milford S/S

Fig. 2.1-5 Photographs of Key Substations
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2.1.3 Outline of Distribution Network Facilities in the Lae Area

Lae city is the largest load center in the Ramu system. Three substations, Taraka, Milford and
Nadzab and a total of twelve 11kV D/Ls currently supply power to the Lae area. These include two
tie transformers (22/11kV) on distribution feeders, one on the D/L No. 1 from Nadzab substation
and the other D/L No. 6 from Milford substation.

In the urban area, including Lae city, power is supplied from Taraka and Milford substations by
eleven 11kV D/Ls. In the rural area, two (2) 22/11kV D/Ls from Nadzab and Milford substations
operate. Though the D/L installed in Lae city is designed for an insulation level of 22kV, it is
operated at 11kV.

Summary of D/L in the Lae area are shown in Table 2.1-3 and Table 2.1-4 and Fig. 2.1-6.

Table 2.1-3 Number of H.V. Distribution Lines in the Lae Area

(Unit: km)
22kV H.V. line 11kV H.V. line Remarks
Taraka S/S 0 5
Milford S/S (D) 6 One Tie transformer (22/11kV) on fdr. No.6
Nadzab S/S (D 1 One Tie transformer (22/11kV) on fdr. No.1
Total 2) 12
Tie Tr. 22/11kV,1IMVA
——— :22KkV Distribution Line C Tie Tr.22/11kV,
—— :11kV Distribution Line A - 4MVA (Oct.2003)
A : Nadzab S/S > Tie Tr.(LMVA)> Erap SW > Mutsing (85km) g IX
B : Nadzab S/S > TANAMI B
C : Milford S/S > MUYA *
D

: Milford S/S >Tie Tr.(4AMVA) > ZANAG

Fig. 2.1-6 Distribution Line in the Lae Area
Souse: JICA Study Team, As of May 2015
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Table 2.1-4 Summary of H.V. Distribution Line Lengths in the Lae Area

Fig. 2.1-7 Photographs of the Distribution Network in the Lae Area

(Unit: km)
Urban area Rural area Total
11kV Distribution line 91 8 99
22kV Distribution line 0 88 88
Total 91 96 187
Urban area
Rural area
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2.2 DISTRIBUTION NETWORK OF PPL
2.2.1 Existing Distribution Facilities
(1) High-voltage distribution line system
The basic configuration of the high-voltage distribution system is as follows:
1) Type A: 132kV Transmission line to 11/22kV distribution line
Cases in which the voltage is stepped down from 132 to 11kV in the primary (main) substation
and supplied to secondary (distribution) substations via 11 / 22kV lines
2) Type B: 132kV Transmission line to 11/22KV distribution line though 66kV transmission
line
Cases in which the voltage is stepped down from 132 to 66kV in the main substation and
supplied to demand areas via 66kV T/Ls, then further stepped down to 11/22kV to be carried
via 11kV D/Ls to secondary substations.
Type A (11kV) applies to most residential zone in Lae city, type B (11kV) is for an
overcrowded zone in Lae city. In more remote areas such as Nadzab, cases of type B (22kV)
predominate.
In the case of some D/Ls in the new development area, the voltage drop is excessive or close
to excessive and upgrading to 33 or 22kV D/Ls is under consideration.
As for configuration, the high-voltage D/Ls tend to have a radiant pattern.
(2) Low-voltage distribution lines
The nominal low-voltage value in PPL is 415/240 V. There are from two to five low-voltage
distribution (feeder) lines from each distribution substation, in a radiant pattern.
2.2.2 Distribution Technical Standards

The technical standards for distribution facilities are set down in the distribution design manuals
determined by the Papua New Guinea Electricity Commission in 1989. PPL applies the same
standards. Distribution Design Manuals are shown in Table 2.2-1 and Fig. 2.2-1.

These specifications include general standards for voltage, frequency and electrical design
parameters, refer to Table 2.2-2.

Table 2.2-1 List of Distribution Design Manuals

No. Contents of Distribution Design Manuals
Part A Electrical design
Part B Mechanical and structural design
Distribution Design Manual
Source: PPL
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Source: PPL

Fig. 2.2-1 Distribution Design Manuals

Table 2.2-2 Example Electrical Design Parameters described in PPL Standards

(1.2/50 wave)

No. Items 33kV System 22kV System 11kV System
High Voltage

1 | Nominal system voltage 33kV 22kV 11kV

2 | Maximum system voltage 36kV 24kV 12kV

3 | Type of system grounding Solid Solid Solid

4 | Basic impulse level peak 170kV 150kV 75V

5 Rated fault level a't nominal voltage 750 MVA 500 MVA 250 MVA

(3-phase symmetrical) 13.12kA 13.12kA 13.12kA

6 (T;g::g;:ft’rraigsulation level 170/70kV 150/50kV 75/28kV

7 | Surge arrester rated voltage (rms) 30kV 21kV 10. 5kV

8 lsrﬁgielsfrsisﬁ ront-of-wave 150kV 88KV 44kv

9 S\Sﬁ[ Cr}r;lgr;l;tre power frequency withstand of 70KV 50KV 28KV

10 | Insulator creepage 660mm 440mm 220mm
Low Voltage

1 | Nominal system voltage 415/240V

2 | Maximum system voltage 436/252V

3 | Type of system grounding Earthed neutral

4 | System frequency 50 Hz

5 One minute test voltage 2,000V

6 Impulse withstand voltage 6,000V

Source: Distribution Design Manuals, Part A Electrical design: Page A3.8, PPL
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2.2.3

)

Distribution Facility Design Standards

The following parameters are defined in the design standards:

Conductors

A selection of H.V. conductor size is shown in Table 2.2-3.

Table 2.2-3  Selection of H.V. Conductor Size

Condition Conductor Conductor Conductor
Type Code Name Size
1. Feeders AA Saturn 37/3.00
11kV Urban Distributors and
2. Spurs with loads over SOKVA* ACSR Cherry 6/475+7/1.60
11kV Urban Distributors and Spurs with
3. loads under SOKV A ** ACSR Apple 6/1/3.00
4. 22kV Rural Feeders *** ACSR Cherry 6/4.75+7/1.60
22kV Rural Distributors and Spurs with
5. loads over SOKVA %% ACSR Apple 6/1/3.00
6. izl:V Rural Spurs with loads under S0kVA ACSR Raisin 3/4/2.50
*  For loads over 100kVA for 22kV and 150k VA for 33kV AA  : Aluminum conductors
**  For loads under 100k VA for 22kV and 150k VA for 33kV ACSR : Aluminum conductors steel-reinforced

*** All rural distribution H.V. lines to be 22kV

(2)

®3)

(4)

Source: Distribution Design Manuals, Part A Electrical design: Page A6.3, PPL
Insulators
The following types of high voltage insulators will be used:

# strain insulators for suspension or termination poles
# pin insulators for crossarm mounting applied to straight line sections

In addition, guy insulators will be employed to insulate the upper half of stays for high-voltage
wood poles.

Distribution Switchgear

Switching, sectionalizing and isolating on the High Voltage (H.V.) system should be performed via
outdoor pole top-mounted air-break switches (load break switches to IEC 129). In addition, pole-
mounted auto-reclosers may be installed at strategic points. Spurs may be protected and isolated
by dropout fuses.

Air-Break Switches

Air-break switches may be installed for the following reasons:

(i) To isolate system sections so that maintenance and other work can be performed safely while
electricity supply is maintained elsewhere where possible.

(i) To help locate faults by enabling the system to be enlivened section by section.
(iii) To enable sections of load to be transferred from one feeder or supply source to another for
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operational reasons.

1) Maintenance of Supply

When maintenance or other work requires the electricity to be cut off from a line section, air-
break switches can be used to keep consumers elsewhere supplied. Consumers upstream of
the air-break switch benefit from the fact that their supply need not be interrupted while
maintenance is performed downstream of the switch. The benefit can therefore be quantified
as the product of the installed transformer capacity upstream and the length of line
downstream namely:

Benefit= LCkVA*km

Where: L the length of line downstream of the switch but not downstream of any other
switch - km.
C the installed kVA upstream of the switch but not upstream of any other
operational switchgear -kVA.

Note that in the case of a line section which can be fed from either end, the benefit is the sum
of benefits calculated as above in each direction.

To justify the installation of an air-break switch in terms of (i) above, the benefit should be at
least 10,000kVA- km.

Note that this figure is higher than it would be if the switch provided some form of automatic
protection as is the case with dropout fuses.

2) Fault Location

The ability to sectionalize a line helps fault location, the benefit being a function of the length
of line which can be isolated and the difficulty of access. In the case of D/Ls following roads,
access is not a problem and it is sufficient to divide D/Ls into 10 - 15 km sections. Where
vehicle access is not possible, section lengths may be reduced to as little as 5 km.

3) Interconnecting Air-Break Switches

Air-break switches are also used as interconnecting feeders for operational reasons and win
such cases, the justification must be based on individual consideration. In some cases,
interconnecting switches are used to maintain supply as discussed in (i) above, in which case
the arguments used in that section can be applied.

Summarizing, the benefit required to justify the installation of an air-break switch in terms of
maintenance of supply is 10,000kVA*km. Otherwise, to facilitate fault location, load break
switches may be installed at 10-15 km intervals on reasonable roads, decreasing to as little as
5 km where access is particularly difficult.

Air-break switches may be fitted with flicker-type arcing contacts or load-break interrupter
heads. Flicker contacts are limited to a breaking capacity of approximately 10 amps according
to the load characteristics. Where routine switching of loads exceeding this is required, load
break switches must be installed. As these are costlier than flicker contact switches, their
installation should be fully justified by the load and frequency of use.

For simplification and to minimize store costs, 22kV air-break switches should be used on
both 11 and 22kV lines, with the following minimum characteristics:
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Table 2.2-4 Characteristics of Air-Break Switchers

Flicker Contacts Load Break Interrupters
11kV 22kV 11kV 22kV
Normal current (amp) 630 630 630 630
Short time current (kA) 20 20 20 20
Peak withstand current (kA) 50 50 50 50
BIL to earth (kV) - 150 - 150
Load break capacity (amp) 10 10 400 400
Closed-loop break capacity (amp) 100 100 400 400
Magnetizing current breaking capacity (amp) 10 5 50 50
Line charging current breaking capacity (amp) 10 5 50 50

Source: Distribution Design Manuals, Part A Electrical design: Page A6.7, PPL

On radially interconnected systems, a maximum of only every second air-break switch
requires load breaking capability, as parallels can be broken on a plain switch leaving only
the load current of the section to be isolated to be interrupted by the second (load break) switch.

(5) Reclosers and Sectionalizers
The reasons for installing reclosers and sectionalizers are:

(i) To isolate faults which occur further out along the line, thereby maintaining supply to
upstream consumers.

(i) To limit damage at the point of any fault and restore supply for transient faults.

(iii) To help locate faults.

(iv) As switches.

Two pole overcurrents and one pole earth fault overcurrent relays constitute the main protection
for outgoing H.V. feeders. These relays should coordinate with any 3-phase pole-mounted
electronically controlled reclosers installed on feeders.

Reclosers may automatically reclose up to four times, hence the substation relay should be
equipped with fast reset time characteristics.

Automatic sectionalizers are used in conjunction with reclosers but further out along the line to
assist in isolating fault sections. To achieve discrimination between reclosers, sectionalizers and
fuses, the following rules should be complied with:

(i) Reclosers can only be installed where the fault level is less than the rated interrupting capacity.
6.0 kA rated units can be employed on rural feeders.

(i) Reclosers should not normally be operated in series.

(iii) Sectionalizers can usually only be used in conjunction with reclosers and must always be sited
further out along the feeder. It may be possible to coordinate a sectionalizer with a substation
circuit breaker equipped with auto-reclose relays.

(iv) No more than two sectionalizers should be operated in series but more than two can be used
if they are on different branches of the same feeder.

2-13 The Project for Formulation of Ramu System Power Development
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When siting a recloser it is important to note that only those consumers upstream of a recloser
benefit from the fact that they are unaffected by faults downstream of the recloser.

Accordingly, the product of the load upstream, measured in kVA of installed transformer capacity
and the fault risk which can be represented by the length of line downstream, in kilometers,
provides a measure of the benefit accruing from installing a recloser or sectionalizer. This benefit,
in kVA*km, can be plotted along the length of a feeder to determine the optimum siting of a
recloser and assess the justification for its use.

This can be expressed as:
B=LC

Where, B the benefit in kVA -km.
L the length of line which can be isolated by the recloser but not by any other protection
device (sectionalizer or fuse) downstream - km.
C the installed transformer capacity upstream but not upstream of any further upstream
protection device -kVA.

A figure can also be put on the benefit figure below, for which the installation of a recloser is not
justified. Unfortunately, since most of the benefit is the value of an improved service to consumers,
this minimum figure cannot be calculated. In the United Kingdom, minimum benefits of 20,000 to
50,000kVA*km are used. Taking the different situation in PNG into account, it is recommended
that 20,000kVA*km be adopted as the minimum to justify the installation of a recloser.

The same argument as that used for reclosers applies to sectionalizers except that taking into
account the lower cost of a sectionalizer, 18,000kVA*km is the appropriate minimum figure to
justify the installation of a sectionalizer.

Reclosers and sectionalizers should be installed only  Taple 2.2-5 Characteristics of Reclosers
where these minimum criteria can be met unless and Sectionalizers
justified by exceptional operational requirements.

Items Value
Reclosers and sectionalizers should have the | Normal current 400 A
following characteristics: Short time (1 sec) current 6/10 KA
The control devices and operating characteristics Peak making current 15 kA

should be chosen to coordinate correctly with
downstream dropout fuse links and upstream protective relays.

Summarizing, the benefit to justify the installation of reclosers and sectionalizers, in terms of fault
clearance and maintenance of supply is:

Reclosers 20,000k VA*km
Sectionalizers 18,000kVA*km

(6) Dropout Fuses
Dropout fuses are used on spur lines for the following reasons:
(i) To isolate any fault which may occur on the spur, thereby maintaining an uninterrupted supply
to upstream consumers.

(i) To isolate a spur for maintenance and other work to be performed without cutting the
electricity supply elsewhere.
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(iii) To help locate faults by enabling the spur to be isolated and flagging any fault that does occur.
(iv) Dropout fuses are used to provide group fusing.

Note that dropout fuses cannot be relied on to provide back-up overload protection for distribution
transformers.

Operating one of a set of dropout fuses may damage 3-phase motors unless appropriate protective
devices are provided.

1)

2)

Maintenance of Supply

Dropout fuses benefit consumers upstream, similar to reclosers and sectionalizers. However,
an additional factor is that for fuses, supply is not swiftly restored when an operation is caused
by a current surge, even though no damage results. The ratio of non-damage to damage fuse
operations varies according to the circumstances influencing individual lines. A line
threatened by trees, for example will have a lower ratio than one which traverses open country.

For a study as wide as this, we can assume a ratio of 1, i.e. that 50% of fuse operations result
from non-damage events.

The equation is:
Benefit = L [kYAs - (f + 1)kVAqkVA*km

Where, L the length of the spur in km.
kVA¢ the transformer capacity on the feeder and the spur but excluding any
capacity upstream of an upstream protection device.
kVA;s the transformer capacity on the spur.
F the ratio of non-damage to damage fuse operations.

To justify the cost of the installation, above grounds, the benefit should be no less than
4,000k VA *km.

Group Fusing

Group fusing is the use of a single set of fuses on a spur instead of separate fuses on each
transformer station along a spur and helps save costs with minimal decline in reliability. The
concept is limited by the need for fuses to discriminate with upstream protection facilities and
the fact that the resulting inconvenience may not be acceptable where large communities and
industrial loads are involved.

It is therefore recommended that group fusing of spurs only be used where:

(i) None of the transformers on the spur exceed 100kVA.
(i) The total transformer capacity on the spur does not exceed 750k VA.

Summarizing, the benefit required to justify the installation of dropout fuses, in terms of fault
clearance and maintenance of supply, is 4,000kVA*km. Dropout fuses can also be used in
place of substation fuses on a group fusing basis, but only to protect branch lines with an
installed transformer capacity of less than 750kVA and with no individual transformers
exceeding 100kVA.
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2.3 DISTRIBUTION NETWORK FACILITIES IN THE LAE AREA

The current status of the major types of the distribution network facilities in the Lae area may be
summarized as follows:

2.3.1 Distribution Network

(1) Voltage classes

The basic configuration of the distribution network in the Lae area is shown in Fig. 2.3-1.

132kV Bus
CB CB
Tr. 132/11kV Tr. 132/66kV
CB 66kV Bus B
CB
O T e R
CB*
Tr. 66/11kV
11KV Bus 11KV Bus B
[] CB D CB* CB
)|(cable )|( Cable ( cable
i) T, 0 5
Pole " Pole Pole
C ass O ass ABS
Tie Tr. 11/22kV
(Booster)
Dropout Dropout Dropout
Fuse Fuse Fuse
Tr. 11kV/ Tr. 11kV/ Tr. 22kV/
415/240V 415/240V 4157240V
Urban area such as in Lae city Rural area

Note: CBs are not installed at the Nadzab substation.

Fig. 2.3-1 Basic Configuration of the Lae Distribution Network
The distribution network comprises 3-phase, three-wire 22 and 11kV high-voltage system and 3-
phase, four-wire 415 and 240V low-voltage system. Much of the area supplied by PPL is urban

area such as Lae city and has a high load density that operated at 11kV. In other hand, the rural
area has low load density that tends to lengthen the D/L length.

For this reason, much of the D/Ls in rural area are operated at 22kV, to reduce losses.
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Voltage classes in standard used in the Lae area is shown in Table 2.3-1.

Table 2.3-1 \oltage Class

Nominal system Maximum
Remarks
voltage system voltage
22kV 24kV Much of rural area
11KV 11KV All of the Lae city and
some of the rural area.

(2) Single-line diagram and Geographic operating diagram

System information on H.V. distribution network constitutes basic data for planning the
improvement of the distribution facilities and for facility operation and maintenance. Its
compilation is therefore crucial.

Single-line diagrams are used to manage this information, but utilities also need map information
(geographic operating diagram) for distribution networks, which cover a wide area. Knowledge of
the D/L types and distances as well as the location and capacity of distribution substations from a
single-line diagram enables rough calculation of the power flow to obtain current and voltage drop
values. This information is essential to consider planning of expansion and facility management.
However, failure to reflect system information on maps can cause inconvenience regarding
information for distribution planning and proper (quick and safe) system operation after D/L faults.
(At present, the distribution team leaders of the workshop basically only remember the information,
for example, which equipment such as switches and transformers of which lines are in which area
and rely on this memory when entering the field.) Accordingly, it is preferable to possess both
single-line diagrams and geographic operating diagram to maintain and manage distribution
networks.

1) Single-line diagrams

Distribution network have a broad physical extension and it is crucial to manage (as charts)
accurate data for 11/22kV D/Ls, not only for maintenance but also all other distribution work.
At present, PPL Lae prepare (with AutoCAD and other tools) and manage single-line
diagrams for 11/22kV distribution networks. Nevertheless, the following issues have also
surfaced and reflect the need for improved management.

(a) Sure reflection about feeder extension information

The diagrams must indicate accurate information on the line situation at all times,
because this information is necessary for facility management and planning for
expansion. From now on, the utilities must make it a rule to add such information to the
diagrams each time to extend the H.V. distribution network.

(b) Length information discrepancies

In some cases, significant discrepancies exist between the distance shown on the single-
line diagrams and the actual distance. Similarly, some diagrams do not show the type of
line or have a wrong indication of type. When patrolling D/Ls, it is important to check
whether the diagram information differs from the actual distribution facilities. If
discrepancies are found, it is similarly vital to make prompt revisions and ensure the
information managed on diagrams is accurate.
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(c) Prompt updating of information

When high-voltage lines are reinforced or extended, the results are sometimes not added
to single-wire diagrams. Proper information management demands prompt updating of
diagrams when facilities are replaced.

2) Map information (Geographic operating diagram) for distribution lines

At PPL Lae, no updated map information has been established for H.V. lines for 10 years or
more. Such information is crucial, not only when studying plans to reinforce and extend
facilities but also for facility maintenance. For example, it assists when specifying locations
for patrols of complex D/Ls and in the event of reported trouble with facilities. In light of the
needs associated with management and updating, it would be more efficient to manage this
kind of information in the form of electronic data.

In this study, a serious mismatch between the geographic information (drawings) and actual
equipment were confirmed following the result of the first field survey conducted in
November - December 2014.

In response, based on stringent drawing management, JICA Study Team prepared new
geographic information (CAD drawings) in Lae and PPL Lae provided additional distribution
network equipment information.

Thanks to collaboration between JICA Study Team and PPL Lae, the single-line diagram and
H.V. Geographic operating diagram were updated as of March 2015.

Single-line diagram shown in Fig. 2.3-4 and Fig. 2.3-5. The H.V. Geographic operating
diagram in urban area is shown in Fig. 2.3-2 and Fig. 2.3-3. The H.V. Geographic operating
diagram in rural area is shown in Appendix B-1.

For reference, a single-line diagram provided by PPL Lae is shown in Appendix B-2 and a
geographic operating diagram as of year 2000 is shown in Appendix B-3.
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Source: Joint work with JICA Study Team and PPL Lae

Fig. 2.3-2 H.V. Geographic Operating Diagram in Lae (1)
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Source: Joint work with JICA Study Team and PPL Lae

Fig. 2.3-3 H.V. Geographic Operating Diagram in Lae (2)

The Project for Formulation of Ramu System Power Development 2-20
Master Plan and Lae Area Distribution Network Improvement Plan



ue|d Juswanodw] Y40MIBN uonNgLISI Baly 9B pue ue|d JalseiN
JusWdolaA3( J13MOd WaISAS nwey Jo uolre|nwIoH 10} 193f01d ay L

12-¢

Taraka S/S

* ®
| lS7] l215 28 Vo5 l l l l Legend
Fd.1 157 n Conductor Size
9O 274 58 105 135 118

T2 196 27 15
d 189 113 1%" 15154 e 79203
FdE i S S © © T L £ 118
o :
—ol19 7 35 ci4 —0O—=
7 N 183
o T 35
123 hﬂog i dd l EFTE T !@! '?T'?
1 1 1,7 O—> 12
T 80 T 192
aa 1430 264 61
0w 147 113 c10 2 213 @226
‘f’ 7 77 IC9>3 %g G 59 ZCO)O —0 18 g% 1 183 5
Fd.4 155 15138 & 124 0 1 36 g
6 13 232 L6 66
- 145
115
23 83 37
M 15138
! 0 i164 4
12 115 i 85 19 0—
fi
Fi.3 168 J & Lo & 240 b 21
5 161 152 19 g m
28 5 % 48
3 45 5
a9 @ 8 8 8 f) » 50
¢ — = l 4 5 56
16 136 1M — o013 54
270 61 21 89 188 WWZOISMD 5
¢ TZOB o 96?1 '—@’) A _%7 235 257 146158
Fd.2 244 % & om  me o LD B w15 L__um & 101 i >
151 (Removed?) ”7120 50 106 £y o
3 0103 ILT_DZQQ

L 205

79 TT‘I’T 7 R

GP125 CP126 CP127 GP120

T Apple
Banana
Cherry As of 5 March, 2015

Grape/Saturn Under Survey
Prepared by JICA Study Team

Fig. 2.3-4 Single Line Diagram on Distribution Network (1)

ealy 9 Ul ue|d JuswaAoidwi 3JoMIaN uonnguisia :g Ued

YI0MIBN UOIINQLISIC ©aly e ay) JO

10day [eui4

uonewIoju| d1Seg JO SISAfeuy pue uonas|o g Jaideyd



ueld Juswanodw| YI0MIBN UOINQLISI BalY 887 pue ue|d J31Sen

JawWdojanaq Jamod WaisAs nwey Jo uoire|nuwiIoH 10y 103lod ayL

C-¢

Milford S/S

To

6 135
i O é 35 3 rD Outside
) 44 32 I—% Lae city
185 W6 y 42 %ﬂss g5 32 0 35 " 15
TLL 8 B h O
32 83
014 i o QO 58 g) 165 M2 50 104 1(()6'%”
Fd.5 15714 fler 7 & 1% [owe 1g e er om0 B
21 @ 126 29
3 241 N © IEI{'I ?
g 105
\6\ O—> W2
@ |4 i b IL—D
I -~ i 113
—e=—1 Y
7 1592 %‘3 11 g 1m0 NEN 1
. @—
Fd. 4 oY . & & P! b
o100 5
ol %7 g . . LAE
Q154 o @ wa
v o 7 TR “ l_m}i
s 9 ! OéoTI' T I ‘ ! T
5 148 0 62 98 179
?157 5 @178
i i —,a
60 105
-------- <«~—D—>15
9 |
Q ® “ s g 2
T4
Fz & awv%u%ba%
a 12 123 210
M3 L3,a -
M3 @ M3 !
g 157 . % 178 g3 202 171
. 1 O—> n4
T S b o8 108 N & ) v
223 13 NEW I Legend
i O— M v4 W3.b Gonductor _Size
i Avple As of 5 Warch, 2015
236 Banana Under Survey
Cherry Prepared by JICA Study Team
Grape/Saturn

Fia. 2.3-5 Sinale Line Diaaram on Distribution Network (2)

YIOMIBN UONNQIASI Baly 9. 8yl JO

uonewIoju| d1Seg JO SISAfeuy pue uonas||o g Jaideyd

ealy 9 Ul ue|d JuawaAoidwi }JoMaN uonnguisia :g Ued

uoday reury



Final Report

Part B: Distribution Network Improvement Plan in Lae Area

Chapter 2: Collection and Analysis of Basic Information
of the Lae Area Distribution Network

2.3.2 Conductor

D/Ls in the Lae area can be divided into the following two categories:

» Overhead lines
» Underground cables

The main conductors used for overhead lines are Aluminum Standard Conductors Galvanized
steel-reinforced (ASCR/GZ). The main size [codes] are 182 [Grape], 120 [Cherry], 77.3 [Banana]
and 49.5 [Apple] square millimeters (mm?) in urban areas and 120 [Cherry] in rural areas.

All-aluminum conductors (AAC), made of bare aluminum, are the main types used for part of the
high-load density area.

Physical and Mechanical Performance Data of conductor and Electrical Performance Data of
conductor in the standard used for D/Ls in the Lae area are shown in Table 2.3-2 and Table 2.3-3.

Moreover, the length of the distribution networks in the Lae area is shown in Table 2.3-4 and a
breakdown of the lengths of the distribution network in Appendix B-4.

Table 2.3-2  Physical and Mechanical Performance Data of Conductor
Type Conductor Stranding and wire Nominal overall | Cross-sectional | Approximate
(Bare Cg derlll;n(l)e diameter (no./mm) diameter area mass
Conductors) Aluminum Steel (mm) (mm?) (kg/km)
Apple 6/3.00 1/3.00 9 49.5 171
Banana 6/3.75 1/3.75 11.3 77.3 268
ACSR/GZ
Cherry 6/4.75 7/1.60 14.3 120 402
Grape 30/2.50 7/2.50 17.5 182 677
AAC Saturn 37/3.00 - 262 721
Source: Olex catalog
Table 2.3-3  Electrical Performance Data of Conductor
Type Conductor DC Resist. DC Resist. Continuous current
(Bare Codename At 20°C At 50Hz 75°C carrying capacity
Conductors) Q/km Q/km (A)
Apple 0.677 0.910 248
Banana 0.433 0.582 326
ACSR/GZ
Cherry 0.271 0.367 434
Grape 0.196 0.263 531
AAC Saturn 0.110 0.135 776
*. 2m/s wind, Rural weather, summer noon Source: Olex catalog
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Table 2.3-4  Length of the Distribution Network in the Lae Area

(Unit: m)
11kV 22kV
Urban Rural Sub Urban Rural Sub Total
area area Total area area Total
Taraka S/S [In Lae city]
Feeder No. 1 3,972 0 3,972 0 0 0 3,972
Feeder No. 2 18,160 0 18,160 0 0 0 18,160
Feeder No. 3 6,478 0 6,478 0 0 0 6,478
Feeder No. 4 17,361 0 17,361 0 0 0 17,361
Feeder No. 5 6,127 0 6,127 0 0 0 6,127
Subtotal 52,098 0 52,098 0 0 0 52,098
Milford S/S [In Lae city]
Feeder No. 1 4,787 0 4,787 0 0 0 4,787
Feeder No. 2 6,876 0 6,876 0 0 0 6,876
Feeder No. 3 3,999 0 3,999 0 0 0 3,999
Feeder No. 4 6,067 0 6,067 0 0 0 6,067
Feeder No. 5 8,157 0 8,157 0 0 0 8,157
Feeder No. 6 9,979 2,390 12,369 0 3,460 3,460 15,829
Subtotal 39,865 2,390 42,255 0 3,460 3,460 45,715
Nadzab S/S [Outside Lae city]
Feeder No. 1 0 6,100 6,100 0 85,000 85,000 91,100
Subtotal 0 6,100 6,100 0 85,000 85,000 91,100
Total 91,963 8,490 | 100,453 0 88,460 88,460 | 188,913

2.3.3 Supporting Structures

In the urban area, the main type of supporting structure for overhead lines is a steel pole with
wooden cross-arms, while a wooden pole and steel cross-arms are installed in part of the urban

arca.

In rural areas, there is extensive use of the combination of steel poles with wooden cross-arms, but
some concrete poles and wooden poles also installed.

The span indicating the interval between supporting structures is within the range 120 - 150 m in
some urban areas, but ranges from 150 m in rural areas. The span depends on the physical and
mechanical performance of the conductor and its tensile strength.
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2.3.4

2.3.5

Fig. 2.3-6  Photographs of Pole

Insulators

The standard types of insulator are pin, post and suspension. Utilities utilize pin insulators for
straight-line sections, post insulators for sloping/straight sections and suspension insulators at
anchor points.

Fig. 2.3-7 Photographs of Insulators

Distribution Switchgears

Switching, sectionalizing and isolating on the H.V. distribution network is conducted via outdoor
pole top-mounted air-break switches. Dropout fuses are also installed for protective isolating.
Spurs one sectionalizer is installed at boundary on west side Lei city.

The Lae area contains three standard types of switchgears: Air-Break Switches, Dropout Fuses and
Sectionalizers. An outline of standard switches is shown in Table 2.3-5.

2-25 The Project for Formulation of Ramu System Power Development
Master Plan and Lae Area Distribution Network Improvement Plan



Chapter 2: Collection and Analysis of Basic Information Final Report
of the Lae Area Distribution Network Part B: Distribution Network Improvement Plan in Lae Area

Table 2.3-5 Outline of Standard Switches

Switchgear Type Outline

v To isolate parts of the system so that maintenance and other work can be performed
safely while the electricity supply is maintained elsewhere where possible.

Air-Break Switches | v To help locate faults by enabling the system to be relieved section by section.

v' To enable load sections to be transferred from one feeder or supply source to another for
operational reasons.

v To isolate any fault which may occur on the spur, thereby maintaining an uninterrupted
supply to upstream consumers.

v To isolate a spur for maintenance and other work to be performed without cutting the
Dropout Fuses electricity supply elsewhere.

v To help locate faults by enabling the spur to be isolated and flagging any fault that does
occur.

v’ Dropout fuses are used to provide group fusing.

v To isolate faults which occur further out along the line thereby maintaining supply to

upstream consumers.

Sectionalizer v To limit damage at the point of any fault and restore supply for transient faults.

v" To help locate faults.

(1) Air-Break Switches (ABS)

103 units of ABS are installed in Lae city. However, 25% of ABS have some problems for the
following reasons:

# ABS/IS rated at 100 A have been burnt out.
# Bypassed/bridged ABS limits the ability to switch and transfer loads.

The ABS condition in the Lae area is shown in Fig. 2.3-9 and Fig. 2.3-10. A list of ABS in Lae city
is shown in Table 2.3-6 and Table 2.3-7.

PPL Lae attempts to repair broken ABSs as part of routine work. However, increased loads along
D/Ls are hindering switching.

Fig. 2.3-8 Photographs of Air-Break Switches
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Fig. 2.3-9 H.V. Geographic Operating Diagram with Air-Break Switches (1)
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Fig. 2.3-10 H.V. Geographic Operating Diagram with Air-Break Switches (2)
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Table 2.3-6 List of ABS (1)

Master Plan and Lae Area Distribution Network Improvement Plan

Fdr ID Switch Gear | Defect gs:ﬁl O[?eerf:tcitlial Location Remrks Capacity
Milford 1 |ABS 90 # Close Defect Milford Power House  |Bridged Through/By Pass
ABS 108 # Close Defect Ela Motors Card Yard  |Bridged Through/By Pass
ABS 41 # Close Defect Bishop Brothers Bridged Through/By Pass
ABS 202 Close Operational |PNG Taiheiyo Cement
Milford2  [ABS/IS 10 # Close Defect Air Niugini Sales Office |Bridged Through/By Pass
ABS 30 Close Operational g/l::imam Top Huon
ABS 11 Close Operational |Stadium Residential Area
ABS 12 Close Operational |Indoor Stadium
ABS 210 Close Operational |[UMW
ABS2 Close
Milford3 |ABS 5 Close Operational |Dunlop
ABS 148 Close Operational |Mainland Plumbing
ABS 62 Close Operational |Agmark Machinery
ABS 98 Close Operational |SP Brewery Gate
ABS 179 Close Operational |Opposite Flour Mill
Milford 4 |ABS 40 Close Operational |Chemica
ABS 100 # Close Defect Mula Street Bridged Through/By Pass
1S 92 Close Operational |Ela Motors Sales Office
ABS 173 Close Operational [Hastings Deering :goripde%:(tjeg};:?:ge};/,?glzjss
ABS 37 # Close Defect Atlas Steel B Phase Bridged Through
ABS 170 # Close Defect Coca Cola Bridged Through/By Pass
ABS 154 # Close Defect Tolec Electronic Cannot be operated-N/C  [Rating 100A
Milford 5 [ABS 14 Close Operational [Fire Service Station
1S 114 Close Operational [Eriku Soccer Field
ABS 58 # Close Defect Cassox.vary Tuon Road Cannot be operated
Innctoion
ABS 7 Close Operational [FRI
ABS 166 Close Operational |8th Street
ABS 8 Close Operational [11th Street
ABS 165 Close Operational
ABS 156 Open Operational |5th Street
ABS 29 Close Operational [Angau Sisters Quarter Rating 100A
ABS 102 Close Operational [Eagle Street
ABS 104 Close Operational |Tern Street
Milford 6 |IS 6 Close Operational |Hospital Area Stores
ABS 116 Close Operational [Jawani Street
ABS 38 # Close Defect Show Ground/Salamanda|Bridged Through/By Pass
ABS 31 Close Operational [Opposite Golf
ABS 17 Close Operational ?:hg::ldl Secondary
ABS 122 Close Operational
ABS 18 Close Operational [Two Mile
Taraka 1 IS71 Close Operational [Unitech
ABS 28 Close Operational [Unitech
Taraka2 |ABS 39 # Close Defect Atlas Steel Bridged Through/By Pass
ABS 61 # Close Defect NCI Bridged Through/By Pass
ABS 145 Close Operational |Interoil
ABS 106 Close Operational [Unitech Residential Area
ABS 146 Close Operational [Opposite Water No. 4
ABS 174 # Open Defect East Taraka Housing Faulty-N/O
1S 139 # Close Defect Igam Juction Bridged Through/By Pass
1S 140 Close Operational |Igam Juction
ABS 177 Close Operational [PTC Junction
ABS 101 Close Operational [Bumayong Junction
ABS 42 Close Operational |Igam Barracks
ABS 43 Close Operational |Igam Barracks
ABS 44 Close Operational |Igam Barracks
ABS 45 Close Operational |Igam Barracks
ABS 47 Close Operational |Igam Barracks
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Table 2.3-7 List of ABS (2)

Fdr ID Switch Gear | Defect Close/ Defec_t/ Location Remrks Capacity
Open Operatinal
ABS 46 Close Operational |Igam Barracks
ABS 50 Close Operational |Igam Barracks
ABS 51 Open Operational |Igam Barracks
ABS 53 Close Operational |Igam Barracks
ABS 54 Close Operational [Igam Barracks
ABS 55 Close Operational |Igam Barracks
ABS 56 Close Operational |Igam Barracks
Taraka3 |IS 24 Close Operational |Timber College
ABS 153 Close Operational |Buimo Road Junction
ABS 15 # Close Defect Gurney Street Bridged Through/By Pass
Taraka4 [ABS 193 Close Operational |Kamkumung Ples
ABS 155 Close Operational |Omili Primary School
ABS 23 Close Operational |Awagasi Market
ABS 200 # Close Defect Butibum Village ({ﬁizzeg]l:hase Bridged
ABS 199 Close Operational |Bumbu Bridge
ABS 142 Close Operational |China Town
ABS 36 Close Operational _[Opposite Nestle
ABS 20 Open Operational |Bowerbird Street
ABS 143 Close Operational |Balop Teachers'College
Taraka 5 [ABS 189 Close Operational |Abattoir
ABS 113 Close Operational ~ |Mountain Cress Replaceed on Feb. 2015
IS 154 Close Operational |Boundary Road
ABS 34 Close Operational |Lae Primary School
raka | & Tarak{ ABS 99 # Open Defect Shell Service Station Burnt Contacts-N/O
raka 2 & Tarak{ ABS 192 Open Operational? |Back Road
raka 2 & Tarak§ ABS 151 # Open Defect Cummins
raka 3 & Tarak{ ABS 152 Open Operational? |Phils Motel
raka 3 & Tarak ABS 115 # Open Defect Our Saviour Church Rating 100A
raka 3 & Tarakq1S 138 # Open Defect Cross Street Rating 100A
raka 3 & Milfor{f ABS 21 Open Operational? |St Michael's Church Rating 100A
Iford 2 & Tarak] ABS 52 Open Operational? |Nestle Rating 100A
raka 5 & Milfor{ ABS 183 Open Operational? [Highlands Bus Stop Eriku
raka 5 & Milfor{ ABS 35 Open Operational? (212 Estate
ford 1 & Milfo] ABS 157 Open Operational? |Brian Bell Service Parts
ford 1 & Milfof ABS 178 Open Operational? |Flour Mill
ford 1 & Milfo] ABS 171 Open Operational? |SVS Whare House
ford 1 & Milfol ABS (New) Open Operational? |Papindo Whare House
ford 2 & Milfo] ABS 60 Open Operational? |Huon Road Town
ford 2 & Milfol ABS 105 Open Operational? [St Mary's Church town
ford 2 & Milfol ABS 123 Open Operational? [DCA Compound Rating 100A
ford 1 & Milfo] ABS 13 Open Operational? [Works Dept Compound Rating 100A
ford 5 & Milfol ABS 32 # Open Defect Kwila/Bumbu Road Junc{Cannot be operated-N/O
raka 4 & Milfor{ ABS 103 # Open Defect Cassowary Road Cannot be operated-N/O  [Rating 100A
raka 2 & Tarak{ ABS 151 # Open Defect Cummins Centre Ph::e Faulty/By
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(2) Sectionalizer

One sectionalizer was installed at the west side of Lae city in 2015. This switch is to sectionalize
the 11kV D/L No. 6 from Milford S/S into urban and rural areas.

The sectionalizer is located approximately 10km west of Lae city.

m= ] 1kV Distribution Line NO.6 from Milford S/S
== - 22kV Distribution Line NO.6 from Milford S/S

Fig. 2.3-11 Location of Sectionalizer

Fig. 2.3-12 Photographs of Sectionalizer
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2.3.6 Transformer
(1) Tie transformers
Two (2) tie transformers are installed outside Lae city. One tie transformer which converts voltage
to 22kV from 11kV is installed on feeder No. 6 from Milford S/S. The other is installed on feeder
No. 1 from Nadzab S/S.

The key specification is shown in Table 2.3-8. The location and photographs of tie transformers
are shown in Fig. 2.3-13 and Fig. 2.3-14.

Table 2.3-8 Key Specification of the Tie Transformer

Item Tie transformer 1 Tie transformer 2
Rated Capacity 4,000k VA 1,000kVA
Rated Voltage 22kV/11kV 22kV/11kV
Frequency/Type 50Hz/Three-phase 50Hz/Three-phase
Service Conditions Outdoor Outdoor
Manufacturing year/Country 2003/Australia -

Source: JICA Study Team

== ;] 1kV Distribution Line
m : 22kV Distribution Line

Source: JICA Study Team

Fig. 2.3-13 Location of the Tie Transformers

Tie transformer 1 Tie transformer 2

Fig. 2.3-14 Photographs of the Tie Transformers
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(2) Distribution transformers

Distribution transformers are connected to H.V. D/Ls in a T-branch and protected by lightning
arresters in parallel and cutout fuses in series.

In the Lae area, there are three standard types of distribution transformers: Pole-mounted, Pad-
mounted and Kiosk. Transformers with capacities of 10, 25, 50, 100, 200, 300, 500, 750 or

1,000k VA are in widespread use. An outline of standard transformers is shown in Table 2.3-9.

Regarding the neutral grounding system for transformers, a DyN-type solid grounding system is
applied.

The distribution transformer list provided from PPL Lae is attached as Appendix B-5. However,
this list is being reviewed by PPL Lae.

Table 2.3-9  Outline of Standard Distribution Transformers

Primary Voltage Type Size (kVA)
22kV Pole-mounted 10, 25, 50, 100, 200
Pole-mounted 25,50, 100, 200, 315, 500
11kV Pad-mounted 200, 300, 500, 750, 1000
Kiosk 200, 300, 500, 750, 1000
Source: PPL
Kiosk Type
Name Plate
ABB
1 Phase, 10kVA
22kV/250V
Year: 1997
Name Plate
OCRVE.
3 Phase, 300kVA
11kV/433V
Year: 1982
Pole-mounted Type
Fig. 2.3-15 Photographs of Distribution Transformers
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2.3.7 Lightning Arresters

Lightning arresters are installed at terminals of distribution transformers and cable connected
overhead lines. They are seemingly not installed to protect D/L and switchgears.

2.3.8 Protection Relay

(1) Outline of the Distribution Protection Relay

There are six feeders in Milford S/S, five feeders in Taraka S/S and one feeder in Nadzab S/S in
the Lae area.

Fig. 2.3-16 - Fig. 2.3-18 show 11kV single-line diagrams in Milford S/S, Taraka S/S and Nadzab
S/S.

LINE to New GT LINE 509 to Taraka

D : Gircuit Breaker ]\ ]\
—
J

; : Current transformer
LB5T2 66/11kV LB5T1 66/11kV
15/20MVA 25/30MVA
YNd11 YNd11

—,

M

Source: JICA Study Team

Fig. 2.3-16 Milford S/S 11kV Single Line Diagram
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LINE 603 to Erap
A
[ |
|
LA5T2 132/11kV LA5T1 132/11kV
15/20MVA |1 15/20MVA [1
Dyn11

Dyn11

[:I ||

,1200/1 L 1200/1

FDR3 FDR2 FDR1

FDR4

D : Circuit Breaker

2 : Current transformer
/s

Source: JICA Study Team
Fig. 2.3-17 Taraka S/S 11kV Single Line Diagram

[ : Circuit Breaker Taraka S/S 66kV bus

g : Current transformer EJ

| | _ Nadzab /S

Fault Throwing Switch

66/11kV YyO0
1IMVA

Ry

DOF

11kV Auto Voltage Regurator

22/11kV 1MVA

DOF DOF

Source: JICA Study Team
Fig. 2.3-18  Nadzab S/S Single Line Diagram
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The Voltage of the distribution network in the Lae area is 11kV and partially 22kV. The direct earth
method is adopted. Secondary winding of 132kV/11kV transformers in Taraka S/S features a star
connection and is grounded at a neutral point. Conversely, because the secondary winding of
66/11kV transformers in Milford S/S is a delta-connection, earthing transformers whose secondary
winding is zigzag are installed to make a grounding point.

Table 2.3-10 shows each specification of the distribution protection relay. In Taraka S/S, 11kV
switchgears were replaced in 2014. Distribution protection relays are installed on the switchgear
panel.

In Milford S/S, distribution protection relays are installed in the control room. The D/L of Nadzab
S/S is protected by a Dropout Fuse (DOF) because there are no other circuit breakers in the
substation outlet.

The T/L between the Taraka and Nadzab S/S (508) is protected by a line protection relay in Taraka
S/S. If the transformer installed in Nadzab S/S malfunctions, the Buchholtz relay operates followed
by a so-called Fault Throwing Switch. The switch triggers an earth fault deliberately to inform the
fault of the transformer.

Table 2.3-10  Specification of the Distribution Protection Relay

Substation | Feeder | Type Model Method ggnnectlon
iagram
B e L
2 Ditto Ditto Ditto Ditto
Milford 3 Ditto Ditto Ditto Ditto
4 Ditto Ditto Ditto Ditto
5 Digital MiCOM P127 | Ditto Fig. 2.3-20
6 Ditto Ditto Ditto Ditto
1 Ditto MiCOM P143 Ditto Ditto
2 Ditto MiCOM P142 | Ditto Ditto
Taraka 3 Ditto Ditto Ditto Ditto
4 Ditto MiCOM P143 Ditto Ditto
5 Ditto MiCOM P142 Ditto Ditto
Nadzab No relay (Protected by DOF)
Source: JICA Study Team
(2) Outline of the Distribution Protection Relay A
The protection relay in the Lae area can be divided E’
into two types. One, which is installed in Feeder 1~4
of Milford S/S, is the induction disc type. The other,
which is installed in Feeders 5 and 6 of Milford S/S t l—( | |
and all feeders in Taraka S/S is the digital type. A
diagram of each type is shown in Fig. 2.3-19 and Fig.
2.3-20. N f‘} A O
In F1 ~ F4 of Milford S/S, the first phase current, rJO/ C\—1 E/Fﬂ rJO/ c
which is A phase in the Fig. and the third phase Source: JICA Study Team

current, which is C phase in the Fig., is input to the

short circuit protection relays of the left and right Fig.2.3-19  Milford 5/S Feeder 1~ 4
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3)

sides. The current combined 3-phase is then inputto 5
the earth fault protection relays of the center.

In F5, F6 of Milford S/S, old-type relays like F1~F4 c
were installed previously. However, digital relays )l |
are now installed instead of the old relays. ? | |

A 3-phase current is input into the short circuit
protection relay, while the zero phase current

m

calculated in the relay detects earth faults. This |_O O—0O ( O—|

configuration is the same as F1~F5 of Taraka S/S.

Digital Relay

Source: JICA Study Team

As stated above, over current relays detect short ] ]

circuit fault and earth fault in the Milford S/S and Fig. 2.3-20 Milford S/S Feeder 5, 6,
Taraka S/S. this configuration meets the Protection Taraka S/S Feeder 1~ 5
Requirements described in the Grid Code. Considering contingencies such as disorder of the
distribution protection relay or disorder of the 11kV switchgear in the event of a D/L fault, the
relay installed on the secondary side of the transformer plays the role of back-up protection.

Other Protection Relays

1)

2)

3)

Auto-Reclosing Relay

Though an automatic reclosing function is installed in the digital relays, the function is set to
be disabled. There are no auto-reclosing relays in F1~F4 of Milford S/S. Manual reclosing is
sometimes tried in accordance with the system operator instructions in Ramu P/S.

Frequency Relay

Frequency relays are installed in the Lae area D/L to supervise the frequency of the Ramu
system and operate when the frequency exceeds or goes under the setting value.

Milford S/S has a frequency relay, which sends a trip signal to each feeder. Taraka S/S has a
frequency relay per feeder.

The priority of the D/L is decided by whether the D/L supplies important costumers and the
amount of electric power it contains. The setting value of frequency relays is adjusted in
accordance with the priority.

The under-frequency function is set to enable and the over-frequency function is disabled.
Frequency relays prevent the Ramu system from total outage.

Generators in P/Ss are tripped by the frequency relay when the frequency goes below 47Hz
or exceeds 53Hz.

The main cause of outages in the Lae area is the operation of frequency relays due to the fault
of generators or T/Ls. This process is described in Section 2.6.

Transformer Protection Relay

Short-circuit and earth fault protection relays are installed on the secondary side of 66/11kV
transformers of Milford S/S and 132kV/11kV transformers of Taraka S/S. These relays play
a role in back-up protection when distribution protection relays have a problem.
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(4) Setting

The existing distribution protection relays are based on the International Electrotechnical
Commission (IEC) standard. Time - current characteristic is set to the Standard Inverse, which is
defined in the IEC standard.

There are no rules related to calculating setting values, which are configured by consultants hired
by PPL.

1)

2)

3)

Setting of short-circuit protection

The current tap is set to trip at just over the maximum load current. If the maximum load
current of a D/L is 350A, the setting value is 400A for example. Accordingly, most accidents
are considered detected. In addition, the value of Time Multiplier Settings (TMS), which
determines the trip time, is set to almost the minimum tap such as 0.05 or 0.025 and faults in
the D/L are detected as soon as possible.

Setting of Earth fault protection

The current tap is set to about 1/5 of the short-circuit protection current setting. In the direct
earth system, since the earth fault current is equivalent to the short-circuit current, most faults
are considered detected. In addition, the TMS value, which determines the trip time, is set to
almost the minimum tap such as 0.05 or 0.025. Faults in the D/L are detected as soon as possible.

Coordination with the relay installed in the upper system

A distribution protection relay is set up, taking into consideration coordination with the relay
installed in the upper system.

Fig. 2.3-21 shows an example of coordination between the distribution protection relay and
transformer protection relay in Milford S/S. The horizontal axis is the fault current and the
vertical axis is the operating time of the relay. As the fault current is increasing, the operation
time is decreasing in the Standard Inverse.

Secondsfs] Protection Relay Coordination

12

0.8
0.6

0.4

0 2000 4000 6000 8000 10000 12000 14000
Current[A]

—F1 LB5T1 ——1LB5T2

*1 The time excludes operation time of the relay and circuit breaker.
*2 This example is calculated assuming the fault current of F1 is as same as that of the transformer,
in other words, the operating time of the transformer protection relay is minimized.
Source: JICA Study Team

Fig. 2.3-21 Example Coordination between Distribution Protection
and Transformer Protection Relays
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4)  Coordination with DOF

A fuse for protection (DOF) is installed in the D/L. Fig. 2.3-22 shows the role of the
distribution protection relay and DOF.

Faults that occurred in a branch line are protected by DOF and those that occurred in the main
line are protected by the protection relay in the substation.

Fig. 2.3-23 shows an example coordination between the distribution protection relay and DOF.
Within the scope of several thousand amperes flowing at the time of a short-circuit accident,
the fuse is triggered earlier than the protection relay.

Source: JICA Study Team

Fig. 2.3-22 Distribution Relay and DOF

Seconds]s] Protection Relay Coordination

0.7
0.6
0.5
0.4

o\

0.2

0.1

0 2000 4000 6000 8000 10000 12000 14000
Current[A]

—F1 Fuse

*1 The time excludes operation time of the relay and circuit breaker.
*2 The rated current of the fuse is 100A in this calculation.
Source: JICA Study Team

Fig. 2.3-23 Example Coordination between the Distribution Protection Relay and DOF
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(5) Issue of the Distribution Protection Relay in the Lae Area

An overview of the D/L protection system of the Lae area as indicated above shows no problems
in terms of configuring the protection system equipment. Further, since the distribution protection
relay are not included in the PPL failure equipment list, urgent measures to improve the relay are
not currently required.

However, as in other sectors, existing drawings are not properly managed. That is one of the issues
in the Lae area distribution protection relay. One of the reasons is that the control circuit related to
the protection relay is not described in the basic drawing managed in the PPL. Fig. 2.3-24 shows
a Milford S/S single-line diagram which is the basic drawing managed by PPL. Only the main
circuit is described, not the control circuit related to the protection relay.

Source: PPL
Fig. 2.3-24 Milford S/S Single Line Diagram

Contrary to Fig. 2.3-24, Fig. 2.3-25 shows a Milford S/S single-line diagram made by PPL for the
construction work of the new protection relay. Protection Relays, and the Current Transformer
(CT) and Voltage Transformer (VT) circuits are described in this drawing. This description is very
useful to understand the protection method for this substation at first glance. Additional description
of the CT and VT ratios should be included as well as a description of CT, VT and protection
circuits in the basic drawing managed by PPL.
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Source: PPL

Fig. 2.3-25 Milford S/S Single Line Diagram made for Construction Work
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2.4 OPERATION AND MAINTENANCE OF POWER SYSTEMS IN THE LAE AREA

2.4.1 Investigation Purpose to Operate and Maintain a Power System in the PPL LAE
Office
The PPL Head Office Department is organized according to Work Function rather than Facilities
such as Planning, Design, Maintenance etc.,
The Planning Department establishes a basic and strategic plan to expand the facilities and for
technical development etc.
The Design Department in the head office only makes a design with drawings to construct the
Power System, including substations, T/Ls & D/Ls.
The Regional Office is only responsible for designing small-scale distribution facilities. (New
Pole-mounted transformer installations, Expansion of Low Voltage (L.V.) line, Drop-wire
installations etc.)
Although the head office has an Operation & Maintenance Department, the Regional Office mainly
conducts maintenance & operation work.
The investigation in this Section was conducted to clarify actual issues regarding Operation and
Maintenance (O&M) work and facilities formation in the PPL LAE OFFICE to study an
improvement plan for supply reliability and draw up a long-term expansion plan.

2.4.2 Summary of Organizational Structure & Contents of Work of the PPL LAE Office

(1) Organizational Structure of the LAE office

The PPL LAE structure is shown in Fig. 2.4-1.
The Regional Manager on the PNG mainland manages the entire PPL LAE OFFICE.
The PPL LAE OFFICE is organized into 7 teams & 3 sections and includes duties of business
promotion and Operation & Maintenance of power systems in mainland PNG.
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PPL LAE OFFICE
Organization Chart

Regional Manager
NewGuinea Main
Land (NGML)

Dist.Engineer Network Regional Business suport Substati T Regional
Momase Oprerations Team Team ubstation feam Stores Team
Unit1 Unit2 Unit3 Unit4 Unitd Unit6
Regional . L,AE . Power Station Customer
] Distribution .
Inspection Team Service Team
Team
Unit4-1 (Work Shop) Unit4-3 Unit4-4
Unit4-2
24 Hrs service call
Center
Unit4-4-1

Source: PPL

Fig. 2.4-1 Organizational Chart of PPL LAE OFFICE

Appearance of the PPL LAE Signboard of PPL LAE
Fig. 2.4-2 PPL LAE Office

The PPL LAE OFFICE has Team of Operation, maintenance, Customer Service, PPL asset
management & Management of Material for Power System etc. (PPL LAE OFFICE referred to as
PPL LAE)
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As a special mention, PPL LAE exercises jurisdiction over the New Guinea mainland (Morobe,
Madan, East & West Sepik) and has no department of Operation & Maintenance for T/Ls.

The PPL LAE has an Operation & Maintenance Department for substation equipment, distribution
equipment & power generation plant equipment except T/Ls.

PPL LE also builds up a distribution system. (Distribution Transformer installation, D/L (H.V. &
L.V.) expansion, Drop wire installation etc.)

PPL LAE is in charge of D/L Operation & Maintenance at Milford, Taraka and Nadzab S/S.
The target area of JICA Study Team is the LAE area, including Nadzab and Earp.
Accordingly, JICA Study Team focuses on only the distribution facilities of the LAE area.

The role of each Department is shown as follows:

Unit 1 Dist. Engineer
- Management of Distribution System in Momase
- Supply work study for New Customers

Distribution transformer load management

Unit 2 Network Operation
- Distribution system operation (Milford S/S, Taraka S/S, Nadzab S/S)

Unit 3 Regional Team
- Asset management

(Building, materials, land etc.)

Unit 4 Business support Team
- General Customer Service (one-stop service)

Unit 4-1 Regional Inspection

- Inspection of newly installed distribution transformers

- Inspection of customer power facilities

- Installation of electricity meter (W.H.M.) and connection for new customers

Unit 4-2 Lae Distribution Team

- Construction Work of Distribution system

(Erection pole, Expansion of D/L (H.V. & L.V.))

- Installation of Distribution Transformers, Installation of Drop wires)
- Maintenance for Distribution system (except Drop wire)

Unit 4-3 P/S Team
- Operation and Maintenance for small power plants at Milford & Taraka substation

Unit 4-4 Customer Service Team

- Management of a 24 Hour Call Center

- Addressing claims and proposals of customers proposal correspondence
- Installation and maintenance for Drop Wire & W.H.M

- Patrol and Fault location
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Unit 4-4-1 24 hour Service Call Center

- Acceptance of customer proposals (24 Hour)

- Installation and maintenance for Drop Wire & W.H.M
- Patrol and Fault location

Unit 5 Substation Team
- Operation and Maintenance of 9 (nine) substations (Taraka, Milford, Nadzab, Erap, Hidden
valley, Baiune 1/2, Meiro, Yonki, Gusap & Dobel)

Unit 6 Regional Store Team
- Administration of maintenance equipment for Power Plants, Substation & D/L

(2) Structure and contents of the LAE Distribution Team

The investigative purpose of JICA Study Team for Operation & Maintenance of the distribution
System in Lae is to facilitate a study of the short-term distribution network improvement plan in
Lae to improve urgent issues affecting PPL LAE.

Accordingly, JICA Study Team investigated operation work, construction work, maintenance work
and fault recovery work of the distribution system at LAE distribution team and 24 Hr. service Call
Center.

1) Structure of the LAE distribution team

The LAE Distribution team (workshop) comprises three line teams, two electrician teams and
one welder section, as shown in Fig. 2.4-3.

Lae Distribution Team (workshop) Photo is shown in Fig. 2.4-4.

Source: PPL LAE distribution team

Fig. 2.4-3 Structure of the LAE Distribution Team
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Campus of the Lae Distribution team Office of the LAE distribution team & 24 hour service Call Center

Fig. 2.4-4 Office of the LAE Distribution Team

2) LAE distribution team contents

(@)

(b)

(©)

Lines Man team
Construction work for D/L (H.V. & L.V. lines, Drop Wire)
Maintenance work for D/L. (H.V. & L.V. lines except Drop Wire)

Line Man is an official name in PPL. PPL Head Office has issued a certificate to persons
having engaged in special line man training at Port Moresby (POM). Only Line Man is
permitted to turn ABS on or off.

Electrician team

Construction and Maintenance for Distribution Transformers

Welder section

Production of Steel Poles, Steel Arms, Pole-mounted Switch operation rod and Pole-
mounted Transformer Support etc.

2.4.3 Operation and Maintenance for Transmission Systems, Substations and
Distribution Systems in Lae

1)

T/L (132kV, 66kV), 3 substations (Taraka, Milford, Nadzab) and an 11kV D/L are installed in the
Lae area. However, the Ramu control center (Ramu C/S) operates a transmission system,
substation and distribution system (includes pole-mounted switch). Because this operation may
impact on the Ramu system, Ramu C/S instructs the order of operation to each system operator.
However, Ramu C/S delegates the authority of the 11kV D/L to PPL LAE Network Operation.

Status of Operation and Maintenance for Transmission Lines

PPL LAE has not conducted maintenance and operation for T/Ls, only Ramu C/S has done so.
Also, Ramu C/S has conducted fault location and recovery work, so JICA Study Team has not yet
performed a detailed survey.
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(2) Status of Operation and Maintenance for Substations

1) Current Status of Operation and Maintenance for Substations

PPL LAE has implemented 9 substations (including Milford, Taraka, Nadzab) in mainland.

JICA Study Team performed a detailed survey of three substations (Milford, Taraka, Nadzab).

(@)

(b)

Current Status of Operation for substations

The operator engages in 24-hour operation and monitoring of circuit breakers (132, 66
and 11kV) and transformers (132kV /66kV, 132kV /11kV, 66 / 11kV) at Taraka &
Milford.

The Nadzab substation is unmanned and has one transformer (66 / 11kV, I0MVA).

The operator of the Taraka substation engages in monitoring and maintaining for the
Nadzab substation.

The above operation (except for the 11kV circuit breaker) is performed as instructed by
Ramu C/S.

Current issues of operation clarified for substations

The key issue in substation operation is that operators do not always notice faults because
no alarm is sent to the operator. For example, when an 11kV switchgear is tripped due
to a distribution fault, no alarm is sent to the room where the operator works. Accordingly,
the operator does not notice an emergency and recovery from the outage is delayed. It is
important to notify emergency situations via the Supervisory Control And Data
Acquisition (SCADA) system as soon as possible.

In the Ramu system, installation of a SCADA system is planned. This SCADA project
is described in the Chapter 7 of the Ramu system development plan.

Fig. 2.4-5 shows the room where the operator of the Taraka substation works. The
SCADA system of Erap and Hiddenvalley, as shown in Fig. 2.4-5, has been already
installed. Accordingly, while the operator cannot supervise and control the Taraka
substation, he/she can manage the Erap and Hiddenvalley substations in this room.
Control and monitoring panels are lined up in the next room and the operator can control
equipment such as circuit breakers.

SCADA system in the Taraka substation Control room of the Taraka substation

Fig. 2.4-5 Control Room of the Taraka Substation
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(c) Currentissues of Operation for substation

Maintenance for substations in the Lae area is conducted by the substation team, which
mainly involves inspecting the substation, replacing old facilities and coping with faults.
A general inspection is conducted based on a one-year plan, where the substation team
confirms whether or not any faults exist with their own checklist in general inspection.

They change silica gel in the breather and cut grass in the substation. Their general
inspection plan is shown in Fig. 2.4-6.

Erep Bubstation

Bdays  Wad 1408144 Wad 210214
Genecl ingpactiens and Claan up Bdayn  Wad 1410814 Wad TOEN4 |
gk done eozerding 1o Subsiation Inspecton snd Ched Lin 2dmys Wed 1400014 Thu 150814 |
Eoel Teg up Tor Stand By Ganast 2days Fri 18r08M4  Men 180514
Gy Ctog 2 days Tue 200814  \Wed 2105114
Guees Bubstation Teays  Thu J208M4 Frl 30/08/14
Gansn] Inepections and Chean up Tdays  Thu T105M4 Fri 3070514
Trovel Lee Gusep 1 day Ty 2270814 Thu 22/3014
Chasi dord acterding ' Subsinton Inspecton end Check Ligl 2 eayn Fri 2300014 Men 260514
Simca Gel Inspecion and change -1 Tua 271514 Tus 210514
Grast Cuting 2¢eys Wed ZBC3M 4 Thu 28/05/14
Troeld Cosap Les i dey Fr 30058/144 Frl 3000814
Hurmala Gubstatlon Tdaps  Mon 02084 Tue 1080814
Gararsl lnspectlons and Cleen up Tdeys  MonO2'08M4  Tue 10V08/TY
Travel Las Hamals 1day  MNeaGLOBMd Mon CRA06M 4
Chicd dera according 1o Sutsiaton Inspecton and Check Lin! 2 dayn Tua 0ACEM4 Wed 0408014
Skca Gal inspecton end change 1 day Thu0S064  ThuOSDE
Grasa Cuting 2days FrioBOR s, Mon OR0G8MY
Travet Hemats Laa 1dey  Tus 10844 Tus 10/08114

Fig. 2.4-6  Scheduled General Inspection Plan

In case they replace old facilities and
cope with faults, they procure the
necessary facilities for replacement
and usually proceed without the
manufacture’s help. Fig. 2.4-7 shows
the replacement of arresters on the
primary side transformer when JICA

Study Team visited the Taraka
substation.

Both the primary and secondary side
transformers were earthed during the
maintenance work. A safety belt was
attached and a ladder used to prevent

falling, emphasizing the importance

Fig. 2.4-7 Replacement of Arresters
of safety.

(d)

Current issues of Maintenance for substation

Management on the drawings of old facilities, particularly control circuits, seems to be
ignored. When some faults happen, it takes them a long time to determine the circuit.
Consequently, it seems that the recovery time is extended. Where some faults happen in
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the control circuit, drawing a control circuit is important to clarify the cause. If they try
to make the drawing after the fault happens, the recovery time is prolonged by the
duration. It is desirable for them to prepare and order the drawings before any emergency
happens. However, it is inefficient to survey all the drawings they have because it takes
too long. It is important to reserve drawings such as control circuit drawings, with which
the new control panels are installed and edit them when the panel is customized.

(3) Status and Issues for Operation and Maintenance for Distribution facilities

JICA Study Team performed a detailed investigation, which included interviews about day-to-day
operations work and maintenance in PPL LAE and extracted issues by accompanying fault
recovery work.

1) Current Status and Issues of operation work of the distribution line

(a) Current Status of operation work of distribution line

“Network Operations” in PPL LAE involve instructing the operator on the operation of
the 11kV distribution system.

¢ Network operation work
Network operation have issued instructions to operate the 11KV distribution system
to the substation operator and the team-leader of the lineman.

¢ Substation operator work
The substation operator has performed the operation involving turning the 11kV
Circuit Breaker (CB) on or off at the substation as instructed by Network Operations.

¢ Lineman Team leader work
The Lineman Team leader has also performed the operation of turning the switch on
the 11kV D/L on or off as instructed by Network Operations

Distribution system diagram (shown in Fig. 2.3-2 and Fig. 2.3-3) is essential for these
operations.

JICA Study Team checked that data, but distribution system diagram has not been
updated for six months.

Although a distribution system diagram has been updated by Network operation even
late six months.

Person of Network operation has personally modified distribution system diagram. JICA
Study Team was afraid about the occurrence of human error which may complicate the
system in future.

An updated distribution system diagram is basic data for distribution operation work.

JICA Study Team conducted interviews on the current situation with the team leader of
the workshop and conducted a field survey to completed distribution system diagram

JICA Study Team also interviewed the current team leader of workshop and conducted
a field survey.

The old distribution system diagram is shown in Fig. 2.4-8. An updated distribution
system diagram by JICA Study Team is shown in Fig. 2.4-9. An updated distribution
system diagram which is required for switching to transfer load and isolation of the
distribution section during fault or maintenance work, etc. is essential data. However, no
mechanism currently exists to systematically update the document for facilities
management.
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Source: PPL LAE

Fig. 2.4-8 Old Distribution System Diagram
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Fig. 2.4-9 Updated Distribution System Diagram

(b) Issue for operation work of distribution line

¢ Network operations
- There is only one person in charge of system operation in “Network operations”.
- Human error is likely to occur when the system is complicated in future.
- In the absence of the person assigned to instruct on system operations, which is
inconvenient, Ramu C/S should perform instructions as the agency.
¢ Distribution diagram & update system

- There is no clarification of rules and responsibilities which ensure updating of the
distribution system diagram

- When personnel changes and retirement are conducted, their successors must first
start determining the current distribution system from scratch

- There is no mechanism to prevent human error among operational personnel
- Human error is likely to occur when the system is complicated in future.

- Inoperable switches have not been indicated in the system diagram, despite installing
those switches in the current line.
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2) Current Status and Issues of Maintenance (construction) work for distribution facilities

(a) Maintenance structure for distribution system

(b)

(©)

Distribution systems are consisted of poles, H.V. lines, switches, lightning arresters,
transformers and L.V. lines and drop wires etc. and have spread to areas.

Distribution system maintenance, since the equipment is in contact with the customers,
many abnormalities occur information and facilities complaint.

Since the two offices (24Hrs service Call Center and workshop) is doing the maintenance

work.

Current Status of the maintenance work of 24Hrs service Call Center

- 24 Hrs. Service Call Center issues
a processing table (Fig. 2.4-10)
depending on the offer of more
customers.

- 24 Hrs. Service Call Center sends
the processing table except drop
wire relation to the corresponding
part.

- 24 Hrs. Service Call Center when
a D/L accident is performed early
patrol, perform certain fault point.

Although the maintenance work of
24 Hrs. Service Call Center is Drop
wire relationship, this study is
focusing on improving the supply
reliability of the H.V. D/L.

Accordingly, here, further
investigation will be omitted.

However, from the perspective of
using the equipment correctly when
preparing the master plan for the
distribution facilities, there is a
possibility of the transformer load
management becoming
significantly problematic in case of
increasing demand caused by
supply for new customers.

In that case, investigations for the

Fig. 2.4-10 Follow Up Request Form

Customer Service Team should be repeated.

Current Status and Issues of operation and maintenance work of workshop

a) Current Status of Maintenance work of workshop

- Replacement of defective equipment is the major maintenance work.
- Replacement of overload transformer.
- Replacement of defective equipment at the time of the D/L fault.
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3)

b)

In addition, a workshop as described above is also performing new construction
work. The workshop has not yet replaced the aging equipment as planned.

Organizational Structure of the workshop

The workshop, which divides the LAE district into three tissues as shown in Fig.
2.4-3, has performed the work by sharing each region in the Lines man group of 3
teams.

The distribution System diagram and route map of the D/L (H.V. & L.V.) are
important data to ensure the safety of construction and maintenance work.

However, the H.V. D/L route map has not been updated for more than a decade and
no route map of the L.V. D/L exists.

The latest information on the diagram and route map is memorized by each line man
team leader.

JICA Study Team is concerned about possible human error if the system becomes
more complex in future.

The updated D/L route map (H.V. & L.V.) is basic data for distribution system
maintenance and construction work.

JICA Study Team conducted interviews about current situation to the team leader
of the workshop and has completed the latest D/L route map (H.V.) based on the
field survey by themselves.

No replacement of the distribution equipment has yet been updated on the D/L route
map.

Distribution equipment is subject to significant variation in factors, e.g. extended
by switching and new loads based on load situations or accidents, but no data update
mechanism.

The old route map (H.V.) is shown in Appendix B-5. An updated D/L map (H.V.)
by JICA Study Team is shown as Fig. 2.3-2 and Fig. 2.3-3.

Issues of workshop maintenance and construction

- The D/L map has not been updated since ten years ago and is just memorized by
the team leader.
(The D/L map is the basis for distribution system maintenance and failure to
update to the latest version may lead to injury)
(Information not taken over in the event of absence or when personnel changes,
retirement of team leader)
(Not changing the shared area of the team)

To develop a future plan, first, there is a need to collect information on existing
facilities.

However, in the system diagram, the mechanism of current facility management
was insufficient.

JICA Study Team took the time to conduct a field survey.

Current Status and lIssues for Operation and maintenance in distribution systems
during accidents

Encounters in D/L accidents during the second survey were conducted for research from
accident exploration to recovery and power re-supply.
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Describe the actual situation and problems
of maintenance and operation from this
work series.

(a) Accident overview

Ground faults by H.V. line anchor
points with one conductor coming off
due to corrosion of the wooden arm,
as shown in Fig. 2.4-11.

Fig. 2.4-11 Distribution Accident Overview

Date & time : 27, February, 2015
Place . Lae city Milford Feeder No. 4

Process : 08:55 Milford Feeder No. 4 (11kV) Trip (Relay function : phase B O.C & Earth fault)
09:00 Milford S/S has informed Trip information to 24hrs Service Call Center
09:05 Milford S/S operator has turned on Milford feeder No. 4 (11kV) by manual.
Milford Feeder No. 4 (11kV) re-Trip
09:20 2 Call Center Worker has started patrol
09:26 Worker found out the utility pole over than 2 span from ABS173 and confirmed the Cross arm
corruption. Worker informed accident location to Milford S/S operator in radio. Patrol car

directly went to accident location. (It seems a patrol car knew the information of accident
location)
09:40 Network operator has order turning off ABS173.
Work shop lineman has turned off ABS173. (Operation on no power)
10:06 Milford S/S operator has turned on Milford Feeder NO.4
Power supply completion from Milford S/S to ABS173 (Corresponding to B in Fig. 2.4-12)
13:26 Wooden Arm replacement completion
13:32 Turned on ABS173 (on hot line)
Feeder No. 4 Entire interval power recovery (Corresponding to C in Fig. 2.4-12)

Power supply interval :

Power supply
The event of No Power
an accident [A]
Temporary Power Power supply
Supply[B]
After Recovery[C] | : Power Supply
To Feeder To Feeder
No, 1 No. 1
FI?IEdlelkV) : Q TABSS? T ABS i ABSLTL off
0. ABS173 o in in
Milford a O O

SIS ‘ l | l N * l 1 l (o >
(Milford Feeder No.4)
O ABS (Air-Break Switch)

Source: JICA Study Team

Fig. 2.4-12 Power Recovery Situation and Accident Interval
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(b) Issue for operation in distribution line accident

On this accident, Worker had the information of the accident location.

So, the temporary power supply has been completed in a short time.

However, Recovery step that is according to the accident recovery procedure of PPL
(shown in Fig. 2.4-13) is shown as bellow.

Step 1:

Step 2: Turn off ABS 37
Turn off Milford No4 CB.
Turn on ABS 173.
Turn on Milford No4 CB.

Turn off ABS 173 and Turn on Milford No4 CB.

Also, JICA Study Team has interviewed from PPL Head Office operation department
that PPL implement the emergency power supply except for the fault section.

But, PPL has never implemented the emergency power supply.

SYSTEM CONTROL

Following will be the steps taken by system controller or HV operator and the restoration procedure for
restoring of a distribution feeder after it trips

STEP 1

the result

One aitempt is made to close the feeder circuit breaker
from remote control and then proceed depending on

4L

CONDITION
Feeder circuit breaker closed and holds in ok

L

STEP 2

on this fe

HV operator provides the relays that have registered

eder circuit breaker

—

CONDITION

Feeder circuit breaker fails to close
STEP 2

HV operator;

(a) provide the relays that have registered on
this feeder circuit breaker panel

(b) organise line patrol

(c) sectionalise feeder line

I L

STEP 3

Make one aitempt to close the feeder circuit
breaker

CONDITION

Feeder circuit breaker closes and holds in OK

STEP4

Continue with line patrol beyond the isolated
point until fault is located, cleared and part of
the feeder is restored

Fig. 2.4-13 System Operation Procedure for Fault Location
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This process is that D/L has not been connected with other D/Ls in rural areas.
In this case, this process is an effective process.

However, there are many connected with other D/Ls in urban areas.

The immediate power supply is desired in urban area.

It is not be said to be an effective recovery method as viewed from the side of power
supply reliability.

In other words, when a D/L accident occurs, quickly power supply for healthy section is
an important concept.

JICA Study Team has also interviewed from PPL Head Office operation department that
the emergency power supply except for the accident interval is an important concept.

In a series of operation work in this D/L accident, temporary power supply interval is
only up between substation and ABS173.

After confirming fault point

STEP1: Turned off ABS173 and ABS37
STEP2: Turned on Milford No4
STEP3: Turned on ABS 171

This Step means the minimization of accidents blackout section.
That is to improve the power supply reliability.

[ Matters to be upgrading facilities to improve the supply reliability by such operations |
1s as follows;

- A section of the D/L should be to standardize
- Adoption section switch that can do load break
- The connected point with other D/L is to install the switch that can do load brake

- To ensure the rated current of feeder of D/Ls, the conductor-size should be to the
proper size

[ Matters to amend the manual of system control to improve the supply reliability by
such operations ] is as follows;

- Establishment of temporary power supply

(c) Current status for construction work for repair
a. The concept of safety
¢ Earthing for safe work
- PPL Process (The procedure performed by lines men)

- STEP1 Installing terminal of earthing shown in Fig. 2.4-14 (A) on conductor on
the power supply side the working section

- STEP2 Implanting an earthing rod into the ground (shown in Fig. 2.4-14 (B))
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(A) Mount work ground (B) Implanting ground rod
Fig. 2.4-14 Repair Works

Above mentioned procedure is improper. Proper procedure is as follows:
Recommended procedure

STEP1  Implanting a ground rods into the ground
(ensuring the earth potential for safety)

STEP2  installing the earthing terminal on conductor

[ Safer installation ground ]
To ensure the safety of the work area, it is necessary to attach the ground at the both
side of working area (Protection to the power supply from the other D/L)

b. Lack of equipment and tools
¢ Lack of tools

This work is one replacement work of the double arm on steel pole. (Shown as Fig.
2.4-15 (A))

The workshop line man team has only 2 Wire Clampers (Fig. 2.4-15 (B)).

If workshop lineman team has 3 Wire Clampers, it is not necessary to repeat the
conductor holding work.

¢ Lack of equipment
[ Tool bag ]

When the worker has rose to the pole, the worker has minimum quantity tools for
safety.

After rising the pole, the worker has lift up the tools and materials from the ground
by the rope.

On lifting up, some of these was falling down.

If PPL worker has used tool bag (shown as Fig. 2.4-15 (C)) with a rope to put the
tool bag, it is possible to prevent falling.
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(B) Clamper

(A) Pulling conductor by Clamper (C) Tool bag
Fig. 2.4-15 Repair Tools

(A) Lifting arm by rope (B) Lifting insulator by rope

(C)Work on pole
Fig. 2.4-16 Work on Pole
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These Photos (Fig. 2.4-16) has
showed work on the pole.

In this case, the worker should use
the platform on pole for the secure.

It is not recommended to ride on the
conductor, because there is a
possibility of conductor broken or

the like.
In this case, the using of the
platform (shown as Fig. 2.4-17) on Fig. 2.4-17 Platform on Pole

the pole has ensured the safety for
the work area.

¢ Effective use of equipment

The aerial work platform is used for
L.V. hot working (Fig. 2.4-18) in
workshop of PPL Lae.

H.V. line working are carried out in
a power outage work

Accordingly, if PPL use such aerial
work platforms, PPL will be able to
implement a safe and efficient work.

(d) Issue for maintenance and construction

work Fig. 2.4-18 Aerial Work Platform

- Safety method of construction interval does not correspond to the change in equipment.
- Tool is missing the number of members when performing a standard work.

- Tool is insufficient

- Effective use of equipment is not able to others.

JICA Study Team got the information of any overload transformers from workshop

The reason that there are overload transformers, seems not to be load management of the
transformers.

For load management, to consider whether done in On the Job Training (OJT) to further
investigation of the current way.
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2.5 POWER LOSS OF POWER SYSTEM
2.5.1 Outline of Power Loss of Power System in the Lae Area
According to the FIFTEEN-YEAR POWER DEVELOPMENT PLAN (FYPDP) Ramu POWER
SYSTEM (2014-2028) PPL, System losses of the Ramu system! is 21.23%. However, breakdown
of losses such as power consumption from station use is unknown.
Clarification of power loss in a general way is as shown in Fig. 2.5-1.
Power
Generator Flow
Power station use
A AN
132kV
Transmission line, Distribution
— transformers lose and
NN\ .
—_—t substation use.
66kV
B T O it ——
11kV [Technical losses] [Non-technical losses]
Distribution line and | | Surreptitious use, Tariff
distribution arrears and Tariff
transformers loss exemptions
Customers
Fig. 2.5-1 Classification of Power Loss
2.5.2 Distribution Loss and Remedial Measures
Distribution loss is classified in a general way as follows:
(1) Technical loss

Resistance loss is caused by the electrical resistance of cable and varies in proportion with the
square of current. In developing countries, it is thought to be a generally high level. This is because,
even if the demand increases, there is a tendency to refrain from increasing the capacity of
transmission and D/Ls and consequently to supply power in an overload status as well as to
unreasonably extend D/Ls to curtail costs.

Transformer (iron) loss arises due to the iron cores of transformers. It varies in proportion with the
transformer capacity, but is unrelated to the size of load. Even though they have the same capacity,
transformers built in recent years have less iron loss than those built 30 or more years ago. There
have also appeared low-loss models using an amorphous type of iron core.

1 Power loss is calculated as the difference between generated energy and energy sold in PPL.
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(2) Non-technical loss

While the definition of non-technical loss varies with the country, the three basic types are
surreptitious use, tariff arrears and tariff exemptions.

The term "surreptitious use" (power theft) refers to illegal use of power by a customer via supply
that is not routed through the meter. Consequently, this use is not included in the amount of power
sales measured by the meter. There are two kinds of tariff arrears (non-collection): 1) that from
cases in which the power utility cannot collect charges for the amount of power use measured by
the meter (i.e., non-payment) and 2) that caused by mistaken measurement by defective meters.
The term "tariff exemptions" refers to the practice of supplying power free of charge to
governmental agencies as well as for street lights and other public facilities. In some countries, it
is not counted as loss.

©)

Distribution loss T Technical loss L Resistance loss
Transformer (iron) loss
Non-technical loss Surreptitious use
Tariff arrears
Tariff exemptions

Fig. 2.5-2 Classification of Distribution Loss

Measures to reduce technical loss

Table 2.5-1 outlines specific measures to reduce technical loss in distribution systems. Distribution
loss requires an area-wise implementation of these measures, which can have an enormous effect
for reducing loss. Considering the cost-benefit factor, it would therefore be uneconomical to
undertake construction aimed solely at loss reduction; it is the normal practice to execute the
measures along with other construction. For this reason, it would be more realistic to view
measures for reduction of technical loss with a timeframe of about 10 years as opposed to the
shorter term.

The following table presents the findings of analysis and examination in this development study
for distribution loss in the Lae area.
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Table 2.5-1 Power Loss

Actual situation of the distribution network in the Lae area

Classification
Causes Area Actual situation, evaluation and Measures
Demand density is from 0.39 to 8.29 MW/m?. Length of D/L is 8 km
Urban | O @verage. .
Area Ther'e are no prob.lems causec'i by' mismatch between the demand
density and the equipment specification.
Low Not necessary to take a measure in the short term improvement plan.
demapd Low-capacity load is scattered over a wide area and 22kV D/Ls are
density extended for long distances (over 60 km) from Nadzab S/S.
Rural |In the long-term future, some measure may be required, but, in the
Area short term, there is no cost performance. Accordingly, when increasing
in a load of the D/L in rural area remarkably, consideration will be
required again.
" From the perspective of the result of demand forecast until 2030, there
o Urban [ is reasonable to reinforce the distribution network as existing voltage
i area (11kV). If the system voltage is changed to 22kV from 11kV, the huge
2 .% Improper cost for re-construction is required.
j = voltage From the perspective of the result of demand forecast until 2030, there
% g Rural | is reasonable to reinforce the distribution network as existing voltage
7 > Area (22/11kV). If the system voltage is changed to more than 22kV from
E =~ existing voltage, the huge cost for re-construction is required.
= Thin conductor with Apple or Banana (Cross-sectional area of 49.5 or
S 77.3mm?) are used for the trunk parts of D/Ls. This is presumably
N Urban . . . .
arca causing the resistance loss on trunk lines of thin conductgr.
Improper The measure is required. Thin conductors on the trunk line replace to
conductor proper conductor size in short-term distribution improvement plan.
size Thin conductor with Cherry (Cross-sectional area of 120mm?) are used
Rural | for the trunk parts of D/Ls.
Area However, from the perspective of the amount of load (0.99MW), the
effect with conductor size up is not expected so much.
Urban | Result of power quality measurement, imbalanced current between 3-
Imbalanced area phases are not measured. There is no problem.
current among Rura] | I this stage, there is no data, when increasing in a load of the D/L in
3-phases. Area | fural area remarkably, consideration will be required again.
- Urban There are apparently many cases of installation of transformers with an
§ o = Area extremely high capacity as compared to the total demand, even in area
E« S g that have a small demand at present and no firm prospects for a major
g 2| 2 é Large-capacity increase in the future.
:é = é % transformers Rural In the long-term future, some measure may be required such as demand
z A& Aura management method at distribution transformers,
E ea | JICA Study Team continue the survey about this issue and consider in
the technical guidance stage.
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2.6

26.1

2.6.2

FAULT RECORD ANALYSIS

In the first field survey, our study team collected the one year record of the outages in the Lae area
distribution network from October 2013 to September 2014. The record is collected in Operation
system department in POM. Our study team analyzed this record to clarify the issue of Lae area
distribution network.

The Outline of the Outage Record

Operation system department in POM collect records by one outage of one D/L. For example, 6x
are counted in case of the outages in all 6 D/Ls of Milford S/S due to the T/L fault.

One record is shown in Fig. 2.6-1. This figure shows that Milford S/S F1 is off from 8:05 to 9:23
on 1/0Oct/2013.

Source: PPL

Fig. 2.6-1 Record of Distribution Outages

Our team select the following record to clarify the issue on the Lae area distribution network.

Target records for analysis: outage records from 1/0ct/2013 to 30/Sep/2014 in Taraka and Milford
S/S (Total number of outages is 2919)

Clarification of Outages by PPL

PPL classifies the causes one by one. Classification by PPL is shown in Fig. 2.6-2.
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A

Al
A2
A3

B

B1
B2
B3
B4

C

C1
C2
C3

D
D1
D2
E

F
N

CAUSE SYMBOLS for OFR

HUMAN AGENCY

Vehicle, etc. striking poles or conductors. Switching (including switching overload), testing,
vandalism, falling trees on equipment, failing to carry out routine task.

PPL personnel responsible

Other than PPL personnnel responsible

Acts of Vandalism

FORCES OF NATURE

Trees or part thereof

Other than trees or part thereof

Lightning

Not found during storm (but attributed to storm conditions).

APPARATUS FAILURE

PPL equipment.

Consumers and other authorities responsible
Poles and Cross arm fires

OVERLOAD
PPL responsible — Load shedding.
Consumers and other authorities responsible.

BIRDS/ANIMALS

UNKNOWN
il found (other than B—4)

Source: PPL

Fig. 2.6-2 Cause Symbols

In accordance with these cause symbols, the outage records are classified in Table 2.6-1.

Table 2.6-1 Clarification of Outages by PPL

Source: JICA

C1 (Apparatus Failure-PPL equipment):59%,
D1 (Overload-PPL responsible — Load shedding):23%

The number of these two causes is larger than the others.

Study Team

However, this result can only inform that there are many apparatus failures in PPL. It is impossible

to know what kind of apparatus have failures.
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2.6.3 Classification of Outages by JICA Study Team

It is impossible to clarify the issue from PPL’s way of classification.

The records are classified according to the equipment segment that triggered the outage of D/Ls
such as generator, transmission and distribution equipment from the Remarks column. The
classification example and classification result are shown below.

Classification example

Remarks column

Classification

“Tripped on U/F caused by Ramu U3 TRIP” | “Other than distribution - Generator”

“Fdr on b/o due to L601 fault”

“Other than distribution - Transmission”

“Fdr L/S to improve system frequency”

“Other than distribution — Generator or Transmission”
(there is no relation between frequency and distribution)

“Fdr tripped on E/F”

“Distribution”

U/F : Under Frequency Fdr : Feeder b/o : Black Out
L/S : Load Shedding E/F : Earth Fault

Table 2.6-2 Classification of Outage Records

Generator 1578

g;g?ééﬁi?l Transmission 313
Generator or Transmission 582

Distribution 343

Others (impossible to classify) 103
Total 2919

Excluding 103 outages classified in the Others (impossible to classify), the number of outages due
to the Distribution is 343 (12%) of 2816. The number of outages due to the Other than distribution

is 2473 (88%).

This result shows the outages in the Lae area distribution network are mainly caused by Other than
distribution such as generator and transmission.

For reference, System Average Interruption Frequency Index (SAIFI) and System Average

Interruption Duration Index (SAIDI)

calculated by each facility is shown in Fig. 2.6-3.
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SAIFI (Total 265 times/customer/year) SAIDI (Total 13490 minutes/customer/year)
Source: JICA Study Team

Fig. 2.6-3 SAIFI and SAIDI (Each Facility)

2.6.4 Analysis of the Outages due to Reasons Other than Distribution
This section shows the process of the outages caused by generator and transmission.
(1) Outage caused by Generator

1578 outages caused by generator are classified to the three types, “Operation of frequency relay”,
“Load shedding” and “Others”. Table 2.6-3 shows the classification.

Table 2.6-3 Classification of Outages caused by Generator

Example of Remarks column Classification Number
Tripped on U/F caused by Ramu U3 TRIP Operation of frequency relay 952
Fdr L/S due to generation shortfall Load shedding 504
Ramu US trip Others 122

Source: JICA Study Team

The number of outages classified to Operation of frequency relay is 952. In Ramu system, due to
the large single machine capacity of the generator against the system capacity, the frequency of the
system varies greatly when the single generator trips. Frequency relays installed in the D/Ls are
set to 48Hz. If the frequency decreases more than 2Hz from 50Hz due to the trip of generator,
frequency relay operates and D/Ls are tripped.

In this way, a failure of the generator is affecting the D/L.

As system capacity of the Ramu system increases in the future, accidents of this nature are expected
to decrease. However, it is considered that this condition persists for a while. To reduce the outages
caused by generator, the reduction of the failure in the generator which trigger the distribution
outages is the most important.

The number of outages classified to Load shedding is 504.

Due to generator failure or less supply capacity, the balance of supply and demand is lost.
Consequently, the load shedding is conducted on a command of the system operator in Ramu.
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(2)

3)

2.6.5

For other cases, how the generator affected the D/L is not described. It is considered most of other
cases are classified to Operation of frequency relay or Load shedding.

From the above, the reduction of the generator fault is the key to reduce the number of outages
caused by generator.

Outage caused by Transmission

313 outages caused by transmission are classified to the two types, “L601 trip” and “Others”.
Table 2.6-4 shows the classification.

Table 2.6-4 Classification of Outages caused by Transmission

Example of Remarks column Classification Number
Fdrs on black out when L601 tripped L601 trip 169
Fdr tripped off when Taraka TX-1 CB tripped open Others 144

Source: JICA Study Team
The number of outages classified to L601 trip is 169. The number of outages caused by
transmission is less than ones caused by generator but the outage duration per once is longer.
Most of the power supplied to Lae area supplied by one of the T/Ls from Ramu power plants.
Accordingly, when the T/L is tripped due to the contingency such as the lightning fault, power

supply to the D/L is interrupted.

To improve this situation, it is necessary to reinforce the T/L so as to continue supply during single
line fault. Specifically, it is necessary to make double circuit T/L from Ramu to Lae area.

Currently, the project to reinforce the T/L of the Ramu system is planned in yen loan. After the
completion of the construction, the number of outages caused by transmission is considered less.

Outage caused by Generator or Transmission

The outages whose cause is not written clearly in Remarks column but is considered generator or
transmission are classified to this category. Total number is 582. The number of outages related to
the frequency drop is 456 (78%). Events as described in 4.1 and 4.2 appears to be going on.

Analysis of the Outages caused by Distribution

343 outages caused by distribution are classified to the four types, “Defect of facilities”, “Nature”,
“Human” and “Others”.

SAIFI and SAIDI calculated from the outages caused by distribution is shown in Fig. 2.6-4.
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SAIFI (Total 42 times/customer/year) SAIDI (Total 2581 minutes/customer/year)
Source: JICA Study Team

Fig. 2.6-4 SAIFI & SAIDI (Distribution)

Consequently, the most of the outages are classified to Others. 80% of the others described only a
relay operation. It is impossible to find out the cause of the outage. The cause of the outage is not
written or they cannot find the cause of the outage.

Defect of facilities was the next many number of supply interruptions cause. From the Remarks
column, it is read that the power outage is caused by a variety of equipment such as arm, DOF and
ABS. The proportion of the outage due to equipment failure is not so large.

From the above, it can be said that it is difficult to reveal the major cause of the D/L fault from the
outage data of PPL.

In addition, of the 343 times, more than one hour of power outage was 123 times. Their total power
failure time is 399 hours, average power outage time is 3.2 hours.

2.6.6 Summary of Fault Record Analysis
As mentioned above, the following is clarified from outage record.
- Outages caused by power generation or transmission are 88% of the total.
- Outages caused by distribution are 12% of the total.
- It is effective to reduce the failure of the generator and enforce T/L to reduce the outages.
- For the outages caused by distribution, there are more than 50 percent of the total whose cause
is unknown or not written.
To collect a better statistical record to analyze the cause of outages and plan the measures, the
following things are recommended.
(1) The record should be classified to the each facility which triggered outages same as the above
mentioned.
However, distribution outages due to the fault of Ramu power plant are almost happening at
the same time in various places of the Ramu system. Accordingly, in the current Ramu system
without a SCADA system, it is difficult to figure out what triggered the blackout. Now, PPL
get in touch with the various places by phone and consider what happened. In the future, after
introduction of a SCADA system, it is possible to record automatically the change and the
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2.6.7

alarm of the Ramu system. That record makes it easy to determine accidents and collection
outage data.

(2) The cause of the fault should be recorded in detail.

In the future, to reduce the number of outages, it is important to identify the cause and develop
a countermeasure. The equipment which triggered outages such as arm and ABS is written in
some records but only the operation of protection relay is described in more than half of the
records. Since the events that triggered the protection relay operation is the key information,
it is desirable to record it in detail as much as possible.

Policy of Short-Term Distribution Network Improvement Plan from this Analysis

This result shows that it is difficult to clarify the main cause of the outage in the Lae area
distribution network from this outage record. The measures for individual outage cause such as
deterioration, lightning, salt contamination, etc. cannot be specified without sufficient statistical
data.

In short-term distribution network improvement plan, JICA Study Team focuses to reduction of
outage duration rather than reduction of outage frequency to improve the supply reliability.
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2.7 POWER DEMAND IN THE LAE AREA

Power demand of each 11kV feeder is being recorded manually by the operating staff of PPL Lae
at Taraka substation and Milford substation.

2.7.1 Recording Method of Power Demand within the Distribution Network

Recording method of power demand, Location of measurement point by each feeder power
demand are shown in Table 2.7-1 and Fig. 2.7-1.

Conversion from current (A) to power demand (MW) is applied by the following expressions.

Power demand (MW) = Current (A) / 65.6

Source: PPL

The above-mentioned expression can be interpreted to be the following:

Power demand (MW) = Current (A) x 11 (kV) x+/3 x0.8 [Power Factor] / 100,000

Source: JICA Study Team

Table 2.7-1 Recording Method of Power Demand

Items Taraka S/S Milford S/S
Record Interval 1 hour 30 minutes
Record Items Power Demand (MW) Power current (A)

Number of Feeders
(Transmission line)/ Voltage

5 Fdr. (Taraka)/11kV
1 Fdr. (Nadzab)/66kV

6 Fdr. (Milford)/11kV

Method of Record Manual (Visual inspection)
In charge of Record Operators of substation
Source: JICA Study Team
From RAMU P/S, Erap SS 132kV
Taraka S/S
n (~) 132/ 132/
v 11kV 11kV 1
Nadzab S/S | l
S—; B
11kVFdr.1 to 5 (Taraka)
Milford S/S
= 66/
11kV
Legend I
wvs : Measurement Point

EI : Diesel Engine Generator

: Gas Turbine Generator

Fig. 2.7-1 Location of Measurement Point by Each Feeder Power Demand

11kV Fdr.1 to 6 (Milford)

Source: JICA Study Team
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Fig.

.7-2  Examples of Record Sheets for Power Demand

Source: PPL

Fig. 2.7-3 Example of Ampere Meter on 11kV Distribution Board (Milford S/S)
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2.7.2

Power Demand on each Distribution Feeder

Power demand in 2014 by each feeder are shown below. Moreover, a detailed graph of power
demand per feeder are shown in Appendix B-6.

(1) Power demand per feeder (Maximum, Average)
Maximum power demand of Taraka S/S and Milford S/S by each feeder are shown in Fig. 2.7-4,
Table 2.7-2 and Table 2.7-3. Average power demand of Taraka S/S and Milford S/S by each feeder
are shown in Table 2.7-4 and Table 2.7-5.
The changing by the season seems a few. And the biggest amount of power demand is February
2014 (6.45 MW: Feeder No. 4).
Fig. 2.7-4 indicates that any characteristic pattern does not appear with regard to changes in the
load curve through one year.
Further Fig. 2.7-5 indicates that there is large difference for load of each power D/L and there is at
most about 2x of differential. This difference should be improved.
7.0
6.0
. 5.0
2
s
<40
]
3 -
5 3.0
e
3
%20
1.0
0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Taraka S/S Fdr.1 Taraka S/S Fdr.2 Taraka S/S Fdr.3 Taraka S/S Fdr.4
Taraka S/S Fdr.5 e Milford S/S Fdr.1 e \ilford S/S Fdr.2 e \lilford S/S Fdr.3
e \ilford S/S Fdr.4 e \ilford S/S Fdr.5 e \ilford S/S Fdr.6
Fig. 2.7-4 Maximum Power Demand per Feeder in 2014
Source: PPL Material arranged by JICA Study Team
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Table 2.7-2  Maximum Power Demand per Feeder in 2014 (1)

(Unit: MW)

TS Sub Nadzab MlSl/fgrd Total2
Fdr.1 | Fdr.2 | Fdr.3 | Fdr.4 | Fdr.5 total3 S/S Fdr.1 Subtotal

January - 3.51 3.89 4.88 4.70 16.97 0.00 24.02 41.00
February - 3.99 3.94 6.45 4.47 18.85 0.00 23.52 42.37
March 1.80 2.98 3.04 4.45 4.31 16.58 0.47 24.22 41.27
April 2.54 3.19 431 5.02 3.96 19.02 0.99 22.79 42.80
May 2.06 3.92 3.13 4.98 3.88 17.97 0.35 25.61 43.93
June 1.90 4.52 2.05 5.09 3.51 17.07 0.84 26.49 44.40
July 1.77 4.02 3.62 4.99 3.96 18.35 0.98 21.37 40.70
August 1.61 2.76 3.89 4.58 3.37 16.22 0.59 23.03 39.84
September 2.56 2.93 3.89 4.62 3.85 17.84 0.46 24.56 42.85
October 2.39 2.77 3.13 5.20 3.51 16.99 0.81 24.28 42.08
November 2.23 2.86 4.94 4.59 4.37 18.98 0.41 25.90 45.29
December 1.54 3.35 2.54 5.14 4.26 16.83 0.92 13.56 31.31
Max. 2.56 4.52 4.94 6.45 4.70 19.02 0.99 26.49 46.50
Ave. 2.04 3.40 3.53 5.00 4.01 17.64 0.57 23.28 41.49

Source: PPL Material arranged by JICA Study Team

Table 2.7-3 Maximum Power Demand per Feeder in 2014 (2)
(Unit: MW)

Milford S/S
Fdr.l1 | Fdr.2 | Fdr.3 | Fdr4 | Fdr.5 | Fdr.6 | Sub-total4
January 442 4.38 4.59 5.08 2.23 3.34 24.02
February 421 341 5.38 6.01 2.90 1.62 23.52
March 4.12 3.46 541 5.81 3.95 1.48 24.22
April 4.07 3.45 5.30 5.56 2.79 1.62 22.79

May 4.56 3.17 4.79 5.93 4.53 2.64 25.61
June 4.45 4.01 6.05 5.08 4.56 2.35 26.49
July 4.53 2.82 4.48 4.86 3.11 1.57 21.37

August 4.18 3.05 5.90 5.98 2.85 1.08 23.03
September | 4.10 3.84 5.06 5.11 4.51 1.94 24.56
October 4.48 3.35 4.65 5.35 3.51 2.94 24.28
November | 4.13 3.48 4.85 5.81 4.21 343 25.90
December | 4.38 3.00 4.65 5.79 4.28 4.25 13.56
Max. 4.56 4.38 6.05 6.01 4.56 4.25 26.49

Ave. 4.30 3.45 5.09 5.53 3.62 2.35 23.28
Source: PPL Material arranged by JICA Study Team

2 Total (MW) = Sub Total [Taraka S/S](MW) + Nadzab S/S/ Fder.1 (MW) + Subtotal [Milford S/S](MW)
3 Subtotal (MW) = Taraka S/S (Fdr.1 (MW) + Fdr.2 (MW) + Fdr.3 (MW) + Fdr.4 (MW) + Fdr.5 (MW))
4 Subtotal (MW) = Milford S/S/(Fdr.1 (MW) + Fdr.2 (MW) + Fdr.3 (MW) + Fdr.4 (MW) + Fdr.5 (MW) + Fdr.6 (MW))
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Table 2.7-4  Average Power Demand per Feeder in 2014 (Taraka S/S)

Unit: MW)
Fdr.1 Fdr.2 Fdr.3 Fdr.4 Fdr.5 Max.
January - 2.95 2.72 3.18 3.79 3.79
February - 3.09 2.53 4.06 3.16 4.06
March 1.15 2.15 1.16 3.31 3.04 3.31
April 1.31 2.05 1.11 3.26 2.53 3.26
May 1.35 2.10 1.08 3.45 2.46 345
June 1.09 1.96 1.05 3.24 2.27 3.24
July 0.99 1.93 1.16 3.19 2.23 3.19
August 1.04 1.94 1.37 3.19 2.34 3.19
September 1.13 2.02 1.06 3.20 2.38 3.20
October 1.14 1.96 1.09 3.33 2.13 3.33
November 1.04 1.97 1.29 3.44 1.39 3.44
December 1.03 1.98 1.01 3.21 1.00 3.21
Max. 1.35 3.09 2.72 4.06 3.79 4.06
Ave. 1.13 2.17 1.39 3.34 2.39 3.34

Table 2.7-5 Average Power Demand per Feeder in 2014 (Milford S/S)

Source: PPL Material arranged by JICA Study Team

(Unit: MW)
Fdr.1 Fdr.2 Fdr.3 Fdr.4 Fdr.5 Fdr.6 Max.
January 2.39 1.81 2.38 2.49 1.21 1.25 2.49
February 2.68 1.67 2.75 2.90 1.64 0.63 2.90
March 2.45 1.88 2.78 2.63 1.59 0.73 2.78
April 2.37 1.87 2.68 2.78 1.56 1.12 2.78
May 2.77 1.80 2.79 2.68 1.77 0.87 2.79
June 2.18 1.23 3.28 2.58 2.29 1.49 3.28
July 2.49 1.54 2.33 2.58 1.52 0.77 2.58
August 2.54 1.67 2.72 2.89 1.70 0.77 2.89
September 2.38 1.66 2.44 2.71 1.79 0.78 2.71
October 2.44 1.78 2.54 2.95 1.82 1.04 2.95
November 2.57 1.85 2.45 3.12 2.02 1.98 3.12
December 2.60 1.54 2.31 3.00 2.21 1.91 3.00
Max. 2.77 1.88 3.28 3.12 2.29 1.98 3.28
Ave. 2.49 1.69 2.62 2.78 1.76 1.11 2.78

Source: PPL Material arranged by JICA Study Team
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Fig. 2.7-5 Ratio of Average Power Demand per Feeder in 2014
Source: PPL Material arranged by JICA Study Team

(2) Coincident maximum power demand per substation in the Lae area

Coincident maximum power demand in the Lae area and Ratio of Coincident average power
demand per substation in the Lae area are shown in Fig. 2.7-6 and Fig. 2.7-7.

Coincident maximum power demand by substation and Coincident maximum power demand in
the Lae area are shown in Table 2.7-6 and Table 2.7-7.

Fig. 2.7-7 indicate that the utilization rate of the transformer in Taraka substation is about 38% and
about 50% in the Milford substation.
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Fig. 2.7-6  Coincident Maximum Power Demand in the Lae Area (2014)
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Fig. 2.7-7 Ratio of Coincident Average Power Demand per Substation in the Lae Area (2014)

Table 2.7-6 Coincident Maximum Power Demand by Substation in 2014
(Unit: MW

Coincident maximum Average of Coincident
power demand power demand
Taraka | Milford | Nadzab | Taraka | Milford | Nadzab

S/S S/S S/S S/S S/S S/S

January 15.49 16.11 0.00 12.59 9.18 -

February 18.42 20.40 0.00 12.73 10.29 -
March 13.95 20.21 0.47 10.32 11.22 0.20
April 15.54 21.09 0.99 10.01 12.06 0.20
May 14.22 20.12 0.35 10.33 12.58 0.18
June 13.44 21.94 0.84 9.43 12.76 0.19
July 13.53 17.92 0.98 9.37 10.85 0.19
August 14.44 19.86 0.59 9.81 11.88 0.21
September 14.60 19.28 0.46 9.48 10.76 0.16
October 13.44 21.85 0.81 9.51 12.07 0.17
November 16.99 22.14 0.41 9.06 13.02 0.19
December 11.63 22.36 0.92 8.10 12.97 0.20
Max. 18.42 22.36 0.99 12.73 13.02 0.21
Ave. 14.64 20.27 0.57 10.06 11.64 0.19

Source: PPL Material arranged by JICA Study Team
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Table 2.7-7  Coincident Maximum Power Demand in the Lae Area (2014)

(Unit: MW
Coincident power demand in Lae
Maximum Average

January 31.37 10.41
February 3243 13.15
March 33.43 15.84
April 34.58 21.22
May 34.02 20.25
June 34.04 22.34
July 29.01 18.42
August 32.54 21.77
September 31.23 18.94
October 33.18 18.70
November 32.77 21.97
December 33.24 20.79
Max. 34.58 22.34
Ave. 32.65 18.65

Source: PPL Material arranged by JICA Study Team
(3) Diversity factor between feeders in the Lae area

The diversity factor between feeders was calculated by the following definitions.
Diversity factor between feeders is shown in Table 2.7-8.

Diversity factor between feeders in the Lae area = Total of maximum power demand per feeder5
[MW]*/ Coincident maximum power demand in Lae6 [MW]**

Table 2.7-8 Diversity Factor between Feeders

Total of maximum power | Coincident maximum power Diversity factor
demand per feeder MW]* demand in Lae [MW]** s
January 41.00 31.37 1.31
February 42.37 3243 1.31
March 41.27 33.43 1.23
April 42.80 34.58 1.24
May 43.93 34.02 1.29
June 44.40 34.04 1.30
July 40.70 29.01 1.40
August 39.84 32.54 1.22
September 42.85 31.23 1.37
October 42.08 33.18 1.27
November 45.29 32.77 1.38
December 31.31 33.24 0.94
Max. 46.50 34.58 1.40
Ave. 41.49 32.65 1.27

Source: JICA Study Team

5 Refer to Table 2.7-2 and Table 2.7-3.
6 Refer to Table 2.7-7.
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From the above-mentioned, diversity factor 1.27 of average should be adopted in Section 4.3.

2.7.3 Load Curve Pattern

The patterns of Load curve are shown as follows:

(i) Daily Load Carve Pattern by feeders (Taraka S/S) Fig. 2.7-8
(i) Daily Load Carve Pattern by feeders (Milford S/S) Fig. 2.7-9
(iii) Daily Load Carve Pattern (Taraka S/S and Milford S/S) Fig. 2.7-10
(iv) Daily Load Carve Pattern in the Lae area Fig. 2.7-11

The daily load carve pattern shows quite different pattern between the use of electricity of the load
of Milford S/S and Taraka S/S. The load of Milford S/S is seen by the load curve on Monday -
Friday for industrial area. The load of Taraka S/S is seen by the lighting peak at 18-19 o'clock for
residential area.
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2.8

28.1

2.8.2

)

POWER QUALITY MEASUREMENT
Purpose

According to the past report’, harmonics were measured in Lae city. Since the actual condition of
harmonics must be assessed, the purpose of this measurement is to determine the effect of the
harmonics (low order to high frequency) in Lae city. In addition, a long-term power quality
measurement in Lae city was performed.

Power quality measurement was performed in the following schedule
¢ First survey (Nov/2014-Dec/2014) ........ Site inspection, Selection of measuring point

¢ Second survey (Jan/2015-Mar/2015)..... Implementation and analysis of the preliminary
measurement
Installation of measuring instruments for the long-term
measurement (4 weeks)

¢ Third survey (Apr/2015-May/2015) ...... Data collection and analysis of the long-term
measurement

In the first survey, a site inspection was performed. The location of measuring points such as VTs
and CTs and the location where the measuring instruments were installed were confirmed.

The second survey mainly involved preliminary measurement. The main purpose was to select
three D/Ls for long-term measurement. During the preliminary measurement, the harmonic current
of each D/L was measured over a period of 2 to 8 days. We planned to install the measuring
instruments on D/Ls with a harmonic current exceeding that of the other D/Ls.

Consequently, each measured harmonic current of D/L was relatively similar. Accordingly, we
installed the measuring instruments on Milford substation Feeder 1, where the harmonics were
measured according to the past report, Milford substation Feeder 2 and Taraka substation Feeder 4
for the long-term 4-week measurement. Milford substation Feeder 2 and Taraka substation Feeder
4 supply industrial areas which may be sources of harmonics. In this section, each feeder number
is abbreviated. For example, Milford substation Feeder 1 is abbreviated to M1 and Taraka
substation Feeder 4 is abbreviated to T4.

In the third survey, we collected the data from measuring instruments and analyzed it.

Method and Feeder Selection of Long-Term Measurement

Method of Measurement

Table 2.8-1 shows the measurement condition. The feeder in the Nadzab substation could not be
measured due to the lack of VTs or CTs. Three feeders can be measured at the same time because

we have three measuring instruments.

Fig. 2.8-1 shows the installation of measuring instruments in Taraka substation

7 The final report on the Detailed Planning Survey on the Project for the Lae Area Power Development Master Plan
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Table 2.8-1 Condition of Measurement

Item

Content

Remarks

Object

Distribution network in the Lae
area

5 feeders in the Taraka substation, 6 feeders in the
Milford substation

(One feeder in the Nadzab substation could not be
measured)

the same time

Measuring points at

Three points

Measuring voltage | 11kV

The voltage and current of the 11kV feeder is measured
at the secondary voltage of VT, with a transformer ratio
of 11kV/110V and secondary CT current.

In the Milford substation, the voltage is measured by
the VT installed in the 11kV bus. In the Taraka
substation, the voltage is measured by the VT installed
in each feeder.

Power Quality Analyzer Hioki

Measuring PW3198 x 3 Capable of measuring harmonics and 3-phase power
instrument

Clamp Sensor CT9694
Wiring 3P3W3M (3 voltage/3 current) Power was measured by 3-phase voltage and current

Voltage—

Source: JICA Study Team

| Current

Fig. 2.8-1 Installation of a Measuring Instrument in the Taraka Substation

(2) Measuring point

Fig. 2.8-2 shows the measuring points at the secondary side VT and CT.
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(3) Outline of Preliminary Measurement
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Measuring Point

To select the three D/Ls for long-term measurement, all the D/Ls were measured. The duration of
the preliminary measurement was two to eight days. We planned to install measuring instruments
on the D/Ls with a higher harmonic current compared to the other D/Ls.

The preliminary measurement schedule is shown in Fig. 2.8-3.

Date 12-Feb|13-Feb|14-Feb| 15-Feb| 16-Feb| 17-Feb| 18-Feb | 19-Feb| 20-Feb| 21-Feb| 22-Feb|23-Feb|24-Feb[25-Feb|26-Feb|27-Feb| 28-Feb| 1-Mar | 2-Mar | 3-Mar | 4-Mar
Da Thu Fri Sat Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed
1 # # # # # # # #
2 # # # # # # # #
. 3 # # # # # # # # "
Milford 2 Data co!lectlon 7 7 7 m
3 and review m z z %
6 # # # #
1 # #
2 # #
Taraka 3 # #
4 # #
5 # #
Remarks *1 gl *1 *1 *1 FLORLF2 [ *FL*¥2 [ *¥1,%3 | *¥1 43| *4 *4
*1  Some values which could not be measured accurately due to the outage are not adopted
in order to review harmonic wave and the power quality and in normal operation.
*2  measured from 11:00 to 11:00 of the next day
*3 measured from 15:00 to 15:00 of the next day
*4 measured from 17:00 to 17:00 of the next dav

Source: JICA Study Team

Fig. 2.8-3 Measuring Schedule
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Basically three measuring instruments have the same setting. Fig. 2.8-4 shows the setting of the
measuring instrument installed in the Milford substation. When measuring in the Taraka substation,
the CT ratio of 123ch, which means 3-phase, is changed from 80 to 1200 because the CT ratio in
the Taraka substation is 1200/1A, unlike that in the Milford substation (400/5A).

123ch 4ch

Wiring 3PIW3M OFF 1 din 10, 000kY

Clamp 9694 9661 Freguency 50Hz

U Range 000,00V 600,00 Sync Source U1

FT Ratio 0100.00 000100 URMS Type LIME-LIME

I Range 50,000 A 500,00 A Harm Calc LI,P:ALL % of ...

CT Ratio 00a0.00 0001.00 THD Type THD_F
PF Type PF
Flicker Delta V10
Recording Items ALL DATA
TIME PLOT Interval 1 min
Disp COPY Interval 1 hour
Time Start OFF
Repeat Record 1 Day
Record Start Time Q0:00:00
Record End Time Q0:00:00
Repeat Mumber 30
Serial Mo, 141216576
PW 3198 Version 1.06

Source: JICA Study Team

Fig. 2.8-4 Preliminary Measurement Condition

We explain the TIME PLOT interval, which is one of the setting conditions with Fig. 2.8-5.

The measuring instruments are used to calculate root mean square (RMS) values of voltage and
current per S0Hz 10 cycles (= 200ms). RMS values of 1, 2 and 3 in Fig. 2.8-5 mean the calculated
RMS values. Accordingly, the measuring instruments select the Max. and Min. values and
calculate the AVG value per period, which is known as the TIME PLOT interval.

Where the TIME PLOT interval is set at 1min, the number of RMS values is 300 (1min
/200ms=300). The measuring instruments record MAX. and MIN. values within 300 values and
calculate the AVG value by the 300 values. The graphs shown in this report and its appendix
comprise MAX (Blue color), AVG (Green color) and MIN (Red color) values. These values are
calculated by the process mentioned above.
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Source: Hioki PW3198 Instruction Manual

Fig. 2.8-5 TIME PLOT Interval

(4) Result of Preliminary Measurement

Before the preliminary measurement result is shown, we explain the total harmonic distortion
factor, which is the indicator of harmonics and its criteria. Many kinds of criteria are referred to in
this report, such as those at target level, those regulated strictly and so on. Each has importance but
in this report, we refer to all of them as the same word criteria to simplify the discussion. The
meaning of the criteria is explained in each case if necessary.

The total harmonic voltage or current distortion factor is the ratio of the total harmonic component
to the size of the fundamental wave expressed as a percentage using the following equation:

__ Y(from2nd order)?
fundamental wave

THD x 100[%]

(the measuring instrument calculated from 2nd to 50th order)

This value can be monitored to assess waveform distortion for each item, providing a yardstick
that indicates the extent to which the total harmonic component distorts the fundamental waveform.
In this report, the total harmonic voltage distortion factor is expressed as Uthd and the total
harmonic current distortion factor as Ithd.

There is no criteria for Ithd in PNG. Accordingly, we review the measured Ithd compared to the
criteria of another country. The Institute of Electrical and Electronics Engineers, Inc. (IEEE) Std
519-2014 describes the criteria whereby Ithd should be limited to 5.0% for systems rated 120V
through 69kV provided that Is¢/I1 <20 (Isc = maximum short-circuit current, I[;=maximum demand
load current). Moreover, the stay rate of the Ithd within the value of the criteria is described as
follows:

Daily 99th percentile very short time (3 s) harmonic currents should be less than 2.0x the value of
the criteria.

Or Weekly 99th percentile short time (10 min) harmonic currents should be less than 1.5x the value
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of the criteria.

Or Weekly 95th percentile short time (10 min) harmonic currents should be less than the value of
the criteria.

In this report, we apply 5% as the criteria of Ithd.

1) The preliminary measurement result

Table 2.8-2 shows the measured Ithd of each feeder. As mentioned in the Remarks, Ithd was
calculated except for the values measured during outages. This reason is described later. Fig.
2.8-6 and Fig. 2.8-7 show the Ithd as of 17 February. Only the graph of the first phase (CH1)
is shown in this report as representative information.

Table 2.8-2 Ithd of each Feeder

Feeder M1 M2 M3 M4 M5 M6 Tl T2 T3 T4 TS

Day 17-Feb | 17-Feb | 17-Feb | 24-Feb | 24-Feb | 24-Feb | 1-Mar | 2-Mar | 1-Mar | 2-Mar | 2-Mar

Ithd [%] 2.1 1.6 1.9 1.6 1.7 1.6 1.6 15 1.7 1.8 1.8

Remarks *1 *1 *1 *1,*2 *3 *1,*2 *3 *3

*1: Ithd is calculated except for the values measured during outages
*2: Measured from 15:00 to 15:00 the following day
*3: Measured from 17:00 to 17:00 the following day

Source: JICA Study Team

As shown in this table, the Ithd of each feeder is 1.5 to 2.1%, which is lower than 5.0%.
According to the preliminary measurement, the effect of harmonic current is not considered
problematic. However we evaluate the effect of the harmonics based on the result of long-
term measurement due to the short duration of preliminary measurement.

Fig. 2.8-6 shows all the values: red is MIN, blue is MAX and green is AVG. Conversely, Fig.
2.8-7 shows only the green (AVG). The short-term harmonics, with duration lasting 100ms ~
several seconds was measured in Fig. 2.8-6. These short-term harmonics occurred several
times per day. Some MAX values exceeded 10% instantaneously. The harmonics referred to
previously are considered short-term harmonics and are covered in Section 2.5.3.

TIME PLOT - RMS |-THD. CH1
400 %/ diy == MIN = Max — 25

0217 0217 02417 02417 027 027 0217 0217 0217 0217 0217 0218 0218
02:00:00 04:00:00 06:00:00 0F:00:00 10000 120000 71400200 1680000 180000 200000 220000 00:00:00  02:00:00

2015202117 00:01:00 - 02/18 00:00:00
Source: JICA Study Team

Fig. 2.8-6 Ithd at M1 on 17 February (MIN, MAX, AVG)
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TIME PLOT - RMS I-THD, CH1
4.00 %idiv = &NGE

F 1
T ™ ; 7

8.00

e ]

0217 0217 0217 0217 0217 0217 0217 0217 0217 0217 0217 0218 0218
02:00:00 0400:00 06:00:00 O0F:00:00 10000 120000 7140000 180000 180000 200000 220000 00:00:00  02:00:00

2015/02/17 00:01:00 - 02/18 00:00:00

Source: JICA Study Team

Fig. 2.8-7 Ithd at M1 on 17 February (AVG)

Information acquired from the preliminary measurement is summarized.

2) Power Factor of the Distribution Line

Table 2.8-3 shows the power factor of the each feeder acquired from the preliminary

measurement.
Table 2.8-3 Power Factor (PF) of each Feeder
Feeder M1 M2 M3 M4 M5 M6 T1 T2 T3 T4 T5
PF 0.84 0.87 0.81 0.84 0.86 0.85 0.84 0.86 0.87 0.83 0.90

PF is calculated except for the values measured during outages
The error range may be £0.02 or more due to the short measuring term

Source: JICA Study Team

If a more accurate PF is necessary, PF should be calculated from the longer term measurement.
This preliminary measurement only shows that the PF in Lae city is about 0.85.

3) Effect of the Outage

Fig. 2.8-8 and Fig. 2.8-9 show the current and Ithd at M1 on 15 February. Fig. 2.8-8 shows
an outage occurred at M1 between 20:00 and 21:00 on 15 February. During the outage, Fig.
2.8-9 shows that the value of the harmonic distortion factor rose excessively compared to that
in the other time zone.

The following is considered to occur during the outage:

A little current of each wavelength is usually induced on the CT circuit in addition to that of
50Hz. During normal operation, the current of SO0Hz occupies a significant proportion of the
CT circuit current compared to the current of each wavelength. Accordingly, the total
harmonic factor is small. However, in case of outages, the current of SO0Hz does not flow to
the CT circuit and the current of each wavelength occupies a larger proportion than that during
normal operation. Accordingly, it is estimated that the value of the harmonic distortion factor
rises excessively during outages.

Accordingly, the values measured during outages are regarded as abnormal and need to be
eliminated.
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TIME PLOT - RMS 1. CH1
01000kA div = MIN - — Max — &G
r

g w'w L 4

0.2000k

0.0000k
0215 0215 0215 0215 0215 0215 0215 0215 0215 0215 02415 0216 0216
0200:00  04:00:00  O0600:00 02:00:00 100000 12:00:00  1400:00 160000 180000  20:00:.00 22:00:00 000000 02:00:00

2015/02/15 00:01:00 - 02/16 00:00:00
Source: JICA Study Team

Fig. 2.8-8 Current at M1 on 15 February

TIME PLOT - RMS |-THD. CH1
400 %fdiy =—MIN =i = A5

7 13- v

a.00

0.o0
02415 02415 02415 02415 02415 02415 02415 02415 02415 02415 02415 0216 0216
0200:00  04:00:00  O0600:00 02:00:00 100000 12:00:00  1400:00 160000 180000  20:00:.00 22:00:00 000000 02:00:00

2015402415 00:01:00 - 0216 00:00:00
Source: JICA Study Team

Fig. 2.8-9 Ithd at M1 on 15 February

(5) Selection of the distribution line

As mentioned above, there was little difference between the Ithd measured in each feeder and it
was smaller than the criteria during the preliminary measurement. Because there was little
difference between the Ithd measured in each feeder, we installed measuring instruments on M1,
where harmonics were measured according to the past report, M2 and T4 for the long-term
measurement of 4 weeks. M2 and T4 supply industrial areas which may potentially be sources of
harmonics.

2.8.3 Result of Long-Term Measurement
(1) Outline of Long-Term Measurement

The long-term measurement was performed over 4 weeks from 12:00 5 March, 2015 (Thu.) to
12:00 2 April, 2015 (Thu.).

The measuring values were recorded on the SD card installed in the measuring instruments every
week. During the fourth week (26 March (Thu.) ~ 2 April (Thu.)), an extended outage occurred in
the Taraka substation at about 2:00 and continued until about 8:30. During the outage, power
supply to the measuring instrument was cut off and the internal battery ran out. Accordingly, we
didn’t acquire the data of T4 from 05:30 to 08:20 on 27 March (Thu.). Because the duration was
only three hours and the outage continued in the distribution network at the time, this incident has
hardly influenced the result of the long-term measurement. In the appendix, the graph of T4 on the
fourth week is separated into two parts due to the outage. One is from 26-27 March and other is
from 27 March to 2 April.
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During the long-term measurement, harmonics voltage (low order to high frequency), harmonics
current (low order to high frequency), voltage, frequency, swells, dips and outage were measured.
We showed the result of long-term measurement and reviewed it compared to some criteria.

Basically three measuring instruments have the same setting. Fig. 2.8-10 shows the setting of the
measuring instrument installed in T4. When measuring in the Milford substation, the CT ratio of
123ch, which means 3-phases is changed from 1200 to 80 because the CT ratio in the Milford
substation is 400/5A, which differs from that in the Taraka substation (1200/1A).

123ch 4ch

Wiring IPINW3IM OFF 1 din 11,000kY

Clamp 9694 9661 Frequency 50Hz

U Range 500,00 v 00,00 v Sync Source i

PT Ratio 0100.,00 0001.00 URMS Type LIME-LIME

I Range 5.0000 A 500.00 A Harm Calc U, IP:ALL %% of ...

CT Ratio 1200,00 0001,00 THD Type THD_F
PF Type PF
Flicker Delta V10
Recording Items ALL DATA
TIME PLOT Interval 10 min
Disp COPY Interval 1 hour
Time Start OM
Repeat Record 1Week
START Time 2015/03/05 12:00
Repeat Mumber 4
Serial Mo, 141216575
PW 3198 Version 1.08

Source: JICA Study Team

Fig. 2.8-10 Condition in Long-Term Measurement

The measuring points for long-term measurement are the same as for the preliminary measurement
shown in Fig. 2.8-2.

(2) Result of Long-Term Measurement

1) Harmonic voltage (low order)

For the harmonic voltage, we review the measured Uthd. There are no criteria for Uthd in
PNG. Accordingly, we review the measured Uthd compared to the criteria of another country.

In Japan, Uthd is limited to 5% in high-voltage systems with a rated voltage range of 600V<V
=7kV and 3% in ultra-high-voltage systems with a rated voltage range of 7kV<V, as the
harmonic environment target level to be maintained in the system. Because the rated voltage
in the Lae area distribution network is 11kV, we apply 3% as the criteria of Uthd in this report.

As reference, Fig. 2.8-11 shows Uthd measured in the Japanese distribution network with a
rated voltage of 6kV. In Japan, Uthd is about 1~3%.
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Uthd in 6kV distribution system
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Source: Electric Technology Research Association Vol. 46 No. 2
“Harmonic and its measures in the power system”

Fig. 2.8-11 Uthd in Japanese 6.6kV Distribution Line in June 1990

IEEE Std 519-2014 describes the criteria whereby Uthd should be limited to 5.0% for systems
rated 1kV through 69kV. Moreover, the percentile Uthd within the value of the criteria is
described as follows:

Daily 99th percentile very short time (3 s) harmonic voltages should be less than 1.5x the
value of the criteria.

Or Weekly 95th percentile short time (10 min) harmonic currents should be less than the value

of the criteria.

Table 2.8-4 shows Uthd measured in the long-term measurement. Fig. 2.8-12 and Fig. 2.8-13
show Uthd at Milford S/S 11kV bus in a week.

Table 2.8-4 Total Harmonic Voltage Distortion Factor (Uthd)

. Milford S/S 11kV bus Uthd (%) Taraka S/S 11kV bus Uthd (%)

Total harmonic voltage . .

. . brackets show the maximum value over | brackets show the maximum value over

distortion factor (Uthd)
one week one week

Duration Start Day CH1 CH2 CH3 CH1 CH2 CH3
1 week 5-Mar 1.13(1.49) | 0.83(1.30) | 0.87(1.37) | 0.86(1.18) | 0.70 (1.07) | 0.75(1.13)
1 week 12-Mar 1.11 (1.36) | 0.84(1.04) | 0.84(1.21) | 0.78(1.14) | 0.63(0.95) | 0.69 (1.10)
1 week 19-Mar 1.08 (2.43) | 0.80(2.15) | 0.82(2.25) | 0.78 (2.43) | 0.66 (2.33) | 0.69 (2.47)
1 week 26-Mar 1.13(2.02) | 0.85(1.70) | 0.86(1.84) | 0.78 (2.13) | 0.62 (2.00) | 0.69 (2.14)

Source: JICA Study Team
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As mentioned in the preliminary measurement, Uthd is calculated except for the values
measured during outages. In the long-term measurement duration (24 hours x 28 days x 2
measuring points = 1344 hours), the 1299 hours’ data is summarized in this Table except for
45 hours during outages. The brackets show the maximum value over one week as reference.
Because the measuring instruments installed at M1 and M2 measure the same voltage, the
table shows only measured values at M 1.

All the Uthds listed in the table constitute about 1%, which is smaller than the criteria.
Moreover, the values in the brackets do not exceed 3%.

Accordingly, the harmonic voltage (low order) is not considered problematic in the Lae area
distribution network.
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Fig. 2.8-12 Uthd at Milford S/S 11kV Bus in a Week (MIN, MAX, AVG)
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Fig. 2.8-13 Uthd at Milford S/S 11kV Bus in a Week (AVG)
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Fig. 2.8-12 shows all the values: the red is MIN, the blue is MAX and green is AVG.
Conversely, Fig. 2.8-13 shows only the green (AVG). The short-term harmonics measured in
the preliminary measurement was measured also in the long-term measurement.
Consideration of the short-term harmonics is described below.

Fig. 2.8-14 shows Uthd at Milford S/S 11kV bus on 7 March. The MAX value exceeded 10%
at 15:20 on 7 March. Moreover, the short-term harmonics occurred twice during 18:40~20:20
and 20:20~22:00. We call the short-term harmonics of the three A, B and C in order of time.
Subsequently, Ithd at M1 on 7 March and at M2 on 7 March is shown in Fig. 2.8-15 and Fig.
2.8-16.
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Source: JICA Study Team
Fig. 2.8-14 Uthd at Milford S/S 11kV Bus on 7 March
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Fig. 2.8-15 Ithd at M1 on 7 March
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Fig. 2.8-16 Ithd at M2 on 7 March

Compared with these two graphs, C is seen in Fig. 2.8-15 but not in Fig. 2.8-16. C is
considered based on the harmonic current generated in the customer of M1 and comes from
M1 to flow into the substation. If so, it can be considered that the distortion of the 11kV bus
voltage in Fig. 2.8-14 was generated by the harmonic current flowing from M1 into the
substation. Conversely, A and B are seen in all graphs in Fig. 2.8-14 to Fig. 2.8-16. These
harmonics are considered generated in the system. It is said that the short-term harmonics
were generated on both the system and customer sides.

Because these short-term harmonics exist for several hundred ms to several seconds, there is
a high possibility that they are due to the distortion generated from the synchronization of
generators on the system side and that at the start of equipment on the customer side. Fig.
2.8-17 shows the change in load current at the same time. This graph shows how the load
current decreased from 190A to 120A at 21:00 (a fall of about 1.1MW) and then soared.
Because the short-term harmonics occurred when the load soared, transient harmonics were
considered generated by large equipment starting up on the customer side.

The typical adverse effects of harmonics include overheating of equipment such as capacitors
and malfunction of equipment connected to the system. Because of the short period of short-
term harmonics, no problem of overheating occurs. However, since the malfunction of the
equipment happens stochastically, it is difficult to discuss quantitatively. Since such a
malfunction of the equipment has not been confirmed, the short-term and intermittent
harmonics are not considered to cause the equipment to malfunction.
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We measured the harmonic voltage (high frequency) whose order is more than 50th. Table
2.8-5 shows the result. The high-order harmonic voltage component (UharmH) is an indicator
of harmonic voltage (high frequency) which is expressed as RMS value. Fig. 2.8-18 shows

the UharmH at Milford S/S 11kV bus in a week.

Table 2.8-5 High-order Harmonic Voltage Component (UharmH)

. . Milford S/S 11kV bus UharmH (V) Taraka S/S 11kV bus UharmH (V)

High-order harmonic . .
brackets show the maximum value brackets show the maximum value
voltage component (UharmH)
over one week over one week

Duration Start Day CH1 CH2 CH3 CH1 CH2 CH3
1 week 5-Mar 19 (30) 15 (26) 10 (21) 50 (65) 40 (53) 38 (58)
1 week 12-Mar 18 (32) 14 (25) 10 (22) 51 (68) 41 (55) 39 (56)
1 week 19-Mar 19 (51) 15 (37) 11 (33) 47 (60) 37(51) 36 (55)
1 week 26-Mar 20 (56) 16 (46) 11 (42) 49 (63) 39 (53) 38 (57)

The UharmH is 10~20V in the Milford substation and 36~51V in the Taraka substation. The
maximum value in the brackets is 68V, which is 0.6% of 11kV. As can be seen from Fig.
2.8-18, most of the measured values, except for those measured from the night of 9 March to
the morning of 10 March, are considered errors caused by induction. Since these harmonic
voltages (high frequency) do less harm on the equipment connected to the system, harmonic
voltage (high frequency) is not considered problematic in the Lae area distribution network.
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Fig. 2.8-18 UharmH at Milford S/S 11kV Bus in a week

3)

Accordingly, harmonic voltage (low order to high frequency) is not considered problematic
in the Lae area distribution network.

Harmonics current (low order)

We review the harmonics current compared to the criteria of 5% as described in the

preliminary measurement.

Table 2.8-6 shows Ithd measured in the long-term measurement. Fig. 2.8-19 shows Ithd at M1

n a week.

Table 2.8-6  Total Harmonic Current Distortion Factor (Ithd)

Total harmonic current
distortion factor (Ithd)

M1 Ithd (%)

Brackets show the maximum value over

M2 Ithd (%)

brackets show the maximum value over

one week one week
Duration Start Day CH1 CH2 CH3 CH1 CH2 CH3
1 week 5-Mar-15 | 1.98(3.51) | 2.29 (4.18) | 2.18(4.07) | 1.53(3.26) | 1.63(3.34) | 1.47 (2.92)
1 week 12-Mar-15 | 2.00(3.06) | 2.44(3.77) | 2.44(3.73) | 1.54(3.18) | 1.61(3.36) | 1.42(2.70)
1 week 19-Mar-15 | 1.36(3.08) | 1.48(3.43) | 1.45(3.43) | 1.65(4.24) | 1.70(3.69) | 1.58 (4.02)
1 week 26-Mar-15 | 1.65(2.73) | 1.96(3.45) | 1.79(3.24) | 1.73(3.96) | 1.87(4.26) | 1.60 (3.50)
T4 Ithd (%)

Total harmonic current

distortion factor (Ithd)

brackets show the maximum value over

one week
Duration | Start Day CH1 CH2 CH3
1 week 5-Mar-15 | 1.33(2.04) | 1.70(2.66) | 1.55(2.29)
1 week 12-Mar-15 | 1.32(3.46) | 1.60 (3.45) | 1.52(3.99)
1 week 19-Mar-15 | 1.30(2.71) | 1.63(2.97) | 1.51(2.98)
1 week 26-Mar-15 | 1.24(2.40) | 1.54 (2.69) | 1.47 (2.71)

Source: JICA Study Team

During the long-term measurement duration (24 hours x 28 days x 3 measuring points = 2016
hours), the 1919 hours’ data is summarized in this Table except for 97 hours during outages.

The brackets show the maximum value over one week as reference.
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All the Ithds listed in the table constitute about 2%, which is smaller than the criteria.
Moreover, the values in the brackets do not surpass 5%.

Accordingly, the harmonic current (low order) is not considered problem in the Lae area
distribution network.
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Fig. 2.8-19 Ithd at M1 in a Week

4) Harmonic current (high frequency)

We measured harmonic current (high frequency) whose order is more than 50th. High-order
harmonic current component (IharmH) is an indicator of harmonic current (high frequency)
which is expressed as RMS values. Table 2.8-7 shows the result. Fig. 2.8-20 shows the TharmH
at M1 in a week.

Table 2.8-7 High-order Harmonic Current Component (IharmH)

High-order harmonic M1 TharmH (A) M2 TharmH (A)
current component Brackets show the maximum value over | Brackets show the maximum value over
(TharmH) one week one week
Duration | Start Day CH1 CH2 CH3 CH1 CH2 CH3
1 week 5-Mar-15 | 0.07 (0.13) | 0.07 (0.14) | 0.07 (0.12) | 0.07 (0.18) | 0.08 (0.19) | 0.07 (0.18)
1 week 12-Mar-15 | 0.06 (0.13) | 0.07 (0.74) | 0.07 (0.74) | 0.07 (0.17) | 0.08 (0.19) | 0.07 (0.18)
1 week 19-Mar-15 | 0.07 (0.14) | 0.07 (0.16) | 0.07 (0.15) | 0.07 (0.18) | 0.08 (0.19) | 0.07 (0.18)
1 week 26-Mar-15 | 0.07 (0.27) | 0.07 (0.19) | 0.07 (0.25) | 0.07 (0.22) | 0.08 (0.18) | 0.07 (0.22)
High-order harmonic T4 TharmH (A)
current component brackets show the maximum value over
(IharmH) one week
Duration | Start Day CH1 CH2 CH3
1 week 5-Mar-15 [ 0.8 (0.9) 0.8 (0.8) 0.8 (0.8)
1 week 12-Mar-15| 0.8 (0.9) 0.8 (0.8) 0.8 (0.9)
1 week 19-Mar-15| 0.8 (0.9) 0.8 (0.8) 0.8 (0.8)
1 week 26-Mar-15 | 0.8 (0.9) 0.8 (0.8) 0.8 (0.9)

Source: JICA Study Team
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The TharmH is 0.06~0.08A in the Milford substation and 0.8A in the Taraka substation. The
maximum value in the brackets is 0.9A, which is about 6% of the tentative current 100A.

As can be seen from Fig. 2.8-20, most of the measured values, except those measured from
the night of 9 March to the morning of 10 March, are considered errors caused by the induction.
Since these harmonic currents (high frequency) do less harm to the equipment connected to
the system, harmonic current (high frequency) is not considered problematic in the Lae area
distribution network.
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Fig. 2.8-20 IharmH at M1 in a week

Accordingly, harmonic currents (low order to high frequency) are not considered problematic
in the Lae area distribution network.

Frequency

The regulation for the frequency is described in the PNG Grid Code. The part of the
description is shown below.

- Frequency Variations and Limits

(1) The System Operator shall maintain the system frequency within the limits of 49.5 to
50.5 Hz during normal operation unless the Technical Regulator allows broader limits,
based on technical studies on a specific grid.

(i1) During Single Outage Contingency, the system frequency may vary between 49 Hz and
51 Hz. In the case of Multiple Outage Contingency or when the Grid is in a state of
emergency, the frequency may vary between 47 Hz and 52 Hz.

The description about the frequency in the Grid Code is summarized as follows:

49.5Hz~50.5Hz in the normal operation
49Hz~51Hz in the single outage contingency
47Hz~52Hz in the multiple outage contingency or a state of emergency

There is no description about the stay rate of the frequency.

2-99 The Project for Formulation of Ramu System Power Development
Master Plan and Lae Area Distribution Network Improvement Plan



Chapter 2: Collection and Analysis of Basic Information Final Report
of the Lae Area Distribution Network Part B: Distribution Network Improvement Plan in Lae Area

We adopt EN 50160 which is the European standard to review the stay rate of the frequency.
EN 50160 is described as follows:

The nominal frequency of the supply voltage shall be 50 Hz. Under normal operating
conditions the mean value of the fundamental frequency measured over 10 s shall be within
a range of:

For systems with synchronous connection to an interconnected system:
50Hz+1% (49.5Hz~50.5Hz) during 99.5% of a year,
50Hz +4%/-6% (47Hz~52Hz) during 100% of the time

For systems with no synchronous connection to an interconnected system (e.g. supply systems
on certain island):

50Hz£2% (49~51Hz) for 95% of a week

S5S0Hz+15% (42.5Hz ~57.5Hz) for 100% of the time

In this report, we review the frequency compared to the criteria described in EN50160 as a
reference.

This comparison is only a reference because the system capacity, measuring duration and so
on differ.

The number of frequency deviations is shown in Table 2.8-8. Fig. 2.8-21 shows the frequency
fluctuation at Milford 11kV bus in a week as an example. It can be seen that the frequency
deviated 7x over the upper limit and once under the lower limit.

According to the outage record of PPL, @ and @ in Fig. 2.8-21 are considered attributable to
the sudden fall of a mine load and the trip of the 605 line (Gusap substation to Meiro
substation) respectively. In this way, any rapid frequency fluctuation which deviates from the
criteria is considered attributable to a system fault.

Table 2.8-8 Total Number of Frequency Deviations

50Hz 1% 50Hz £2%
Frequency Deviation Milford S/S Taraka S/S Milford S/S Taraka S/S
(Times) 11kV bus 11kV bus 11kV bus 11kV bus
Duration Start Day Over Under | Over Under Over Under Over Under
1 week 5-Mar-15 7 1 7 1 2 0 2 0
1 week 12-Mar-15 13 6 13 4 3 1 6 1
1 week 19-Mar-15 74 29 41 17 23 8 13 7
1 week 26-Mar-15 23 8 22 7 7 1 5 2

Source: JICA Study Team
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Source: JICA Study Team
Fig. 2.8-21 Frequency Fluctuation at Milford 11kV Bus in a Week

Because Milford and Taraka substations are usually connected and synchronized to the Ramu
system, the frequency in both fluctuates similarly. However, Milford and Taraka substations
were isolated from the Ramu system from 21~23 March. Accordingly, the number of
deviations increased during the week of 19 March and the number of deviations in the Milford
substation differed from that in the Taraka substation.

The stay rate of frequency calculated from the result is shown as follows:

The case that the frequency during 10 minutes deviated both over and under the limit is
counted once.

S0Hz+1% (49.5Hz~50.5Hz) 97% (< 99.5%)

50Hz+2% (49Hz~51Hz) 99% (> 95%)

The frequency fluctuation doesn’t meet S0Hz +/- 1% (99.5%), which is the criteria for systems
with synchronous connection to an interconnected system.

However, the frequency fluctuation meets S0Hz +/- 2% (95%), which is the criteria for
systems with no synchronous connection to an interconnected system (e.g. supply systems on
certain islands).

Considering the capacity of the Ramu system, it can be said that frequency commensurate
with its capacity has been implemented.

Voltage

When we review system voltage fluctuation, we generally separate the short- and long-term
voltage fluctuation. The voltage fluctuation usually indicates the long-term voltage
fluctuation and its criteria are usually regulated. For short-term voltage fluctuation, the
transient voltage fluctuation such as swell and dip (or sag) exist in a system. Swell and dip
are described later. In this section, the result of the long-term voltage fluctuation is shown.

The voltage fluctuation is limited to within +/-5% in FYPDP (2014-2028) which is the 15-
year plan of PPL. However, there is no description of the voltage stay rate.
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We adopt EN 50160, which is the European standard, to review the voltage stay rate.

EN 50160 is described as follows:
At least 99% of the 10 min mean r.m.s values of the supply voltage shall be below the
upper limits of + 10%
At least 99% of the 10 min mean r.m.s values of the supply voltage shall be above the
lower limits of - 10%

In this report, we review the voltage compared to the criteria described in EN50160 only for
the voltage stay rate as a reference.

This comparison is only a reference because the value of the criteria differ.

Table 2.8-9 shows the number of voltage deviations during long-term measurement. It can be
seen that the voltage deviated once over the upper limit and 2x under the lower limit.

Fig.2.8-22 shows the voltage fluctuation at Milford 11kV bus in a week.

Table 2.8-9 Total Number of Voltage Deviations

Vrms (V) Milford S/S 11kV bus Taraka S/S 11kV bus
Voltage (V) Voltage (V)
Duration Start Day Over Under Over Under
1 week 5-Mar 0 0 0 0
1 week 12-Mar 0 0 0 0
1 week 19-Mar 1 2 0 0
1 week 26-Mar 0 0 0 0

Source: JICA Study Team

This table shows the voltage stay rate is 99.9% and most of the values measured during the
long-term measurement are within the criteria (+/-5%). The load tap changer in the substation
of Lae city is set on 11.2kV+/-1%. The voltage at 11kV bus in the substation is controlled as
it was set in advance.

Source: JICA Study Team
Fig.2.8-22 \oltage Fluctuation at Milford 11kV Bus in a Week
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The graph shows how the AVG voltage is limited to within 11kV +/-5% (10.45kV~11.55kV)
in the center of 11.2kV.

Subsequently, we explain the extent to which this voltage and frequency fluctuation affect
customers’ equipment with an example.

Fig. 2.8-23 shows the voltage and frequency
limits for motors.

According to the IEC standard, zones A and B
are described as follows:

A machine shall be capable of performing its
primary function within zone A, but need not
comply fully with its performance at rated
voltage and frequency and may exhibit some
deviations.
Temperature rises may be higher than at rated
voltage and frequency.
A machine shall be capable of performing its
primary function within zone B, but may exhibit
greater deviations from its performance at
rated voltage and frequency than in zone A.
Temperature rises may be higher than at rated
Source: IEC 60034 yoltage and frequency and most likely will be

Fig. 2.8-23 \oltage and Frequency Limits for Motors ~ Nigher than those in zone A. Extended

7)

operation at the perimeter of zone B is not
recommended.

The voltage and frequency in the system remain in zone A at the rate of 99% and temporarily
in zone B. It is considered that the voltage and frequency during normal operation hardly
affect the operation of the motors connected to the system.

Swell, Dip

Swell and dip mean short-term voltage fluctuations. This fluctuation may cause adverse
effects such as interrupting the power supply to customers’ equipment.

The short-term voltage increase is called swell and short-term voltage decrease is called dip.
These short-term voltage fluctuations are due to faults in the T/L and switching of heavy loads.
Above all, it is mainly caused by lightning faults of the T/L. The voltage drops from the
occurrence of the fault until separation by the circuit breaker. It is difficult to prevent all faults
in the T/L and also to eliminate the time from occurrence to separation. This means that it is
difficult to prevent the system from causing the short-term voltage fluctuation. It is considered
reasonable to have countermeasures for short-term voltage fluctuation implemented by the
customer.

One of the ways to review the voltage fluctuation such as swells and dips is the Information
Technology Industry Council (ITIC) Curve. This is a graph created by the ITIC plotting
voltage disturbance data for detected events using the event duration and worst value (as a
percentage of the nominal input voltage).

The graph format makes it easy to swiftly identify which event data distribution should be
analyzed.
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Fig. 2.8-24 shows an example of the ITIC Curve. The graph is plotted based on the swells and
dips having occurred at Milford S/S 11kV bus in a week. The events plotted over or under the
black line mean the deviation of the voltage fluctuation criteria. In other words, the deviation
events may cause adverse effects such as the interrupting the power supply to customers’
equipment. The graph shows that the dips occurred ten times and three of the ten incidents
saw the lower limit surpassed during the week.

Source: JICA Study Team

Fig. 2.8-24 Comparison between ITIC and Short-Term Voltage Fluctuation
at Milford S/S 11kV Bus in a week

Table 2.8-10 shows the number of swells and dips during the long-term measurement.

Table 2.8-10 Total Number of Swells and Dips

. Milford S/S 11kV bus Taraka S/S 11kV bus
Swell and Dip - -
Dip Swell Dip Swell
Duration | Start Day total deviation total deviation total deviation total deviation
1 week 5-Mar 10 3 0 0 8 2 0 0
1 week 12-Mar 4 1 0 0 0 0 0 0
1 week 19-Mar 40 15 0 0 26 9 0 0
1 week 26-Mar 19 2 2 0 6 1 0 0

Source: JICA Study Team

Swells occurred only twice. Most of the short-term voltage fluctuation occurring in the Ramu
system turned out to be dips. This is considered attributable to the minimal rise in voltage in
the sound phase during faults due to the direct grounding system. The number of dips
increased in the week of 19 March.

For the short-term voltage fluctuation in the Ramu system, mainly dips occurred, some of which
deviated from the ITIC Curve several times a week. It is desirable that measures against such
dips, such as UPS, should be implemented in the equipment which is difficult to restart soon.
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M1

M2

M3

M4

M5

M6

T1

T2

T3

T4

T5

8) Outage

Continuity of power supply is one of the key factors determining the quality of electricity.
However, the outage record is collected by PPL and its analysis is described in this report. In
this section, only the time of the outage which occurred during the long-term measurement is
shown in Fig. 2.8-25 and Fig. 2.8-26. M1, M2 and T4 are the feeders on which measuring
instruments were installed during long-term measurement.

9-Mar  6-Mar| 7-Mar  8-Mar  9-Mar| 10-Mar| 11-Mar

15:42-16:02 15:20-15:45

08:50-11:16
10:44-1147 10:00-19:02 17:17-17.25
09:44-16:06
Fig. 2.8-25

07:28-07:38

12-Mar| 13-Mar| 14-Mar 15-Mar| 16-Mar 17-Mar 18-Mar

06:49-14:28

14:35-14:42 16:35-17:11

10:31-1046  10:10-10:12
10:46-18:46 10:12-18:20

09:21-00:28 _

09:42-11:21 08:15-12:44

11:15-11:20 | 15:32-1632

09:34-00:36

Source: JICA Study Team

Distribution Outages from 5-18 March
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Source: JICA Study Team

Fig. 2.8-26  Distribution Outages from 19 March to 2 April

Summary

To determine the effect of the harmonics (low order to high frequency) and power quality in Lae
city, we measured the 11kV distribution network for 4 weeks in the substation. The result of the
long-term measurement is summarized below.

- Harmonics are not considered problematic.

- In the Ramu system, it can be said that frequency control commensurate with its capacity has
been implemented. The rapid frequency fluctuation which deviates from the criteria is due to
the fault of the system.

- The voltage at 11kV bus in the substation is controlled within the limits of normal operation.

- Most of the short-term voltage fluctuation occurring in the Ramu system turns out to be dips. It
is desirable that countermeasures for such dips should be implemented by the customer if

necessary.
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2.9 ONGOING AND UNDER CONSTRUCTION PROJECT OF NETWORK SYSTEMS IN THE LAE AREA
2.9.1 Ramu Transmission System Reinforcement Project
The main objective of this project is to reinforce the existing 132kV T/L between the Ramu 1 hydro
P/S and Taraka substation in Lae city, Morobe Province to enhance the power supply reliability
and stability of the Ramu grid by:
1. Reinforcing the efficiency of the Ramu grid, which is considered to lead directly toward the
stabilization of electric power supply and economic development, and
2. Increasing opportunities for reliable and stable electrical connections in neighboring
communities to the project sites
Specification of the Project
1) Transmission line components
i) 132kV double-circuit overhead T/L from Taraka substation to Taraka junction, 0.7 km
and 132kV single-circuit overhead T/L from Taraka Junction to Erap substation, 39.7 km
ii)) 132kV double-circuit overhead T/L between Erap substation and new Singsing
substation, 97.2 km
2) Substation components
1)  Rehabilitation of the Ramu 1 switchyard
ii) Construction of Singsing substation, including one unit of 132/33kV 10 MVA main
power transformer and six 132kV T/L bays
iii)) Augmentation of Erap substation, including additional two units of 132/66/33kV 10
MVA main power transformers and three T/L bays
iv) Rehabilitation of the Taraka substation with the following three alternative plans,
including additional one 132kV T/L bay
Plan A: Rehabilitation of 132kV switchgear with full AIS
Plan B:  Only 132kV T/L feeders are to be Gas Insulated Switchgear (GIS) and other parts such
as 132kV bus bar and main transformer bays are to be AIS
Plan C: Rehabilitation of 132kV switchgear with full GIS
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Fig. 2.9-1 Ramu Transmission System Reinforcement Project Route
Source: FIFTEEN-YEAR POWER DEVELOPMENT PLAN, PPL
Table 2.9-1 Cost of Ramu Transmission System Reinforcement Project

FC (US$)

LC (US$) Total (US$) Total (PGK eq.) Total (JPY eq.)

1. Transmission Line Component 17,033,600.00 17,611,400.00 34,645,000.00 79,433,300.00  2,805,898,000
2. Substation Component

2.1Plan A 16,700,600.00 8,678,300.00  25,378,900.00 58,188,500.00  2,055,437,000

2.2PlanB 18,683,900.00 9,020,200.00  27,704,100.00 63,519,600.00  2,243,755,000

2.3PlanC 21,010,200.00 9,185,700.00  30,195,900.00 69,232,700.00 2,445,566,000
3. Land & ROW Compensation - 931,320.00 931,320.00 2,135,400.00 75,427,000
4. Consulting Fee 3,233,400.00 1,788,400.00 5,021,800.00 11,513,900.00 406,715,000
5. Contingency (8% of 1+2)

5.1 Contingency Plan A 2,698,700.00 2,103,200.00 4,801,900.00 11,009,700.00 388,906,000

5.2 Contingency Plan B 2,857,400.00 2,130,500.00 4,987,900.00 11,436,200.00 403,970,000

5.3 Contingency Plan C 3,043,500.00 2,143,800.00 5,187,300.00 11,893,400.00 420,119,000
Grand Total (Plan A) 39,666,300.00 31,112,620.00 70,778,920.00 162,280,800.00  5,732,383,000
Grand Total (Plan B) 41,808,300.00 31,481,820.00 73,290,120.00  168,038,400.00  5,935,765,000
Grand Total (Plan C) 44,320,700.00  31,660,620.00  75,981,320.00 174,208,700.00  6,153,725,000

Source: 2nd Preparatory Survey on The Project for Reinforcement of Ramu Transmission System
in the Independent State of Papua New Guinea FINAL REPORT, JICA
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2.9.2

)

(2)

©)

(4)

(5)

Milford Substation 11kV Indoor Switchgears Replacement Project

Background
Our Transmission System comprises POM, Ramu and Gazelle Network Grids. Most of the
switchgears on these systems are old and often malfunction, affecting the reliability of the

electricity service to our valued customers and need replacing immediately.

Project objectives

To identify, purchase, replace/install and commission various Transmission Switchgear within our
transmission grids to improve system protection, reliability and switching flexibility.

Desired outcomes

To minimize unnecessary power outages due to switchgear failure in the system and improve
protection reliability and equipment security.

Project scope and exclusions

* Tender and procurement

* Installation schedule and planning
* Site construction

* Testing and commissioning

Site location

Fig. 2.9-2 Site of Milford Substation 11kV Indoor Switchgears Replacement Project
Source: JICA Study Team
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(6) Budget

3.9 Million Kina

Table 2.9-2  Cost of Milford Substation 11kV Indoor Switchgears Replacement Project

Item Cost (Kina)
Procurement 2,662,500.00
Construction 75,000.00

Estimated man-hours 115,000.00
Labor & ongoing costs 75,700.00
Contingencies 439,230.00
Overheads 5% 146,410.00

GST 217,350.00

Budget Total 3,865,224.00

Source: Project Brief, Version 01_00, PPL
2.9.3 Other Planned Projects
(1) Fifteen-Year Power Development Plan

In the FYPDP, the following projects are listed. Refer to Table 2.9-3.

Table 2.9-3  List of Transmission Development Plans in Lae

Year Works
2018 Commence Ramu 2 to Singsing 132kV transmission line
2022 Transmission line interconnection to Lae Independent Power Producer (IPP) 2 Power

Plant

Complete the Ramu 2 to Singsing 132kV transmission line
2027 Review the Interconnection to the Port Moresby system — this development depends

on the availability of major generation capacity in Ramu or Port Moresby.
Source: FIFTEEN-YEAR POWER DEVELOPMENT PLAN, PPL

(2) PPL Operating & Maintenance Department

In the PPL Operating & Maintenance Department, the following projects are listed.
Refer to Table 2.9-4.
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Table 2.9-4  Cost and Specification of New Projects in Lae by the O&M Department

Cost estimate

Location of

Issue/Activity Specification (i) Status .
Milford sub 11kV upgrade K1.5m | BP circulating for signatures. MllforAd (8/8)
Ml.l ford sub 66kV outdoor K2.75m | Design and specification stage Milford (S/8)
switchgear upgrade A
Taraka sub additional 20ff 1 1kV Set for 31/06/15 Taraka (S/S)
. X K200,000 . .
indoor switchgear Switchgears on site B
Taraka sub 132/66kV o Taraka (S/S)
o auto-Tx 3 CB K300,000 | Set for 31/06/15. 50% complete B
Transmission/
Ramu Substation
Taraka sub 132/66kV K300.000 Set for 31/06/15. Taraka (S/S)
Tx4 CB ’ Awaiting control cables on order B
Qil circulation & maintenance Milford (S/S)
Milford Sub Tx 2 K10,000 Set for 31/12/14 A
Oil circulation & maintenance Milford (S/S)
Milford sub Tx 1 K10,000 Set for 31/01/15 A
Taraka 509 line VT replacement K250,000 Set for 31/01/15 Tarakg (5/8)
Installation of 700 kVA Tx Kiosk Set for 28/02/15. Design & quote In Lac
with inter poling-Raumai 18 K317,080 delivered. Awaiting payment Cit
Supermarket under CAA Y
Installation of 1000 kVA Tx Kiosk- Set fqr 28/02/15. .D.emgn & quote In Lae
. K248,298 delivered. Awaiting payment .
Raumai 18 sec 8 lot 11 City
under CAA
Installation of 500 kVA Tx Kiosk Set for 28/02/15. Design & quote In Lac
type for Highlands Products (Zenag K176,946 delivered. Awaiting payment Cit
Distribution/ Egg) sec 16 lot 1 under CAA y
Lae Distribution Set for 28/02/15. Design & quote In Lac
Lings Freezer 300 kVA Tx type K148,621 delivered. Awaiting payment .
City
under CAA
Frabelle PNG 3 MVA Kiosk at _ | Set for 28/02/15. Sketch & specs In Lae
Spybank St submitted for quote City
Raumai 18 300 KV A Kiosk at | Set for 28/02/15. Sketch & specs In Lae
Malaita St submitted for quote City
Source: O&M Monthly Team Summary (December 2014), PPL
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Fig. 2.9-3 Sites of New Projects by O&M Department
Source: JICA Study Team
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2.10 CLARIFICATION ON ISSUES ON THE NETWORK SYSTEM IN LAE

2.10.1 Clarification on Issuers within the Distribution Network in LAE

The key issues at the Lae distribution network are as follows:

Table 2.10-1 Clarification on Issuers within the Distribution Network

No. Category Item Remarks
1 | Defect of facilities | Switching restrictions Refer to Section 2.3.5 Distribution Switchgears
2 | Defect of facilities | Conductor capacity constraints Refer to Section 2.3.2 Conductor
3 Defect of facilities geclfllftlf:sr?ﬁn;//mlg ;g(ias(.iliﬁfta?it(‘)nl tkv Refer to Section 2.3.8 Protection Relay
4 | Human factor Management method of Load Refer to Section 24 Operation and
5 Others Management method of drawings. Maintenance of Power Systems in the Lae area

2.10.2 Implementation for the Issuers

Based on a policy and plan to improve the short-term distribution network based on outage record
analysis, JICA Study Team focuses on reducing the outage duration rather than frequency to
improve supply reliability in the short-term distribution network improvement plan.

From the perspectives of urgency and importance, the following countermeasures are selected for
the short-term distribution network improvement plan, prioritizing the urban area.

For the long-term distribution network improvement plan, the equipment/network reinforcement
study will be conducted based on the result of the demand forecast. The target area is the Lae area,
including Nadzab S/S, Erap S/W.

About the technical guidance, JICA Study Team continue the field survey about Operation and

Maintenance and discuss with PPL and JICA PNG, whereupon the implementation item will be
decided.

Table 2.10-2 Contents of in Short-Term Distribution Network Improvement Plan

No. Contents SR SC

1 Upgrading ABS to Load-Break Switch (LBS) on existing 11kV lines in Lae city to avoid "
switching restrictions

2 | Reconfiguration of the 11kV Distribution Network (Power Supply Area) #

3 Replacement of small-sized conductors of 11kV D/Ls with the standard conductors to "
remove constraints on network utilization

4 Replacement/ upgrading of 11kV facilities such as 11kV electric cable, current transformer, " "
circuit breaker in Milford Substation to remove restrictions on feeder capacity

SR: to improve supply reliability
SC: to improve supply capacity
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Basic Design of the Distribution Network Structure

CHAPTER 3 BASIC DESIGN OF THE DISTRIBUTION NETWORK STRUCTURE

3.1

3.1.1

MASTER PLAN FOR THE RAMU POWER SYSTEM

Demand Forecast of the Lae Area

To settle the facility plan, such as the substation and D/L, a demand forecast for each region in the
Ramu system is important. Here, the demand forecast of each Center where each service center is
located, is implemented until 2030. The following analytical steps are performed:

Each Center’s growth rate is estimated from historical data
e Each Center’s peak demand is estimated from historical data
e FEach Center’s peak demand is divided to each existing substation where the summation of each

Center’s peak demand conforms to the peak demand of Base Load in Normal Case

o For substations in Lae and Madang Center, new industrial/commercial estate loads are added

Base Load’s peak demand of each Center estimation result until 2030 are shown in Fig. 3.1-1, Base
Load’s peak demand ratio of each center in 2030 is shown in Fig. 3.1-2 and each substation’s peak
demand estimation result is shown in Fig. 3.1-3.

On the Base Load as of 2030, the peak demand of Lae Center is the biggest, followed by Madang
Center. In the forecast, the peak demand of Lae Center is 50% of the total Base Load and Madang

is 18%.

40

Base Load's peak demand of each Center until 2030
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Fig. 3.1-1 Base Load’s Peak Demand of Each Center until 2030
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Fig. 3.1-2 Base Load’s Peak Demand Ratio of Each Center in 2030
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Fig. 3.1-3 Peak Demand of Each Substation until 2030
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3.2

3.2.1

1)

()

BAsIC DESIGN OF THE DISTRIBUTION NETWORK STRUCTURE

In this section, the structure of the distribution network is defined in accordance with the actual
conditions of the Lae Area from the perspective of ensuring supply reliability, reducing power
losses and ensuring ease of operation and maintenance.

Power distribution planning and design significantly impact on the following factors, which affect
service quality to customers and business management.

v Construction cost of facilities
v/ Power supply quality (Supply voltage and reliability)
v Power losses

Considering them overall, distribution planning is required, taking all these factors into
consideration, to form well-balanced facilities since those factors tend to interact.

The distribution network structure design defines the main facility planning issues to ensure
conformance with the planned distribution facilities, standard form of facilities and standards for
scale and capacity etc. to achieve an efficient and harmonious delivery system, including
distribution substations (primary substation) and a high voltage line taking overall factors affecting
service quality to customers and business management into consideration.

The basic design for the distribution network structure should be based on PPL standards such as
Grid code and Design manual as far as possible.

Basics in Distribution Network Structure Design

Policy and evaluation of facilities formation

The following matters should be considered in distribution design to ensure stable long-term
supply and overall system efficiency.

Effective utilization of existing facilities

The economy taking into account the construction costs and distribution losses in capital
Flexibility for future demand fluctuations

Harmony with the local community

Maintaining and improving power quality and supply reliability

Coordination of facilities and O&M

Ease of construction and installation

@ me e oe

Judgment of the need for countermeasure and the required timing

Assuming maximum utilization of existing facilities, planning for new installation and expansion
should be developed based on the following conditions:

When substation facilities or equipment is newly installed

When the capacity of existing facilities is expected to become insufficient

When existing facilities is expected to be unable to maintain permissible voltage levels
When extensive or extended power outages are expected during a single equipment failure
(N-1 fault) in existing facilities

e. When upgrading capacity or specification is considered profitable due to increasing
maintenance cost and power losses in existing facilities

;a0 o
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f.  When some renovation of facilities is deemed necessary to address power outages caused by

work on D/Ls and frequent faults

3.2.2 Prerequisites of Facility Planning

(1) Nominal voltage and Circuit type of the distribution system

Nominal voltage and circuit type distribution systems are shown in Table 3.2-1 as standard.

Table 3.2-1 Nominal Voltage and Circuit Type

.. Nominal .
Voltage class Application area o o Circuit type
In the city of Lae (Taraka S/S, 3-phase 3-wire system
11KV System Milford S/S Area) kv with solid earthing
Rural area other than the above 3-phase 3-wire system
22kV System (Elap S/S, Nadzab S/S Area) 22kv with solid earthing
Low voltage System | Whole area 415/240V 3-phase 4 wire system with
solid earthing

(2) Maintaining proper voltage

Table 3.2-2  Permissible Voltage

Facilities should be established to maintain supply voltage for Nominal Permissible

low voltage customers within the permissible range shown in | Voltage (V) voltage (V)

Table 3.2-2. 415 415+5%
240 240+5%

(3) Type of distribution line

D/Ls should be overhead lines in principle. However, underground cables should be adopted under
the following conditions. JICA Study Team consider the adoption of underground lines in the
following cases:

a. Parts leading out feeders from substations

b. Where regulatory and technological constraints apply, which limit the construction of
overhead lines, or based on the on-site situation and economic conditions

c.  When an underground cable is required to harmonize with the local environment

(4) Standard distribution circuit capacity

The form of leading out and standard circuit capacity are shown in Table 3.2-3.
A facility expansion should be implemented to ensure the standard capacity is not exceeded.

Table 3.2-3 Standard Circuit Capacity of the Distribution Line

Form of leading out Standard circuit capacity (A)
Distribution Normal Emergency
system Underground Overhead . (Continuous Notes
capacity :
capacity)
11kV Single Core armored aluminum The '1nterconnect10.n points should be
) Grape 350 530 provided for one circuit between three
Overhead | conductors, 400 mm o
other circuits or more.
22kV Single Core armored aluminum Grape 330 330 %shal;ot\lfle. S erconnection amone other
Overhead | conductors 500 mm? Grape 65 530 Y hen the nterconnectio ong othe
circuits 1s one circuit.
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(5) Supply reliability

In principle, no power outage should occur in existing facilities when an N-1 fault! occurs during
the annual maximum demand of the distribution circuit.

In particular, the load in sound sections, except the failure section of one distribution circuit, has
to be supplied during single equipment failure.

(6) Diversity factor of the distribution circuit

The required distribution circuit number meeting the projected area demand should be estimated
under diversity factor of 1.27 2.

(7) Distribution Feeder Protection

The primary voltage line of the distribution system will be protected against short-circuit and
carthing faults by the following protection instrument:

() Overcurrent Protection at Substation

(i) The Distribution Feeder shall have the following protection at the substation:
(A) Phase-fault protection; and
(B) Earth-fault protection

(i) Protection shall be provided by circuit breakers operated by relays.

(b) Overcurrent Protection along feeders

(i) The Distribution Feeder shall have overcurrent protection at the tapping point of lateral
circuits using Automatic Circuit Reclosers and/or Distribution Fuse Cut-outs

(i) Automatic Circuit Reclosers and Sectionalizers may be installed to sectionalize the main
distribution feeder.

(8) Short-circuit capacity

The maximum permissible short-circuit capacity in the  Table 3.2-4 Permissible Maximum

power distribution system is shown in Table 3.2-4 as Short-Circuit Capacity
standard. T
Permissible max.
. T . value
(9) Selection of distribution line route S00MVA
22kV System 13.12kA
A passage route of an overhead D/L and the location of 250MVA
each support should be optimally selected considering 11kV System 13.12kA

subsequent matters sufficiently. In particular, the
location of poles should be selected for official sites such as road sides in principle.

a. Trend of future demand and system configuration of D/Ls
b. Influence of various disasters
Impact or effect of wind disasters, lightning strikes, flooding, contamination by salt and dust,

1 N-1 fault: Means one circuit failure of transmission line, one bank failure of substation, one circuit failure of the distribution system or one
generator failure.
2 Measurement data of distribution feeders in the city of Lae. (Refer to Table 2.7-8)
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landslides and land subsidence

Concern over the natural environment, social environment and cultural assets etc.
Coordination with legal restrictions and various development plans for land use

Degree of difficulty of construction and maintenance work

Shortening of route length, reduced construction cost by measures such as shortening route
length

o Qo

3.2.3 Formation of Distribution Facilities
(1) System planning

1) Configuration of the distribution system

Overhead distribution system with both 11kV and 22kV should have a radial system applied,
which comprises divided sections waving interconnection points respectively.

The division number of one distribution
circuit is at least three and each divided
section should be able to interconnect
with different distribution circuits as a
system configuration for flexible
system operation.

Sectionalizers capable of interrupting
load currents should be installed at
major points dividing D/Ls and
interconnection points between
neighboring circuits for short-term
power restoration. A  conceptual
diagram of the system configuration is Fig. 3.2-1 Basic System Configuration of
shown in Fig. 3.2-1. Sectionalized System with Interconnection

Furthermore, in addition to the switch, to continue the supply to loads other than the work
section when the D/L work and placed ABS (non-load switching) is based on the idea below.

Furthermore, ABSs (Air-Break Switch - Non-load) may be installed in addition to the
abovementioned sectionalizer at the following defined point to continue power supply for the
sections outside the work section during maintenance or renovation work.

The relieved load capacity (=The benefit capacity) is defined by the following equation:
(Pb) =L x C (kVA. km)
The benefit capacity (Pb) should be at least 10,000 kVA.km.

Where, L : the length of line downstream of the switch but not downstream of any other
switch -kVA.

C : the installed kVA upstream of the switch but not upstream of any other
operational switchgear-k VA

2)  Number of circuits

The number of the distribution circuits is one on a single route.
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3) Capacity of the distribution circuit

The capacity of a distribution circuit is limited to the values shown in Table 3.2-3 taking
comprehensive account of economic efficiency and capability to lead out feeders.

(2) Facilities planning

Provisions in this section are be applied in common to 11kV and 22kV systems except for the
insulation level of equipment and facilities.

1) Part of leading out feeders of the primary substation

Part of leading out feeders® of the primary substation should apply the underground cable,
taking line reliability and ease of maintenance etc. into account.

It should be noted that there is a case whereby the two-circuits/route is forced for the leading
out feeders (load side than 1% pole rising cable) based on constraints on the route.

In this case, the overhead line should be applied as one circuit and the aerial cable should be
laid as another on the same route.

Because there is a possibility that the maintenance system for underground cables in PPL
cannot correspond quickly to cable faults, an aerial cable should be adopted which is easier
than an underground cable for maintenance work.

2) Supports
Supports for overhead power lines should adopt H-shaped steel as standard.

The length of the support should be selected to ensure the necessary clearance of wires from
the ground to address the environment for installing lines.

3) Conductors

The conductor size should be selected based on the standard shown in Table 3.2-5 to ensure
the supply capacity of lines and proper voltage considering future demand.

3 Part of leading out feeders, means a line from CB in a switchgear board to the first pole of the overhead line
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Table 3.2-5 Standard Specification of Typical Conductor

ity *D | Impedance (Q/km
Class of circuit Conductor | Conductor | Ampacity p ( ) Notes
type code (A) R™ X*3)
Feeders,
Express feeder, ACSR Grape 531 0.263 0.324
Interconnected
radial feeder
Distributors ACSR Grape 531 0.263 0.324
Spurs 11 kV Urban line with load over
ACSR Cherry 434 0.367 0.337 SOKVA
11 kV Urban line with load under
ACSR Apple 248 0.901 0.366 50kVA, 22 kV Rural line with load
over S0OkVA
.. 22 kV Rural line with load under
ACSR Raisin 155 2.14 0.378 SOKVA

*1) Continuous current carrying capacity, A Rural weather, summer noon, wind speed of 2m/s

*2) AC resistance

at 50Hz, 75°C

*3) Inductive reactance to 0.95m between conductors at S0Hz

[ Circuit Definition ]

The following terms have been used to identify the normal function of different 33kV, 22kV
and 11kV circuits:

Feeder

Express Feeder

Interconnector

Distributor

Spur

Interconnected
Radial Feeder

4) Switchgear

A circuit which emanates from a primary substation. These are
sometimes referred to as primary feeders.

A feeder with no distribution, interconnections or spurs, terminating
at a primary substation.

A feeder interconnecting primary substations, but normally operated
with one intermediate point open.

A circuit with interconnecting facilities between feeders, but normally
operated with one intermediate point open. These are sometimes
referred to as laterals.

A circuit connected to a feeder, interconnector, or distributor at one
end only and with no means of interconnection from another circuit.
These are sometimes referred to as laterals.

A feeder interconnected to other feeders at several normally open
points. The feeders normally operate in a radial mode but can be
interconnected in emergency or maintenance conditions to allow
sections of the feeder to be isolated and still continue supply in the
remaining sections.

A sectionalizing switch is installed to facilitate system operation or ease restoration during
system faults.

Installation position of sectionalizer (load break switch) is shown in Fig. 3.2-1. The
specification is shown in Table 3.2-6. In addition, the specification of ABS (non-load break
switch) which is installed to isolate working sections is shown in Table 3.2-7.
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Furthermore, switchgear shown in Table 3.2-6 and Table 3.2-7 is applied in common to the

11kV system in the city of Lae and the 22kV system in the suburbs respectively.

This is because although the distribution facilities in the Lae city are operated under a voltage
of 11kV, the insulation level is designed for that of 22kV facilities.

Table 3.2-6  Specification of Sectionalizer

Ratings

Rated maximum voltage 27 (kV)
Rated continuous current 600 (A)
Fault make capacity 20 (kA-RMS)
Fault make capacity 50 (kA-Peak)
Rated full load operations 600 (A)

Short-term current

20 (kA-RMS) Isec.

Breaking
capacity

Mainly active

600 (A) (at pf=0.7)

Cable charging

50 (A)

Transformer magnetizing

4(A)

Table 3.2-7 Specification of ABS

Ratings

Rated maximum voltage 24 (kV)
Rated continuous current 630 (A)
Fault make capacity None
Peak withstand current 50 (kA)
Rated full load operations None

Short-term current

20 (kA-RMS) (800A 3 second)

Breaking
capacity

Mainly active

None

Cable charging

5 (A) for 22kV, 10 (A) for 11kV

Transformer magnetizing

5 (A) for 22kV, 10 (A) for 11kV
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CHAPTER 4

SHORT-TERM DISTRIBUTION NETWORK IMPROVEMENT PLAN
IN THE LAE AREA
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CHAPTER 4 SHORT-TERM DISTRIBUTION NETWORK IMPROVEMENT PLAN

4.1

41.1

4.1.2

)

IN THE LAE AREA

BASIC POLICY TO IMPROVE SHORT-TERM DISTRIBUTION NETWORK

Improved Power Supply Reliability

As described in Chapter 2, to improve the planning for short-term distribution networks,
measures to improve power supply reliability have focused on reducing the duration rather than
frequency of power outages.

It is not easy to switch the connection of the distribution network in the Lae area, since the
capacity and ability of the equipment or the line configuration are insufficient for operation. This
status of the distribution facility results in a major restriction, which prevents swift restoration of
power outages and flexible network operation.

When a power outage occurs due to any failure in a D/L, once the fault section is identified and
isolated from the sound part of the line, power is sent as soon as possible from the substation to
the upstream side section, as viewed from the fault point and from the neighboring D/L
connected to the downstream section. With the distribution network connection subject to swift
switching operation, the index for power supply reliability can be improved.

In the Lae area, when a D/L fault occurs, as described in the restoration step in Section 2.4.3(3)
3), power is sent to the upstream sound sections from the substation, but not from the
neighboring section to the other sound section due to some restrictions on network operation
imposed by the distribution facility. These include:

- Switchgears on the D/L lacking sufficient ability to make/break load current and make fault
current.

- The fact that the interconnection point for an emergency power supply in the event of a fault is
not secured in the network.

- The trunk line capacity is not secured for an emergency power supply.

Consequently, all the sound section on the downstream side suffers a power outage pending
restoration of the defective equipment, which results in very low reliability of the power supply.

Accordingly, a plan to improve the Lae area distribution network is considered to reduce the
duration of power outage by enhancing the weak points that impair network operation.

Improvement of Load Balance among Distribution Lines
Condition of load current in the Lae area feeders

Table 4.1-1 shows the load current record (per hour, for 2014) in each feeder at the Taraka and
Milford substations. The supply area for each D/L is shown in Fig. 4.1-1.

Viewing the whole area of Lae, loads are distributed to the Milford substation side, particularly
the coastal area. Feeders of the Taraka substation toward a southerly direction (T3, T4 and T5)
tend to have heavy load to transfer the heavy load near the Milford area. T4 in particular has a
heavy load because it also supplies the factory in the west area. Feeders of the Milford substation
toward the coastal area, namely M1, M3 and M5, have relatively high average loads.
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Table 4.1-1 Load Record of Each Feeder in the Lae Area
(per hour, for 2014)

Substation Feeder Hourly Load(MW) Main supply area
Average Peak
Tl 1.13 2.56 North-east (University etc.)
T2 2.17 4.52 North-west
T3 1.39 4.94 South (connected to Milford)
Taraka T4 3.34 6.45 West (connected to Milford)
T5 2.39 4.7 South-west (connected to Milford)
Average 2.08
c 0.88
M1 2.49 4.56 South (including Taiheiyo Cement)
M2 1.69 4.38 East
M3 2.62 6.05 South-east
Milford M4 2.78 6.01 South-west
M5 1.76 4.56 North-east
M6 111 4.25 West (toward Nadzab)
Average 2.08
c 0.65

Source: JICA Study Team

Source: JICA Study Team

Fig. 4.1-1 Supply Area Map of Existing Distribution Lines in LAE
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(2) Reflection on the distribution network design

A well-balanced load current among the distribution feeders is generally preferred for the
following reasons:

- Ease of load management of the D/L

- Loss reduction in the trunk line

- Ease of voltage management

- Ease of network switching when restoring faults

This is true when every D/L is assumed to have the same configuration model, line length and
load distribution. In the actual distribution network however, the load current is imbalanced due
to the geographical condition of the supply area (shape, area, existence or absence of roads)
and/or that of the growth of new loads in the area.

Regarding the Lae area, D/Ls from the Taraka substation supply power up to near the Milford
substation out of necessity, which is inappropriate as a form of distribution network. Accordingly,
when examining efforts to re-configure the distribution network, work to extend the line from the
Taraka substation is limited to the extent required to ensure the load balance and network
connection between both substations. When there is a section which enables the rebalance of
feeder currents by transferring load, this is also reflected in the reconfiguration of the distribution
network.
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4.2 CONSTRUCTION DESIGN TO IMPROVE THE DISTRIBUTION NETWORK

Source: JICA Study Team

Fig. 4.2-1 Basic System Configuration
of the Sectionalized System with
Interconnection

Measures to solve issues affecting D/Ls in the Taraka and
Milford substation area are examined based on rules
governing the configuration of the distribution network as
described in Chapter 3 and the basic policy in 4.1 of this
Chapter. Based on data of D/L faults and the condition of
the existing facility, to reduce the duration required to
restore power, it is effective to install switchgears with
load-break/load-make capacity and introduce a network
configuration comprising divided sections with respective
interconnection points, as described in Chapter 3. The
reliability of a D/L can be improved by increasing the
number of sections divided and interconnection points,
but taking into account the network in the Lae area and
the construction cost, it is appropriate to sectionalize each
D/L into three and install two interconnection points. Fig.
4.2-1 shows the network configuration.

To realize the network, an outline of which is

shown in Fig. 4.2-2, it is necessary to implement four items as follows:

1. Installation of a LBS

2. Introduction of Sequential switching system
3. Construction of an Interconnection Line
4. Upsizing of Conductors for the trunk line

For each item, the background issues in D/L, countermeasures and the result of the construction

design are described below.

On load Role of Switchgear
operation Sectionalize Tie
(Close) (Open)
ABS Inappropriate
(over capacity) ® 0
LBS Available [ | O

Fig. 4.2-2 Measures for Distribution Network to improve Power Supply Reliability
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4.2.1

1)

(2)

Installation of the LBS (Load-Break Switch)
Distribution line issues

In the Lae area, ABS (Air Break Switches, as shown in Fig. 4.2-3) are installed in the D/L for
switching, which originally lack the capacity for load current interruption. Conversely, LBS
(Load-Break Switches, as shown in Fig. 4.2-4) are not installed in the D/L, which is a measure
against impairing ease of operation and supply reliability.

To use ABS for distribution network switching, whole line sections must be de-energized for
each operation by opening the circuit breaker at the substation. However, operating the
distribution network accordingly is ineffective for practical use because it raises the frequency of
power outage and significantly complicates the steps involved in switching operation procedures.

In fact, ABS in the Lae area is operated for a charged network by necessity. In other words,
non-standard operation is conducted by PPL as part of daily work, which is problematic as
follows because of the unregulated operation.

1)  When the switch interrupts / closes the load current, the arc damages the surface of the
metal contact parts, which leads to contact resistance at the contact point and triggers ABS
burn accidents.

2) There is no guarantee or assurance of low contact resistance since the certainty of operation
varies in accordance with the skill of the operator. That also triggers ABS burn accidents.

3) In case the load current is large, additional procedures such as the separation of distribution
transformers are needed to decrease the load current before opening operation, which
prevents swift network switching.

4) Since ABS is equipment of the outdoor exposure type, the contact points suffer directly
from rain and dust, rendering them prone to faults. As a result of the ABS structure, as well
as inappropriate operation as described, ABS is considered prone to frequent faults.

On searching for fault points in the D/L, the fault section can be narrowed down by reclosing the
fault current with switchgears such as sectionalizers. However, this method cannot be used for
the D/L in the Lae area because ABS lacks capacity to close the fault current.

Planned Remedial Measures

LBSs should be installed to main points in the trunk line and interconnection line to conduct
swift and reliable make/break operation. Standard number of LBS per one 11kV D/L is shown in
Table 4.2-1 and their installation positions are examined adequately according to the
configuration of each distribution network

LBS should not be of the air insulation / break type but rather the gas insulation type, to ensure
reliable switching operation and equipped with an interrupter allowing closing load current and
fault over current.
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Table 4.2-1 Standard Number of LBS per 11kV Distribution Line

Role .Numbe.r @it Remarks
installations
Feeder 1 To enable an emergency power supply for the first section at fault occurrence,
sectionalizer since considerable time is required to locate and restore the underground feeder
cable from substation in case fault exists there.

Trunk line 2 Sectionalizers should be arranged to divide and effectively balance the load of
sectionalizer the D/L.

Interconnection 3 An interconnection switch should be arranged to enable a flexible power supply
switch from the neighboring D/L in the event of any fault. (total installation number is

counted as half, since this switch is connected to two D/Ls).

Examples of the basic pole fitting style of ABS and LBS are shown in Fig. 4.2-3 and Fig. 4.2-4

respectively.
LBS
|l AY
I I Optional equipment
I I for automation
I I (in future)
N o __ /
Source: ABB Australia Pty. Ltd Outdoor Side Break Source: Nisshin Electric. Co. (JAPAN)

(3) Construction design

Disconnector/Switch SERIES ‘S’

Fig. 4.2-3 An Example of Basic Pole Fitting Fig. 4.2-4 An Example of Basic Pole Fitting Style
Style of ABS of LBS

A location map of LBS installation is shown in Fig. 4.2-5, while Table 4.2-2 shows the number of
LBS designed to be installed.
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Source: JICA Study Team

Fig. 4.2-5 Location Map of LBS Installation (Each LBS site is indicated in red letters)
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Table 4.2-2  Number of LBS Designed to be installed

Substation Feeder No.

Sectionalize

Tie *

Taraka T1

3

5

T2

T3

T4

T5

WA

NN |W

T6

T7

Subtotal

Milford M1

M2

M3

M4

M5

M6

W | W|W|W|Ww

(SR S N E SR

M7

M8

Subtotal

18

26

Total®

34

50

r®

x 1

x 0.5

Total number of installations

(Total ® x r @)

34

25

59

* The number of “Tie” LBS is counted on both sides of the feeder.

(4) Cost of construction

1) Calculation conditions

The cost of construction is calculated according to the following conditions:

Source: JICA Study Team

- Unit construction price, including material price alone, is calculated based on a reference

estimation by a manufacturer.

- To deal with any potential surcharges, which could be levied according to the detailed
design result, 10% of the construction cost subtotal is added to cover construction

contingencies.

2) Summary of Construction Cost Estimate

The construction cost estimate is summarized in Table 4.2-3.
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Table 4.2-3 Cost of LBS Installation
Item Quantity Unit Price A(Ilili?ll;lt g?g}ggﬁg}
Material cost (LBS) 59 Units | 40,000 kina/unit | 2,360,000 106,200,000
Cost of transportation (POM to Lae) and | a0 | \parerial cost) 236,000 | 10,620,000

installation

Cost of Supervisor by manufacturer 30 Days 3333 kina/day 100,000 4,500,000
Cost of Supervisor’s Trip 2 Trips 6,667 kina/trip 13,333 600,000
Subtotal 2,709,333 121,920,000
Contingency (10%) 270,933 12,192,000
Total 2,980,266 134,112,000

(5) Schedule

Source: JICA Study Team

Table 4.2-4 Construction Process to Upgrade Switchgear

Month

123

5|6 7|8

9,10]11

12

[

Detailed Design

Procurement of LBS

Shipping

]

Installation of LBS

—

4.2.2 Sequential Switching System

Source: JICA Study Team

(1) Background and purpose of the introduction of this system

The installation of an LBS enables a swift and reliable restoration of supply to the non-fault
section by manual operation of the LBS when a fault occurs. This enables a higher-reliability
power supply, as the overview in Fig. 4.2-6 shows.

The sequential switching system is constructed based on this LBS-installed distribution network
by adding “automatic isolation of fault section” and “automatic power restoration” functions
when a fault occurs. The introduction of this system enables further reduction of outage duration,

which in turns helps improve the power supply reliability, as the overview in Fig. 4.2-7 shows.

< Merits of introducing a sequential switching system >

- Fault sections can be located quickly (in several minutes) and automatically

- Power can be restored for the non-fault sections on the source side quickly and
automatically. (Power cannot be restored in the present distribution network before

allocation of the fault section on site.)

The time for fault location can be reduced because the fault section is previously located and

the area for investigation is narrowed.
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Source: JICA Study Team

Fig. 4.2-6 Overview of Fault Restoration by Manual Network Operation
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Source: JICA Study Team

Fig. 4.2-7 Overview of Fault Restoration by Network Operation
using a Sequence Switching System

(2) System configuration

The configuration of the sequential switching system is shown in Fig. 4.2-8. Each Sectionalizing
LBS is utilized as an automatic sectionalizer for this system by connecting sequential the
switching control device (hereinafter referred to as the “control device”) and transformers for the
control device (hereinafter referred to as the “control transformers”). The section display device
is equipped in the substation to indicate the automatically located fault section. These equipment
components are operated with the coordination of a reclosing relay system to enable the
automatic allocation of fault sections and automatic power restoration of the source side
non-fault sections. The operation of this system is based on the sequential motion of each device
according to the time setting. Communication facilities are not required for the operation of this
system.
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Source: JICA Study Team

Fig. 4.2-8 Configuration of the Automatic Sectionalizing System
(with an automatic source restoration function)

(3) Operation sequence of the system

1)

Motions of the CB and LBS when a fault occurs

As in the D/L model shown in Fig. 4.2-9, assume that three automatic sectionalizing LBS’s
are sectionalizing a D/L into one feeder section and three load sections. Fig. 4.2-10 shows
an example of the motions of the CB and LBS when a fault occurs in the 4th section of the
D/L.

When a fault occurs in the D/L and a protection device in the substation operates to cut off
the CB, every automatic sectionalizing LBS on the fault D/L opens by detecting non-voltage
of the line. The control device has a mechanism that orders the LBS to close the circuit
automatically after a preset delay time (Td) from power charge detection.

LBS1 is charged when the CB is reclosed for a certain time after a fault occurs. LBSI,
LBS2, and LBS3 sequentially close the circuit with the interval of preset delay time (Td).
When LBS3, which is located on the source side of the fault section, closes the circuit, the
fault current flows again and the CB opens. Consequently, LBS1, LBS2, and LBS3
autonomously open again upon detecting the non-voltage of the line.

When LBS3 opens after the 1st reclosing, LBS3 locks up to separate the fault section by
detecting the condition that drop-off to zero voltage in the line voltage just after (within the
preset detection time) it is closed. Following this sequence, the power supply to sections 1, 2,
and 3 is restored by the 2nd automatic reclosing of the CB in the substation.

The section display unit in the substation detects the fault section by counting the time (S)
between the 1st reclosing of the CB and the 2nd CB trip. Since the CB turns off just after the
time required for these three LBS’s to turn on (‘Td” x 3) in this case the fault section is
judged as in section 4.

Source: JICA Study Team

Fig. 4.2-9 Distribution Line Model (the fault point is in section 4 in this case)
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Source: JICA Study Team
Fig. 4.2-10 Example of the On/Off Status Chart of the CB and LBS after a Fault Occurs

2) Functions required for the equipment composing the sequential switching system

The functions required to configure the equipment for the sequential switching system are
shown in Table 4.2-5.

Table 4.2-5 Functions required to configure the Equipment for the Sequential Switching System

Equipment Function

LBS Non-voltage open, short circuit closing, on load switching

Time detection, sequential switching on, reverse charge lock,

trol devi .. .
Control device collision prevention, delayed open

Section Display device Fault section decision / display

Source: JICA Study Team

The control device has the following functions related to operation timing.

(1) Turn-on time: time required to turn on the LBS after the control device is charged (e.g.,
10 Seconds).

(2) Detection time: time after the LBS is turned on. The LBS is locked out with the status
open if the power is turned off during this period. (e.g., 5 Seconds)

(3) Open delay time: to avoid malfunction of the sequential switching system by an
instantaneous power off or voltage drop of the source voltage or breakage of the
short-circuit current at the LBS, the LBS should stay in an on-status in this period even
though the power is lost (e.g., 1 Second).

3) Introduction of automatic backup restoration (Reference)

The introduction of an automatic backup restoration can be considered for the D/L, which
requires a high-reliability power supply. After a fault occurs in the D/L and power is
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restored to the source side of the fault section by sequential switching and two sequential
reclosing operations, this system automatically supplies power from the interconnection line
by turning on the interconnection LBS to the load side section in some preset period (i.e.,
one minute after finishing the 2nd reclosing).

However, the Introduction of automatic backup restoration seems premature in the short —
term distribution network improvement plan, for the following reasons.

# Network drawings are not yet appropriately managed in the Lae area,
# Enough practical experience with networks with automatic source restoration is required,
# Improvement of reliability at generation and transmission side is required’.

Fig. 4.2-11 is the configuration diagram of this system. By taking this system configuration,
each LBS can sense the charge status on both the substation and load side in order to enable
restoration by the load side supply. The equipment necessary to add this function to the D/L
consists of one control device and two control transformers for each interconnection LBS
and one distribution transformer for each sectionalizing LBS.

Higher level management and operation of the distribution network is necessary to
introduce an automatic backup restoration in addition to simple automatic source restoration.
Since load switching is automatically carried out regardless of the actual load on the D/Ls,
for example, an unexpected overload on the D/Ls creates a risk of fault expansion to the
interconnection line. To prevent this situation, the load of the power D/Ls has to be
managed with sufficient accuracy or the network has to be operated with a sufficient
allowance. At the same time, sufficient measures must be taken to ensure the safety of the
fault recovery work at the site. This can be done, for example, by accurately grasping the
present form of each D/L.

Source: JICA Study Team

Fig. 4.2-11 Configuration of the Sequence Switching System
(with an automatic source and backup restoration function)

(5) Introduction plan

Introduction plan of Sequential Switching System (Source restoration and Backup restoration)
shows bellows.

As mentioned above, backup restoration system does not including Short - term distribution
network improvement plan. The timing of introduction of backup restoration to the Lae area is

1 At the leader of the distribution line in Lae area, UF (under frequency) relays are installed in the present. The life of LBS’s may be shortened
when the UF relays frequently operate the CB’s in the substations more than expected by the effect of power outages from the power source
side, such as faults on the transmission lines and isolations of the generators.
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considered premature.

1) Overview of the introduction plan

- Subject area: Substation area of Taraka and Milford, where high demand density and high
reliability are required for D/Ls

- Equipment quantities for Construction:

Table 4.2-6 Equipment Quantities for Construction of the Sequential Switching System

Quantity
Equipment Place of installation For source |For backup
restoration | restoration

Total

-For source restoration: sectionalize LBS (each unit)

-For backup restoration: tie LBS (each unit) 34 Units | 25 Units | 59 Units

Control device

-For source restoration: sectionalize LBS (each unit)
-For backup restoration: sectionalize LBS (each 2 units ) 34 Units | 84 Units | 118 Units
+ tie LBS (each unit)

Control power
transformer

Section display | -Taraka 5 units

device Milford 6 units H Units |- 0 Unit ) 11 Units

Source: JICA Study Team

2) Schedule

The schedule for the construction for source restoration is shown in Table 4.2-7 and that for
backup restoration is shown in Table 4.2-8.

Table 4.2-7  Schedule for Construction (source restoration)

Month
1123|4567 8|9 |10[11]12

Procurement of Material —
Shipping -
Installation of System —

Table 4.2-8 Schedule for Construction (backup restoration): Reference

Month
112 3|4|5|6|7 8|9 |10[11]12

Procurement of Material —
Shipping -
Installation of System —

Source: JICA Study Team
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3) Cost of construction

The cost of construction for source restoration is shown in Table 4.2-9 and that for backup
restoration is shown in Table 4.2-10.

Table 4.2-9 Cost of Construction (source restoration)

Amount (Yen)
. Amount .
Item Volume | Unit price (Kina) (Assumptions
45 JPY /Kina)
Material cost (control device) 34 Units | 5889 302,222 ¥13,600,000
Kina/unit
Material cost (control power transformer) 34 Units .6’978 . 237,244 ¥10,676,000
Kina/unit
. . . . . 5,556
Material cost (section display device) 11 Units Kina/unit 61,111 ¥2,750,000
Cost of transportation (POM to Lae) and | Subtotal of Material cost 63.533 ¥2.859,000
installation *10%
. . 3,333
Cost for Supervisor dispatched by manufacturer | 30 Days Kina/day 100,000 ¥4,500,000
T . 6,667
Cost of Supervisor's Trip 2 Trip Kina/trip 13,333 ¥600,000
Contingency Preliminary expenses (10%) 77,397 ¥3,482,860
Total 851,366 ¥38,311,465

Source: JICA Study Team

Table 4.2-10 Cost of Construction (backup restoration): Reference

Amount Amount (Yen)
Item Quantity | Unit price (Ki?;) (Assumptions
45 JPY /Kina)
Material cost (control device) 25 Units | 088 1 2000m ¥10,000,000
Kina/unit
Material cost (control power transformer) 84 Units .6’978 . 586,133 ¥26,376,000
Kina/unit
. . . . . 5,556
Material cost (section display device) 0 Units Kina/unit 0 ¥0
Cost of transportation (POM to Lae) and | Subtotal of Material cost 89.422 ¥4,024.000
installation *10%
. . 3,333
Cost for Supervisor dispatched by manufacturer | 30 Days Kina/day 100,000 ¥4,500,000
e . 6,667
Cost of Supervisor's Trip 2 Trip Kina/trip 13,333 ¥600,000
Contingency Preliminary expenses (10%) 100,252 ¥4,511,360
Total 1,102,776 ¥49,624,940
Source: JICA Study Team
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4.2.3 Construction of the Interconnection Line
(1) Issues in the distribution line

Some of the sections in the distribution network cannot receive power from neighboring D/Ls
due to the lack of interconnection lines for the section

(2) Planned Remedial Measures
- In the examination of reconfiguration of distribution network, interconnection lines using
standard size conductor of ‘Grape’ are constructed to enable power supply from at least three
neighbor D/Ls. With this measure, uniform current trunk line capacity is ensured from
substation to the interconnection point for neighbor D/L on the far end.
- As abasic point to consider, the D/L should be constructed in public land such as public road.

(3) Construction design

A location map of construction of the interconnection line is shown in Fig. 4.2-12.
The construction length of the interconnection lines is shown in Table 4.2-11.
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Source: JICA Study Team

Fig. 4.2-12 Location Map of Interconnection Line Construction
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Table 4.2-11 Construction Length of Interconnection Line

. Construction
No. | Substation | Feeder e Purpose

1 T1 017 - To ease the load on T2

’ - To enhance the connection between T1 and T2.

- To secure a backup supply for T1 (university load)
2 Taraka 4 2.00 - To enhance the trunk line capacity toward the western area.
3 T5 0.41 - To enhance the connection between T3 and T5
4 M3 0.66 - To enhance the connection between M2 and M3
Milford
5 M6 0.61 - To enhance the connection between M4 and M6
Total 5 3.83

Source: JICA Study Team
(4) Cost of construction

1) Calculation conditions
The cost of construction is calculated according to the following conditions:

- “Length of conductor” is calculated, based on “Length of the construction route”, with a
10% allowance for taking sag and detour in accordance with the shape of the road into
consideration, as follows:

“Length of conductor” = *“length of the construction route” x 3 (phases) x 1.1

- The unit construction price is calculated based on the past construction track record in
PPL.

- To deal with potential surcharges according to the detailed design result, 10% of the
subtotal construction cost is added to cover construction contingencies.

2) Summary of Construction Cost Estimate

The cost estimates for construction are summarized in Table 4.2-12.

Table 4.2-12 Construction Cost of the Interconnection Line

Amount | Amount (Yen)

Item Quantity Unit Price (i5tm) [45 Yen/Kina]

Distribution General Cost Estimate, Urban Setting
(Medium Voltage 3-phase, including Labor,| 3.83 km | 90,000 kina/km 344,700 15,511,500
Transport & Accommodation)

Material cost

(Grape Conductor, 3 phases) 12.60 km | 6000 kina/km 75,600 3,402,000
Subtotal 420,300 18,913,500

Contingency (10%) 42,030 1,891,350

Total 462,330 20,804,850

Source: JICA Study Team
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(5) Schedule

Table 4.2-13 Construction Process of the Interconnection Line

Month
1/2/3/4]l5]6]7]8]9]10]11]12

Detailed Design “
Procurement of Material -
Construction(poles) —
Construction(wires) ‘m

Source: JICA Study Team

4.2.4 Replacement of Trunk Line Conductor

(1) Distribution line issues

Some of the sections in the trunk line (including major interconnection lines) lack sufficient
capacity because the existing conductors are smaller than standard. Those sections disturb the
operation of the distribution network, since load-switching restrictions apply.

(2) Planned Remedial Measures

When examining the reconfiguration of the distribution network for each D/L, conductors on the
root of the trunk line are designed to be replaced with those of the standard ‘Grape’ size.

(3) Construction design

A location map for replacement trunk line conductors is shown in Fig. 4.2-13, with construction
lengths shown in Table 4.2-14.

Table 4.2-14  Construction Length of Replacement Trunk Line Conductor

. Existing | Construction . .
No. | Substation | Feeder wire gt () Object of construction
- To secure trunk line capacity and enhance the
! T Banana 3:40 connection between T1 and T4.
Banana, - To secure trunk line capacity (This line is a branch of
2 Taraka T2 Apple, 4.05 T2 for now but there are plans to use it as a T1 trunk
Cherry line) and enhance the connection between T2 and T4.
3 T4 Banana, 5.65 - To secure the trunk line capacity
Cherry
. - To secure the trunk line capacity and enhance the
4 Milford M5 Banana 2.00 connection between M5 and T4.
Total 15.11
Source: JICA Study Team
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Source: JICA Study Team

Fig. 4.2-13 Location Map of Replacing Trunk Line Conductor
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(4) Cost of construction

1) Calculation conditions

The cost of construction is calculated according to the following conditions:

- “Length of conductor” is calculated, based on “Length of the construction route” with
10% allowance for taking sag and detour in accordance with the shape of road into

consideration, as follows:

“Length of conductor” = ““length of the construction route” x 3 (phases) x 1.1

- Unit construction price is calculated based on the previous construction track record in

PPL.

- To deal with potential surcharges according to the detailed design result, 10% of the
subtotal construction cost is added to cover construction contingencies.

2) Summary of Construction Cost Estimate

The construction cost estimate is summarized in Table 4.2-15.

Table 4.2-15 Cost of Replacing Trunk Line Conductors

. oo Amount | Amount (Yen)
Item Quantity Unit Price (kina) [45 Yen/Kina]
Distribution General Cost Estimate, Urban Setting
(Medium Voltage 3-phase, including Labor, Transport | 15.11 km | 90,000 kina/km | 1,359,900 61,195,500
& Accommodation)
Material cost (Grape Conductor, 3 phases) 49.90 km | 6000 kina/km 299,400 13,473,000
Subtotal 1,659,300 74,668,500
Contingency (10%) 165,930 7,466,850
Total 1,825,230 82,135,350

(5) Schedule

Source: JICA Study Team

Table 4.2-16 Construction Process for Replacing Trunk Line Conductors

Month

1/2]3]4

5/6] 7|8

9 [10[11

12

Detailed Design “

Procurement of Material

—

Construction(wires)

. Source: JICA Study Team
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4.2.5 Milford Substation 11kV Switchgear Replacement

As described above, there are proposals to replace conductors on the trunk line root with ‘Grape’
conductors, which is the standard size in the Lae area. According to the conductor specification
sheet, the rated current of the ‘Grape’ conductors is 531A. To eliminate load-switching
restrictions, not only D/Ls must have sufficient capacity, 11kV switchgears and 11kV power
cables in the substation outlet must also have sufficient capacity.

Measures in substations with short-term improvement plans are considered in this Chapter.
(1) Existing capacity of 11kV facilities in the substation
Fig. 4.2-14 shows a single line diagram of Taraka and Milford substations. Table 4.2-17 shows

the existing capacity of 11kV facilities in Taraka and Milford substations. The capacity of the
facilities highlighted in red is smaller than that of ‘Grape’ conductors.

132kV (603)
Taraka S/S
T4:20MVA T3:20MVA (—T2:20MVA T1:20MVA
vl 132/66kV 182/11kV 182/11kV
66KV \Wllkv
10 < ] N =
To Nadzab £ R
8 9 E £ £
B & R, .
66kV(509)
66kV
Milford S/S
T2:20MVA T1:30MVA
66/11kV 66/11kV
| 11kV
CT? é é éé L ?
e TR
g ool =5 EOMA
2 B ECbegg | &

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Source: JICA Study Team

Fig. 4.2-14 Taraka and Milford Substation 11kV Single Line Diagram

Table 4.2-17 Existing Capacity of 11kV Facilities in Taraka and Milford Substations

Substation | 11kV feeder power cable | 11kV circuit breaker | CT for distribution feeder

Milford 350A * 800A 400A
Taraka 760A * 1250A 1200A
*Estimate from the catalog Source: JICA Study Team
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Considering the capacity of 531A, 11kV facilities such as switchgears and power cables in
Taraka substation have sufficient capacity. However, 11kV feeder power cables and CTs for the
distribution feeder in Milford substation lack sufficient capacity compared to 531A and must
therefore be replaced.

(2) Replacement of 11kV switchgears in Milford substation by PPL

The substation team in PPL Lae office also consider it necessary to replace 11kV facilities in
Milford substation and had already planned to do so, due to aging. The switchgear equipment is
now 40 years old and prone to numerous malfunctions. The capacity is upgraded with the
replacement due to the aging and a budget for the same has already been prepared. An outline of
the replacement plan is shown below.

1) Replacement schedule

Fig. 4.2-15 shows the replacement schedule and Fig. 4.2-16 shows a single line diagram in
the Milford substation after replacement.

The replacement plan comprises four phases, each of which is shown as an outline below.

Phase 1 .....The existing load of feeders 4, 5 and 6 in the Milford substation is transferred to
other feeders in Taraka and Milford substations.

Phase 2 .....Power cables connected to existing 11kV switchgears are removed.
Phase 3 .....The existing 11kV switchgears are removed.
Phase 4 .....The new 11kV switchgears are constructed.

Initially, the replacement would be carried out after load-switching because the new 11kV
switchgears would be installed at the same place as existing equipment. However the
replacement process has been changed and the new 11kV switchgears are now to be
installed elsewhere, following the interview in April 2015. Only the process has been
changed and Fig. 4.2-16 has not been changed.

The below schedule schedules replacement for 2015. However, the replacement will not be
completed until 2016 due to the delay in planning.
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+ Milford Upgrade casual Work Plan 0 2014/09/15 2015/10/02
* Milford Upgrade casual’s Work Plan 1 2014/09/15 2015/10/02
¢ Phase 1l 2 2014/09/15 2014/12/10
Preparation of materials & equipments 3 2014/09/15 2014/10/13
Decommission of Feeder 4,5 & 6 4 2014/10/14 2014/11/11
Digging of New Underground Cables for Feeders 4,5 & 6 5 2014/11/12 2014/ 12/10
¢ Phase 2 6 2014/12/11 2015/03/12
Preparation of materials & equipments 7 2014/12/11 2015/01/08
Assist to dig and relocate Tx1 and Tx2 LV u/grouncl cables 8 2015/01/09 2015/01/28
Assist to install new u/ground Cables for Txl and Tx2 9 2015/01/29 2015/02/17
Assist for the civil works & installation of new 66kV CB for Tx1 10 2015/02/18 2015/02/26
Disconnection of existing interconnectors form bus 1, 2, 3, & 4 11 2015/02/27 2015/03/12
¢ Phase 3 12 2015/03/13 2015/06/08
Assist to removing all aging panels 13 2015/03/13 2015/04/10
Digging of u/ground Feeder Cable for Feeder1,2,3 & 7 14 2015/04/13 2015/05/11
Assist to relocate Aux/Genset and Cap Bank 15 2015/05/12 2015/06/08
¢ Phase 4 16 2015/06/09 2015/10/02
Assist to install of new switchgears 17 2015/06/09 2015/07/20
Assist to install new u/cables 18 2015/07/21 2015/09/14
Assist for testings and commissioning 19 2015/09/15 2015/10/02

Source: PPL

Fig. 4.2-15 Milford S/S 11kV Switchgear Replacement Schedule

Source: PPL

Fig. 4.2-16 Milford Substation Single Line Diagram after the Replacement
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2) Cost information

The budget for the replacement is 3.9 Million Kina, from PPL’s own funds.

3) New capacity of 11kV facilities in the Milford substation

Following the replacement, the capacity of the 11kV power cables will be upgraded to 760A
and that of the 11kV switchgears will be upgraded to 1250A. The capacity of CTs for the

feeder will be upgraded to 1200A.

As a result, 11kV facilities in Milford substation will have sufficient capacity compared to
531A after the replacement.

(3) Need for Substation Measures

Table 4.2-18 shows the capacity of 11kV facilities in Taraka and Milford substations after the

replacement.

Table 4.2-18 Capacity of 11kV Facilities in Taraka and Milford Substations after the Replacement

Substation | 11kV feeder power cable | 11kV circuit breaker | CT for distribution feeder
Milford 760A (*1) 1250A 1200A
Taraka 760A (*1) 1250A 1200A

*Estimate from the catalog

Source: JICA Study Team

The measures in substations with a short-term improvement plan are not necessary because 11kV
facilities in Taraka and Milford substations after the replacement will have sufficient capacity
compared to the distribution.
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4.3 FIGURE OF THE DISTRIBUTION LINE IN 2020
(1) Required number of distribution lines in 2020 in accordance with demand forecast
To calculate the required number of D/Ls in 2020 based on the demand forecast.
The load and required number of D/Ls for each substation based on the demand forecast are
shown in Table 4.3-1.
Table 4.3-1 Transition Table of Required Quantity of Distribution Lines
is based on the Demand Forecast of 2014-2020
Year| 2014 2015 2016 2017 2018 2019 2020
Milford 20 21 22 24 27 29 32
Dem(?/fl‘\?v;-oad Taraka 18 20 21 22 24 27 29
®?) Nadzab/Erap 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Total 39 41 43 46 51 56 62
Milford 24 25 26 28 31 35 38
MVA
Taraka 21 24 25 25 28 31 34
C ion) (PF=0.85
( O”Vers'czrg)( ) Nadzab/Erap 0.4 0.4 0.4 04 0.4 04 0.4
Total 45 49 51 54 60 66 73
| Milford 50 50 50 50 50 50 50
Tra”Sfow\eer?apac'ty Taraka 40 40 40 40 40 40 40
©) Nadzab/Erap 1 1 1 1 1 1 1
Total 91 91 91 91 91 91 91
dof Milford 30 31 33 36 40 44 48
Max.Load o
Taraka 27 30 31 32 36 40 43
Distribution line (MVA
ISHIbU '0(%)'”6 (MVA) NadzabiErap 0.4 0.4 0.4 0.4 0.4 04 0.4
Total 58 62 65 69 76 84 92
Required number of | Milford S S S 6 6 / 8
distribution line Taraka 5 5 5 5 6 6 7
(PF=0.85) Nadzab/Erap 1 1 1 1 1 1 1
(E) Total 11 11 11 12 13 14 16

Source: JICA Study Team

A = Demand Load in 2014-2020
B = Demand Load is converted to MVA B = (A) + 0.85 (Power Factor)
D = Maximum Load of each D/L at each Substation
=B x 1.27 (D/L Diversity Factor in Chapter 2)
E = Required Number of D/Ls E =D + 6.74

6.74AMW = Rated Power Transmission Capacity per D/L
= 11kV x 354 A (Rated Current per 1 D/L) x V3 = 1000

The calculated result with these introductions in mind is as shown in Table 4.3-1.

The maximum load of Taraka & Milford is 38 MW in 2014 and will be about 1.6 times 62MW in
2020.

Accordingly, the number of D/Ls required for Taraka & Milford in 2020 will be 15 circuits,
namely an increase of four lines.
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(2) The factors behind the increased demand load of the distribution line
The factors behind the increased load are as follows:

1. Load increases due to the increased demand load per customer
2. Load increase due to supplying new customers with electricity

The main factor behind increased demand up to 2020 can be considered the load increase due to
the increased number of new customers.

(3) Prediction of increased load area
The supply area and peak load of each D/L in 2014 are shown in Fig. 4.3-1.

Colorless parts show no-load areas as of now

Source: JICA Study Team

Fig. 4.3-1 Supply Area and Peak Load of Each Distribution Line in 2014
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These zones are estimated as follows (shown as Table 4.3-2) in 2020

Table 4.3-2  Forecast Zone Type

Situation in 2014 Situation in 2020
Zone 1 | Vacant lot, household Factory, household
Zone 2 | Vacant lot, household Factory, household
Zone 3 | Vacant lot, household Factory
Zone 4 | Factory, Vacant lot, household Factory, household
Zone 5 | Vacant lot Shopping center

* Note: Zone 4 means the planned industrial park and household area along the Highland Highway
Soruce: JICA Study Team

(4) Required Design of D/L in 2020.

The study results and design are as follows:
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Source: JICA Study Team
Fig. 4.3-2 Distribution Line Map in 2020
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