	[image: image7.emf] 




 


	Control Plant Detailed Specification and Quality Assurance
	Template Identifier
	ER00000-00-P00#4.1A-00
	Rev
	1

	
	
	Document Identifier
	ER00024-00-P05#4.1a-01
	Rev
	1

	
	
	Authorisation Date
	Nov 2015

	
	
	Review Date
	Nov 2020


	[image: image8.emf] 




 


	Control Plant Detailed Specification and Quality Assurance
	Template Identifier
	ER00000-00-P00#4.1A-00
	Rev
	1

	
	
	Document Identifier
	ER00622-00-P03#4.1a-01
	Rev
	1

	
	
	Authorisation Date
	Nov 2015

	
	
	Review Date
	Nov 2020



	Document Classification: Controlled Disclosure

	Title:
	MAKHATHINI SUBSTATION 2 X 3MVAR, 22KV SHUNT CAPACITORS & C-TYPE FILTER
	Project Number
	ET-STM-1712-4443-01

	
	
	WBS
	CDE05366.D

	
	
	Revision:
	0

	
	
	Need date:
	2022

	
	
	Total pages:
	16


Contents

4Foreword


4Revision History


4Authorisation


5Introduction


61 Scope


62 Normative References


63 Definitions and Abbreviations


63.1 Definitions


63.2 Abbreviations


6
S/S: Substation


6
CT: Current Transformer


6
DC: Direct Current


6
AC: Alternating Current


6
DB: Distribution Board


64 Protection


64.1 Makhathini S/S – 132/22kV 20MVA Transformer and Tap Change Schemes (Transformer 1 & 2)


74.2 132kV Line Bays – for Nondabuya 132kV


74.3 132kV Busbar Protection


74.4 22kV Busbar Protection


74.5 22kV Feeder Protection


74.6 Capacitor Bank Protection and Control Scheme


84.7 Under Frequency Load Shedding (UFLS)


95 Statistical Metering


96 Measurements


97 DC Supply


97.8 110 Volts DC


107.9 48 Volts dc


108 AC DB


109 Telecontrol


109.10 D20 RTU


1110 Floor Layout


1211 Costing


1211.11 Material Costs


1211.12 Total Cost (Including Labour Costs)


1312 Long Lead Material


15Annexure B: Engineering Cost – Control Plant Design




Foreword
This document is the detailed design report for “Makhathini Substation 2 x 3MVAr, 22kV Shunt Capacitors and C-Type Filter”.
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Introduction 
Eskom Distribution Central East Cluster in Kwa-Zulu Natal has severe voltage constraints on certain sections of the high voltage network being supplied from Normandie 400/132/88kV Transmission Substation. The voltages experienced on the 132kV busbars at Candover, Makhathini, Nondabuya, Ndumo and Mkuze substations are below NRS-048 acceptable limits. It is therefore required that two (2) 3MVAr 22kV shunt capacitor banks with C-Type, 3rd harmonic filters with associated protection and control schemes be installed for VAR compensation on the 22kV Busbar at Makhathini 132/22kV Substation, which will assist with reactive power injection thus improving the HV Busbar voltages on the system.
A contractor will be engaged for the scope of the complete switching studies, design, manufacture, fabrication, delivery, installation and commissioning of two (2) 3MVAr 22kV shunt capacitor banks with C-Type 3rd harmonic filters and its protection and control schemes as well as the prescribed operational and protection settings. A specification has been created describing the required features of the capacitor banks and also defining the interconnection requirements to the Eskom system. The plant and material shall be supplied by the contractor complete with damping / filter reactors, main and coupling capacitors, surge capacitors, damping resistors and resistor current transformers, unbalance and restricted earth fault current transformers, racks, earthing points, auxiliary equipment, supporting platforms and porcelain insulators, control and protection schemes. The Contractor shall be responsible for:

a)  Providing all specified plant and associated materials, 
b)  Performing all required studies for selection of equipment,
c)  Calculation and prescription of all settings including Protection Settings and configurations, 
d)  design, 
e)  installation, 
f) training, documentation, 
g) RAM requirements and 
h) commissioning of the functional 22kV shunt capacitor installations.
1 Scope
This design report presents the protection and telecontrol requirements for the establishment of the capacitor banks. 

2 Normative References
The following documents contain provisions that, through reference in the text, constitute requirements of this specification.  At the time of issue, the revision indicated was valid.
240-150182735 - SPECIFICATION FOR PHASE 6 TRANSMISSION AND DISTRIBUTION PROTECTION SCHEMES: SHUNT CAPACITOR AND FILTER BANKS
ER00024-P05#A1.5-00 - TECHNICAL SPECIFICATION FOR MAKHATHINI SUBSTATION 2 X 3MVAR, 22KV SHUNT CAPACITORS & C-TYPE FILTER
3 Definitions and Abbreviations
3.1 Definitions

None

3.2 Abbreviations
· S/S: Substation
· CT: Current Transformer

· DC: Direct Current

· AC: Alternating Current
· DB: Distribution Board

4 Protection
4.3 Makhathini S/S – 132/22kV 20MVA Transformer and Tap Change Schemes (Transformer 1 & 2)

Refer to Appendix A for a single line diagram of Makhatini substation.

Transformer 1 in equipped with the SEL 387 and the REGD relay for protection and tap change control, while Transformer 2 has the phase 4 transformer (4TM – SEL487) and tap change (4TC-REG-DA) protection schemes installed 
These transformer protection schemes already cater for HV and MV over-current and earth fault, and high impedance HV and MV restricted earth fault. The phase 4 scheme is not equipped with a digital transducer as all measurements will be transferred from the relay to the RTU on a serial basis. The 4TC tap change scheme do allow for on load tap-change and automatic voltage regulation. This capacitor bank project will not require any changes to these transformers and tap changer schemes.
4.4 132kV Line Bays – for Nondabuya 132kV

The is only one existing 132kV feeder at the substation which has a phase 3 protection scheme with ABB REL and DPU relay installed. This will be retained.
4.5 132kV Busbar Protection

There is currently no 132kV Busbar protection and the status will remain as such.

4.6 22kV Busbar Protection

There is currently no 22kV Busbar protection and the status will remain as such.
4.7 22kV Feeder Protection

The four existing 22kV feeder bays have the SEL 351 relay installed as part of the rural feeder schemes. This will not be altered in this project.
4.8 Capacitor Bank Protection and Control Scheme

The two new capacitor banks are to be protected and controlled by a scheme using the GE C70 relay. This relay has been widely used with both Eskom Transmission and Eskom Distribution on many Capacitor banks already. As such, Eskom field staff have been trained and have the appropriate tools on hand to service and maintain these relays. There will be a significant cost saving in tools and training if these new banks are protected by schemes that are based on the C70 relay.

As such, the contractor selected to supply the hardware and design the capacitor bank will also:

1) Supply two capacitor bank schemes utilising the GE C70 relays

2) Install these schemes into the control room as per the control room layout diagram presented in Figure 1

3) Install cables and Commission the two schemes. Label Schedule (Panel and Cable Labels) will be created by the contractor and manufactured b Eskom for free issue back to the contractor
4) Create a settings template and select appropriate settings and configurations for the schemes to function optimally at Makhatini substation. These settings and configurations are to be submitted to and accepted by the Eskom Settings Department.
5) The contractor is to use the scheme developed by Eskom that was used at the substation called Brits Industries – The drawings for this scheme are contained in the drawings package.

6) Modifications need to be implemented to the base scheme (Brits Industries) to ensure that appropriate protection is afforded to all elements of the newly designed Capacitor bank with the C-Type filter.

7) The contractor shall submit the finalised design and drawings to Eskom for perusal and acceptance before construction of the scheme can take place.
4.9 Under Frequency Load Shedding (UFLS)

The existing UFLS scheme has the Schneider P941 relay installed. There is currently not enough space in the control room for the addition of the two new capacitor bank protection schemes. It was envisaged that one of the following 3 options will be pursued:

1) Remove UFLS scheme – Discussed with Network Optimisation and supported

2) Relocate UFLS scheme to the Nondabuya 132kV HV Feeder panel

3) Install 1 x Cap bank scheme in UFLS panel if space is available and move the UFLS scheme to the top of the same panel.

There are 3 options proposed can only be considered and selected once the size of the new proposed capacitor bank schemes are known. However, the changes to the UFLS scheme will be done by Eskom in-house. For the purposes of this design option 1 is chosen as de facto.
The settings for the various feeders and stages will be provided by Network Optimisation Department at Mkondeni if the scheme is to be moved and recommissioned within Makhatini Substation. 

5 Statistical Metering

There is currently one metering panel present at the substation. Within this panel is located all meters used for statistical metering purposes. It was observed that 7 meters, 4 meter module plates and GPRS modems are installed for the following feeders:

(1) 4 x 22kV feeders – one meter per feeder

(2) 2 x 132/22kV transformers – one meter per transformer

(3) 1 x 132kV HV line

The addition of the two cap banks will not alter the current metering configuration at the substation.

6 Measurements
As all new schemes will be capable of serial communications, it is proposed that all measurements be relayed via the serial DNP3 link thus eliminating the need for transducers. 
7 DC Supply

7.10 110 Volts DC
From the standing load and capacity calculations as presented in Figure 2, the existing 75 Ah for the VN range of batteries is satisfactory. It is therefore recommended that the existing battery bank be retained at Makhatini S/S. The charger installed is a sub rack type 20A Cordex charger and is also adequate. No new 110 V DC board will be installed with this project as the existing Board is to be used and has sufficient place to accommodate the installation of the new protection schemes.
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Figure 2: Makhatini S/S DC Capacity Calculations

7.11 48 Volts dc

There is currently only 110V DC equipment installed at the substation. There was no need for 48V DC and this will remain as the status quo after the Capacitor banks are commissioned.
8 AC DB

It is proposed that the existing AC distribution board be retained in this project as there is sufficient space on this DB to accommodate the addition of the two new schemes.

9 Telecontrol 

All the additional new protection schemes that are proposed in this design are capable of RS485 serial communication using the DNP3 protocol. In this project, the existing D20 RTU will be retained.

9.12 D20 RTU

The D20 RTU has 6 ports capable of RS485 serial communication. As all newly proposed protection schemes can communicate serially and there will be no need to connect via the conventional IDF except for the Protection Not Healthy (PNH) alarm. The existing D20 RTU currently receives its 110V DC supply from the station DC distribution board and this will be maintained.

10 Floor Layout

The control room already has existing panels and needs to have space for the two new capacitor bank control schemes. These are indicted on Figure 3: 
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Figure 3:  Proposed control room layout with the new protection schemes 
11 Costing

11.13 Material Costs

[image: image3.emf]MATERIALS QUANTITY ITEM COST TOTAL

2 GE C70 based Capacitor Bank Protection Scheme (Serial SCADA) R 700,000.00 R 1,400,000.00

2 Swing Frame Panel: 2400mm h x 800mm d x 600mm w R 15,000.00 R 30,000.00

Telecontrol

1 SERIAL TRAY WITH 1 MOXA  6,000.00 R               6,000.00 R                   

AUXILLARIES

Cable and Glands 69,140.00 R            69,140.00 R                 

Miscellaneous 

10% 150,514.00 R               

1,655,654.00 R         TOTAL

TELECONTROL

AUX

Capacitor Bank Protection Scheme (4CB1100)

 PROTECTION


11.14 Total Cost (Including Labour Costs)

[image: image4.emf] R 1,655,654.00 

Engineering Cost (E)  R    307,274.60 

Control Plant Design (C)  R    307,274.60 

Project  Management Fees (B)  R                 -   

Environment ( E)  R                 -   

 R      65,000.00 

SCADA Management  R      10,000.00 

Control Plant Maintenance (CPM) Audit  R      35,000.00 

Settings and Configuration  R      20,000.00 

MEW  R                 -   

R 0.00

R 1,696,034.00

Customer Network Centre (CNC)  R        5,000.00 

PTM/Commissioning Contractor  R 1,691,034.00 

Overheads 10.00% R    372,396.26 

IDC (Calculated over  6 Months) 0.00% R                 -   

Description Cost

Material Cost (M)  R                         1,655,654.00 

Internal  Contracts

Control Plant ( C)

Labour and Transport  R                         2,068,308.60 

Commissioning (T)

External Contracts

Total Project Cost  R                         4,096,358.86 

Sub-Total 2  R                         4,096,358.86 

Sub-Total 1  R                         3,723,962.60 


12 Long Lead Material
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2 GE C70 based Capacitor Bank Protection Scheme (Serial SCADA) R 700,000.00 R 1,400,000.00

2 Swing Frame Panel: 2400mm h x 800mm d x 600mm w R 15,000.00 R 30,000.00

Telecontrol

1 SERIAL TRAY WITH 1 MOXA  6,000.00 R               6,000.00 R                   

TELECONTROL

Capacitor Bank Protection Scheme (4CB1100)

 PROTECTION


Annexure A: Single Line Diagram

Makhathini 132/22kV Proposed Single Line Diagram
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RATE (T10) ELECTRICAL DRAUGHTSMAN

276.76

R/Hour

RATE (P13) ENGINEER

621.13

R/Hour

RATE (P16) SENIOR ENGINEER

866.55

R/Hour

RATE (T10) ELECTRICAL DRAUGHTSMAN - Overtime

415.14

R/Hour

RATE (P13) ENGINEER - Overtime

931.70

R/Hour

TRAVEL RATE 

4.17

/km

DISTANCE TO SITE

410

km

A3 Printing Cost

1.30

Rands/ A3 print

QTY 

(NORMAL 

WORK)

QTY 

(REWORK)

BAY TYPE

DUR 

(days) MAN HRS

COST Normal 

Work

COST 

Rework

1

REFURBISHMENT + 25% of total

0 R53,173.48 R0.00

NON STANDARD APPLICATION + 40% of Total

0 R0.00 R0.00

4

NUMBER OF SITE VISITS -fpr Design Engineers typically 4 to 6

8 R27,729.60 R0.00

NUMBER OF SITE VISITS - For Commissiong Engineers typically 2 to 3

8 R0.00 R0.00

Total Travel Costs

R13,677.60

General and Travel Sub Total

R94,580.68 R0.00

TRANSFORMER < 20MVA

8 64 R0.00 R0.00

TRANSFORMER >= 20MVA

10 80 R0.00 R0.00

TAPCHANGE

5 40 R0.00 R0.00

HV FEEDER BAY

10 80 R0.00 R0.00

HV BUS COUPLER/SECTION

8 64 R0.00 R0.00

HV BUSBAR (1 zone, no check)

5 40 R0.00 R0.00

HV BUSBAR (2 zone + check)

10 80 R0.00 R0.00

LV BUSBAR

5 40 R0.00 R0.00

LV FEEDER - rural feeders

2 16 R0.00 R0.00

LV METAL CLAD BUS ZONE (Vamp) 1Incommer

5 40 R0.00 R0.00

LV METAL CLAD BUS ZONE (Vamp) 2Incommer

8 64 R0.00 R0.00

LV METAL CLAD BUS ZONE (Vamp) 3 Incommer

8 64 R0.00 R0.00

LV METAL CLAD BUS ZONE (Vamp) Double Busbar

10 80 R0.00 R0.00

2

CAP BANK 

10 80 R44,281.60 R0.00

1

AC/DC BOARD

2 16 R4,428.16 R0.00

IDF

1 8 R0.00 R0.00

TARIFF METERING 

4 32 R0.00 R0.00

STATS METERING 

3 24 R0.00 R0.00

500

PRINTS FOR ISSUE - No of sheets

0 R650.00 R0.00

Draughting Sub Total

23 R49,359.76

R0.00

4

Telecontrol detail design (New - 10, Existing 14)

32 R19,876.16 R0.00

Fiber Optic Design

0 R0.00 R0.00

6

Checking and Approving of Pack & Drawings (20% of Eng hours)

43.2 R37,434.96 R0.00

20

Compilation and Presentation of Design (10 to 25 days)

160 R99,380.80 R0.00

Settings (as per schedule)

0 R0.00 R0.00

3

As Builts (by Drawing Office - require schedule)

24 R6,642.24 R0.00

Commissioning Engineers (normally 3 days per project)

0 R0.00 R0.00

Engineering Sub Total

259.2 R163,334.16 R0.00

R307,274.60 R0.00

NED CONTROL PLANT EHGINEERING FEES QUOTATION

Fax2Email : 086 696 5792

Revised by: Aroon Sukhnandan (Control Plant New Germany)

Makhitini Caps x 2

16-Aug-22

E-mail: Sukhnaa@eskom.co.za

Tel : 031 710 5265

Estimators Details

General and Travel Costs

TOTAL DURATION & COST

TOTAL FINAL PROJECT QUOTATION R 307,274.60

QUOTATION - NED CONTROL PLANT ENGINEERING PRELIM AND DETAIL DESIGN 

Revision Date

SUBSTATION NAME:

DATE

Draughting Costs

Engineering Design Costs
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Annexure B: Engineering Cost – Control Plant Design

Annexure C

PT&M Quote:

Preliminary estimate given as R1 691 034. Confirmed via email from Ameen Jamal in August 2022.
Note: This is a prelim configuration and will be finalised by the contractor who is awarded the work





Note: This is a prelim configuration of the Capacitor Bank with a C-Type filter and is subject to change by the final design of the contractor
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