Manitoba Hydro 2017/18 & 2018/19 General Rate Application
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
MANITOBA Page 12
HYDRO BUSHING INSULATION POWER-FACTOR TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#:
Station Name:
comment
Average Temperature\ °C

Installed in Transformer

Nameplate Values

Power Factor

Corrected to

Power Factor

Corrected to

Bushing Serial Number At °C 20°C Capacitance 20°C Capacitance
% pF % pF
HI c1
C2
H2 c1
C2
H3 c1
C2
HO c1
C2
X1 c1
C2
X2 c1
C2
X3 c1
C2
X0 c1
C2
Y1 c1
C2
Y2 c1
C2
Y3 c1
C2
YO c1
C2

June 21, 2017

Version 1.1.2 (07-Aug-2015)

printed 12-Jun-17
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Version Numbers 112 1.1.2
Version Date

Version 1.1.2 (07-Aug-2015)

June 21, 2017 Page 3 of 1301



Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

June 21, 2017 Page 4 of 1301



/A Manitoba
Hydro

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183

TRANSFORMER DATA AND TEST SUMMARY

Manufacturer

Plant Built

P.O. #

Spec. #

Station Name

Mftr's SO#

Year Built

PO Item#

Spec ID#

MMTP

# of Phases Angular Displacement(s)
No. of Wdg's Winding Temperature Rise (°C) 65
Xfmr Type Oil Temperature Rise (°C) 65
Dual LV Windings
Main Transformer Voltage Range # of Steps Lightning Impulse Level (kV LIL)
kv % Line Neutral
HV
LV
MVA Ratings
Type of Cooling ONAN \ ONAF ONAF ONAN ONAF \ ONAF
at 65°C Rise @ 30°C Ambient @ -15°C Ambient
HV & LV 9 12 15 12.15 16.2 20.25
Re-connectable Windings
Series Transformer in LTC circuit Version 1.1.2 (07-Aug-2015)
Buried Tertiary Winding printed 12-Jun-17 Page 1

June 21, 2017

Page 5 of 1301



Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
MANITOBA
HYDRO Tapchanger & Bushing Data
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#:
Station Name:
De-energized and Load Tap Changer Data:
Reduced
. Serial Number of each Gear . _— .| Voltage Rating . o o Capacity
Type of Switch| Manufacturer Type (if applicable) Location Circuit Varied (KV LIL) Current Rating % Boost % Buck # of Steps Below
Normal
DTC Winding Info Series / Parallel and/or LTC Winding Info
0,
DTC Position Voltage (kV) - Voltage (kV) % of Rated Volts S/P Position | LTC Position | Voltage (kV) Y of Rated
Wye Delta Volts
1 1 -16
2
3 N 12.47
4 +16
5
2 -16
N 24.94
+16
Series Transformer Voltage Lighning Impulse Level  (kV LIL)
kv Line Neutral Other Serial Numbers
HV (Wye) Mftr Model SN
LV (Wye) VT
MVA Ratings at 30°C Ambient VRR (90)
ONAN ONAF ONAF
at 65°C Rise
Series Transformer is Auto-connected? No Version 1.1.2 (07-Aug-2015)
printed 12-Jun-17 Page 2

June 21, 2017

Page 6 of 1301




Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
MANITOBA Page 3
HYDRO POLARITY
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO ltem#:
Spec. #: Spec ID#:

Station Name:
comment

Typically, values are not entered in all of these tables.

H to X Vector Volts
H1-H2
H2-H3
H3-H1
H2-X2
H2-X3
H3-X2
H3-X3

Volts

H to X Vector S/P 2 Volts

Version 1.1.2 (07-Aug-2015)
printed 12-Jun-17

June 21, 2017 Page 7 of 1301



MANITOBA
HYDRO

Manufacturer:

Plant Built:

P.O. #:

Spec. #:

Station Name:
comment

RATIO S/P 1

Mftr's SO#:
Year Built:
PO Item#:
Spec ID#:

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

At rated LTC position

| H to X Ratio

Hto Y Ratio

Source Terminals

Measure Terminals

DTC Position A B

C Calculated Ratio

Calculated Ratio

1

N[O wW|N

At rated DTC position

| H to X Ratio

Hto Y Ratio

Source Terminals
Measure Terminals

LTC Position A B

C Calculated Ratio

Calculated Ratio

-16

-15

-14

-13

-12

-11

-10

+10

+11

+12

+13

+14

+15

+16

At rated LTC and DTC positions

| X to Y Ratio

Source Terminals

Measure Terminals

C Calculated Ratio

June 21, 2017

Version 1.1.2 (07-Aug-2015)

printed 12-Jun-17

Page 4-1

Page 8 of 1301




MANITOBA
HYDRO

Manufacturer:

Plant Built:

P.O. #:

Spec. #:

Station Name:
comment

RATIO S/P 2

Mftr's SO#:
Year Built:
PO Item#:
Spec ID#:

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Enter the ratio values that reflect the shipping connections.

PUB MFR 183
MMTP

At rated LTC position

Hto X Ratio

Hto Y Ratio

Source Terminals

Measure Terminals

DTC Position A

C Calculated Ratio

Calculated Ratio

1

N[O gl WN

At rated DTC position

Hto X Ratio

Hto Y Ratio

Source Terminals
Measure Terminals

LTC Position A

C Calculated Ratio

Calculated Ratio

-16

-15

-14

-13

-12

-11

-10

+10

+11

+12

+13

+14

+15
+16

At rated LTC and DTC positions

X to Y Ratio

Source Terminals

Measure Terminals

C Calculated Ratio

June 21, 2017

Version 1.1.2 (07-Aug-2015)

printed 12-Jun-17

Page 4-2
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MANITOBA
HYDRO

Manufacturer:
Plant Built:
P.O. #:

Spec. #:
Station Name:

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

COLD D.C. RESISTANCE S/P 1

Mftr's SO#:
Year Built:
PO Item#:
Spec ID#:

comment

PUB MFR 183
MMTP

Page 5-1

All values in ohms unless stated otherwise.
Phase-to-phase measurments are not acceptable except for delta connected windings.

HV

Average Temperature

Terminals

DTC Position

A B C

Average

1

~N o g WwN

LV

Average Temperature

Terminals

LTC Position

A B C

Average

-16
-15

-14

-13
-12

-11
-10

+10
+11

+12

+13

+14

+15
+16

Average Temperature

Terminals

LTC Position

A _ B c

Average

June 21, 2017

Page 10 of 1301



Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
MANITOBA Page 5-1
HYDRO COLD D.C. RESISTANCE S/P 1
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#:

Station Name:
comment
All values in ohms unless stated otherwise.
Phase-to-phase measurments are not acceptable except for delta connected windings.

Other Coil Average Temperature
Terminals
LTC Position A B C Average
Other Coil Average Temperature
Terminals |
LTC Position A B C Average
Other Coil Average Temperature
Terminals
Position A B C Average

Version 1.1.2 (07-Aug-2015)
printed 12-Jun-17

June 21, 2017 Page 11 of 1301



Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
MANITOBA Page 5-2
HYDRO COLD D.C. RESISTANCE S/P 2
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#:

Station Name:
comment
All values in ohms unless stated otherwise.
Phase-to-phase measurments are not acceptable except for delta connected windings.

HV Average Temperature
Terminals
DTC Position A B C Average

1

~N o g WN

LV Average Temperature
Terminals
LTC Position A B C Average

-16

-15

-14

-13

-12

-11

-10

+10
+11
+12
+13
+14
+15
+16

Average Temperature

Terminals
LTC Position A | B C Average
-16
N
rated
+16

June 21, 2017 Page 12 of 1301




Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
MANITOBA Page 5-2
HYDRO COLD D.C. RESISTANCE S/P 2
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#:

Station Name:
comment
All values in ohms unless stated otherwise.
Phase-to-phase measurments are not acceptable except for delta connected windings.

Other Coil Average Temperature
Terminals
LTC Position A B C Average
-16
N
rated
+16
Other Coil Average Temperature
Terminals |
LTC Position A B C Average
-16
N
rated
+16
Other Coil Average Temperature
Terminals
Position A B C Average

Version 1.1.2 (07-Aug-2015)
printed 12-Jun-17

June 21, 2017 Page 13 of 1301



MANITOBA
HYDRO
Manufacturer:
Plant Built:
P.O. #:
Spec. #:

Station Name:

CORE LOSS TEST

Mftr's SO#:
Year Built:
PO Item#:
Spec ID#:

comment

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

Base MVA 9

Before Dielectrics

Before Overvoltage Run

After Overvoltage Run

Average Temperature Average Temperature °C Average Temperature °C
% of Average Excitation Current Core % of Average Excitation Current Core % of Average Excitation Current Core
Rated Voltage at base MVA Loss Rated Voltage at base MVA Loss Rated Voltage at base MVA Loss
Voltage kv A \ % kw Voltage kv A \ % kw Voltage kv A % kw
Coreloss at Rated Tap Position DTC LTC s/P
Tap Position# ‘ ‘ Rated Voltage kv
Coreloss at Bridging / Variable Flux Position(s) DTC LTC SIP
Tap Position#| \ \ Rated Voltage| kv
DTC LTC S/P
Tap Position# Rated Voltage kv

Version 1.1.2 (07-Aug-2015)
printed 12-Jun-17

GUARANTEES
Measured Guaranteed
% of Rated| Excitation Excitation
Core Loss Core Loss
Voltage Current Current
% kW % kW
100 %
110 %

June 21, 2017

NOTE: A CALCULATED SATURATION CURVE FROM 100% RATED
VOLTAGE INTO THE FULLY SATURATED REGION SHALL BE
PROVIDED AND INCLUDED WITH THIS APPENDIX 7.

%\Voltage vs %EXxcitation Current c/w air-core reactance.

Page 6

Page 14 of 1301




85°C

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

MANITOBA HV to LV ONAN Page 7-SIP-A- 1
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. # PO ltem#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
Comment:
HV to LV Supply ‘ HV ‘ Short ’ LV ’ Open ‘
S/P pos
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV %
LV kv
kv
Base MVA| 9 |
Measured Values HVto LV ONAN at 9 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV 0
LV 0
TV ad
0
0
Calculated Losses & Impedance
Total dc Loss 85.0 kw
Stray Loss 85.0 kw
Load Loss 85.0 kw
Core Loss \ - \ \ \ \ ] \ \ \ kw
Total Loss . 85.0 | \ \ \ \ \ \ \ KW
%IX - %
%IR 85.0 %
%IZ 85.0 %

June 21, 2017

Page 15 of 1301



85°C

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

MANITOBA HV to LV ONAF Page 7-SIP-A-2
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. # PO ltem#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
Comment:
HV to LV Supply ‘ HV ‘ Short ’ LV ’ Open ‘
S/P pos
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV %
LV kv
kv
Base MVA| 15 |
Measured Values HVto LV ONAF at 15 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV 0
LV 0
TV ad
0
0
Calculated Losses & Impedance
Total dc Loss 85.0 kw
Stray Loss 85.0 kw
Load Loss 85.0 kw
Core Loss \ - \ \ \ \ ] \ \ \ kw
Total Loss . 85.0 | \ \ \ \ \ \ \ KW
%IX - %
%IR 85.0 %
%IZ 85.0 %

June 21, 2017

Page 16 of 1301



85°C

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

MANITOBA Page7-SIP-B- 1
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO ltem#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
Comment:
S/P pos
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV %
LV kv
kv
Base MVA| 9
Measured Values at 9 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV O
LV O
TV O
[
[
Calculated Losses & Impedance
Total dc Loss 85.0 kW
Stray Loss 85.0 kw
Load Loss 85.0 kw
Coetoss | - | | [ | | | I | aw
Total Loss \ 85.0 \ \ \ \ ] \ \ \ \ kw
%IX - %
%IR 85.0 %
%IZ 85.0 %

June 21, 2017

Page 17 of 1301



85°C

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

MANITOBA Page7-SIP-B- 2
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
Comment:
S/P pos
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV kv
LV kv
kv
Base MVA| 15
Measured Values at 15 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV 0
LV ad
TV 0
0
|
Calculated Losses & Impedance
Total dc Loss 85.0 kw
Stray Loss 85.0 kw
Load Loss 85.0 kw
Coetoss | - | | [ | | | I | aw
Total Loss \ 85.0 \ \ \ \ ] \ \ \ \ kw
%IX - %
%IR 85.0 %
%IZ 85.0 %

June 21, 2017

Page 18 of 1301



85°C

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

MANITOBA Page7-SIP-C- 1
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO ltem#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
Comment:
S/P pos
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV %
LV kv
kv
Base MVA| 9
Measured Values at 9 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV O
LV O
TV O
[
[
Calculated Losses & Impedance
Total dc Loss 85.0 kW
Stray Loss 85.0 kw
Load Loss 85.0 kw
Coetoss | - | | [ | | | I | aw
Total Loss \ 85.0 \ \ \ \ ] \ \ \ \ kw
%IX - %
%IR 85.0 %
%IZ 85.0 %

June 21, 2017

Page 19 of 1301



85°C

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

MANITOBA Page7-S/IP-C- 2
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
Comment:
S/P pos
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV kv
LV kv
kv
Base MVA| 15
Measured Values at 15 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV 0
LV ad
TV 0
0
|
Calculated Losses & Impedance
Total dc Loss 85.0 kw
Stray Loss 85.0 kw
Load Loss 85.0 kw
Coetoss | - | | [ | | | I | aw
Total Loss \ 85.0 \ \ \ \ ] \ \ \ \ kw
%IX - %
%IR 85.0 %
%IZ 85.0 %

June 21, 2017

Page 20 of 1301



85°C

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

MANITOBA Leave This Page Blank Page7-S/P-D- 1
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. # PO ltem#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
Comment:
Leave This Page Blank Supply | | Short | | | Open |
S/P pos
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV %
LV kv
kv
Base MVA| 9 |
Measured Values Leave This Page Blank at 9 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV 0
LV 0
TV ad
0
0
Calculated Losses & Impedance
Total dc Loss 85.0 kw
Stray Loss 85.0 kw
Load Loss 85.0 kw
Coetoss | - | [ | | | [ — | aw
Total Loss . 85.0 | \ \ \ \ \ \ \ \ KW
%IX - %
%IR 85.0 %
%1Z 85.0 %

June 21, 2017

Page 21 of 1301



85°C

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

MANITOBA Leave This Page Blank Page 7-S/P-D- 2
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. # PO ltem#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
Comment:
Leave This Page Blank Supply | | Short | | | Open |
S/P pos
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV %
LV kv
kv
Base MVA 15
Measured Values Leave This Page Blank at 15 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV 0
LV 0
TV ad
0
0
Calculated Losses & Impedance
Total dc Loss 85.0 kw
Stray Loss 85.0 kw
Load Loss 85.0 kw
Coetoss | - | [ | | | [ — | aw
Total Loss . 85.0 | \ \ \ \ \ \ \ \ KW
%IX - %
%IR 85.0 %
%1Z 85.0 %

June 21, 2017

Page 22 of 1301



Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
MANITOBA HV to LV ONAN Page 7-SIP-A- 1
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO ltem#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
Comment:
HV to LV Supply Short ‘ LV ‘ ‘ Open l:l
S/P pos
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV kv
LV kv
kv
85°C Base MVA| 9
Measured Values HVto LV ONAN at 9 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV O
LV O
TV 0
0
0
Calculated Losses & Impedance
Total dc Loss 85.0 kW
Stray Loss 85.0 kw
Load Loss 85.0 kW
Core Loss | - \ \ \ \ \ \ \ kw
Total Loss . 850 | \ \ | ] \ \ kW
%IX - %
%IR 85.0 %
%1Z 85.0 %
Base MVA
Measured Values HVio LV ONAN
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
Calculated Losses & Impedance
Total dc Loss kw
Stray Loss kW
Load Loss kw
Coreloss | - \ \ || \ \ kw
Total Loss \ \ \ \ \ \ \ kw
%IX - %
%IR %
%lZ %

June 21, 2017

Page 23 of 1301



Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
MANITOBA HV to LV ONAF Page 7-SIP-A- 2
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO ltem#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
Comment:
HV to LV Supply Short ‘ LV ‘ ‘ Open l:l
S/P pos
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV kv
LV kv
kv
85°C Base MVA| 15
Measured Values HVto LV ONAF at 15 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV O
LV O
TV 0
0
0
Calculated Losses & Impedance
Total dc Loss 85.0 kW
Stray Loss 85.0 kw
Load Loss 85.0 kw
Core Loss | - \ \ \ \ \ \ \ kw
Total Loss . 850 | \ \ | ] \ \ kW
%IX - %
%IR 85.0 %
%1Z 85.0 %
Base MVA
Measured Values HVto LV _ONAF
Supplied 1&2 38.80 kv
Impedance Voltage | 2&3 39.00 kv
phase to phase 3&1 38.56 kv
Supplied 1 708.00 A
Line Amps 2 705.50 A
3 704.50 A
Supplied Load Loss 654.60 kW
at Temperature 21.0 °C
Calculated Losses & Impedance
Total dc Loss kw
Stray Loss #VALUE! kW
Load Loss kw
Coreloss | - | \ \ || \ \ kw
Total Loss \ \ \ \ \ \ \ \ kw
%IX - #VALUE! %
%IR %
%lZ #VALUE! %
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MANITOBA Page7-S/IP-B-1
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#:

Version 1.1.2 (07-Aug-2015)

Station Name: printed 12-Jun-17

Comment:

swoy | W | s [ |

S/IP pos _
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV kv
LV kv
kv
85°C Base MVA 9
Measured Values at 9 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV O
LV 0
TV 0
0
U
Calculated Losses & Impedance
Total dc Loss 85.0 kw
Stray Loss 85.0 kw
Load Loss 85.0 kW
Coetoss | - | [ — [—— | ow
Total Loss | 85.0 | \ | \ \ \ | \ KW
%IX - %
%IR 85.0 %
%IZ 85.0 %
Base MVA
Measured Values
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kW
at Temperature °C
Calculated Losses & Impedance
Total dc Loss kw
Stray Loss kw
Load Loss kW
Coreloss | - | | || | | | | | kw
Totalloss | | || | | | || | kw
%IX - %
%IR %
%1Z %
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MANITOBA Page7-S/IP-B- 2
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#:

Version 1.1.2 (07-Aug-2015)

Station Name: printed 12-Jun-17

Comment:

swoy | W | s [ |

S/IP pos _
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV kv
LV kv
kv
85°C Base MVA 15
Measured Values at 15 MVA 85°C
Supplied 1&2 kv
Impedance Voltage = 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV O
LV 0
TV 0
0
U
Calculated Losses & Impedance
Total dc Loss 85.0 kw
Stray Loss 85.0 kw
Load Loss 85.0 kW
Coetoss | - | [ — [—— | ow
Total Loss | 85.0 | \ | \ \ \ | \ KW
%IX - %
%IR 85.0 %
%IZ 85.0 %
Base MVA
Measured Values
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kW
at Temperature °C
Calculated Losses & Impedance
Total dc Loss kw
Stray Loss kw
Load Loss kW
Coreloss | - | | || | | | | | kw
Totalloss | | || | | | || | kw
%IX - %
%IR %
%1Z %
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MANITOBA Page7-S/P-C-1
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#:

Version 1.1.2 (07-Aug-2015)

Station Name: printed 12-Jun-17

Comment:

swoy | v | s [

S/P pos _
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV kv
LV kv
kv
85°C Base MVA 9
Measured Values at 9 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV O
LV 0
TV 0
0
U
Calculated Losses & Impedance
Total dc Loss 85.0 kw
Stray Loss 85.0 kw
Load Loss 85.0 kW
Coetoss | - | [ — [—— | ow
Total Loss | 85.0 | \ | \ \ \ | \ KW
%IX - %
%IR 85.0 %
%IZ 85.0 %
Base MVA
Measured Values
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kW
at Temperature °C
Calculated Losses & Impedance
Total dc Loss kw
Stray Loss kw
Load Loss kW
Coreloss | - | | || | | | | | kw
Totalloss | | || | | | || | kw
%IX - %
%IR %
%1Z %
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MANITOBA Page7-S/IP-C-2
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#:

Version 1.1.2 (07-Aug-2015)

Station Name: printed 12-Jun-17

Comment:

swoy | v | s [

S/P pos _
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV kv
LV kv
kv
85°C Base MVA 15
Measured Values at 15 MVA 85°C
Supplied 1&2 kv
Impedance Voltage = 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV O
LV 0
TV 0
0
U
Calculated Losses & Impedance
Total dc Loss 85.0 kw
Stray Loss 85.0 kw
Load Loss 85.0 kW
Coetoss | - | [ — [—— | ow
Total Loss | 85.0 | \ | \ \ \ | \ KW
%IX - %
%IR 85.0 %
%IZ 85.0 %
Base MVA
Measured Values
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kW
at Temperature °C
Calculated Losses & Impedance
Total dc Loss kw
Stray Loss kw
Load Loss kW
Coreloss | - | | || | | | | | kw
Totalloss | | || | | | || | kw
%IX - %
%IR %
%1Z %
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MANITOBA Leave This Page Blank Page7-S/P-D- 1
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
Comment:
Leave This Page Blank supply | Short | | | open| |
S/P pos
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV kv
LV kv
kv
85°C Base MVA| 9
Measured Values Leave This Page Blank at 9 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV O
LV O
TV 0
0
0
Calculated Losses & Impedance
Total dc Loss 85.0 kW
Stray Loss 85.0 kw
Load Loss 85.0 kW
Core Loss | - \ \ \ \ \ \ kw
Total Loss | 85.0 \ \ | ] \ KW
%IX - %
%IR 85.0 %
%1Z 85.0 %
Base MVA
Measured Values Leave This Page Blank
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
Calculated Losses & Impedance
Total dc Loss kW
Stray Loss kW
Load Loss kw
Coreloss | - \ \ || \ kw
Total Loss \ \ \ \ \ \ kw
%IX - %
%IR %
%lZ %

June 21, 2017

Page 29 of 1301



Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

MANITOBA Leave This Page Blank Page 7- SIP-D - 2
HYDRO LOAD LOSS AND IMPEDANCE TEST
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO ltem#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
Comment:
Leave This Page Blank supply | Short | | | open| |
S/P pos
DTC pos 1 1 1 2 2 2 5 5 5
LTC pos -16 N +16 -16 N +16 -16 N +16
rated
Rated Voltage Conn.
HV kv
LV kv
kv
85°C Base MVA| 15
Measured Values Leave This Page Blank at 15 MVA 85°C
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
dc Resistance Temp.
HV O
LV O
TV 0
0
0
Calculated Losses & Impedance
Total dc Loss 85.0 kW
Stray Loss 85.0 kw
Load Loss 85.0 kW
Core Loss | - \ \ \ \ \ \ kw
Total Loss | 85.0 \ \ | ] \ KW
%IX - %
%IR 85.0 %
%1Z 85.0 %
Base MVA
Measured Values Leave This Page Blank
Supplied 1&2 kv
Impedance Voltage | 2&3 kv
phase to phase 3&1 kv
Supplied 1 A
Line Amps 2 A
3 A
Supplied Load Loss kw
at Temperature °C
Calculated Losses & Impedance
Total dc Loss kw
Stray Loss kW
Load Loss kw
Coreloss | - \ \ || \ kw
Total Loss \ \ \ \ \ \ kw
%IX - %
%IR %
%lZ %

June 21, 2017
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MANITOBA Page 8-1
HYDRO ZERO SEQUENCE TEST
asowa] 5]
Manufacturer: Mftr's SO#:
Plant Built: Year Built: Average Oil Temperature \:| °C
P.O. #: PO Item#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
comment
ZERO SEQUENCE TEST S/P 1 ZERO SEQUENCE TEST S/P 2
Wye - Delta [-optional Delta]
Tap Pos. V Rated V Measured I Measured | W Measured | %Z0 @ Tap Pos. V Rated V Measured | Measured | W Measured | %Z0 @
DTC| LTC kV \% A w 9 MVA DTC| LTC kV \% A \W 9 MVA
LV HV
Wye - Wye [- Wye - Wye [- optional Delta]
%Z1lno - HTOY Tap Pos. V Rated V Measured I Measured | W wMeasured | %Z1n0 @ Tap Pos. V Rated V Measured I Measured | W Measured | %Z1n0 @
DTC| LTC kV \% A w 9 MVA DTC| LTC kV \% A W 9 MVA
HV LV
000|000
%Z2no - XTOY Tap Pos. V Rated V Measured I Measured | W wMeasured | %Z2Nn0 @ Tap Pos. V Rated V Measured | Measured | W Measured | %Z2n0 @
DTC| LTC kV \% A w 9 MVA DTC| LTC kV \% A W 9 MVA
HV LV
%Z1lns - HTO X & Y| Tap Pos. V Rated V Measured I Measured | W Measured | %Z1ns @ Tap Pos. V Rated V Measured | Measured | W Measured | %Z1ns @
DTC| LTC kV \% A w 9 MVA DTC| LTC kV \% A W 9 MVA
HV LV
%Z2ns - XTOH & Y| Tap Pos. V Rated V Measured I Measured | W Measured | %Z2ns @ Tap Pos. V Rated V Measured I Measured | W Measured | %Z2ns @
DTC| LTC kV \% A W 9 MVA DTC| LTC kV \% A W 9 MVA
HV LV
3-Circuit T-Diagram | Tap Pos. Tap Pos.
Components DTC| LTC Zh ZX Zy Z h+x ZX+y | Zh+y DTC| LTC Zh ZX Zy Z h+x Zx+y | Zh+y
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MANITOBA Page 9
HYDRO Positive-Sequence Impedance T-Diagrams
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO Item#:
Spec. #: Spec ID#:
Station Name: at 9 MVA, 85°C
comment
POSITIVE-SEQUENCE IMPEDANCE T-DIAGRAM
Tap Position H+X H+Y X+Y Zy Zy Zy
DTC LTC %IR  %IX %IR | %IX | %IR  %IX %IR  %IX %IR | %IX %IR  %IX
SIP 1
1 -16
1 N
1 +16
2 -16
2 N
2 +16
5 -16
5 N
5 +16
SlP 2
1 -16
1 N
1 +16
2 -16
2 N
2 +16
5 -16
5 N
5 +16
Z, Zy
H 0 1 | — OX

June 21, 2017
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MANITOBA Page 10
HYDRO
WTI & COOLING EQUIPMENT TESTS
Manufacturer: Mftr's SO#:
Plant Built: Year Built:
P.O. #: PO ltem#:
Spec. #: Spec ID#: Version 1.1.2 (07-Aug-2015)
Station Name: printed 12-Jun-17
comment
WTI CALIBRATION SETUP
Injected Average Hotspot
Call MVA Rating | Current from Vogtsgtirp‘égls S Gradient over l\jﬁltiSFl)iZtr Gradient over
WTICT mean oil temp. P top oil temp.
A \Y; °C °C
HV
LV
Quantity of
- Full Load Locked Rotor
AUXILIARY LOSSES Auxiliary Voltage Current Total Watts Current Current
Devices
Y, A w A A
1st Stage Fans
ONAN Pumps
2nd Stage Fans
ONAF Pumps
3rd Stage Fans
ONAF Pumps

June 21, 2017
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MANITOBA Page 11
HYDRO TRANSFORMER INSULATION POWER-FACTOR TEST
Manufacturer: Mftr's SO#: DTC Pos
Plant Built: Year Built: LTC Pos.
P.O. #: PO Item#:
Spec. #: Spec ID#:
Station Name:
comment
Series Connection Parallel Connection (if applicable)
With Bushi ngs an d with Oil Average Temperature| °C Average Temperature °C
TEST CONNECTION Power Factor Power Factor
- . Winding - R Corrected to . R Corrected to .
Winding Energized Grounded Winding Guarded At°C 20°C Capacitance At°C 20°C Capacitance
% pF % pF
H X
Main Core* H
Main Clamp* H
LTC Reactor Core* H
LTC Reactor Clamp* H
* Low voltage test (not 10 kV)
INSULATION RESISTANCE TEST INSULATION RESISTANCE TEST
Main LTC Reactor  Series Transformer HV
Core Insulation Series
Clamp Insulation Parallel
Shipping Connection Parallel Connection (if applicable)
With Bushi ngs but without Oil Average Temperature °C Average Temperature °C
TEST CONNECTION Power Factor Power Factor
- . Winding - R Corrected to . R Corrected to .
Winding Energized Grounded Winding Guarded At°C 20°C Capacitance At°C 20°C Capacitance
Low voltage test % pF % pF
H X
Main Core* H
Main Clamp* H
LTC Reactor Core* H
LTC Reactor Clamp* H
* Only required if shipped with HV and LV bushings (very small units)
INSULATION RESISTANCE TEST INSULATION RESISTANCE TEST
Main LTC Reactor  Series Transformer HV
Core Insulation Series
Clamp Insulation Parallel
Shipping Connection
Without BUShiﬂgS and without Oll Average Temperature °C

TEST CONNECTION

Power Factor

- . Winding - R Corrected to .
Winding Energized Grounded Winding Guarded At°C 20°C Capacitance
Low voltage test % pF
H X
Main Core
Main Clamp

LTC Reactor Core

LTC Reactor Clamp

I T T T

June 21, 2017

Core Insulation
Clamp Insulation

INSULATION RESISTANCE TEST
Main LTC Reactor

Series Transformer

Version 1.1.2 (07-Aug-2015)

INSULATION RESISTANCE TEST
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Instructions

One document is used for both the full Design Review Document and
the Simple Design Information Document.
The change is effected by the yellow cell below.

Simple Design Review Document FALSE

The information provided by the manufacturer in this workbook and in the Design Review Meeting
Is considered confidential and will not be shared with third parties outside of Manitoba Hydro.
It is also controlled with restricted access within Manitoba Hydro.

Yellow cells are input and are usually required.
Turquoise cells are optional input cells or used sometimes depending on the design.
They may contain a formula which can be overwritten if desired.

Fill-in the 'Ratings' sheet prior to proceeding with the remaining worksheets.
Some inputs on the Ratings sheet are used elsewhere in this workbook.

They also determine which areas are "whited-out" or 'blacked-out' as not applicable.

Metric / Imperial Units
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This workbook is initialised for metric dimensions.
But if you normally design in imperial units, you may enter imperial values.
Ensure that you are consistent:
If you use imperial units, all units in this workbook must be imperial to avoid confusion.
On the 'General' worksheet, enter 'False' for the question
"Metric units are entered in this workbook?".
Changing this cell to 'False’ will automatically change the units listed in each sheet.
Assumed metric / imperial units are shown further down in this sheet.
If you use a different unit, change the description in the adjacent cell.
You may need to adjust the formatting of the cell for decimal points.

Any unprotected cell with a formula may be overwritten.
The formulae are just suggestions.
Fill-in your actual values if desired.
For example, the 3-Circuit Losses sheet takes its values from the other loss sheets.
But it only does this for the first table.
The remaining tables still need input values.
Check the results. You can change the turquoise coloured cells if required.

Most drop-down boxes also just contain suggestions.
You do not have to choose from the list.
Enter whatever you feel is correct.
The only exceptions to this are on the 'Ratings' worksheet:
any drop-downs requiring a 'True' or 'False' response,;
the 'Type of Series Transformer' drop-down;
the 'Type of Transformer, if a dc converter, must be HVDC.

Blacked-out areas do NOT require any input.
Whited-out worksheets do NOT require any input.
They are displayed this way just so that everyone knows something unnecessary is there.
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For example, H+X&Y load loss is whited-out when the transformer does not have a dual LV.

Red columns or rows indicate the end of the sheet (like the ones here to the left and right).

Drawing numbers in Turquoise coloured cells do not need to be filled-in prior to the Design Re\

unless a drawing is attached for explanation.
MH may ask to view specific drawings at the design review meeting.
Feel free to attach explanatory drawings or sketches. These simplify and streamline the design review process.

This workbook does not need to be filled-out completely

but it should be as complete as practical for the Design Review Meeting.
More information given to MH up front lessens the details involved in the meeting.

Multiple people can work on multiple copies of this workbook at the same time.

The links between sheets are cosmetic except for SO#, date and coil names.
The workbooks can be easily combined either by the manufacturer or MH.

This workbook is not protected by a password.

Feel free to alter it to the needs of the design being reviewed.

Minimum Requirements:

Excel 2007 (conditional formating) for Windows, Excel2011 for Mac
It will work fine for other spreadsheet programs except for the conditional formatting used to white-out or black-out areas.
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Glossary

Buried
A circuit or winding where the terminals are not brought out through bushings.

Circuit
Essentially the same as a winding.
Cail
A single coil wound at one time.
DTC
De-energised tapchanger
Dual LV
A transformer with two LV windings.
They both usually have the same voltage and each rated at half of the HV MVA.
A dual TV may also exist.
FCBN
Full Capacity Below Normal taps
ID
Inside Diameter
LTC

Load, on-load or under-load tapchanger.

LTC Reactor
Preventive Auto-Transformer to bridge the taps of a tap changer.
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oD

Outside Diameter
RB

Radial Build
RCBN

Reduced Capacity Below Normal taps
S/IP

Series / Parallel switch or linkboard
Tap Break

Major axial gap used for bridging taps
winding

A winding can be composed of one or more coils.
For example, an LV coil connected with a tap coil is one winding.

3-Circuit Losses
Combined losses from three separate windings or circuits. The circuits are HV, LV and TV.
This does not apply for 4, 5 or 6-circuit transformers (dual LV, dual TV).

Limitations

Does not do 3-cct loss calculations for S/P (Only does series).

June 21, 2017 Page 39 of 1301



Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Assumed Imperial Units if Imperial Units are Used

June 21, 2017

Metric
mm

sg. mm
sg. m

kg
litres

A/sg. mm
mW/sg. mm

mm/s
kV/mm
kN

MPa or N/sgq. mm

cubic m/hour
litres/minute

Imperial
inch ()
sqg. inch
sqg. inch

pounds (#)
imperial gallons (not US)

A/sg. inch
W/sg. inch

inch/s
kV/inch
kilo-pounds

psi or ksi

Cubic Feet per Minute (CFM)
Imperial Gallons per Minute (IGPM)

PUB MFR 183
MMTP

for core area

current density
power density

oil velocity
electrical stress
mechanical force

mechanical stress

fan air flow rate
oil pump flow rate
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Units that don't change

Volts (V)
kV

Amps (A)
Watts (W)
kW

MVA, kVA
Hertz (Hz)
°CorK
Ohms
Tesla (T)
dB

MCM : thousands (roman numeral M) of circular mils
This is an imperial unit. Change to whatever suits you but specify the unit of measure.

Version History

current Version & SO Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Version Date by Change enter here--> 2.0.7 2016 09 10
show imperial FALSE

1.0.0 Feb 17/01 P. Franzen Transferred from Word document.
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Expanded.

Added item numbering to sheets
all load loss, 3-cct loss, aux loss & sl.

Added to glossary.
General:

Added e-mail addresses;

total weight relabeled taotal assembled weight;

Additional reactor weights so that LTC & CLR are separate;

Equipment: f: MH Specification # was cutoff (column width):

changed to MH Spec#;
Rating: Add comment Series transformer LIL s/b 1 class higher.
Aux Loss & SL: added separate entry for series xfrmr.
Core: clarified #step-laps and step-lap dimension.
Added max shunt reactor gap height.

Coil Sketch: Added clearance from core to shield & clarified.
Coil Data:

Clarified axial cooling ducts, clarified #Axial Passes;

Fixed #dp format to 2dp for strand sizes;

Clarifed 'per phase data’;

Added corner area reduction, netting tape, epoxy, epoxy type;
Elec Stress: fixed letter labels.
Short-Circuit: Added elongation/displacement.

General: cosmetic changes.
Core Loss: changed cell colouring.
2-cct Losses: changed cell colouring

added reduced capacity MVA base & calc for RC column

3-cct Losses: cleaned-up formulae to allow different MVA bases for circuits.

changed cell colouring.
changed core loss retrieval.
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Added Polarity for 1-phase to Rating: 7e.
Added CW & SIL to Rating: 79.
15 Coil Sketch: Added more notes.
11: 3-circuit Loss: clarified this is for 1 & 0 pf only.
Added option to enter data in imperial units:

added input cell in General;

added description to these instructions;

used formulae in sheets to select desired units.
16: Coil Data

added ID & OD

re-arranged Oil Flow to separate zig-zag and axial flow types.

added more oil velocities.

completely re-organised data

removed 'This portion of Coil' because it is already

included with HV-1, HV-2 instruction.

Added note to include LTC reactor.
26: Tapchangers: added LTC: lex and gaps
17: Circuit Data & 18 Temp Rises:

corrected circuit name 'LV + Series SV & CV' to include LTC
19:Clamping:

fixed permawood wording

changed temp rise over ambient to over top oll
23: short-circuit

added beam formulae, clarifications and references to Waters.
22: elec stress: added pb barriers qty & size
10: Losses Parallel Conn.

fixed formula for to display first table.

It only displayed if 3 or 4-cct, not 2-cct S/P.

Deleted 55'C rise transformers

18: Temperature Rise
Deleted second set of data for 65 of 55//65 rise.
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Kept columns but left them optional & blank w/o formulae.
7: Rating

AB15 was =IF($X$22,IF(M12=""IF(L12="","",L12),M12),IF(G12=""IF(F12="","",F12),G12))
Now just =IF(G12="",IF(H12="","",H12),G12)
ie drop 55 option & fix mistake of F12 to H12 (ie ONAF2, not ONAN).

AA16 was =IF(X22,"ONAN55","ONANG5")
Now just text ONAN.

AB17:AB19 was =IF($X$22,IF(M23="",IF(L23="","",L23),M23),IF(H23="",IF(G23="","",G23),H23)
Now just =IF(H23="",IF(G23="","",G23),H23)

X22: Dual Temp Rise (T/F) deleted

Deleted W23:AA28 (55/65 rise)

Deleted secondary temperature inputs.

11: 3-cct Losses

G39 was =IF(NOT(Rating!$X$16),"n/a",IF(Rating!$X$22,IF(Rating!'Y26="","n/a",Rating!Y26),IF(R
Now =IF(NOT(Rating!$X$16),"n/a",IF(Rating!AB17="","n/a",Rating!AB17))

J39 was =IF(G39="n/a","n/a",IF(Rating!$Y$25<>"",Rating!$Y$25+20,"))
Now =IF(G39="n/a","n/a",|IF(Rating!$AB$15<>"",Rating!$AB$15+20,""))

F42 was =IF(Rating!$X$22,Rating!Y26,Rating!AB17)
Now =IF(Rating!$X$16,IF(Rating!AB17="","",Rating!AB17),"n/a")

G42 was =IF(Rating!$X$22,Rating!Y27,Rating!'AB18)
Now =IF(Rating!$X$16,(F42/F7)"2*G7,"'n/a")
Ditto H42

I7:K7 rearranged. Was HV MVA =LV + TV. Now LV = HV+TV

K7 was =IF(Rating!$X$16,Rating!F25,"n/a") now =IF(Rating!$X$16,Rating'aal9,"n/a")

same change on I7 and 142 & K42

9: Core Loss

Deleted a & ¢ "The transformer meets the specified requirement for excitation current?"
no real point in keeping this since values are given

10: Load Loss (both S & P)
Added extra 3 columns to separate series xfrmr & Reactor (both LTC & current limiting)
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

This was done to cover jobs like Brereton & Wuskwatim that could have both reactor & series

12: Auxilliary Losses
Clarified watts and amps per device

13:Sound Level
Added LTC reactor to individual list

14: Core Design
Added sketches for dimensions and yoke facing coil.
Moved widest sheet width from item 'a’ to item 'e’
Added widest for wound legs, main & return yokes and return legs
Rearranged page breaks
Deleted core temp rise at 105% voltage.
Fixed formatting of dp for dimensions (now General)

15: Coil Sketch
Added two parallel halves outline
Added comment about multiple layers.

ALL: Added SO & date of intial data entry to every sheet

16: Coil Data
Rearranged page setup: got rid of instructions on repeated on each page.
Added inputs:
#Turns per half/Quarter

b2: added 2 Coils in Series, clarified 2 Series/Parallel Halves
Added dc loss for hotspot (was just rated dc loss + avg & hs eddies)
b13-15: Deleted Volts per Turn, Volts per Disk, Volts per Layer
fixed up lots of labels and comments

Deleted 'Axial Cooling Ducts' <T/F> : Redundant since #ducts is next input.
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17: Circuit Data
Deleted W/Ib since all modern designs have low value. It is also easy for us to calculate from oth
Added DTC/LTC tap position for each case
Added to circuit name list

18: Temperature Rise
Added to circuit name list
formatting

Instructions:
Made drawing numbers optional for turquoise cells.
This is most sheets except '‘General’

19: Clamping
formatting
Added option to supply details on separate attachment.

22: Electrical Stresses
Added
Oil Duct under Coil ID
Oil Duct over Previous Coil OD
Smallest Oil Duct
Winding Cylinder Thickness
Oil Stress at OD of Cail
Individual oil and cylinder layers

23: Short-Circuit
Added option to choose units: kA or pu
Added "Type of currents for tables below": ie RMS vs peak & Symmetrical vs Asymmetrical
Added Waters and Del Vecchio references to force descriptions.
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24: Cables & Grounds
Added comment that sheet does not need to be completed except for questions.

26: Tapchangers
Moved MOV stuff to MOV sheet (DTC, LTC & design)
Deleted LTC question "Are tie-in resistors required?" since redundant (we ask for data on resisto

27: MOV
Complete reorganise
Added reactor
Added items from tapchanger sheet: Location, Type and design limits

29: Tank
h5&6: reversed gas deflectors/piping questions to match the next spec where we ask for deflectc

July 22/04 Rating
Revisex cell X16 to allow entry of H+Y and X+Y impedance and load losses for buried TV.
was: =IF(AND(X15,NOT(L6),NOT(L4)), TRUE,FALSE)
changed to: =IF(AND(X15,NOT(L4)),TRUE,FALSE)

April 14/08 11 3-Circuit Losses
Fixed base MVA cells (G42:H42) at top rating
Removed formula and replaced with copying of F42

2008 08 08 9 Core Loss
Added more rows 30, 60, 80, 85, 90, and 120-130
Added saturation and air-core reactance.
23 Short-circuit
Added Titling Force in addition to stress.
Added top and bottom of each coill
17 Circuit Data
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application
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Added Hotspot Stray
16 Coil Data
Added more stray loss taps
7 Rating
Added j Phase-shift LTC

2009 03 16 16 Coil Data
Added 16e: Winding Direction and Lead Numbering Sketch
16b12ab, 16b13ab: Added coil height per parallel half/quarter
23 Short-Circuit
added to 23 e & f (fault currents) for CV
added 23 g 1-8, Axial and radial Magnetic flux density
reorg Et
Added boxes for end thrust (top & btm)

9 Core Loss

deleted lex ratios
added lex for LTC Reactor
added second air-core point for HV

14 Core
j1-4: added yes/no for core ground

19 Clamping
11-4: added yes/no for clamp ground, plus dwg

2009 04 16 Created Simple Design Information Document from MH Design Review Document

201011 30 Rewrote Protect/Unprotect
Made major changes to most sheets
Added metric conversion to imperial on each relevant sheet
Added trigger cell on Instructions.
Combined Simple Design Info into Design Review Document
Added several sheets for series xfmr, LTC reactor and current limiting reactor
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

core
coil sketch series xfmr
clamping series xfmr
Winding Other
Split Electrical Stresses sheet into clearances and stresses sheets.
Split Short-Circuit into currents and forces sheets
Split Tapchangers into DTC, LTC and other.
Added Current Limiting Reactor sheet
Added LTC Reactor sheet
Added sheets for series xfmrs
core
Coil sketch
clamping
Added Winding Other sheet for sub-contracted coils
Combine Control Box & Wiring with Operational Safety on one sheet.

General: Revised metric/imperial weight conversion. Added Imp to Metric volume conversion.

20&21: Clamping: Added clamping pressure, end ring thickness, bridge thickness, % offset and
grade of mateiral for tie-rods and tie-plates.

Core Loss: Added MVA base. Added example core loss curve with air-core.
Fixed some conditional formating for 'series connection’

16 Coil Data: Added MW and Cable sketches to explain each.

16 Coil Data: Added flexible conductor to the Lead Gradient section.

299 End Thrust: Added per coil end thrust

Fix metric imperial conversions
4 core sheets, 4 dp for sheet thickness conversion
fixed most sheets with conversions to allow bidirectional conversion

Added V & | axis labels to core loss curve.
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application
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Renamed Sheet 26 from Electrical Stresses to Electrical Clearances
Added Page Setup Magnification to cell A1l of each sheet. This allows use of a macro to reset this.
Increase dp for gradients in Coil Data
Increase dp for hotspot mulitplier in Circuit Data
Increase dp on imperial page inElec Clr
fix Tank page breaks
fixed LTC sheet blanks-out if LV LTC because it only checks if there is an HV LTC
Simplified Stray Flux sheet by putting most of it in one table.
Added DTC 4 & LTC -15 to load losses
Added intermediate LTC tap for +/-20% cases
Added 'n' Capacitances to end of Coil Data. Deleted 'n" Comments.
Added Core Steps sheet (11) for Des Review Doc
Added core construction dwg request
Re-arranged core loss, putting reactor before series xfmr
Added current ref base to Coil Data losses & gradients, and Circuit Data
Added cable diameter for lead gradients
Added Tap Lead Numbering at Top (or OD) & Bottom (or ID) to Coil Data
Added All losses and gradients are based on 2-Circuit loading at 1 (or 0) power factor.
Coil Data clarified gradients as 2-circuit
Added assembly and tank layout sketch requirements for shunts
SC Current: Added box whether over-voltage is included in Amps.
and provided eqn 1.1 x 1.41 x k x O/v x XN x |
Completely re-made Temp Rise, to accomodate 3-circuit loading

Re-built Winding Direction Sheet. All new. Now only one set of sketches with type numbers.
Temp Rise: cleaned up colour. Removed 3-cct calc formulae
Coil Sketch Main & ST: fixed imperial calc to show as ™. Grouped Objects.

Rating: fixed F43 eqn for determinding if S/P is 2:1
IF(X42,IF(OR(AND(K42<>"" IF(K42="",FALSE,E42/K42<>2)), AND(K43<>"" |F(K43="",FALSE,E43/K
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2.0.6 HHHHHHHH Core Main: Added flux density for main yoke, and rteturn leg & yoke
Clarified max DC in core for HVDC or GIC
Shrt-Cct: Deleted Offset Coil(s).
Added Coil Offset in % for each coil column
Changed offset labels to
Case 1: Mfts's normal offset
Case 2: 0.5% offset for Elongation or 0.3% offset for Displacement
Case 3: no offset
Case 4: additional if necessary

2.0.7 HHHHHHHH Special revision for Glemboro South PST
Added Source & Load labels to ratings sheet
Specified No-Load phase-shift on ratings sheet
Added Load Capability Sheet
Added PST Core Loss Sheet
Added PST phase Angle sheet
fixed hide/show LTC
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To do

Add a transformer paralleling sheet
compare reactance, check short-circuit current

”E:E: to-col lsllsleltelll Ft EIH.T“I I:." |(pa|; E'Ialb E.Ie'l'!e) hanical
Temp rise in Kelvins

i _coil insulation build

el inf e oil  coil
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Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
1 General Information
a Supplier
1 Supplier's Name Supplier's P.O. #:
b Design Review Data Entry Revision
1 Revision # 0
2 Revision Date 2016/08/01
¢ Data Units of Measure
Metric = TRUE Metric units are entered in this workbook?
Either metric (mm, kg, litres, N/sgmm...) or imperial (inch, pounds, gallons, psi...) is acceptable but be consistent.
d Meeting Information
Location
Date of meeting
e Contact Person Name Title Phone # E-Mail
Manufacturer's
Manitoba Hydro's  Mr. Peter Franzen Apparatus Eng. (204) 360-4747 pfranzen@hydro.mb.ca
For Questions on this File  Mr. Peter Franzen Apparatus Eng. (204) 360-4747 pfranzen@hydro.mb.ca
f Representatives Name Title Phone # E-Mail
Manitoba Hydro's
Mr. Peter Franzen Apparatus Eng. (204) 360-4747 pfranzen@hydro.mb.ca
Mr. Denis Wittevrongel Q.A. Officer (204) 792-1703 dwittevrongel@hydro.mb.ca
Mr. Rodel Hernandez Apparatus Eng. (204) 360-4848 rhernandez@hydro.mb.ca
Manufacturer's
g Equipment
1 Manufacturer : 6 M.H. RFP #:
2 Plant Location : 7 Spec ID#:
3 Year Built : 8 M.H. P.O. #:
4 Manufacurer's Serial #: 9 P.O. Item #:
5 Manufacurer's Other #: 10 Station Name:
11 Delivery Date:
General Page 19 of 173

June 21, 2017
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h Mechanical Features and Primary Accessories

(Approximate: not for construction purposes)
Shipping Assembled

1 Dimensions Tank
a Height
b Width
c Length

2 Oil Volumes

-~ DD QO O T QD

Main Tank
AllLTC

Main Conservator
LTC Conservator
Rads / Coolers

Total

3 Weights

—_ R —_— - oQ 4 O O T

- o 5 3

June 21, 2017

Core
Main Transformer
Series Transformers
LTC Reactors
Current Limiting Reactors
Copper
Main Transformer
Series Transformers
LTC Reactors
Current Limiting Reactors

Core and Coils Assen

nbly

Main Transformer

Series Transformers

LTC Reactors

Current Limiting Reactors

Total

Other
Tank and Fittings
Total Oil

Total Assembled

Shipping

litres
litres
litres
litres
litres
litres

kg
kg
kg
kg

kg
kg
kg
kg

mm
mm
mm

Design Review Data

(op

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

Q.A. Program | |

Shipped filled with | |

Conservator Type | |

General Description Enter a general desription as text if required.

Drawing Numbers if known
Drawing # Rev#

Outline

Legend|

Rating Plate

Shipping Outline|

Schematic Diagrams

Wiring Diagrams

Page 20 of 173
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2 Transformer or Reactor Rating

Design Review Data

a  Type
1 Type of Transformer ‘
2 Type of Cooling \ \
3 #Phases | |
4 DualLV? |
5 Buried TV? |
6 LTC Reactor (Preventive Auto)?
7 Current Limiting Reactor?| |
b Rated Temperature Rises °C
1 Winding 65
2 Oil 65

¢ Anqular Displacement(s) or Polarity

wWN P

N

N

Rev#: 0 (2016/08/01)

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Parallel Connection if applicable

Version 2.0.7 (2016 09 10)

Rated
Voltage

kV 117

Lighning Impulse Level
(kV LIL)

Line

" Neutral

Chopped
Wave
(kV LIL)

Switching
Surge
(kV SIL)

Primary | Symmetrical Extended Delta
Secondary
Polarity for 1-phase |
MVA 65°C n/a n/a
base
HV
LV
TV
Voltage Series Connection
Rated | Lighning Impulse Level Chopped | Switching
Voltage (kV LIL) Wave Surge
KV (T Line | Neutral | (kVLIL) (kV SIL)
HV
LV
TV
Rating

PUB MFR 183
MMTP
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f

g

h
3

a

b

Cc

June 21, 2017

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)

Transformer or Reactor Rating

N -

N -

N -

Series Transformer for LTC

De-energized Tapchanger (DTC)
Series Connection Parallel Connection if applicable
Tap Range Tap Range
Boost Buck #Steps Equal @ Reduced Boost Buck #Steps Equal @ Reduced
+% -% Steps? Capacity? +% -% Steps? | Capacity?
HV
LV
TV
Voltage Load Tapchanger (LTC)
Series Connection Parallel Connection if applicable
Tap Range Tap Range
Boost Buck #Steps Equal @ Reduced Boost Buck #Steps Equal @ Reduced
+% -% Steps? |Capacity? +% -% Steps? |Capacity?
HV
LV
TV
Phase-Shift Load Tapchanger (PSLTC)
No-Load At Voltage LTC N Tap Range \ Tap Range
Tap Range At Voltage LTC Boost At Voltage LTC Buck
Boost Buck #Steps Equal @ Reduced Boost Buck Boost Buck
Advance °| Retard ° Steps? | Capacity? Advance °| Retard ° Advance °| Retard °
HV
LV
TV

Attach a rating plate or name plate drawing showing tap positions, numbering, voltages and currents.

=

Type of Series Transformer

MVA

]

65°C

Voltage and Winding Lightning Impulse Level kV

Rated | Lighning Impulse Level
Voltage (kV LIL)
kV (110 Line Neutral
HV (Wye) Series Transformer Voltage Class shall be one class higher
LV (Wye) than the main transformer per the Technical Specification.

Rating Page 22 of 173
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Manitoba Hydro Design Review Data

4 Core Loss and Exciting Current

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

Please enter actual Core Loss Excitation Current at MVA base
Voltage Position number. Main, Series and LTC Main Series LTC Main, Series and LTC Main Series LTC
Tap Position # Transformers Xfrmr Xfrmr Reactor Transformers Xfrmr Xfrmr Reactor
Guar. Calc. Calc. Calc. Calc. Guar. Calc. Calc. Calc. Calc.
% DTC | LTC kW kw kw kW kw % % % % %
Series Connection
a Sum of Main, Series and LTC Reactor at Rated Tap
1 30
2 60
3 80
4 85
5 90
6 95
7 100
8 105
9 110
10 115
11 120
12 125
13 130
Saturation Point % 1
14 Main transformer core - _—
P -~ .,,..,._-—-—-—-—___
Point far beyond saturation (air-core)
15 Main transformer core HV (SV+CV for auto)
16 Main transformer core LV
17 Main transformer core TV
Horl
b Air-Core Reactance ohms p.u. at rated tap
1 HV (SV+CV for auto)
2 LV
3 TV
4] Attach a %Excitation Current vs %Voltage curve extending into the air-core saturation region c/w the air-core reactance.
Either provide a curve with a change of scale to show more detail or provide two charts with one showing the operating region in more detail.

Core Loss Page 23 of 173
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Manitoba Hydro Design Review Data

4 Core Loss and Exciting Current

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

Please enter actual Core Loss Excitation Current at MVA base
Voltage Position number. Main, Series and LTC Main Series LTC Main, Series and LTC Main Series LTC
Tap Position # Transformers Xfrmr Xfrmr Reactor Transformers Xfrmr Xfrmr Reactor
Guar. Calc. Calc. Calc. Calc. Guar. Calc. Calc. Calc. Calc.
% DTC | LTC kW kw kw kW kw % % % % %
Series Connection
LTC Reactor Only
d 1 30
2 60
3 80
4 85
5 90
6 95
7 100
8 105
9 110
10 115
11 120
12 125
13 130
e Sum of Main, Series and LTC Reactor
1 90 0.00 0.00 0.00 0.00
2 100 0.00 0.00 0.00 0.00
3 110 0.00 0.00 0.00 0.00
4 90 0.00 0.00 0.00 0.00 0.00 0.00
5 100 0.00 0.00 0.00 0.00 0.00 0.00
6 110 0.00 0.00 0.00 0.00 0.00 0.00
Core Loss Page 24 of 173
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Manitoba Hydro Design Review Data

4 Core Loss and Exciting Current

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

Please enter actual Core Loss Excitation Current at MVA base
Voltage Position number. Main, Series and LTC Main Series LTC Main, Series and LTC Main Series LTC
Tap Position # Transformers Xfrmr Xfrmr Reactor Transformers Xfrmr Xfrmr Reactor
Guar. Calc. Calc. Calc. Calc. Guar. Calc. Calc. Calc. Calc.
% DTC | LTC kW kw kw kW kw % % % % %
Series Connection |
c Series Transformer Only

1 30

2 60

3 80

4 85

5 90

6 95

7 100

8 105

9 110
10 115
11 120
12 125
13 130

Saturation Point
14 Series transformer core
Point far beyond saturation (air-core)
15 Series transformer core HV (SV+CV for auto)
16 Series transformer core LV
Core Loss Page 25 of 173
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4 Core Loss and Exciting Current

Design Review Data

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183

Rev#: 0 (2016/08/01)

Version 2.0.7 (2016 09 10)

MMTP

Voltage

%

Please enter actual
Position number.
Tap Position #

DTC | LTC

Core Loss Excitation Current at MVA base
Main, Series and LTC Main Series LTC Main, Series and LTC Main Series LTC
Transformers Xfrmr Xfrmr Reactor Transformers Xfrmr Xfrmr Reactor
Guar. Calc. Calc. Calc. Calc. Guar. Calc. Calc. Calc. Calc.
kW kw kW kW kw % % % % %

f

OO ~NOOTDS WNPE

el e =
W N O

14

15
16
17

g

A WON P

June 21, 2017

30
60
80
85
90
95
100
105
110
115
120
125
130

Saturation Point

Point far beyond saturation (air-core)

Air-Core Reactance

Main transformer core

Parallel Connection (If different from series connection)
Sum of Main, Series and LTC Reactor at Rated Tap

Main transformer core HV (SV+CV for auto)
Main transformer core LV
Main transformer core TV

HV
LV
TV

ohms

p.u.

at rated tap
(SV+CV for auto)

Attach a %Excitation Current vs %Voltage curve extending into the air-core saturation region c/w the air-core reactance.
Either provide a curve with a change of scale to show more detail or provide two charts with one showing the operating region in more detail.

Core Loss
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
Design Review Data
4 Core Loss and Exciting Current
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Please enter actual Core Loss Excitation Current at MVA base
Voltage Position number. Main, Series and LTC Main Series LTC Main, Series and LTC Main Series LTC
Tap Position # Transformers Xfrmr Xfrmr Reactor Transformers Xfrmr Xfrmr Reactor
Guar. Calc. Calc. Calc. Calc. Guar. Calc. Calc. Calc. Calc.
% DTC | LTC kW kw kw kW kw % % % % %
Parallel Connection (If different from series connection)
LTC Reactor Only
30
60
80
85
90
95
100
105
110
115
120
125
130
Sum of Main, Series and LTC Reactor
90 0.00 0.00 0.00 0.00
100 0.00 0.00 0.00 0.00
110 0.00 0.00 0.00 0.00
90 0.00 0.00 0.00 0.00 0.00 0.00
100 0.00 0.00 0.00 0.00 0.00 0.00
110 0.00 0.00 0.00 0.00 0.00 0.00
Core Loss Page 27 of 173
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4 Core Loss and Exciting Current

Design Review Data

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183

Rev#: 0 (2016/08/01)

Version 2.0.7 (2016 09 10)

MMTP

Please enter actual

Core Loss

Excitation Current at MVA base

Position number.
Tap Position #

Main, Series and LTC
Transformers

Voltage

Main
Xfrmr

Series
Xfrmr

LTC
Reactor

Main, Series and LTC

Transformers

Main
Xfrmr

Series
Xfrmr

LTC
Reactor

Guar. Calc.
LTC kW kw

% DTC |

Calc.
kW

Calc.
kw

Calc.
kw

Guar.
%

Calc.
%

Calc.
%

Calc.
%

Calc.
%

Parallel Connection (If different from series connection)

h Series Transformer Only
30
60
80
85
90
95
100
105
110
115
120
125
130

©oO~NOOULA WNPE

el ol
W N P O

Saturation Point
14 Series transformer core

Point far beyond saturation (air-core)

15 Series transformer core HV (SV+CV for auto)
16 Series transformer core LV

June 21, 2017

Core Loss
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Load Loss and Reactance

~N O 01T WN -

00

10
11
12
13
14

15
16
17
18

19
20
21
22
23
24
25

Main Transformer MVA Base
Reduced Capacity MVA Base

2-Circuit Loading: H+X

Full Capacity Below Normal

Series Transformer MVA Base S

Choose the main and series transformer MVAs so that losses and reactance may be added.

Design Review Data

Temperature Base °C

FC: Full Capacity

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)

Fill-in data only when applicable and relevant. If rated and neutral are the same tap, fill-in only once.

RC: Reduced Capacity

Series Connection

Full Capacity Reactance

Load Loss with harmonics

Full Capacity Load Loss Components at 60 Hz.

Please enter actual Sum of Main and Main Reactor Sum of Main Xfrmr and Main Transformer Series Transformer LTC or Current Limiting Reactor
Primary | Secondary |Position number. Series Transformers Xfrmr or Series Series Xfrmr / Reactor Winding Other Winding Other Winding Other
Voltage | Voltage Tap Position # or Reactor Only Xfmr Only R Stray Stray R Stray Stray R Stray Stray
Guar. Calc. Calc. Calc. Guar. FC Calc. | RC Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc.
kV 11 kV (11 DTC | LTC % % % % kw kw kw kw kw kw kw kw kw kw kw kw
N
N
N

Losses Series Conn

Page 29 of 173
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Load Loss and Reactance

~NOoO ok~ WN PR

oo

10
11
12
13
14

15
16
17
18

19
20
21
22
23
24
25

Main Transformer MVA Base
Reduced Capacity MVA Base

2-Circuit Loading: H+Y

Primary Secondary

Voltage

kv (111

Voltage

kv (111

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)

Full Capacity Below Normal Fill-in data only when applicable and relevant. If rated and neutral are the same tap, fill-in only once.

n/a
n/a

Tap Position #

DTC

LTC

Series Transformer MVA Base Temperature Base 85 °C

Choose the main and series transformer MVAs so that losses and reactance may be added.
Series Connection

Full Capacity Reactance Load Loss with harmonics Full Capacity Load Loss Components at 60 Hz.
Sum of Main and Main Reactor Sum of Main Xfrmr and Main Transformer Series Transformer LTC or Current Limiting Reactor
Series Transformers Xfrmr or Series Series Xfrmr / Reactor Winding Other Winding Other Winding Other
or Reactor Only  Xfmr Only IR Stray Stray IR Stray Stray IR Stray Stray
Guar. Calc. Calc. Calc. Guar. FC Calc. RC Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc.
% % % % kw kw kw kW kW kw kW kw kw kw kw kw
Losses Series Conn Page 30 of 173
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Load Loss and Reactance

~NOoO ok~ WN PR

oo

10
11
12
13
14

15
16
17
18

19
20
21
22
23
24
25

Main Transformer MVA Base
Reduced Capacity MVA Base

2-Circuit Loading: X+Y

Primary Secondary

Voltage

kv (111

Voltage

kv (111

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)

Full Capacity Below Normal Fill-in data only when applicable and relevant. If rated and neutral are the same tap, fill-in only once.

n/a
n/a

Tap Position #

DTC

LTC

Series Transformer MVA Base Temperature Base 85 °C
For dual LV design, Winding Stray and Other Stray may be combined if individual values are not known.

Choose the main and series transformer MVAs so that losses and reactance may be added.
Series Connection

Full Capacity Reactance Load Loss with harmonics Full Capacity Load Loss Components at 60 Hz.
Sum of Main and Main Reactor Sum of Main Xfrmr and Main Transformer Series Transformer LTC or Current Limiting Reactor
Series Transformers Xfrmr or Series Series Xfrmr / Reactor Winding Other Winding Other Winding Other
or Reactor Only  Xfmr Only IR Stray Stray IR Stray Stray IR Stray Stray
Guar. Calc. Calc. Calc. Guar. FC Calc. RC Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc.
% % % % kw kw kw kW kW kw kw kw kw kw kw kw
Losses Series Conn Page 31 of 173
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Load Loss and Reactance

~NOoO ok~ WN PR

oo

10
11
12
13
14

15
16
17
18

19
20
21
22
23
24
25

Main Transformer MVA Base
Reduced Capacity MVA Base
2-Circuit Loading: H+X&Y

Primary Secondary

Voltage

kv (111

Voltage

kv (111

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)

Full Capacity Below Normal Fill-in data only when applicable and relevant. If rated and neutral are the same tap, fill-in only once.

n/a
n/a

Tap Position #

DTC

LTC

Series Transformer MVA Base Temperature Base 85 °C

Choose the main and series transformer MVAs so that losses and reactance may be added.
Series Connection

Full Capacity Reactance Load Loss with harmonics Full Capacity Load Loss Components at 60 Hz.
Sum of Main and Main Reactor Sum of Main Xfrmr and Main Transformer Series Transformer LTC or Current Limiting Reactor
Series Transformers Xfrmr or Series Series Xfrmr / Reactor Winding Other Winding Other Winding Other
or Reactor Only  Xfmr Only IR Stray Stray IR Stray Stray IR Stray Stray
Guar. Calc. Calc. Calc. Guar. FC Calc. RC Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc.
% % % % kw kw kw kW kW kw kW kw kw kw kw kw
Losses Series Conn Page 32 of 173
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Load Loss and Reactance

~NOoO ok~ WN PR

oo

10
11
12
13
14

15
16
17
18

19
20
21
22
23
24
25

Main Transformer MVA Base
Reduced Capacity MVA Base

2-Circuit Loading: H+X

Voltage

kv (111

Voltage

kv (111

n/a
n/a

Please enter actual
Primary Secondary Position number.

Tap Position #

DTC

LTC

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Full Capacity Below Normal

Series Transformer MVA Base Temperature Base 85 °C
Choose the main and series transformer MVAs so that losses and reactance may be added. FC: Full Capacity RC: Reduced Capacity
Parallel Connection : If Different from Series Connection
Full Capacity Reactance Load Loss with harmonics Full Capacity Load Loss Components at 60 Hz.
Sum of Main and Main Reactor Sum of Main Xfrmr and Main Transformer Series Transformer LTC or Current Limiting Reactor
Series Transformers Xfrmr or Series Series Xfrmr / Reactor Winding Other Winding Other Winding Other
or Reactor Only  Xfmr Only IR Stray Stray IR Stray Stray IR Stray Stray
Guar. Calc. Calc. Calc. Guar. FC Calc. RC Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc.
% % % % kw kW kW kw kw kw kw kw kw kw kw kw
Losses Parallel Conn Page 33 of 173
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Load Loss and Reactance

~NOoO ok~ WN PR

oo

10
11
12
13
14

15
16
17
18

19
20
21
22
23
24
25

Main Transformer MVA Base n/a
Reduced Capacity MVA Base n/a
2-Circuit Loading: H+Y

Primary Secondary
Voltage Voltage Tap Position #

kv 11 kv 11 DTC LTC

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Full Capacity Below Normal

Series Transformer MVA Base Temperature Base 85 °C

Choose the main and series transformer MVAs so that losses and reactance may be added.
Parallel Connection : If Different from Series Connection

Full Capacity Reactance Load Loss with harmonics Full Capacity Load Loss Components at 60 Hz.
Sum of Main and Main Reactor Sum of Main Xfrmr and Main Transformer Series Transformer LTC or Current Limiting Reactor
Series Transformers Xfrmr or Series Series Xfrmr / Reactor Winding Other Winding Other Winding Other
or Reactor Only  Xfmr Only IR Stray Stray IR Stray Stray IR Stray Stray
Guar. Calc. Calc. Calc. Guar. FC Calc. RC Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc.
% % % % kw kw kw kW kW kw kw kw kw kw kw kw
Losses Parallel Conn Page 34 of 173
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Load Loss and Reactance

~NOoO ok~ WN PR

oo

10
11
12
13
14

15
16
17
18

19
20
21
22
23
24
25

Main Transformer MVA Base n/a
Reduced Capacity MVA Base n/a
2-Circuit Loading: X+Y

Primary Secondary
Voltage Voltage Tap Position #

kv 11 kv 11 DTC LTC

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Full Capacity Below Normal

Series Transformer MVA Base Temperature Base 85 °C
For dual LV design, Winding Stray and Other Stray may be combined if individual values are not known.

Choose the main and series transformer MVAs so that losses and reactance may be added.
Parallel Connection : If Different from Series Connection

Full Capacity Reactance Load Loss with harmonics Full Capacity Load Loss Components at 60 Hz.
Sum of Main and Main Reactor Sum of Main Xfrmr and Main Transformer Series Transformer LTC or Current Limiting Reactor
Series Transformers Xfrmr or Series Series Xfrmr / Reactor Winding Other Winding Other Winding Other
or Reactor Only  Xfmr Only IR Stray Stray IR Stray Stray IR Stray Stray
Guar. Calc. Calc. Calc. Guar. FC Calc. RC Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc.
% % % % kw kw kw kW kW kw kw kw kw kw kw kw
Losses Parallel Conn Page 35 of 173
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Load Loss and Reactance

~NOoO ok~ WN PR

oo

10
11
12
13
14

15
16
17
18

19
20
21
22
23
24
25

Main Transformer MVA Base n/a
Reduced Capacity MVA Base n/a
2-Circuit Loading: H+X&Y

Primary Secondary
Voltage Voltage Tap Position #

kv 11 kv 11 DTC LTC

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Full Capacity Below Normal

Series Transformer MVA Base Temperature Base 85 °C

Choose the main and series transformer MVAs so that losses and reactance may be added.
Parallel Connection : If Different from Series Connection

Full Capacity Reactance Load Loss with harmonics Full Capacity Load Loss Components at 60 Hz.
Sum of Main and Main Reactor Sum of Main Xfrmr and Main Transformer Series Transformer LTC or Current Limiting Reactor
Series Transformers Xfrmr or Series Series Xfrmr / Reactor Winding Other Winding Other Winding Other
or Reactor Only  Xfmr Only IR Stray Stray IR Stray Stray IR Stray Stray
Guar. Calc. Calc. Calc. Guar. FC Calc. RC Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc.
% % % % kw kw kw kW kW kw kw kw kw kw kw kw
Losses Parallel Conn Page 36 of 173
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Please fill-in all taps, even if those taps might not be suitable
for full or overload loading.

Guaranteed losses are per the loss evaluation criteria.
Guaranteed reactances are at the tap extremes.
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3-Circuit Losses

No data required here

OO0 0T, WNPE

© 00

10

12
12

13
14
15
16

17
18
19
20
21
21
22

OO0 WNPEF

© 00

10

12
12

13
14
15
16

17
18
19
20
21
21
22

Design Review Data

For HVDC transformer: use the harmonic losses. n/a
Main Transformer MVA Base n/a Temperature Base
n/a
MVA n/a n/a n/a n/a
H+X H+Y X+Y H
Tap Position #
DTC LTC kw kw kwW kw
N
N
N
n/a
Main Transformer MVA Base n/a Temperature Base
n/a
MVA n/a n/a n/a n/a
H+X H+Y X+Y H
Tap Position #
DTC LTC kw kw kw kW

3-cct Losses

n/a

n/a

kw

n/a

n/a

kw

Rev#: 0 (2016/08/01)
This sheet applies only for power factors of 1 for the HV or LV, and 0 for the TV.

°C

°C

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

n/a

kw

n/a

kw

Cooling

3-cct

Load

Loss
kW

Cooling

3-cct

Load

Loss
kW

n/a

Core
Loss
kw

n/a

Core
Loss
kW

Version 2.0.7 (2016 09 10)

3-cct

Total

Loss
kw

3-cct

Total

Loss
kW

PUB MFR 183
MMTP

Page 39 of 173

Page 73 of 1301



Manitoba Hydro

June 21, 2017

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
8  Sound Level
Sound Level % of Rated | Calculated | Guaranteed
Type Volts Sound Level | Sound Level
% dB dB
a |Main Transformer core only 100
b |Series Transformer core only 100
¢ |LTC Reactor only 100
d JFans only -
e [Pumps only -
f
g
h
i Frequency Hz (60,125,250,...)
] Weighting A
k With Sound Enclosure?
I Sound Reduction Techniques?
9 Auxilliary Loads
Quaqt!ty of Full Load Locked Rotor
Auxiliary Watts
. Voltage . Current Current
Devices per device er device er device
Auxilliary Loss Active P P
V o—o w A A

a| 1st Stage |Fans

b n/a Pumps

c|] 2nd Stage |Fans

d n/a Pumps

e| 3rd Stage |Fans

f n/a Pumps

Aux Loss & Sound Level

PUB MFR 183
MMTP

Page 40 of 173
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
10 Core Design for Main Transformer
a Core Steel

1 Manufacturer

2 Type (eg 23ZDKH85)

3 Steel Thickness mm

4 Lamination Factor pu

5 Insulation Type |

Attach a copy of the manufacturer's curves including Real Power, Apparent Power and DC Magnetization if available.

Comments

b Cutting / Stacking
Mitre-Joint Type (Fully-mitred, Semi-mitred, Butt-lap, Wound, n/a)
# Step-laps if applicable (enter number of sheets or laps, not number of steps)
Step-Lap mm per step
Allowable Mitre-joint gaps mm
Allowable Burr on cut edge mm
Are holes used to stack?

ok, WN PR

Comments

c Shunt Reactor Gaps
Quantity per Leg
Average Height mm
Maximum Height mm
Gap Material

A WNPE

Comments

Core Main Xfmr Page 41 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
10 Core Design for Main Transformer
examples for #6 - 8
d Construction
1 Type of Core core, shell
2 Circular or Rectangular
3 #lLegs
4 # Wound Legs
5 Core Bolts Used?
6 Main Yoke facing Coil is flat, circular, elliptical
7 Return Yoke facing Coil is
8 Return Leg facing Coil is
flat circular eliptical
Comments coil side
e Design Provide a core construction sketch, showing main item widths and step-lap joints detail.
1 Wound Leg Diameter mm
2 Window Height mm
3 Wound Leg Centres mm
4 Return Leg Centres mm Wound Leg Widest Sheet
Return Leg Centres
Widest Sheet Width »le > < >
5 Wound Leg mm
6 Main Yoke mm
7 Return Yoke mm
8 Return Leg mm T
Area Vindgw
9 Wound Leg sq. m feight
10 Main Yoke sg. m or pu of Wound Leg v
11 Return Yoke sqg. m or pu of Wound Leg
12 Return Leg sqg. m or pu of Wound Leg
13 Core Weight kg
f Flux Density at 100% Voltage
Wound Leg Main Yoke Return Leg Return Yoke
1 at Rated Tap Tesla
2 at Maximum Flux Tap Tesla
3 at Minimum Flux Tap Tesla
4 Allowable dc currentincore. | Afor HVDC or GIC
Core Main Xfmr Page 42 of 173
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
10 Core Design for Main Transformer
g Radial Flux Density at 110% Voltage Not Applicable to Reactors
1 at Maximum Flux Tap Tesla
2 Last Core Item Split? (or other Measures? Explain below.)
3 Narrowest Sheet Width mm
4 Narrowest Sheet Stack mm
5  Manufacturer's Drawing # | Rev#
Comments
h Maximum Core Temperature Rise above Oil

In Narrowest
Internal At Oil Duct Width

1 at 100% Voltage °C Include the dc current for HVDC transformers.
2 at 110% Voltage °C
3 at 115% Voltage °C
4 Number of Cooling Ducts
5 Distribution Equally-spaced, Mass-weighted spacing
i Maximum Core Temperature Rise above Ambient
Top or Mean Qil as applicable
1 ONAN Oil Temperature Rise
2
In Narrowest
Internal At Oil Duct Width
3 at 100% Voltage °C
4 at 110% Voltage °C
5 at 115% Voltage °C
Core Main Xfmr Page 43 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
10 Core Design for Main Transformer
i Core Grounding
Is the core grounded externally through a bushing in the cover per the Technical Specification?
1 Main Core
2 Series Transformer
3 LTC Reactor
4  Current Limiting Reactor
5 Describe how the core is grounded including:
a how contact is ensured;
b how oil ducts are bridged.
k Balancing Turns for 1-phase cores?
1 Balancing Turns exist?
2 #Turns
3 Locations Return Legs, Bottom Return Yoke, Top Return Leg, Bottom Main Yoke ,Top Main Yol
4 Conductor Size
5 Expected Current
6  Manufacturer's Drawing # \ Rev# Attach a drawing showing assembly details. This can be a typical drawing.

Describe method of insulation, inter-connection and grounding:

I Core Leg Shields
Manufacturer's Drawing #\ \ Rev# Attach a drawing showing assembly details. This can be a typical drawing.
Describe the shield, its purpose, where it is located and how it is grounded.

n General
1 | Hasthe core been designed to proven design concepts that have been tested?
2 List all the insulation materials that are in the finished core:
eg epoxy hardener(specify), T4 pressboard (step blocks), mylar,...

Core Main Xfmr Page 44 of 173
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a

Manitoba Hydro

Core Steps

for Main Transformer
Items can be core steel item#, Split Width, cooling duct or insulation.

NOTE:

Widths & Stacks

1 Duct mm
2 ltem# mm
3 Item# mm
4 Item# mm
5 Item# mm
6 ltem# mm
7 Iltem# mm
8 ltem# mm
9 ltem# mm
10 ltem# mm
11 ltem# mm
12 Item# mm
13 Iltem# mm
14 Item# mm
15 Item# mm
16 Item# mm
17 Item# mm
18 Item# mm
19 Item# mm
20 Item# mm
21 Item# mm
22 Item# mm
23 ltem# mm
24 ltem# mm
25 ltem# mm
26 ltem# mm
27 ltem# mm
28 Iltem# mm
29 ltem# mm
30 Iltem# mm
31 ltem# mm
32 ltem# mm
33 Iltem# mm
34 ltem# mm
35 Item# mm
36 Item# mm
37 Item# mm
38 Item# mm

June 21, 2017

Yoke and Returns are only required if different widths than Wound Leg.

Rev#: 0 (2016/08/01)

Design Review Data

Version 2.0.7 (2016 09 10)

Alternatively, you can specify % of Wound Leg, once.

This sheet is not required if you provide this information separately.

Wound Leg Yoke Return Yoke | Return Leg
Width Stack Width Width Width
Core Steps

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Wound Leg
Width

Rev#: 0 (2016/08/01)

Stack

Yoke
Width

PUB MFR 183
MMTP

Version 2.0.7 (2016 09 10)

Return Yoke
Width

Return Leg
Width

Page 45 of 173
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
12 Core Design for Series Transformer
a Core Steel
1 Manufacturer
2 Type (eg 23ZDKH85)
3 Steel Thickness mm
4 Lamination Factor pu
5 Insulation Type
b Cutting / Stacking
1 Mitre-Joint Type (Fully-mitred, Semi-mitred, Butt-lap, Wound, n/a)
2 # Step-laps if applicable (enter number of sheets or laps, not number of steps)
3 Step-Lap mm per step

Core Series Xfmr Page 46 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
12 Core Design for Series Transformer
examples for # 6 - 8
c Construction
1 Type of Core core, shell
2 Circular or Rectangular
3 #lLegs
4 # Wound Legs
5 Core Bolts Used?
6 Main Yoke facing Coil is flat, circular, elliptical
7 Return Yoke facing Coil is
8 Return Leg facing Coil is
flat circular eliptical
Comments coil side
d Design

1 Wound Leg Diameter mm
2 Window Height mm )
3 Wound Leg Centres mm Rectg:]?ré_sg Wound Leg Widest Sheet
4 Return Leg Centres mm R R

Widest Sheet Width
5 Wound Leg mm
6 Main Yoke mm
7 Return Yoke mm A
8 Return Leg mm Witdo

Hgight
Area
9 Wound Leg sq. m v
10 Main Yoke sqg. m or pu of Wound Leg
11 Return Yoke sqg. m or pu of Wound Leg
12 Return Leg sqg. m or pu of Wound Leg
13 Core Weight kg
Core Series Xfmr Page 47 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
12 Core Design for Series Transformer
e Flux Density at 100% Voltage
1 at Rated Tap Tesla
2 at Maximum Flux Tap Tesla
3 at Minimum Flux Tap Tesla
f Maximum Core Temperature Rise above Oil

Internal At Oil Duct

1 at 100% Voltage °C
2 at 110% Voltage °C
3 at 115% Voltage °C
4 Number of Cooling Ducts
5 Distribution Equally-spaced, Mass-weighted spacing
g Maximum Core Temperature Rise above Ambient
Top or Mean Oil as applicable
1 ONAN Oil Temperature Rise
2
Internal At Oil Duct
3 at 100% Voltage °C
4 at 110% Voltage °C
5 at 115% Voltage °C
h Core Grounding
Is the core grounded externally through a bushing in the cover per the Technical Specification?
1 Series Transformer
2 Describe how the core is grounded including:
a how contact is ensured;
b how oil ducts are bridged.

Core Series Xfmr Page 48 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
13 Core & Winding Design for LTC Reactor (Preventive Auto)
a Core Steel
1 Manufacturer Stack 2 4
2 Type (eg 23ZDKH85) . v
3 Steel Thickness mm
4 Lamination Factor pu Stack 1
5 Insulation Type
A
b Core Gaps
1 Quantity per Leg < >
2 Average Height mm Sheet Width
3 Maximum Height mm
4 Gap Material
Comments
. Ga
c Core Design P
1 Sheet Width mm £ B J
2 Stack 1 mm o | Leg |
4 Leg Centres mm -E
5 Window Height mm s
6 Core Weight kg
d Bridging Tap at 100% Voltage
1 Flux Density Tesla v
2 Circulating Current A
3 Reactance % at main transformer's MVA base
LTC Reactor Page 49 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
13 Core & Winding Design for LTC Reactor (Preventive Auto)
e Winding Design (If Magnet Wire or CTC, enter the reactor on the Coil Data worksheet)
1 Number of Turns : 2 x
2 Winding Type
3 Coil Type
4 Conductor Type
5 Axial Conductor Height mm
6 Radial Conductor width mm
7 #Parallel Axially
8 #Parallel Radially
9 Insulation Thickness mm Diametric
10 Insulation Material
11 Current Density (Bridging) Alsgmm
12 Total Radial Build mm
13 Mean Diameter or Turn mm
14 Coil Electrical Axial Height mm
15 Gradient (bridging) °C
16 Reactance % at MVA base
Comments
f Core Grounding
Is the core grounded externally through a bushing in the cover per the Technical Specification?
1 LTC Reactor
2 Describe how the core is grounded including:
a how contact is ensured;
b how oil ducts are bridged.

LTC Reactor Page 50 of 173
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
14 Core & Reactance Design for Current Limiting Reactor
a Core Steel

1 Manufacturer

2 Type (eg 23ZDKH85)

3 Steel Thickness mm

4 Lamination Factor pu

5 Insulation Type

i . . . . .
b Core Design 1: Single-Phase without side shields

1 Type (see sketches) |
2 If Type 5, sketch attached? TIF
3 Sheet Width mm
4 Stack mm
5 Window Height mm
[

6 Core Weight kg
7 Rated Flux Density Tesla _
8 Flux Density during Fault Tesla 2: Three-Phase without side shields —

| [

Comments

d Impedance

1 %Reactance %
2 at MVA .
3 Ohms 5: Three-Phase Vertical
with side shields
4 Ohms during Fault 3: Single-Phase with side shields
Comments
f Core Grounding
Is the core grounded externally through a bushing ]
in the cover per the Technical Specification?
1 LTC Reactor
2 Describe how the core is grounded including:
a how cpntact IS ensu_red; 4: Three-Phase Horizontal with side shields
b how oil ducts are bridged.

Current Limiting Reactor Page 51 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
15 Coil Geometry Sketch for Main Transformer
Coil Names
A Core Yoke
C
0
r
e R
e
L < < & <N < <> t
e 2 2 2 2 2 u
g _ r
_ n
l dl » . » l » _A L‘ L
- > al L al Ladl al > - Ll _‘ Ll e
- i
This sheet is | | | S |
if a - - g - _ 4 N
separate _ e
sketch _ X
with these _ t
details _
is provided. _ < P
v v L 4 Y L 4 L 4 h
& & <3 & & a& a
s
e
v
The clearances are designed to proven design concepts that have been tested?
Coil Sketch Main Page 52 of 173
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

Coil Geometry Sketch for Main Transformer

Instructions

H#H

#H

1)

2)

3)

4)

5)

6)

Enter dimensions in the yellow cells as request above (metric or imperial units).
If fewer than six coils exist, ignore the other coils (or delete them).
If fewer than six coils exist, the clearance from the last coil to the next phase and return leg is still required.

Stress rings are shown here only to reference the dimensions.
You can remove the ones that don't exist.

Alter the sketch to suit (eg two parallel halves are shown in dotted lines).
Enter electrical heights of coils (not physical or mechanical) (ie coil height away from leads).
Include any gaps or major changes in the amp-turns density (amp-turns/m)
or describe them on a separate sheet if that is easier.
This sheet should provide enough dimensions to perform a magnetic field plot under short-circuit conditions.

All coils are drawn with equal heights even though this may not be true.
Enter the top and bottom electrical end clearances.

If a coil is made of multiple layers, show each layer separately.

The sketch shows radial clearance to the core leg, to the return leg and to the next phase.
If a shielding cylinder is used on the wound leg, specify the clearance from the core leg to the metal of the shield.
Clearance from wound core leg to the shield #
If a shielding cylinder is used on the return leg, specify the clearance from the return leg to the metal of the shield.
Clearance from return leg to the shield #

Coil Sketch Main Page 53 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
16 Coil Geometry Sketch for Series Transformer
Coil Names
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The clearances are designed to proven design concepts that have been tested?
Coil Sketch Series Xfmr Page 54 of 173
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
Design Review Data
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Coil Geometry Sketch for Series Transformer
Instructions
1) Enter dimensions in the yellow cells as request above (metric or imperial units).
If fewer than six coils exist, ignore the other coils (or delete them).
If fewer than six coils exist, the clearance from the last coil to the next phase and return leg is still required.
2) Stress rings are shown here only to reference the dimensions.
You can remove the ones that don't exist.
3) Alter the sketch to suit (eg two parallel halves are shown in dotted lines).
Enter electrical heights of coils (not physical or mechanical) (ie coil height away from leads).
Include any gaps or major changes in the amp-turns density (amp-turns/m)
or describe them on a separate sheet if that is easier.
This sheet should provide enough dimensions to perform a magnetic field plot under short-circuit conditions.
4)  All coils are drawn with equal heights even though this may not be true.
Enter the top and bottom electrical end clearances.
5) If a coil is made of multiple layers, show each layer separately.
6) The sketch shows radial clearance to the core leg, to the return leg and to the next phase.
If a shielding cylinder is used on the wound leg, specify the clearance from the core leg to the metal of the shield.
## Clearance from wound core leg to the shield #
If a shielding cylinder is used on the return leg, specify the clearance from the return leg to the metal of the shield.
#H Clearance from return leg to the shield #
Coil Sketch Series Xfmr Page 55 of 173
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Coil Data
1 Transformer Component
2 Coil Name
3 Type of Winding
4
Arrangement
1 Legs in Series or Parallel
2 Coil Connected as
Current
1 Rated
2 Maximum
3 Rated Current Density
Turns
1 #Turns per Leg
2 #Turns per half or quarter
3 #Disks per Leg
4 Maximum #Turns per Disk
5 #Layers
6 #Turns per Layer
For Taps Only
1 Location of taps
2 Average #Turns per Tap
3 Majority #Turns per Tap
4 Secondary #Turns per Tap
5 Extra Tap Section?
6 Loaded #Turns at Maximum Tap
7 Equal Turns per Tap?
8 Tap Style
9 Tap break axial gap

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Design Review Data

Data is based on rated tap at ONAN MVA FCBN and 85°C unless otherwise specified.
All data is per phase or per leg or per layer.

coil nearest core

Alsgmm

T/IF
T/F

mm

10 Lead Numbering at Top (or OD) eg: 1,3,5,4,2
11 ead Numbering at Bottom (or ID)

June 21, 2017

Rev#: 0 (2016/08/01)

PUB MFR 183
MMTP

Version 2.0.7 (2016 09 10)

Have the coils been designed to proven design concepts that have been tested?

Coil Data
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17 Coil Data
1 Transformer Component
2 Coil Name
f Dimensions see sketches below
1 Mechanical Axial Height
a total
b per half / quarter
c centre gap
2 Electrical Axial Height
a total
b per half / quarter
C centre gap
3 Radial Build
4 Inside Diameter (ID)
5 Outside Diameter (OD)

June 21, 2017

mm
mm
mm

mm
mm
mm
mm
mm
mm

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Data is based on rated tap at ONAN MVA FCBN and 85°C unless otherwise specified.
All data is per phase or per leg or per layer.
coil nearest core

Definitions for helical-shapedcoils: — S«
- cCc®
— - . g D
Electrical S5
Height 2 Ta | _
£ per half S
= 2 = ©
k=2 2 o _ | — I
) - © | Mechanical g IS
= Q = gap L 5 a ‘c
S} = Qo e @ ©
= = — —_ c
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Q o Q — s
w b w
Coil Data Page 57 of 173
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Transformer Component

17 Coil Data
1
2
g Winding Conductor
1

June 21, 2017

Coil Name

Manufacturer

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Data is based on rated tap at ONAN MVA FCBN and 85°C unless otherwise specified.

All data is per phase or per leg or per layer.
coil nearest core

| | | | | | | | | | |

Cable Types Strand Types
Twin i

Strap Wire

N

Strand Strand
Insulation Insulation
Cable
Insulation

Coil Data Page 58 of 173
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17 Coil Data
1 Transformer Component
2 Coil Name
g Winding Conductor cont.
Cable

2 Type
2 #Parallel Axially
3 #Parallel Radially
4 Area per Cable
5 Un-insulated Cable Radial Dim.
6 Un-insulated Cable Axial Dim.
Cable Insulation

7 Type
8 Diametric Thickness
9 Manufacturer
10 Thermally-Upgraded Paper?
11 Temperature Class
12 Nitrogen Content
13 If CTC, is Separator used?
Magnet Wire Strands

14 #Strands per Cable
15 Un-insulated Radial Thickness
16 Un-insulated Axial Width
17 Corner Area Reduction
18 Epoxy-Bonding?
19 Epoxy Type
Strand Insulation

20 Type
21 Diametric Thickness
22 Manufacturer
23 Thermally-Upgraded Paper?
24 Temperature Class
25 Nitrogen Content

June 21, 2017

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Data is based on rated tap at ONAN MVA FCBN and 85°C unless otherwise specified.
All data is per phase or per leg or per layer.
coil nearest core

sgmm
mm
mm

mm

T/F
°C
%

T/IF

mm
mm
sgmm
TIF
Brand

mm

T/F
°C
%

Coil Data Page 59 of 173
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17 Coil Data

Transformer Component

Coil Name

h Spacing Material

gaa b~ wWwN P
—_— - 0Q 40O QOO T D

»

Spacers
#Spacers per Circle

Circumferential Width
Between all disks?
All ducts allow oil flow?
Axial Height

Disk 1 to Disk 2

Disk 2 to Disk 3

Disk 3 to Disk 4

Disk 4 to Disk 5

Disk 5 to Disk 6

Disk 6 to Disk 7

Disk 7 to Disk 8

Disk 8 to Disk 9
between DTC disks
other disks

Average Axial Height

Duct Sticks

7 Sticks on Inside Diameter

a
b
c

#Sticks per Circle
Circumferential Width
Radial Thickness

8 Sticks between layers

a
b
c

#Sticks per Circle
Circumferential Width
Radial Thickness

9 Sticks on Outside Diameter

a
b
c

June 21, 2017

#Sticks per Circle
Circumferential Width
Radial Thickness

mm
T/F
T/F

mm
mm
mm
mm
mm
mm
mm
mm
mm
mm
mm

mm

mm

mm
mm

mm
mm

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Data is based on rated tap at ONAN MVA FCBN and 85°C unless otherwise specified.
All data is per phase or per leg or per layer.
coil nearest core

Coil Data Page 60 of 173
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17 Coil Data
1 Transformer Component
2 Coil Name
h Spacing Material cont.
Solid Inter-disk Insulation
Caps & Collars
10 Total number of cap rings
11 Axial Thickness
12 Cap extends entire RB?
13 Total number of collar rings
14 Axial Thickness
15 Packing Location after
Extra Tape on Cable
16 Number of Disks on OD
17 Wall Thickness
18 Number of Disks on ID
19 Wall Thickness

June 21, 2017

mm
TIF

mm

mm

mm

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Design Review Data

Data is based on rated tap at ONAN MVA FCBN and 85°C unless otherwise specified.
All data is per phase or per leg or per layer.
coil nearest core

Rev#: 0 (2016/08/01)

PUB MFR 183
MMTP

Version 2.0.7 (2016 09 10)

Inside Outside
Stick Stick
d o
Interna
| I || | (¢ Cap
Ring

Internal

Collar II |
Ring i ____Packing Location

I Ii |%‘F/TT—‘T ] after 2 cables

Coil Data
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17 Coil Data

Transformer Component

Coil Name

i Oil Flow (see sketches)

Axial Oil
FlowBlock

I

© oo ~NO»

June 21, 2017

Internal Axial

Cooling Duct

Oil Flow Method?
Oil Blocking Material?

if zig-zag oil flow method
# blockages on ID

# blockages at centre

# blockages on OD

if internal axial cooling ducts
#Ducts in Radial Build
Radial Duct Thickness

Block Width

#Supports per circle
Clackband block spacing

mm
mm

mm

Design Review Data

Rev#: 0 (2016/08/01)

Data is based on rated tap at ONAN MVA FCBN and 85°C unless otherwise specified.
All data is per phase or per leg or per layer.

coil nearest core

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

Version 2.0.7 (2016 09 10)

Washers / Rings
Directed Flow

Washers / Rings
Directed Flow

Blocks
Directed Flow

Blocks
Directed Flow

Blocks
Non-Directed Flow

Coil Data
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17 Coil Data

1 Transformer Component
2 Coil Name
] Forced Oil Flow Velocity (ODAF)
Radial
1 Average
2 Maximum
Axial at ID
3 at duct stick
4 at spacer
5 Mftr's QOil Velocity Limit

k Weights & Losses
1 Bare Copper Weight
2 Coil dc Resistance
3 Lead dc Resistance
3 dc Resistance per tap
4 S/IP
5 Current
6 I’R Loss
7 Average Stray Loss
8 S/P
9 Current
10 I°R Loss
11 Average Stray Loss
12 S/IP
13 Current
14 I°R Loss
15 Average Stray Loss

June 21, 2017

mm/s
mm/s

mm/s
mm/s
mm/s

kg
ohms
ohms
ohms

kw
kW

kW
kw

kW
kw

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Data is based on rated tap at ONAN MVA FCBN and 85°C unless otherwise specified.
All data is per phase or per leg or per layer.

coil nearest core

Based on 'n+1' pumps where applicable, otherwise 'n' pumps.

Losses and gradients at rated 2-circuit MVA (H+X, H+Y, or X+Y) at 1 or O power factor.

Coil Data Page 63 of 173
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17 Coil Data
1 Transformer Component
2 Coil Name
L 2-Circuit Coil Gradients
Coil Average
1 DTC#
2 LTC#
3 S/IP
4 Current
5 I°R Loss
6 Stray Loss
7 Radial Flux Density
8 Axial Flux Density
9 Power Density
10 Gradient
Coil Hotspot
11 DTC#
12 LTC#
13 S/IP
14 Current
15 I°’R Loss
16 Stray Loss
17 Radial Flux Density
18 Axial Flux Density
19 Power Density
20 Gradient
21 Winding Hotspot Location

June 21, 2017

A

kW

kW
T
T

mW/sgmm

°C

A

kw

kW
T
T

mW/sgmm

°C

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Design Review Data

Rev#: 0 (2016/08/01)
Data is based on rated tap at ONAN MVA FCBN and 85°C unless otherwise specified.
All data is per phase or per leg or per layer.
coil nearest core

PUB MFR 183
MMTP

Version 2.0.7 (2016 09 10)

Note
Losses and gradients at rated 2-circuit MVA (H+X, H+Y, or X+Y) at 1 or O power factor.
LTC and LTC reactor hotspot gradient might be maximum at LTC -1 if RCBN, or -15 if FCBN.
DTC hotspot gradient will be maximum at DTC 4.

Worst case2-Circuit tap at ONAN MVA (or RCBN MVA) and 85°C

Coil Data
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
17 Coil Data Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
Data is based on rated tap at ONAN MVA FCBN and 85°C unless otherwise specified.
All data is per phase or per leg or per layer.
coil nearest core
1 Transformer Component | | | | | | | | | | |
2 Coil Name | | | | | | | | | | |
L 2-Circuit Coil Gradients cont. Note
Losses and gradients at rated 2-circuit MVA (H+X, H+Y, or X+Y) at 1 or O power factor.
LTC reactor hotspot gradient might be maximum at LTC -1 if RCBN, or -15 if FCBN.
DTC hotspot gradient will be maximum at DTC 4.
n/a
Coil Average
22 DTC#
23 LTC#
24 S/P
25 Current A
26 I°R Loss kW
27 Stray Loss kW
28 Radial Flux Density T
29 Axial Flux Density T
30 Power Density mW/sgmm
31 Gradient °C
Coil Hotspot
32 DTC#
33 LTC#
34 S/P
35 Current A
36 I°R Loss kW
37 Stray Loss kW
38 Radial Flux Density T
39 Axial Flux Density T
40 Power Density mW/sgmm
41 Gradient °C
42 Winding Hotspot Location
Coil Data Page 65 of 173
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17 Coil Data

1 Transformer Component
2 Coil Name

m Coil Leads
Line End Lead
1 Location
2 Lead Type
3 Quantity of Leads
4 Lead Diameter or Size
5 Lead Insulation
6 Lead hotspot gradient
Neutral End Lead
7 Location
8 Lead Type
9 Quantity of Leads
10 Lead Diameter or Size
11 Lead Insulation
12 Lead hotspot gradient
Centre Lead
13 Location
14 Lead Type
15 Quantity of Leads
16 Lead Diameter or Size
17 Lead Insulation
18 Lead hotspot gradient
DTC Lead if in main body of HV
19 Lead Type
20 Quantity of Leads
21 Lead Diameter or Size
22 Lead Insulation
23 Lead hotspot gradient

June 21, 2017

mm
mm
°C

mm
mm
°C

mm
mm
°C

mm
mm
°C

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Design Review Data

Rev#: 0 (2016/08/01)
Data is based on rated tap at ONAN MVA FCBN and 85°C unless otherwise specified.
All data is per phase or per leg or per layer.
coil nearest core

PUB MFR 183
MMTP

Version 2.0.7 (2016 09 10)

These are the leads which exit the coil, and are normally formed from the coil's winding conductor.
Alternatively, this can be a flexible cable (eg MCM) brazed directly to the face of the coil.

Gradients at rated 2-circuit MVA (H+X, H+Y, or X+Y) at 1 or O power factor.

n/a

Coil Data
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17 Coil Data
1 Transformer Component
2 Coil Name
n Capacitance Components (oil-filled)

Coil-to-Previous Caoill
Coil-to-Wound Core Leg
Coil-to-Return Core Leg

Coil-to-Tank
Coil-to-Leads
Leads-to-Tank
Line Bushing
Neutral Bushing

June 21, 2017

pF
pF
pF

pF
pF
pF
pF

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Data is based on rated tap at ONAN MVA FCBN and 85°C unless otherwise specified.
All data is per phase or per leg or per layer.
coil nearest core

Coil Data Page 67 of 173
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Design Review Data

17 Coil Data
1 Transformer Component
2 Coil Name
a 3 Type of Winding
4
b Arrangement
1 Legs in Series or Parallel
2 Coil Connected as
C Current
1 Rated
2 Maximum
3 Rated Current Density
d Turns
1 #Turns per Leg
2 #Turns per half or quarter
3 #Disks per Leg
4 Maximum #Turns per Disk
5 #Layers
6 #Turns per Layer
e For Taps Only
1 Location of taps
2 Average #Turns per Tap
3 Majority #Turns per Tap
4 Secondary #Turns per Tap
5 Extra Tap Section?
6 Loaded #Turns at Maximum Tap
7 Equal Turns per Tap?
8 Tap Style
9 Tap break axial gap

coi

Alsgmm

T/IF
T/F

mm

10 Lead Numbering at Top (or OD) eg: 1,3,5,4,2
11 ead Numbering at Bottom (or ID)

June 21, 2017

Coil Data

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP
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Design Review Data

17 Coil Data
1 Transformer Component
2 Coil Name
f Dimensions see sketches below
1 Mechanical Axial Height
a total
b per half / quarter
c centre gap
2 Electrical Axial Height
a total
b per half / quarter
c centre gap
3 Radial Build
4 Inside Diameter (ID)
5 Outside Diameter (OD)
Coil Data

mm
mm
mm

mm
mm
mm
mm
mm
mm

coi

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
17 Coil Data
coi
1 Transformer Component
2 Coil Name
g Winding Conductor
1 Manufacturer
Coil Data Page 70 of 173
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Design Review Data

17 Coil Data
1 Transformer Component
2 Coil Name
g Winding Conductor cont.
Cable

2 Type
2 #Parallel Axially
3 #Parallel Radially
4 Area per Cable
5 Un-insulated Cable Radial Dim.
6 Un-insulated Cable Axial Dim.
Cable Insulation

7 Type
8 Diametric Thickness
9 Manufacturer
10 Thermally-Upgraded Paper?
11 Temperature Class
12 Nitrogen Content
13 If CTC, is Separator used?
Magnet Wire Strands

14 #Strands per Cable
15  Un-insulated Radial Thickness
16 Un-insulated Axial Width
17 Corner Area Reduction
18 Epoxy-Bonding?
19 Epoxy Type
Strand Insulation

20 Type
21 Diametric Thickness
22 Manufacturer
23 Thermally-Upgraded Paper?
24 Temperature Class
25 Nitrogen Content

Coil Data

coi

sgmm
mm
mm

mm

T/F
°C
%

T/IF

mm
mm
sgmm
T/IF
Brand

mm
T/IF

°C
%

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
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17

Design Review Data

Coil Data
1 Transformer Component
2 Coil Name

Spacing Material

Spacers
#Spacers per Circle
Circumferential Width
Between all disks?
All ducts allow oil flow?
Axial Height
Disk 1 to Disk 2
Disk 2 to Disk 3
Disk 3 to Disk 4
Disk 4 to Disk 5
Disk 5 to Disk 6
Disk 6 to Disk 7
Disk 7 to Disk 8
Disk 8 to Disk 9
between DTC disks
other disks
Average Axial Height

a b~ wWwN P
—_— - D0Q 4O Q0O T D

]

Duct Sticks
7 Sticks on Inside Diameter
#Sticks per Circle
Circumferential Width
C Radial Thickness
8 Sticks between layers

[@ )

a #Sticks per Circle
b Circumferential Width
c Radial Thickness
9 Sticks on Outside Diameter
a #Sticks per Circle
b Circumferential Width
C Radial Thickness
Coll Data

mm
T/F
T/IF

mm
mm
mm
mm
mm
mm
mm
mm
mm
mm

mm
mm

mm
mm

mm

coi

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP
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17

h

10
11
12
13
14
15

16
17
18
19

Design Review Data

Coil Data
1 Transformer Component
2 Coil Name

Spacing Material cont.

Solid Inter-disk Insulation
Caps & Collars

Total number of cap rings
Axial Thickness
Cap extends entire RB?
Total number of collar rings
Axial Thickness
Packing Location after

Extra Tape on Cable
Number of Disks on OD
Wall Thickness
Number of Disks on ID
Wall Thickness

Coil Data

mm
TIF

mm

mm

mm

coi

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
17 Coil Data
coi
1 Transformer Component
2 Coil Name
i Oil Flow (see sketches)

Axial Oil
FlowBlock

Internal Axial

Cooling Duct
1 Oil Flow Method?
2 Oil Blocking Material?

if zig-zag oil flow method

3 # blockages on ID
4 # blockages at centre
5 # blockages on OD

if internal axial cooling ducts
6 #Ducts in Radial Build
7 Radial Duct Thickness mm
8 Block Width mm
9 #Supports per circle
10 Clackband block spacing mm

Coil Data Page 74 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
17 Coil Data
Coi
1 Transformer Component
2 Coil Name
] Forced Oil Flow Velocity (ODAF)
Radial
1 Average mm/s
2 Maximum mm/s
Axial at ID
3 at duct stick mm/s
4 at spacer mm/s
5 Mftr's Oil Velocity Limit mm/s
k Weights & Losses
1 Bare Copper Weight kg
2 Coil dc Resistance ohms
3 Lead dc Resistance ohms
3 dc Resistance per tap ohms
4 S/P
5 Current A
6 I°R Loss kW
7 Average Stray Loss kW
8 S/P
9 Current A
10 I°R Loss kw
11 Average Stray Loss kw
12 S/P
13 Current A
14 I°R Loss kW
15 Average Stray Loss kw
Coil Data Page 75 of 173
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MMTP
Manitoba Hydro Design Review Data
17 Coil Data
coi
1 Transformer Component
2 Coil Name
L 2-Circuit Coil Gradients
Coil Average
1 DTC#
2 LTC#
3 S/P
4 Current A
5 I°’R Loss kW
6 Stray Loss kW
7 Radial Flux Density T
8 Axial Flux Density T
9 Power Density mW/sgmm
10 Gradient °C
Coil Hotspot
11 DTC#
12 LTC#
13 S/P
14 Current A
15 I°R Loss kW
16 Stray Loss kW
17 Radial Flux Density T
18 Axial Flux Density T
19 Power Density mW/sgmm
20 Gradient °C
21 Winding Hotspot Location
Coil Data Page 76 of 173
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Manitoba Hydro Design Review Data
17 Coil Data
coi

1 Transformer Component

2 Coil Name

L 2-Circuit Coil Gradients cont.
Coil Average

22 DTC#

23 LTC#

24 S/P

25 Current A

26 I°R Loss kW

27 Stray Loss kW

28 Radial Flux Density T

29 Axial Flux Density T

30 Power Density mW/sgmm
31 Gradient °C

Coil Hotspot

32 DTC#

33 LTC#

34 S/P

35 Current A

36 I°R Loss kW

37 Stray Loss kW

38 Radial Flux Density T

39 Axial Flux Density T

40 Power Density mW/sgmm
41 Gradient °C

42 Winding Hotspot Location

Coil Data Page 77 of 173
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Design Review Data

17 Coil Data

1 Transformer Component
2 Coil Name

m Coil Leads
Line End Lead
1 Location
2 Lead Type
3 Quantity of Leads
4 Lead Diameter or Size
5 Lead Insulation
6 Lead hotspot gradient
Neutral End Lead
7 Location
8 Lead Type
9 Quantity of Leads
10 Lead Diameter or Size
11 Lead Insulation
12 Lead hotspot gradient
Centre Lead
13 Location
14 Lead Type
15 Quantity of Leads
16 Lead Diameter or Size
17 Lead Insulation
18 Lead hotspot gradient
DTC Lead if in main body of HV
19 Lead Type
20 Quantity of Leads
21 Lead Diameter or Size
22 Lead Insulation
23 Lead hotspot gradient

Coil Data

mm
mm
°C

mm
mm
°C

mm
mm
°C

mm
mm
°C

coi

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP
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Design Review Data

17 Coil Data
1 Transformer Component
2 Coil Name
n Capacitance Components (oil-filled)

Coil-to-Previous Caoil
Coil-to-Wound Core Leg
Coil-to-Return Core Leg

Coil-to-Tank
Coil-to-Leads
Leads-to-Tank
Line Bushing
Neutral Bushing

Coil Data

pF
pF
pF

pF
pF
pF
pF

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
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A O WON PP

For Each Coil:

Coil Label

Type#

Rotation (Plan view)
As viewed from

Lead Numbering:
Top Lead(s)

Centre Lead(s) (upper half)
Centre Lead(s) (lower half)

Bottom Leads

If leads brought out on opposite side, is a half-turn added or subtracted?:

Coil Winding Direction and Lead Numbering Sketch

Design Review Data

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Choose one of the winding configuration types shown in the Legend below, for each coil (or add your own sketch, either here or on a separate paper).

You can merge types. For example, a "57" would have the bottom tap leads on the opposite side.
Label and Number the leads (eg H1, HO).

Include the tap lead numbering matching the nameplate drawing (eg 1,3,5,7,...).

Show each layer of a multi-layer winding.

For interwound reactors, the leads should also be labeled as inside or outside.
Specify if lead is brought out on the opposite side of the core (half-turn added or lost)
Label the coils to suit. You don't have to use the examples given in the drop-down list.

PUB MFR 183
MMTP

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

For Main transformer, series transformer, LTC reactor and current-limiting reactor

Top Lead(s)

Centre Lead(s) (upper half)
Centre Lead(s) (lower half)

Bottom Leads

Comment

Type# Legend:

June 21, 2017
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AW WODN PR AW WODN PR ga s WN PP

AW WN P

~No ook wN PR

o

10
11
12
12
13
14

Circuit Data

Circuit Name

Terminals

#Turns
dc Resistance
Current

I’R Loss

Average Stray Loss

Neutral or Mid-Voltage Tap

#Turns
dc Resistance
Current

I’R Loss

Average Stray Loss

#Turns
dc Resistance
Current

I°R Loss

Average Stray Loss

#Turns
dc Resistance
Current

I°R Loss

Average Stray Loss

Circuit Gradients

ohms

kw
kw

ohms

kw
kw

ohms

kw
kw

ohms

kw
kw

Design Review Data

Rev#: 0 (2016/08/01)
Data is based on 85°C unless otherwise specified.
For HVDC transformer: Stray losses and gradients must include the harmonic losses.
This sheet considers each circuit such as LV plus the LTC which together form one winding or circuit.
Losses and gradients at rated 2-circuit MVA (H+X, H+Y, or X+Y) at 1 or O power factor.

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Version 2.0.7 (2016 09 10)

| | | | | | |

worst case tap at ONAN MVA and 85°C

Voltage

DTC Tap Pos.
LTC Tap Pos.
S/P

Current

Average Gradient
Hotspot Gradient
Hotspot Multiplier

n/a
Voltage
DTC Tap Pos.
LTC Tap Pos.
S/P
Current
Average Gradient
Hotspot Gradient
Hotspot Multiplier

kv

°C
°C

kv

°C
°C

Circuit Data

PUB MFR 183
MMTP
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Design Review Data

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Temperature Rises Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Simple 2-Circuit Loading Simple 3-Circuit Loading Complex 3-Circuit Loading
a Condition if Applicable if Applicable
Primary M VA= JSecondary MVA® + TVMVA? Primary M VA{; > JSecondary MVA® + TVMVA?
1 Cooling Scheme
2 Rated Temperature Rise  °C 65 65 65
3 N/P MVA Label MVA
4 Loading Scheme Label Light Heavy Light Heavy Heavy
5 Step-Up or Down . Step-Down | Step-Down | Step-Down | | Step-Down Step-Up Step-Down Step-Up
6 Primary is HV LV HV LV
Oil Rise Test
1 Conditions
a Primary MVA MVA
b Secondary MVA MVA
c Secondary PF
d TV MVA MVA
e TV PF
2 Tap Positions
a DTC Pos. #
b LTC Pos. #
C S/IP
3 Voltages
a V. kV
b LV kv
c HV kv
4 Currents
a TV A
b CcVv A
c LV A
HV A
5 Losses kW
a Load kw
b Core kW
c Total kW
6 Oil Temperature Rises above Ambient
a TOR °C
MOR °C
c BOR °C

Temperature Rises

Page 82 of 173

Page 116 of 1301



Manitoba Hydro

June 21, 2017

20

a

Temperature Rises

Condition

Simple 2-Circuit Loading

Design Review Data

Simple 3-Circuit Loading

if Applicable
Primary M VAf,’;=/j‘ V{Sccondar}; MVA® + TVMVA®

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)

Complex 3-Circuit Loading
if Applicable
Primary M VA?: > V{Sccondar}* MVA® + TVMVA®

1 Cooling Scheme
2 Rated Temperature Rise  °C 65 65 65
3 N/P MVA Label MVA
4 Loading Scheme Label Light Heavy Light Heavy Heavy
5 Step-Up or Down . Step-Down | Step-Down | Step-Down | | Step-Down Step-Up Step-Down Step-Up
6 Primary is HV LV HV LV
TV Winding Rise Test
1 Tap Positions
a DTC Pos. #
b LTC Pos. #
c S/P
d TV Voltage kv
e TV Current A
2 Coil + Lead Resistances (dc)
a Current Limiting Reactor ohms
b TV ohms
3 Winding Gradients
a Average Coil
1 Current Limiting Reactor K
2 TV K
b Average Circuit K | | ||
Resistance-Weighted
o Coil Hotspot
1 Current Limiting Reactor K
2 TV K
d Lead Hotspot
1 Current Limiting Reactor K
2 TV K
e TV Hotspot Gradient Multiplier | | | ||
4 Winding Temperature Rise above Ambient
a Average °C | |
b Hotspot assumed at top oil ~ °C | |

Temperature Rises
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a

Temperature Rises

Condition

Simple 2-Circuit Loading

Design Review Data

Simple 3-Circuit Loading

if Applicable
Primary M VAf,’:\=,;‘ V{Sccundary MVA® + TVMVA®

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)

Complex 3-Circuit Loading
if Applicable
Primary M VA?: > V{Sccundar}; MVA® + TVMVA®

1 Cooling Scheme
2 Rated Temperature Rise  °C 65 65 65
3 N/P MVA Label MVA
4 Loading Scheme Label Light Heavy Light Heavy Heavy
5 Step-Up or Down . Step-Down | Step-Down | Step-Down | | Step-Down Step-Up Step-Down Step-Up
6 Primary is HV LV HV LV
LV Winding Rise Test
1 Tap Positions
a DTC Pos. #
b LTC Pos. #
c S/P
d LV Voltage  kV
e CV Current A
f LV Current A
2 Coil + Lead Resistances (dc)
a PA (LTC Reactor) ohms
b Series Xfmr LV or CV ohms
C Series Xfmr HV or SV ohms
d LV orCV ohms
e LTC ohms
3 Winding Gradients
a Average Coil
1 PA (LTC Reactor) K
2 Series Xfmr LV or CV K
3 Series Xfmr HV or SV K
4 LV or CV K
5 LTC K
b Average Circuit K | | ||
Resistance-Weighted
c Coil Hotspot
1 PA (LTC Reactor) K
2 Series Xfmr LV or CV K
3 Series Xfmr HV or SV K
4 LV or CV K
5 LTC K
d Lead Hotspot
1 PA (LTC Reactor) K
2 Series Xfmr LV or CV K
3 Series Xfmr HV or SV K
4 LV or CV K
5 LTC K
e LV Hotspot Gradient Multiplier | | | ||
4 Winding Temperature Rise above Ambient
a Average °C
b Hotspot assumed at top oil °C

Temperature Rises
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a

Temperature Rises

Condition

Simple 2-Circuit Loading

Design Review Data

Simple 3-Circuit Loading

if Applicable
Primary M VAf,’:\=,;‘ V{Sccundary MVA® + TVMVA®

Rev#: 0 (2016/08/01)

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

Version 2.0.7 (2016 09 10)

Complex 3-Circuit Loading

Primary M VA?: > V{Sccundar}; MVA® + TVMVA®

if Applicable

1 Cooling Scheme
2 Rated Temperature Rise  °C 65 65 65
3 N/P MVA Label MVA
4 Loading Scheme Label Light Heavy Light Heavy Heavy
5 Step-Up or Down . Step-Down | Step-Down | Step-Down | | Step-Down Step-Up Step-Down Step-Up
6 Primary is HV LV HV LV
HV Winding Rise Test
1 Tap Positions
a DTC Pos. #
b LTC Pos. #
o S/IP
d HV Voltage kv
e HV Current A
2 Coil + Lead Resistances (dc)
a LTC ohms
b DTC ohms
c HV or SV ohms
3 Winding Gradients
a Average Coil
1 PA (LTC Reactor) K
1 LTC K
2 DTC K
3 HV or SV K
b Average Circuit K | | ||
Resistance-Weighted
c Coil Hotspot
1 PA (LTC Reactor) K
2 LTC K
3 DTC K
4 HV or SV K
d Lead Hotspot
1 PA (LTC Reactor) K
2 LTC K
3 DTC K
4 HV or SV K
e HV Hotspot Gradient Multiplier | | ||
4 Winding Temperature Rise above Ambient
1 Average °C
4 Hotspot assumed at top oil °C

Temperature Rises
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
21 Core and Coil Clamping Structure Main Transformer
a Manufacturer's Drawing #'s Rev#
b General Comments
Attach separate design
information if that is
more convenient.
c Tie-rods
1 Internal or External
2 Material
3 Material Grade
4 Tie-Rod Temperature Rise °C above top oil temperature
5 Allowable Stretch %
Wound Leqg or between Wound Legs
6 Quantity per side
7 Diameter mm
8 Tensile Strength per Rod MPa
9 at % offset
Return Leg
10 Quantity per side
11 Diameter mm
12  Tensile Strength per Rod MPa
13 at % offset
Clamping Main Page 86 of 173
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d

e

f

Core and Coil Clamping Structure

Tie-plates (Flitch-plates)
Material
Material Grade
Plate Temperature Rise
Allowable Stretch

A WN P

Wound Leg
Quantity of Strips

Width of Strip

Thickness

Tensile Strength per Plate
at

© 00N O O

Return Leg
10 Quantity of Strips
11 Width of Strip
12 Thickness
13 Tensile Strength per Plate
14 at

Cross Frames (Clamps)

Design Review Data

Main Transformer

°C above top oil temperature
%

mm
mm
MPa

% offset

mm
mm
MPa

% offset

1 Material
Steel Construction

Yoke and/or Return Leg Banding

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Rev#: 0 (2016/08/01)

Hollow Structural, -Beam, Beam

Describe

Clamping Structure Insulation

S

2  Manufacturer's Drawing #

Insulation Material

Clamping Structure is Insulated from the core?

3 Clamps
4 Internal Tie-rods
5 Bolts

Comments

Clamping Main

Rev#

Version 2.0.7 (2016 09 10)

PUB MFR 183
MMTP
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
21 Core and Coil Clamping Structure Main Transformer
Clamping Main Page 88 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
21 Core and Coil Clamping Structure Main Transformer
h Clamping Structure Isolation
1 Clamping Structure is isolated (To prevent circulating currents in the structure)?
Manufacturer's Drawing #| | Rev#
Provide schematic showing isolation of clamps, tie-rods, tie-plates, base bars and cross-bars.
This sketch should also show how each member is grounded.
Isolation Material
2 Clamps
3 Tie-rods
4 Bolts
Comments
i Clamp Grounding
Is the clamp grounded externally through a bushing in the cover per the Technical Specification?
1 Main Core
2 Series Transformer
3 LTC Reactor
4 Current Limiting Reactor
5 Manufacturer's Drawing # Rev#
j Core Support Structure
Describe how the core is supported (eg stepped blocks, dowling, epoxy).
Also describe how the coils are supported back to the core leg.
This includes the coil support blocks and the core & coil locating blocks.
Clamping Main Page 89 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
21 Core and Coil Clamping Structure Main Transformer
k Base Bar Insulation
Base Bars are isolated from Tank Floor?
Isolation Material
I Clamp Blocking to Coil Assembly
Describe the material (type & dimensions) and the method used.
Describe both under the clamp and in the core window.
Are blocks fastened in place or held by compression?
m End Ring & End Insulation
1 Clamping Pressure MPa
2 End Ring Thickness
Top mm
Bottom mm
3 Bridge Thickness
Top mm
Bottom mm
4 Perma-wood is used?
Materials
Comments
Clamping Main Page 90 of 173
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PUB MFR 183
MMTP

Manitoba Hydro Design Review Data

. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
21 Core and Coil Clamping Structure Main Transformer

n Clamp Paint

Clamps are painted?

Type of Paint| |

0 Coil & Coil Assebly Sizing
Describe the procedure of sizing the coils, both individually and as an assembly.
Specify the clamping pressures and drying method.
Is drying done under pressure?
Is anything done differently for epoxy-bonded cables?

p Final Clamping of Core and Coil Assembly
Describe the final core and coil clamping procedure before, during and after the vapour phase cycle.
Specify the clamping pressures.
Is the assembly re-packed if it is loose? Is it re-packed all the way around including in the core window?

q General
1 Has the clamping structure been designed to proven design concepts that have been tested?
2 List any additional insulation materials that are not listed above and their use:
eg nitrile rubber

Clamping Main Page 91 of 173
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22 Core and Coil Clamping Structure

o Ul WN B

© 00

=
o

12
13
14

June 21, 2017

Manufacturer's Drawing #'s
if known

General Comments

Tie-rods
Internal or External
Material
Material Grade
Tie-Rod Temperature Rise
Allowable Stretch
Clamping Pressure

Design Review Data

Rev#

°C above top oil temperature

%
MPa

Wound Leg or between Wound Legs

Quantity per side
Diameter

Tensile Strength per Rod
at

Return Leg

Quantity per side
Diameter

Tensile Strength per Rod
at

mm
MPa
% offset

mm
MPa
% offset

Clamping Series Xfmr

Rev#: 0 (2016/08/01)
Series Transformer

Version 2.0.7 (2016 09 10)

Attach separate design
information if that is
more convenient.

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
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d

e

f

Core and Coil Clamping Structure

ga b wnNPF
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=
o

11
12
13
14
15

N

AW

Tie-plates (Flitch-plates)
Material
Material Grade
Plate Temperature Rise
Allowable Stretch
Clamping Pressure

Wound Leg

Quantity of Strips

Width of Strip

Thickness

Tensile Strength per Plate
at

Return Leg
Quantity of Strips

Width of Strip

Thickness

Tensile Strength per Plate
at

Cross Frames (Clamps)
Material
Steel Construction

Yoke and/or Return Leg Banding

Describe

Clamping Structure Insulation

Design Review Data

Series Transformer

°C above top oil temperature
%
MPa

mm
mm
MPa

% offset

mm
mm
MPa

% offset

Hollow Structural, -Beam, Beam

Clamping Structure is Insulated from the core?

Manufacturer's Drawing #

Insulation Material
Clamps
Internal Tie-rods
Bolts

Comments

Rev#

Clamping Series Xfmr

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
22 Core and Coil Clamping Structure Series Transformer
Clamping Series Xfmr Page 94 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
22 Core and Coil Clamping Structure Series Transformer
h Clamping Structure Isolation
1 Clamping Structure is isolated (To prevent circulating currents in the structure)?
Manufacturer's Drawing # Rev#
Provide schematic showing isolation of clamps, tie-rods, tie-plates, base bars and cross-bars.
This sketch should also show how each member is grounded.
Isolation Material
2 Clamps
3 Tie-rods
4 Bolts
Comments
i Clamp Grounding
Is the clamp grounded externally through a bushing in the cover per the Technical Specification?
1 Main Core
2 Series Transformer
3 LTC Reactor
4 Current Limiting Reactor
5 Manufacturer's Drawing # Rev#
j Core Support Structure
Describe how the core is supported (eg stepped blocks, dowling, epoxy).
Also describe how the coils are supported back to the core leg.
This includes the coil support blocks and the core & coil locating blocks.
Clamping Series Xfmr Page 95 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
22 Core and Coil Clamping Structure Series Transformer
k Base Bar Insulation
Base Bars are isolated from Tank Floor?
Isolation Material
I Clamp Blocking to Coil Assembly
Describe the material (type & dimensions) and the method used.
Describe both under the clamp and in the core window.
Are blocks fastened in place or held by compression?
m End Ring & End Insulation
1 Clamping Pressure MPa
2 End Ring Thickness
Top mm
Bottom mm
3 Bridge Thickness
Top mm
Bottom mm
4 Perma-wood is used?
5 Materials
Comments
Clamping Series Xfmr Page 96 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
22 Core and Coil Clamping Structure Series Transformer
n Clamp Paint
Clamps are painted?
Type of Paint

0 Coil & Coil Assebly Sizing

Describe the procedure of sizing the coils, both individually and as an assembly.

Specify the clamping pressures and drying method.

Is drying done under pressure?

Is anything done differently for epoxy-bonded cables?
p Final Clamping of Core and Coil Assembly

Describe the final core and coil clamping procedure before, during and after the vapour phase cycle.

Specify the clamping pressures.

Is the assembly re-packed if it is loose? Is it re-packed all the way around including in the core window?
q General

1 Has the clamping structure been designed to proven design concepts that have been tested?
2 List any additional insulation materials that are not listed above and their use:
eg nitrile rubber
Clamping Series Xfmr Page 97 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
23 Winding Main Transformer
a Manufacturer's Drawing #'s Rev#
if known
b Transpositions
1 Describe locations, methods and philosophy.
2 How are transpositions supported for radial forces?
Winding Main Page 98 of 173
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PUB MFR 183
MMTP

Manitoba Hydro Design Review Data

. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
23 Winding Main Transformer

c Crossovers
1 How are crossovers supported for radial forces?
2 How much are the crossovers allowed to reduce the inside axial oil duct?

d Interleaving Connections

Describe locations, methods and philosophy.

Are these connections made while winding or after winding?

Are they made tight to the winding or are they loose?

Do these connections extend past the radial build of the coil (ie are full-turns made)?

If so, and there is another winding over this one, is the radial clearance increased to accomodate the overbuild?

abhwnNPRE

Winding Main Page 99 of 173
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23 Winding Main Transformer

e Brazing

Is brazing performed only on the outside diameter of the coil?

Or is brazing also performed inside the coil?

Describe the brazing process.

If necessary, how are CTC cables brazed (strand-to-strand with insulation)?

A WN P

f Sizing
1 What are the maximum allowable radial and axial oversizes allowed?
2 What are the remedies when the allowable limits are exceeded?

Winding Main
June 21, 2017

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Rev#: 0 (2016/08/01)

Version 2.0.7 (2016 09 10)
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
23 Winding Main Transformer
g CTC
Are shorted strands checked for:
by the manufacturer;
while winding;
while clamping;
after final core & coil clamping?
If shorts are accepted, explain circumstances:
h Epoxy-Bonded CTC
1 Describe the curing process including duration, temperature, clamping pressure.
2 How is an epoxied coil sized?
Winding Main Page 101 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
23 Winding Main Transformer
i Winding Cylinders
1 Are winding cylinders:
pre-dried;
oil-soaked;
otherwise dimensionally stabilised?
2 Are cylinders pressboard?
3 For large diameter cylinders, what is done to prevent the cylinder from
shrinking while drying and pulling away from the coil leaving the coil unsupported?
j Keyed Spacers
1 Are spacers locked-into (keyed) the inner duct stick?
2 Are spacers cleaned of fibres (burrs from cutting) to produce a clean edge?
3 Are spacers chamfered (rounded edges)?
Winding Main Page 102 of 173
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PUB MFR 183
MMTP

Manitoba Hydro Design Review Data

. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
23 Winding Main Transformer

k Coil Radial Tightness

What is done to ensure the sections of disk windings are wound tightly?

Are spacers oversized to accomodate overbuilds?

If a winder notices the coil is overbuilding while winding, what is done about it?

Does the winder regularly check for overbuilds?

If a coil is oversize, how far past the duct stick notch in the spacer is the conductor allowed to extend?
Would the stick be reduced to accomodate this?
Is there enough tolerance in the radial clearance to the next coil?

ga b wNPF

| Wind-Overs
1 Are any coils wound directly over another?
2 If so, is there a tolerance in the radial clearance to allow for overbuilds?

Winding Main Page 103 of 173
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Manitoba Hydro Design Review Data

. Rev#: 0 (2016/08/01)
23 Winding Main Transformer

m Stress Rings
How are stress rings made?

How much insulation is added over the metal electrode?

Does the electrode or the paper line-up with the OD of the coil?

Are stress rings rebuilt if they are undersized?

How are leads brought through stress rings if necessary?

How are stress rings connected to the lead and is this connection brazed?

o Ul WN PP

n General

1 Have the coils been designed to proven design concepts that have been tested?
2 List all the insulation materials that are in the finished coils:

eg Kraft paper, T4 pressbhoard, T3 pressboard(spacers),...

Winding Main
June 21, 2017

Version 2.0.7 (2016 09 10)
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
24 Winding Series Transformer
NOTE:
There is no need to duplicate information from the WINDING MAIN worksheet.
If the series transformer is manufactured in the same facility as the main transformer, with the sam:
you can use the WINDING MAIN worksheet for both transformers.
Use this worksheet for different manufacturing facitlites, such as sub-contracted series transforme
or if different production rules apply to the series transformer.
Likewise, use this sheet for sub-contracted LTC reactors (preventive auto) or current limiting reactc
a Manufacturer's Drawing #'s Rev#
if known
b Transpositions
1 Describe locations, methods and philosophy.
2 How are transpositions supported for radial forces?
Winding Other Page 105 of 173
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PUB MFR 183
MMTP

Manitoba Hydro Design Review Data

. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
24 Winding Series Transformer

c Crossovers
1 How are crossovers supported for radial forces?
2 How much are the crossovers allowed to reduce the inside axial oil duct?

d Interleaving Connections

Describe locations, methods and philosophy.

Are these connections made while winding or after winding?

Are they made tight to the winding or are they loose?

Do these connections extend past the radial build of the coil (ie are full-turns made)?

If so, and there is another winding over this one, is the radial clearance increased to accomodate the overbuild?

abhwpnNPRE

Winding Other Page 106 of 173
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24 Winding Series Transformer

e Brazing

Is brazing performed only on the outside diameter of the coil?

Or is brazing also performed inside the coil?

Describe the brazing process.

If necessary, how are CTC cables brazed (strand-to-strand with insulation)?

A WN P

f Sizing
1 What are the maximum allowable radial and axial oversizes allowed?
2 What are the remedies when the allowable limits are exceeded?

Winding Other
June 21, 2017

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Rev#: 0 (2016/08/01)

Version 2.0.7 (2016 09 10)
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
24 Winding Series Transformer
g CTC
Are shorted strands checked for:
by the manufacturer;
while winding;
while clamping;
after final core & coil clamping?
If shorts are accepted, explain circumstances:
h Epoxy-Bonded CTC
1 Describe the curing process including duration, temperature, clamping pressure.
2 How is an epoxied coil sized?
Winding Other Page 108 of 173
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Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
24 Winding Series Transformer
i Winding Cylinders
1 Are winding cylinders:
pre-dried;
oil-soaked;
otherwise dimensionally stabilised?
2 Are cylinders pressboard?
3 For large diameter cylinders, what is done to prevent the cylinder from
shrinking while drying and pulling away from the coil leaving the coil unsupported?
j Keyed Spacers
1 Are spacers locked-into (keyed) the inner duct stick?
2 Are spacers cleaned of fibres (burrs from cutting) to produce a clean edge?
3 Are spacers chamfered (rounded edges)?
Winding Other Page 109 of 173
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Manitoba Hydro Design Review Data

. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
24 Winding Series Transformer

k Coil Radial Tightness

What is done to ensure the sections of disk windings are wound tightly?

Are spacers oversized to accomodate overbuilds?

If a winder notices the coil is overbuilding while winding, what is done about it?

Does the winder regularly check for overbuilds?

If a coil is oversize, how far past the duct stick notch in the spacer is the conductor allowed to extend?
Would the stick be reduced to accomodate this?
Is there enough tolerance in the radial clearance to the next coil?

a b wnNPF

| Wind-Overs
1 Are any coils wound directly over another?
2 If so, is there a tolerance in the radial clearance to allow for overbuilds?

Winding Other Page 110 of 173
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. Rev#: 0 (2016/08/01)
24 Winding Series Transformer

m Stress Rings
How are stress rings made?

How much insulation is added over the metal electrode?

Does the electrode or the paper line-up with the OD of the coil?

Are stress rings rebuilt if they are undersized?

How are leads brought through stress rings if necessary?

How are stress rings connected to the lead and is this connection brazed?

o Ul WN PP

n General

1 Have the coils been designed to proven design concepts that have been tested?
2 List all the insulation materials that are in the finished coils:
eg Kraft paper, T4 pressbhoard, T3 pressboard(spacers),...

Winding Other
June 21, 2017

Version 2.0.7 (2016 09 10)
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. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
25 End Insulation Main Transformer
a Manufacturer's Drawing #'s Rev#
if known
b Stress Plot
1 Has a stress plot been done?
2 If so,
What is the value and location of the highest oil stress?
What is done to relieve this stress?
Do stress plots consider any critical leads?
End Insulation Page 112 of 173
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. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
25 End Insulation Main Transformer

c Stress Rings & Flanged collars

Which coil ends (& centres) have these (if not mentioned elsewhere)?

How many collars?

How are sticks prevented from puncturing collars during clamping?

How are sticks prevented from puncturing stress rings or rubbing off the insulation on the conductor during clamping?
Fill-in the simple sketch on the next worksheet showing these.

A WN P

d Core Protection
How are the steps of the core yoke insulated? Thickness of insulation?

e Blocks
Are blocks sized and/or chamfered to avoid oil wedges against stress rings?

End Insulation Page 113 of 173
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Manitoba Hydro Design Review Data

. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
25 End Insulation Main Transformer

f Inter-Phase Barrier
1 Is the barrier composed of oil and pressboard layers?
2 Thickness?

g General
Has the end insulation been designed to proven design concepts that have been tested?
Is any Perma-wood used in the structure?
List all the insulation materials used:
eg Crepe paper, T4 pressboard (wraps), T3 pressboard(collars),...

WN -

End Insulation Page 114 of 173
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Rev#: 0 (2016/08/01)

PUB MFR 183
MMTP

Version 2.0.7 (2016 09 10)

End Insulation Sketch for Main Transformer Fill-in another copy of this sheet for a series transformer if > 250 k\
Coil Names
Core Yoke
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End Insul Sketch
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Electrical Clearances

Transformer Component

Coil Name

Clearance inside of Coil

kV LIL across Clearance
Radial Clearance
Oil Duct over previous coil

Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct

1

QOO ~N~NoouoTuhr~,DWWNDN

15
15
16

Cylinder under caoll

Oil Duct under caoil
Total Oil

Total Pressboard
Largest Oil Duct
Smallest Oil Duct

# Pressboard Barriers

NOTE:

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Design Review Data

Rev#: 0 (2016/08/01)

Clearances are required for all components and all coils.
Include clearances between layers.
But it is not necessary to include layers separated by axial cooling ducts.
If any shielding cylinders are used, enter in column D and provide details of shielding cylinder.

PUB MFR 183
MMTP

Version 2.0.7 (2016 09 10)

Elec Clearances
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27 Electrical Clearances

NOTE:
a 1 Transformer Component
2 Coil Name
41 Average Stress kV/mm

June 21, 2017

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

Clearances are required for all components and all coils.
Include clearances between layers.
But it is not necessary to include layers separated by axial cooling ducts.
If any shielding cylinders are used, enter in column D and provide details of shielding cylinder.

Elec Clearances Page 117 of 173
Page 151 of 1301



Manitoba Hydro

June 21, 2017

27

Design Review Data

Electrical Clearances

e =
SEBowo~v~ouorwnr

B WWWWWWWWWWNDNNDNNNNNNNRPRRERPERERPR
QOWO~NOURARWNPOOONOUPNA,WNPEPOOONOO O MW

Transformer Component

Coil Name

Clearance inside of Coil

kV LIL across Clearance
Radial Clearance
Oil Duct over previous coil

Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct
Cylinder
Oil duct

1

© O 00O ~N~NOCDOO OGO DMWWDNDN

PR RRRRRRERRR
ORADWWNNRREOO

15
16

Cylinder under caoll
Qil Duct under caoll
Total Oil

Total Pressboard
Largest Oil Duct
Smallest Oil Duct

# Pressboard Barriers

Elec Clearances

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP
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Design Review Data

27 Electrical Clearances

a 1 Transformer Component
2 Coil Name
41 Average Stress

Elec Clearances

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP
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Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
28 Electrical Stresses
Enter for Main Transformer, Series Transformer, LTC Reactor (Preventive Auto) and Current-Limiting Reactor
Data is only required for coils with impulse levels greater than 250 kV LIL to ground.
Add more lines as necessary

a Worst Case Impulse Voltages (see sketches below)

1 Transformer Component \ ] \ ] | ] | \ \ \
2 Coil Name | | | | | | | | |
3 Type of Winding | | | | | | | | |
4 Line End is on ID or OD? | | | | | | | | |
5 Disk 1 to Disk 2 Spacing mm
6 S-S Stress kV
7 Strength kv
8 Qil Stress at OD of Caoil kV/mm
9 Disk 2 to Disk 3 Spacing mm

10 P-P or S-S Stress kV

11 Strength kv

12 Oil Stress at ID of Cail kV/mm

13 Disk 3 to Disk 4 Spacing mm

14 S-S Stress kV

15 Strength kv

16 Oil Stress at ID of Cail kV/mm

17 Disk 4 to Disk 5 Spacing mm

18 P-P or S-S Stress kV

19 Strength kv

20 Oil Stress at ID of Cail kV/mm

21 Disk 5 to Disk 6 Spacing mm

22 S-S Stress kV

23 Strength kv

24 Oil Stress at ID of Cail kV/mm

25 Disk 6 to Disk 7 Spacing mm

26 P-P or S-S Stress kV

27 Strength kv

28 Oil Stress at ID of Coil kV/mm

29 Disk 7 to Disk 8 Spacing mm

30 S-S Stress kV

31 Strength kv

32 Oil Stress at ID of Coil kV/mm

Elec Stress Page 120 of 173
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33
34
35
36

37
38
39
40

41
42
43
44

45
46
47
48

Electrical Stresses

Worst Case Impulse Voltages cont.

Design Review Data

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Rev#: 0 (2016/08/01)

Version 2.0.7 (2016 09 10)

PUB MFR 183
MMTP

Disk or Helical

Interleaved |

Transformer Component
Coil Name
If Partly Interleaved or shielded : At Joint between this and Plain Disk
Disk to Disk Spacing mm
S-S Stress kV
Strength kV
Oil Stress at ID of Coil kV/mm
Next Disk to Disk Spacing mm
S-S Stress kV
Strength kV
Qil Stress at OD of Caoill kV/mm
Next Disk to Disk Spacing mm
S-S Stress kV
Strength kV
Oil Stress at ID of Coil kV/mm
If DTC : At Tap Break
Spacing mm
S-S Stress kV
Strength kv
Oil Stress at ID of Coil kV/mm
P-P : Pair-to-Pair
S-S : Section-to-Section
Disk 2 to Disk -

Section-to-Sectio

{

Disk 1 to Disk 2
Section-to-Section

| Disk 2 to Disk -
Pair-to-Pai

Disk 3 to Disk 4
Section-to-Section

Elec Stress

Disk 1 to Disk 2
Section-to-Section

Disk 3 to Disk 4
Section-to-Section

Qil Stress

Disk 2 to Disk 3
Vectorial Qil Stress at ID

Page 121 of 173
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Manitoba Hydro Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
28 Electrical Stresses

b Safety Factors on Designed Withstand Strength
on Manufacturer's kV Strength %
Weidmann Oil Stress Curves
De-Gassified Oil % Manufacturer's safety factor above the Weidmann curves
Gas-Saturated Oil %
c Calculation

Describe the method of Disk-to-Disk Impulse Voltage calculation
(eg Transmission-line capacitances, full model of capacitances & inductances,...)

d Stress Reduction Techniques
Describe the methods (if any) used to reduce the impulse stresses.
(eg solid insulation, shielded turns, internal collars)

e Transferred Surge

1 Specify the transferred surge from one coil to another if applicable.

2 What is done to control transferred surges (eg metal-oxide varistors)?
f External Tie-Rods

1 Stress Plot done?

2 External Tie-Rods checked? Are the tie-rods adequately insulated for all dielectric tests.

Stress Strength

3 kv/imm | |

4 Describe the tie-rod insulation structure (eg crepe tape, crepe tape, oil duct and plus pressboard tube).
g General Have the coils and insulation been designed to proven design concepts that have been tested? :

Elec Stress Page 122 of 173
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Design Review Data

28

0o ~NO O

10
11
12

13
14
15
16

17
18
19
20

21
22
23
24

25
26
27
28

29
30
31
32

Electrical Stresses

Enter for Main 1
Data is only req
Add more lines

Worst Case Impulse Voltages
Transformer Component

Coil Name
Type of Winding

Line End is on ID or OD?

Disk 1 to Disk 2 Spacing
S-S Stress
Strength

Oil Stress at OD of Caoll

Disk 2 to Disk 3 Spacing
P-P or S-S Stress
Strength

Qil Stress at ID of Coil

Disk 3 to Disk 4 Spacing
S-S Stress
Strength

Qil Stress at ID of Coil

Disk 4 to Disk 5 Spacing
P-P or S-S Stress
Strength

Qil Stress at ID of Coil

Disk 5 to Disk 6 Spacing
S-S Stress
Strength

Qil Stress at ID of Coil

Disk 6 to Disk 7 Spacing
P-P or S-S Stress
Strength

Qil Stress at ID of Coil

Disk 7 to Disk 8 Spacing
S-S Stress
Strength

Qil Stress at ID of Coil

Elec Stress

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP
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28

Design Review Data

33
34
35
36

37
38
39
40

41
42
43
44

45
46
47
48

Electrical Stresses

Worst Case Impulse Voltages
Transformer Component
Coil Name

If Partly Interleaved or shielded

Disk to Disk Spacing
S-S Stress
Strength
Qil Stress at ID of Call
Next Disk to Disk Spacing
S-S Stress
Strength
Qil Stress at OD of Caoil
Next Disk to Disk Spacing
S-S Stress
Strength
Qil Stress at ID of Call
If DTC : At Tap Break
Spacing
S-S Stress
Strength
Oil Stress at ID of Call

P-P : Pair-to-Pair
S-S : Section-to-Section

Elec Stress

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP
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Manitoba Hydro Design Review Data
28 Electrical Stresses
b Safety Factors on Designed V
on Manufacturer's kV Strength
Weidmann Oil Stress Curves
De-Gassified Oil
Gas-Saturated Oil
c Calculation
d Stress Reduction Techniques
e Transferred Surge
1
2
f External Tie-Rods
1 Stress Plot don
2 External Tie-Ro
3
4
g General
Elec Stress Page 125 of 173
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Manitoba Hydro Design Review Data
29 Short-Circuit Currents Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
a Any Fault, Infinite Bus : Is the transformer designed to withstand any type of fault on any terminal with infeed on any other terminals
and based on zero HV and LV system impedance?
b Reactance during Fault
Positive-Sequence
1 Current Limiting Reactor % during fault
2 Neutral Grounding Reactor % during fault
3 HV System %
4 LV System %
5 TV System %
X0/ X1 Ratio
6 DTC Tap Pos
7 LTC Tap Pos
8 S/P Pos
9 Main Transformer H+X
10 Main Transformer H+Y
11 Main Transformer X+Y
12 Series Transformer
13 Current Limiting Reactor
14 HV System
15 LV System
16 TV System
c Constants
1 ANSI Asymmetry Factor 1.80
2 Pre-Fault Operating Voltage % 110.00
d Type of currents entered RMS
Symmetrical
Is Pre-Fault Operating Voltage included in the currents below?
ie: are the stated currents calculated as follows: 1.1 x p.u. fault current x base current
If not, correct the 'c' & 'd' input above.
Not all faults need to be entered.
Usually only the worst cases need to be entered.
As a minimum, enter
Single-Line-to-Ground Fault on HV and LV.
Three-Phase Fault on TV
Enter all of the currents for each circuit and for each case.
Circuits
As a minimum, enter all of the circuits including the Common and the series transformer.
As a complex example, a dual LV (LTC with series transformer) with buried TV:
HV top, HV bottom, LVX, LVY, TV top, TV bottom.
Include the Exciter (LTC) and/or the Series and Common of each series transformer.
Include buried TV.
If this transformer is to parallel with an existing transformer,
also provide the expected fault current pushed into the existing transformer.
Short-Circuit Currents Page 126 of 173
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Short-Circuit Currents

f

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

Circuit Name

3-Phase Fault Currents

Design Review Data

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Rev#: 0 (2016/08/01)

Version 2.0.7 (2016 09 10)

in Coils RMS Symmetrical

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Short-Circuit Currents

PUB MFR 183
MMTP
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Short-Circuit Currents

36
37
38
39
40

41
42
43
44
45

46
47
48
49
50

51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

Circuit Name

3-Phase Fault Currents

Design Review Data

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Rev#: 0 (2016/08/01)

Version 2.0.7 (2016 09 10)

in Coils RMS Symmetrical

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Short-Circuit Currents

PUB MFR 183
MMTP
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g

Short-Circuit Currents

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

Circuit Name

Single-Line-to-Ground

Design Review Data

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Rev#: 0 (2016/08/01)

Version 2.0.7 (2016 09 10)

Fault Currents in Coils RMS Symmetrical

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Short-Circuit Currents

PUB MFR 183
MMTP
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Short-Circuit Currents

36
37
38
39
40

41
42
43
44
45

46
47
48
49
50

51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

Circuit Name

Single-Line-to-Ground

Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)

Fault Currents in Coils RMS Symmetrical

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Fault on Circuit
DTC Tap Pos
LTC Tap Pos

S/P Pos
Fault Current

Short-Circuit Currents

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
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30 Short-Circuit Forces and Stresses

June 21, 2017

a

b

A WN P

0o ~NO Ol

Coil Name (eq HV, SV)

Magnetic Flux Density

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Rev#: 0 (2016/08/01)

PUB MFR 183
MMTP

Version 2.0.7 (2016 09 10)

These are the same coils as from the Coil Data sheet.

All coils are required, including series transformers and reactors.

Enter any appropriate name or choose from the list.

in Coil during Fault

Axial
maximum inside coil
at Top of Caill
at Centre of Coil
at Bottom of Coil

Radial
maximum inside coil
at Top of Caill
at Centre of Caoil
at Bottom of Coil

— -4

— -4

Enter for main and series transformer
Enter the values used to calculate the forces and stresses.

Short-Circuit Force
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c

Short-Circuit Forces and Stresses

Short-Circuit Forces and_Stresses

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

The cell comments below reference the following books.

They are given for an explanation of which forces are desired: not what formula should be used.
1) 'The Short-Circuit Strength of Power Transformers' by M. Waters, 1966.

2) 'Transformer Design Principles' by R. Del Vecchio et al, 2002.

3) "Transformer Engineering Design and Practice" by S.V. Kulkarni, S.A. Khaparde, 2004

Pictorial description of forces

End Thrust top

l

|

| [ 1

End Thrust bottom

Axial
Compressive
Force
(Cummulative)

_l|| e L [ | T
ATTAANRRAAARAAY — — F Q%
Ilﬂﬂ””fﬂi]”””:a !/:/[7' .\'
[ ' ] | |'l \ \
ARV Axial :[ d
T Bending \\ /]
& = between \Q
Tilting Spacers \“‘e. T
Radial
Bending
between
sticks
Forced Buckling .
| . I
Conatjct(.)r”
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Short-Circuit Forces and Stresses

A WNPEP

~

10

11
12

13

14

15
16

17
18

Coil Name (eq HV, SV)

Short-Circuit Forces and_Stresses

Axial Compressive Force

Design Review Data

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Rev#: 0 (2016/08/01)

PUB MFR 183
MMTP

Version 2.0.7 (2016 09 10)

Forces are required regardless of whether epoxy bonding is used.

maximum inside coil kN
at Top of Caill kN
at Centre of Cail kN
at Bottom of Coil kN
Axial Compressive Stress
on Spacers
Stress MPa
Withstand of Spacer MPa
Critical Axial Tilting
Stress or Force
Stress| MPa
Withstand MPa
Axial Bending Stress
between Spacers (Beam)
Stress MPa
Withstand MPa
Radial Buckling Stress
Hoo
Stress MPa
Withstand  MPa
Free-Buckling
Free-Buckling Withstand  MPa

based on #Epoxied Strands

Radial Bending Stress
between Duct Sticks

(Beam)

Stress
Withstand

Fischer's Radial Bending
Stress (Forced Buckling)
between Duct Sticks

(Beam)

Stress
Withstand

MPa
MPa

MPa
MPa

Short-Circuit Force

Page 133 of 173
Page 167 of 1301



Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
30 Short-Circuit Forces and Stresses Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
Coil Name (eg HV, SV) | | | | |
e Conductor Characteristics

1 Minimum Proof Stress  MPa

2 Offset %

3 ANSI Temperature oC

for 2 second fault
4 Epoxy Softens? Does the epoxy on any winding conductor soften and loose its strength during a 2 second fault?
Modulus of Elasticity
5 Without Stress : Eg MPa
Tangetial Modulus of

6 Elasticity : E MPa

7 E;used to calculate stress? Is the tangential modulus of elasticity used in the calculations, and is it reduced based on the radial buckling stress?

8 If necessary, explain

9 Elasticity used  MPa :’ Modulus of elasticity used to calculate the stresses.
f Magnetic Centre-line Offset

Offset
— —
[T HV
HV
LV LV
Elongation Displacement
1 Elongation or Displacement? Are the coils displaced or elongated to determine all of the forces?
2 Amount of offset %
3 Coils are offset?
4 Exceptions or Comments?
Short-Circuit Force Page 134 of 173
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Manitoba Hydro Design Review Data
30 Short-Circuit Forces and Stresses Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
Coil Name (eg HV, SV) | | | | | | | | | |
g End Thrust What is the top and total bottom axial compressive force (End Thrust) exerted by each coil on the end ring or blocking.
1 Casel
a Fault Type |
b Fault on Circuit
C DTC Tap Pos
d LTC Tap Pos
e S/P Pos
f Manufacturer's Normal Offset %
g Top kN
h Bottom kN
i Sum Top kN
i Sum Bottom kN
2 Case 2
a Fault Type
b Fault on Circuit
C DTC Tap Pos
d LTC Tap Pos
e S/P Pos
f 0.5% Offset %
g Top kN
h Bottom kN
i Sum Top kN
i Sum Bottom kN
3 Case 3 if necessary
a Fault Type
b Fault on Circuit
C DTC Tap Pos
d LTC Tap Pos
e S/P Pos
f No Offset % 0 0 0 0 0 0 0 0 0 0
g Top kN
h Bottom kN
i Sum Top kN
i Sum Bottom kN
4 Case 4 Other conditions if necessary
a Fault Type
b Fault on Circuit
c DTC Tap Pos
d LTC Tap Pos
e S/P Pos
f Amount of Offset %
g Top kN
h Bottom kN
i Sum Top kN
i Sum Bottom kN
Short-Circuit Force Page 135 of 173

June 21, 2017 Page 169 of 1301



Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Manitoba Hydro Design Review Data

30 Short-Circuit Forces and Stresses Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

h Clamping Structure
1 Design Criteria Describe your design criteria (stresses and withstands and built-in safety-factors) such as:

tie-rod or tie-plate tension/stretch;
end ring bending;

clamp bending;

clamp shear;

clamp deflection;

section modulus.

Short-Circuit Force Page 136 of 173
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Manitoba Hydro Design Review Data

30 Short-Circuit Forces and

a Coil Name (eq HV, SV)

b Magnetic Flux Density

Axial
maximum inside coil
at Top of Call
at Centre of Coil
at Bottom of Coil

A WN PP

Radial
maximum inside coil
at Top of Call
at Centre of Call
at Bottom of Coil

0o ~NO Ol

Short-Circuit Force Page 137 of 173
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Manitoba Hydro Design Review Data
30 Short-Circuit Forces and
c Short-Circuit Forces and
Pictorial description of forces
Short-Circuit Force Page 138 of 173
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Manitoba Hydro Design Review Data
30 Short-Circuit Forces and
Coil Name (eq HV, SV)
d Short-Circuit Forces and
Axial Compressive Force
1 maximum inside coil
2 at Top of Call
3 at Centre of Coill
4 at Bottom of Coil
Axial Compressive Stress
on Spacers
5 Stress
6 Withstand of Spacer
Critical Axial Tilting
Stress or Force
7 Stress
8 Withstand
Axial Bending Stress
between Spacers (Beam)
9 Stress
10 Withstand
Radial Buckling Stress
(Hoop)
11 Stress
12 Withstand
Free-Buckling
13  Free-Buckling Withstand
14 based on #Epoxied ¢
Radial Bending Stress
between Duct Sticks
(Beam)
15 Stress
16 Withstand
Fischer's Radial Bending
Stress (Forced Buckling)
between Duct Sticks
(Beam)
17 Stress
18 Withstand
Short-Circuit Force Page 139 of 173
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Manitoba Hydro Design Review Data

30 Short-Circuit Forces and

Coil Name (eqg HV, SV)
e Conductor Characteristic:
1 Minimum Proof Stress
2 Offset

3 ANSI Temperature
for 2 second fault

4 Epoxy Softens?

5 Modulus of Elasticity

Without Stress : Eg

Tangetial Modulus of

Elasticity : E
7 Eq used to calculate stress?
8 If necessary, explain
9 Elasticity used
f Magnetic Centre-line Offs:
1 Elongation or Displacement?
2 Amount of offset
3 Coils are offset?
4 Exceptions or Comments?
Short-Circuit Force Page 140 of 173
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Manitoba Hydro Design Review Data

30 Short-Circuit Forces and

Coil Name (eq HV, SV)

g End Thrust
1 Casel
Fault Type
Fault on Circuit
DTC Tap Pos
LTC Tap Pos
S/P Pos
Manufacturer's Normal Offset
Top
Bottom
Sum Top
Sum Bottom

—_——---Q -0 QO O T YD

2 Case 2
Fault Type
Fault on Circuit
DTC Tap Pos
LTC Tap Pos
S/P Pos

O QO O T QO

—

0.5% Offset
Top

Bottom

Sum Top
Sum Bottom

—_— - T Q

3 Case 3
Fault Type
Fault on Circuit
DTC Tap Pos
LTC Tap Pos
S/P Pos
No Offset
Top
Bottom
Sum Top
Sum Bottom

—_——--0JQ -0 QO O T QD

4 Case 4
Fault Type
Fault on Circuit
DTC Tap Pos
LTC Tap Pos
S/P Pos
Amount of Offset
Top
Bottom
Sum Top
Sum Bottom

_——--0Q -0 QO O T QD

Short-Circuit Force Page 141 of 173
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Manitoba Hydro Design Review Data
30 Short-Circuit Forces and
h Clamping Structure
1 Design Criteria
Short-Circuit Force Page 142 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
31 Cables, Rods, Bars & Grounds Data is based on 85°C unless otherwise specified.
This sheet is designed for flexibility. Not every section needs to be completed: only the relevent sections.
e Top-to-Bottom Connections
From
To
1 Cable/Rod/Bar Size  MCM
2 #Cables in Parallel
3 Cable Ampacity A
4 Cable Insulation mm
5 Brazed or Crimped?
6 #Bolts
7 How is Lead/Cable supported.
8 Distance between supports ~ mm
Comments:
f T-Connections
From
To
1 Cable/Rod/Bar Size  MCM
2 #Cables in Parallel
3 Cable Ampacity A
4 Cable Insulation mm
5 Brazed or Crimped?
6 #Bolts
7 How is Lead/Cable supported.
8 Distance between supports ~ mm
Comments:
Cables & Grounds Page 143 of 173
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Manitoba Hydro Design Review Data
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
31 Cables, Rods, Bars & Grounds Data is based on 85°C unless otherwise specified.
This sheet is designed for flexibility. Not every section needs to be completed: only the relevent sections.
g Delta-Connections
From
To
1 Cable/Rod/Bar Size  MCM
2 #Cables in Parallel
3 Cable Ampacity A
4 Cable Insulation mm
5 Brazed or Crimped?
6 #Bolts
7 How is Lead/Cable supported.
8 Distance between supports ~ mm
Comments:
h Bushing-Connections
From
To
1 Cable/Rod/Bar Size  MCM
2 #Cables in Parallel
3 Cable Ampacity A
4 Cable Insulation mm
5 Brazed or Crimped?
6 #Bolts
7 How is Lead/Cable supported.
8 Distance between supports ~ mm
Comments:
Cables & Grounds Page 144 of 173
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Manitoba Hydro Design Review Data
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
31 Cables, Rods, Bars & Grounds Data is based on 85°C unless otherwise specified.
This sheet is designed for flexibility. Not every section needs to be completed: only the relevent sections.

i Internal Ground Connections
1 Grounded Item
2 Terminated at
3 Cable Size MCM
4 Cable Ampacity A
5 Cable Insulation mm
6 Brazed or Crimped?
7 #Bolts
8 How is Cable supported.

Comments:

i External Ground Connections This includes only those that were brought-out through a bushing.
1 Grounded Item
2 Lead Block Manufacturer
3 Catalog#
3 Cable Size MCM
4 Resistor ohms
5 Resistor Power Rating W
6 Weather-tight box? T/F

Comments:
Cables & Grounds Page 145 of 173
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Manitoba Hydro Design Review Data
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
31 Cables, Rods, Bars & Grounds Data is based on 85°C unless otherwise specified.
This sheet is designed for flexibility. Not every section needs to be completed: only the relevent sections.
k Crimped Connectors
At | | | | | |
1 Type
2 Size
3 Ampacity A
4 #Bolts
L Brazed Connectors
At
1 Type
2 Ampacity A
3 #Bolts
Comments:
Cables & Grounds Page 146 of 173
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PUB MFR 183

MMTP

Manitoba Hydro Design Review Data
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
31 Cables, Rods, Bars & Grounds Data is based on 85°C unless otherwise specified.
This sheet is designed for flexibility. Not every section needs to be completed: only the relevent sections.
m General
1 : Has the lead support structure been designed to proven design concepts that have been tested?
Comments:
Cables & Grounds Page 147 of 173
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Manitoba Hydro Design Review Data
w Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
32 Bushings, Auxilliary Transformer, PT's and CT's Data is based on 85°C unless otherwise specified.
Most of this information is not required if it is, or will be provided elsewhere.
For example:
on outline, legend, nameplate, schematic or accessory drawings;
if bushings and VT are per specification model numbers.
a Bushings
1 Terminals
2 Manufacturer
3 Catalog#
4 Voltage Class kv
5 Voltage Class kV LIL
6 Ampacity A
7 Connection Type
8 #Bolts
9 Shield?
10 Special Basket Insulation?  Y/N
11 How is Lead/Cable supported.
Internal Bushing Connector
12 Manufacturer
13 Catalog#
14 Ampacity A
External Bushing Connector
15 Manufacturer
16 Catalog#
17 Ampacity A
17 Type of Conductor
Comments:
b Auxilliary Transformer

1 Manufacturer
2 Catalog or SO#
3 Drawing#
4 Power Rating  kVA
5 Test Standard

Primary Secondary
6 Voltage kv
7 Class kV LIL
8 Ampacity A
9 Lead Type
10 Lead Size Ga

Secondary Lead Block
11 Manufacturer
12 Catalog#
13 :’ Is it tested one LIL class higher than required by main transformer?
Bushings, Aux, PT & CT Page 148 of 173
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Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
32 Bushings, Auxilliary Transformer, PT's and CT's Data is based on 85°C unless otherwise specified.
Bushings, Aux, PT & CT Page 149 of 173
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Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
32 Bushings, Auxilliary Transformer, PT's and CT's Data is based on 85°C unless otherwise specified.
c Potential Transformer
1 Manufacturer
2 Catalog or S/N
3 Drawing#
4 Power Rating  kVA
Primary Secondary
5 Voltage kv
6 Class kVLIL
7 Ampacity A
8 Lead Type
9 Lead Size Ga
Secondary Lead Block
10 Manufacturer
11 Catalog#
12 Test Standard | |
13 Is it tested one LIL class higher than required by main transformer?
d Current Transformers
1 Manufacturer | |
2 Test Standard
Secondary
3 Lead Type
4 Lead Size Ga
5 Ampacity A
Wire Runs
6 Type of Wire | |
Connections
7 lead to wire run (Singled-Crimp, Double-Crimp)
8 wire run to block (Crimped, Crimped and bolted)
8 Describe how the CT's are mounted.
Are they removeable without de-tanking the main transformer?
How are the internal leads supported?
e General
Have these supporting transformers been designed to proven design concepts that have been tested?
Bushings, Aux, PT & CT Page 150 of 173
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Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
32 Bushings, Auxilliary Transformer, PT's and CT's Data is based on 85°C unless otherwise specified.
Bushings, Aux, PT & CT Page 151 of 173
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Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
33 De-energised Voltage Tapchanger on Main Transformer
Duplicate this sheet if more DTCs

a Type

1 Manufacturer

2 Full Model#

3 Drive
b Connections

1 DTC in series with and carries same current as which winding (HV,LV,SV,CV,Line)?

2 Include a rating plate or sketch showing the exact connections between windings and the switch.

3 #Phases

4 Selector Type

5 Overall Type
c Voltage Rating

Voltage to Ground Voltage between terminals
Calculated Limit Calculated Limit

1 Operating kv

2 Power Frequency kV rms

3 Impulse kV LIL
d Current Rating

Calculated Limit

1 Rated A catalog rating

2 Overload A typically at 120% current and/or at 20°C contact rise

3 The DTC is suitable for the Manitoba Hydro loading per

as described in the Technical Specification.
e General
Is a full test report available for the switch including temperature rise and short-circuit tests?
DTC Page 152 of 173

June 21, 2017 Page 186 of 1301



Manitoba Hydro

June 21, 2017

34

a

On-Load Tapchanger (LTC)

N

N

=

Design Review Data

On-Load Tapchanger A (LTCA)

Manufacturer
Full Model#
Drive

Connections

on

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

PUB MFR 183
MMTP

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

Main Transformer

Duplicate this sheet if more LTCs

LTC in series with and carries same current as which winding (HV,LV,SV,CV,Line)?
Include a rating plate or sketch showing the exact connections between windings and the switch.

Circuit

#Phases

Selector Type

Diverter Type

Overall Type

Series Transformer Used?

Contact Life Expectancy

Voltage Ratin

Operating
Power Frequency
Impulse

Current Ratin

Rated
Overload

The DTC is suitable for the Manitoba Hydro loading per

kv
kV rms
kV LIL

A
A

thousand operations at full load

Voltage to Ground

Calculated

Calculated

Limit

Limit

as described in the Technical Specification.

Recovery Voltage without Tie-in Resistors or Capacitors

Recovery Voltage
Capacitive Current

kV
mA

Calculated

LTC

Limit

Voltage between terminals
Calculated Limit

catalog rating
typically at 120% current or at 20°C contact rise

at 110% voltage or MCOV

Page 153 of 173
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34 On-Load Tapchanger (LTC)

f

=

ol

~

Recovery Voltage with Tie-in Resistors or Capacitors

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Design Review Data

on

Recovery Voltage
Capacitive Current

Tie-In Resistors
Manufacturer
Model#
Designed by

Resistors

Calc. Power Dissipation
Limit

Voltage per Resistor
Limit

kv
mA

k-ohms

kV LIL
kV LIL

Calculated

Quantity

Instant.

LTC

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
Main Transformer
at 110% voltage or MCOV

Limit
at 110% voltage or MCOV
Resistance
Total Effective Resistance
k-ohms
Continuous

The power rating is at the appropriate oil temperature.

Page 154 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
34 On-Load Tapchanger (LTC) on Main Transformer
h Tie-In Capacitors
1 Manufacturer
2 Model#
3 Designed by
Quantity ~ Capacitance
4 Capacitors MF Total Effective Resistance
MF
Instant. Continuous
5 Calc. Power Dissipation W The power rating is at the appropriate oil temperature.
6 Limit W
7 Voltage per Capacitor kV LIL

8 Limit kV LIL

i Connection of Tie-in Resistors or Capacitors

1 Describe the tie-in resistor or capacitor connections (eg 3 x 75 k-ohm series connected between K and 9).

2 Continuously or Momentarily connected?
If momentarily connected, desribe mechanism or specify ABB or MR type?

3 If the tie-in resistors or capacitors are not built-in to the gear, describe where they are physically located.
Describe accessibility to resistors or capcitors (from handhole, space available, shielded by pressboard, etc).

j General
Is a full test report available for the switch including temperature rise and short-circuit tests?

LTC Page 155 of 173
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Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
35 Other De-energised Switch on Main Transformer
Duplicate this sheet if more switche
a Type
1 Purpose (eg Reversing,Selector,Switch in/out)
1 Manufacturer
2 Full Model#
3 Drive
b Connections
1 Switch in series with and carries same current as which winding (HV,LV,SV,CV,Line)?
2 Include a rating plate or sketch showing the exact connections between windings and the switch.
3 #Phases
4 Selector Type
c Voltage Rating
Voltage to Ground Voltage between terminals
Calculated Limit Calculated Limit
1 Operating kv
2 Power Frequency kV rms
3 Impulse kV LIL
d Current Rating
Calculated Limit
1 Rated A catalog rating
2 Overload A typically at 120% current and/or at 20°C contact rise
3 The switch is suitable for the Manitoba Hydro loading per
as described in the Technical Specification.
e General
Is a full test report available for the switch including temperature rise and short-circuit tests?
Other Switch Page 156 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
36 Metal-Oxide Varistors Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
a Connections Sketch
DTC Tap Lead# LTC Tap Lead# Current Limiting Reactor
| _ | _ _
| T~ Quantity LT Quantity Quantity
of disks of disks of disks
U U
Ul Ul
U U
b Location & Accessibility
1 Describe where the varistors are physically located.
2 Describe accessibility to disks (from handhole, space available, shielded by pressboard, etc).
o Type d Design Votage Limits per Disk
1 Manufacturer 1 Operating kv
2 Model# 2 Power Frequency  kV rms
3 Diameter mm 3 Impulse  kV LIL
4 The disks are designed for use with oil? 4 Do the disks conduct during the switching

surge test and affect its waveshape?

MOV Page 157 of 173
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Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Design Review Data

Rev#: 0 (2016/08/01)
Stray Flux Control by Shunts or Deflectors Main Transformer

Version 2.0.7 (2016 09 10)

Location| HV Wall LV Wall LTC Wall | Cabinet Wall Clamps

Core Leg

Material

Quantity

Width

Height/Length

Thickness

Centreline Spacing

oSQ -0 QO T

Avg Flux Density

Provide a shunt assembly drawing.

mm
mm
mm
mm

T at

For transformers larger than 60 MVA, or with high current leads (eg interwound taps connected top-to-bottom):

provide a tank layout sketch showing coils, core, clamps, leads, tank wall and shunts.

i Are shunts isolated and grounded at one point only? (Provide details if not.)

j Do shunts carry any significant circulating current?
k Details:
L General

Have these been designed to proven design concepts that have been tested?

Stray Flux Control

PUB MFR 183
MMTP
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
38 Tank Design This sheet may have a mixture of metric and imperial dimensions
a Skids

1 ‘Material

2 mm Material Thickness

3 The base and skids are suitable for jacking and pulling in all directions?

b Tank Floor (Base)

‘Material
mm Material Thickness
The base is one piece?
If not, how is it welded?

A wNRE

5 The base is suitable for jacking and pulling in all directions?

c Tank Walls
1 Material
2 mm Material Thickness
3 Tank wall welds do not occur behind the stiffeners?
4 mm Maximum allowable deflection of the tank walls during full vacuum.

Tank Page 159 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
38 Tank Design This sheet may have a mixture of metric and imperial dimensions
d Tank Walls Stiffeners
1 Internal stiffeners, other than gussets at the bottom of the tank wall, are not used?
2 If they are used, provide details.

HV Side Wall Stiffeners
3 Type
4 Material

LV Side Wall Stiffeners
5 Type
6 Material

Control Cabinet End Wall Stiffeners
7 Type
8 Material

Conservator End Wall Stiffeners

9 Type

10 Material

11 Stiffeners are empty (ie they are not filled with sand or some other material)?
12 If not empty, what is the fill material?

13 If not empty, what is the weight of the fill material?

14 Sealed stiffeners are equipped with drains and plugs?

15 Open stiffeners prevent water and debris from collecting?

Tank Page 160 of 173
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Manitoba Hydro Design Review Data

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
38 Tank Design This sheet may have a mixture of metric and imperial dimensions

e Top Weld Flange

mm Material Width

mm Material Thickness
Metal gasket stops are provided?
Gasket stops are sized for the gasket thickness?
A flame stop for welding is provided?

abhwnN PP

f Tank Cover
1 ‘Material
2 mm Material Thickness
3 Cover Style
4 degrees  Cover Slope
5 Entire transformer tank cover is sloped?
6 If not, which part is not sloped (eg area for in-tank LTC)?

70 ] mm Maximum allowable deflection of the cover during full vacuum.

g Cover Stiffeners

Type
‘Material
Internal stiffeners are used?

External stiffeners are N0t used?

A wWNE

Tank Page 161 of 173
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h

a b wnNPEk

© 00 ~NO®

11
12
13

14
15
16
17

A wNE

June 21, 2017

Bushing Turrets

Design Review Data

Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

This sheet may have a mixture of metric and imperial dimensions

Removable bushing turrets?

HV
HVN
LV
LVN
TV

Material for High Current Bushing Turrets (>2000 Amps)

HV Turret

Flange
Turret

3-phase Turret Box
Insert between 3-phase Turrets

LV Turret

Flange

Turret
3-phase Turret Box

Insert between 3-phase Turrets

TV Turret

Flange
Turret

3-phase Turret Box

Jack Steps

Insert between 3-phase Turrets

‘Material

mm

Material Thickness

Grade if Stainless Steel

Grade if Stainless Steel

Grade if Stainless Steel

Jack step design requires one or two jack steps to support the total weight of the assembled transformer?
If not, explain why and how much is supported.

Tank
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Tank Design
Main Conservator Tank
1 mm
2 mm
3 litres
4 litres
5 litres
6 litres
7 litres
8
9
10
11
12
13
LTC Conservator Tank
1 mm
2 mm
3 litres
4 litres
5 litres
6 litres
7 litres
8
9
10
11
12
13

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

Design Review Data

Rev#: 0 (2016/08/01)
This sheet may have a mixture of metric and imperial dimensions

Diameter
Length
Cylinder Volume

QOil Volume at

110°C

105°C
20°C

-50°C

Breather Type

Conservator is suitable for full vacuum?

The conservator slopes towards the main sections manhole end?
The fill pipe protrudes into the tank per MH spec?

The drain valve is at the lowest end?

The connection pipe protrudes into the conservator tank for sump?

Diameter
Length
Cylinder Volume
Oil Volume at
110°C
105°C
20°C
-50°C

Breather Type

Conservator is suitable for full vacuum?

The conservator slopes towards the main sections manhole end?
The fill pipe protrudes into the tank per MH spec?

The drain valve is at the lowest end (if separate conservator)?

The connection pipe protrudes into the conservator tank for sump?

Tank

PUB MFR 183
MMTP

Version 2.0.7 (2016 09 10)
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
38 Tank Design This sheet may have a mixture of metric and imperial dimensions
L Piping and Gas Collection
1 Type
2 ‘Material
Bushing turret has gas deflector or is piped
3 HV
4 HVN
5 LV
6 LVN
7 TV
Cover manholes and handholes
8 Piped or filled to inhibit gas being trapped?
In-tank LTC turret
9 Piped?
10 Bell jar design?
Bleeders are provided on
11 bushing turrets?
12 radiator bank headers?
13 LTC turret?

Tank Page 164 of 173
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Manitoba Hydro Design Review Data

Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
38 Tank Design This sheet may have a mixture of metric and imperial dimensions

m Internal Shipping Braces

1 O-ring gaskets are set in grooves?

1 Internal shipping braces are used?
2 Clamps braced for shipping?

n Gaskets
1 Bushing flange to turret has inner and outer gasket stops for non-O-ring gaskets for bushings > 66 kV?

2 All other non-O-ring gaskets have gasket stops? If not, explain.

3 Describe the gasket stop.

Tank Page 165 of 173
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PUB MFR 183
MMTP
Manitoba Hydro Design Review Data
Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
38 Tank Design This sheet may have a mixture of metric and imperial dimensions
0 Paint
Internal
1 Manufacturer
2 Type
3 Colour
4 The inside of the tank is painted?
5 The clamping structure is painted?
6 The inside of the conservator tank is painted?
External Primer
7 Manufacturer
8 Type
External Primer
9 Manufacturer
10 Type
11 Colour
12 Describe the procedures used to prepare surfaces for painting.
Are special coatings used? If so, describe them.
p Other Comments
q General

Have these been designed to proven design concepts that have been tested?

Tank Page 166 of 173
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Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
39 Cooling Equipment
a Radiators or Coolers
1 Manufacturer
2 Model
3 Drawing #
4 Total Quantity ( n+1 for coolers)
5 Quantity per Rad Bank
6 One (1) Extra Cooler?
7 All coolers active?
8 Header Spacing mm
9 Width of Panel mm
10 # of Panels
11 Qil Capacity per rad litres
12 Rad bank oil capacity litres
13 Bleeder Size mm
14 Drain Size mm
15 Bleeder and drain plugs are provided on each radiator/cooler?
Comments:
Coolers Page 167 of 173
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Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
39 Cooling Equipment
b Fans (if applicable)
1 Manufacturer
2 Model
3 Total Quantity
4 Quantity per Rad Bank
5 Diameter mm or inch
6 Blade Pitch degrees
7 Volume Flow Rate CFM |
8 Fan Mounting (horizontal,vertical)
Motor
9 #phases
10 Voltage V  (120,208,240,120/208)
11 Loss W
12 Full-Load Current A
13 Locked-Rotor Current A
14 Fan blades are mounted inside a shroud to channel the air flow?
Comments:
Coolers Page 168 of 173
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Manitoba Hydro Design Review Data
. Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
39 Cooling Equipment
c Pumps (if applicable)
1 Manufacturer
2 Model
3 Pump Type (axial flow,centrifugal flow)
4 Total Quantity
5 Quantity per Rad Bank
6 Impeller Diameter mm or inch
7 Type of bearings (sleeve,ball)
8 Volume Flow Rate litres/min
9 Oil is pumped into (tank,windings)
Motor
10 #phases
11 Voltage V  (120,208,240,120/208)
12 Loss W
13 Full-Load Current A
14 Locked-Rotor Current A
15 A bearing-wear system (not electronic monitor) is provided?
16 Oil is pumped into the windings without the use of a baffle across the entire tank?
If a baffle is used, provide details.
17 Describe the path of how the oil is forced into the coils.
Coolers Page 169 of 173
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Manitoba Hydro Design Review Data

. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
39 Cooling Equipment

c Pumps (if applicable) cont.

18 If a pump fails, can oil re-circulate back through the dead pump?
What, if anything, prevents this backfeed (eg flapper valves, centrifigal pumps, large cooler restriction).

19 Is there any loss of MVA capacity on the loss of one pump? If so, how much.

20 How does the loss of one or more pumps affect the winding hotspot gradient.

21 Provide oil flow schematic showing oil flow:
without any pumps operating (if applicable);
with n pumps operating;
with n+1 pumps operating.

Comments:

Coolers Page 170 of 173
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. Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)
39 Cooling Equipment
d Radiator or Cooler Valves
1 Manufacturer
2 Model
3 Each radiator or cooler has two valves (inlet and outlet)?
Comments:
e Pump Valves (if applicable)
1 Manufacturer
2 Model
3 Each pump has two valves (inlet and outlet)?
Comments:
Coolers Page 171 of 173
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39 Cooling Equipment

f Header (if applicable)

1 Bleeder and drain plugs are provided on each header?
2 Bleeder Size inch
3 Drain Size inch

4l

Each header has a valve on each inlet and outlet?

Comments:

g General

]

Coolers
June 21, 2017
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Rev#: 0 (2016/08/01)  Version 2.0.7 (2016 09 10)

Has this been designed to proven design concepts that have been tested?
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Manitoba Hydro Design Review Data

Rev#: 0 (2016/08/01) Version 2.0.7 (2016 09 10)
40 Control Box and Wiring

a Control Box
1 Manufacturer
2 Material
3 Size

4 The control box is weatherproof?

5. | Thecontrol box meets NEMA-4 requirements?

b Wiring

Comments

41 Operation, Safety and Maintenance

a Operating Conditions

The contractor has taken into account the operating conditions at site and
the equipment is capable of operating at -50 to 40°C ambient?

b Safety Requirements

The contractor has taken into consideration the safety requirements as defined by the
specification and others that are required to safely work on the unit during normal
maintenance procedures?

c Maintenance Requirements

1| | Thecontractor has taken into consideration the maintenance requirements of the unit,
the components and the accessories to ensure easy access to those that require
frequent maintenance?

2 | Thecontractor has defined special maintenance procedures and tools
that are required to carry out the work?

3 The contractor has provided in the Maintenance Manual,
all information sheets on all components so Manitoba Hydro can carry out the work
without dependance on the contractor or sub-supplier?

Control Box & Operation Page 173 of 173
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tl\Manitoba
Hydro

Minimum Standards for Drawings Produced and
Submitted by Fabricators, Manufacturers
And Construction Companies

Purpose

All drawings submitted to Manitoba Hydro shall conform to these standards to ensure
consistency with the corporation’s internally produced drawings including numbering,
file naming, distribution and archival system which is paperless and cannot process any
hardcopies. Preliminary drawings issued for discussion or reviews do not need to
conform to these standards.

Definitions

Collaboration Tool — software tool used to collaborate with other people internal and
external to the corporation (ie — SharePoint®)

Controlled Document — any record that requires a Corporate System Classification
Index (SCI) number or sequential number to track revisions of the work

Authentication — The sealing of engineer drawings meeting the requirements of
Engineers Geoscientists Manitoba guideline “Authentication of Hardcopy and Electronic
Professional Documents”

eSealed — electronically authenticated engineering drawing meeting the requirements of
the Engineers Geoscientists Manitoba guideline “Authentication of Hardcopy and
Electronic Professional Documents” and clause “1.1.5 Electronic Seal” therein

PDF/A — standardized version of PDF meeting PDF/A - 1b ISO 19005-1 Level B,
required for the preservation of archived electronic document. ConsignO software from
Notarius shall be used for verifying compliance.

Hybrid AutoCAD drawings — AutoCAD drawings enhanced with digital images imported
by Raster Design to create raster/vector drawings

Hardcopy — paper, Mylar, anything physical or printed out

Minimum Standards for Drawings Produced and Submitted by
Fabricators, Manufacturers or Construction Companies January 7, 2016
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1.0 Drawing Format and Submissions

If drawings are submitted not meeting this specification they will be returned for
re-submission at no extra cost to Manitoba Hydro. Hardcopy drawings will not be
accepted.

All drawings shall be submitted in PDF/A format meeting requirements under
Definitions and 2.0 herein along with their associated .dwg files as specified
below via email, collaboration tool or disk.

Unless otherwise specified in the tender documents all drawings are to be
computer generated in Autodesk® AutoCAD .dwg electronic format. They are to
meet 3.0 and 4.1 herein with an electronic drawing validation printout as per
4.1.4 herein.

If hybrid AutoCAD drawings containing bitonal/black and white raster data are
specified/required they must be produced in Autodesk® AutoCAD .dwg format
with their TIFF® files embedded into the .dwg using Autodesk® RasterDesign . If
hybrid AutoCAD drawings containing colour raster data are specified/required
they must be produced in Autodesk® AutoCAD .dwg format with their TIFF® files
attached using Autodesk® AutoCAD - Autodesk® RasterDesign is not required.

The seal box of all .dwg files must be left blank. However, all other title block
boxes should show signatures/initials to reflect what is shown on the associated
PDF/A.

If drawings are revised after initial submission due to design changes an
appropriate revision description must be added to the title block and the revision
number updated.

All submissions must be sent to Manitoba Hydro’s contact, as specified in the
tender documents, complete with a drawing transmittal containing:

a) The fabricator, manufacturer or construction company Name
b) Project Name

c) Drawing, Sheet and Revision Numbers as per 3.1 herein

d) Drawing Title

e) Date of Submission

f) RFP/RFQ/SPEC Purchase Order Number

2.0 Drawings requiring Engineer Authentication

Engineering drawings requiring authentication as per Engineers Geoscientists
Manitoba act http://web2.gov.mb.ca/laws/statutes/ccsm/e120e.php must be
eSealed as per Definitions herein.PDF/A’s must show the image of Engineers
Geoscientists Manitoba member seal complete with signature and date, and
applicable “Certificate of Authorization” or “Consulting” stamps. Their
authentication must also show on printed or plotted hardcopy of the drawing.
ALTERNATIVELY, temporary licensee’s of Engineers Geoscientists Manitoba
must eSeal as per Definitions herein. However, the drawing must show the
image of his or her manual seal issued by their professional association,

Minimum Standards for Drawings Produced and Submitted by
Fabricators, Manufacturers or Construction Companies January 7, 2016
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validated by signing the document in the vicinity of the seal, marked with his or
her license number and its expiry date directly below the seal, and indicate the
date upon which it was affixed. Their authentication must show on printed or
plotted hardcopy of the drawing.

As per Engineers Geoscientists Manitoba act, by laws and guidelines noted
herein all engineering drawings must have every revision authenticated.

3.0 Drafting standards

All drafting shall conform to the National CAD Standard
(http://www.nationalcadstandard.org/) unless otherwise specified by Manitoba
Hydro.

3.1 Drawing numbering, file naming and revision convention

3.1.1 All drawings submitted must be numbered in accordance with Manitoba
Hydro drawing number system (SCI) in order to be compatible with the
drawing archival system.

3.1.2 Electronic PDF/A files must be named similar to the drawing number:

Dwg # 1-00100-DD-99999-0001 Sht. 0001 to be filed as
1-00100-DD-99999-0001 0001_PDF.pdf

3.1.3 Electronic .dwg type files must be named similar to the drawing number:

Dwg # 1-00100-DD-99999-0001 Sht. 0001 to be filed as
1-00100-DD-99999-0001 0001.dwg for Autodesk® AutoCAD files

3.1.4 Electronic .tif type files for Hybrid Drawings must be named similar to the
drawing number:

Dwg # 1-00100-DD-99999-0001 Sht. 0001 to be filed as
1-00100-DD-99999-0001 0001_REF1.tif for TIFF® images

3.1.5 Drawing numbers will be supplied by Manitoba Hydro. However, drawing
titles must first be submitted as per 1.4 herein to Manitoba Hydro’s
contact, as specified in the tender documents, for approval and
acceptance.

3.1.6 Sheet numbers are to be 4 digits and revision numbers to be 2 digits, both
to show at least a zero for each digit. The first issue of drawings ready for
construction, fabrication and/or archiving shall show the revision number
00. Alpha digits are not acceptable unless specified by Manitoba Hydro’s
contact as specified in the tender documents.

3.2 Drawing titles

3.2.1 All drawing titles shall be approved by Manitoba Hydro’s contact, as noted
in the tender documents, in writing or by e-mail prior to issuing the
drawings. They shall be descriptive but concise. The composition of a

Minimum Standards for Drawings Produced and Submitted by
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drawing title shall usually occupy three lines, but never more than four

lines.

Example:

Linel ...
Line 2 ...
Line 3 ...
Line 4 ...

Area of the Work
Specific subject

Name of equipment or system (if necessary)
Type of drawing

POWERHOUSE
13.8 kV GENERATOR CIRCUIT BREAKER
CONTROL PANEL

WIRING DIAGRAM

3.2.2 The name of the facility must appear in the box directly above the title box.

3.3 Drawing sizes

3.3.1 Drawing sizes shall be selected from the following table:

E SIZE
Metric 150 40 = 841mm. Border Sizem B0Tmm
Impérial IS0 A0 = 321, Barder Sire = 31.5°

PLOT SETTINGS FOR BORDERS IN MODEL SPACE

Note: N.T.S. (1:1) Scale

MANITOBA HYDRO DRAWING SHEET SIZES & PLOT SETTINGS FOR NEW BORDERS

i
| METRIC DRAWINGS IMPERIAL DRAWINGS
~~% | Border Size | PaperSize | PlotScale | Border Size = Paper Size Plot Scale
A SIZE 150 A4 -210x 267 | 1.1, 1 mm = 1 unit ASIZE IS0 Ad - 210 x 287 1:1, 1 Inches = 1 unit
B SIZE IS0 A3 - 267 x 420 | 1:1, 1 mm = 1 unit B SIZE ISOA3.207 xd20 |  1:1, 1 Inches = 1uni
lhoric 150 41 < St C SIZE ISOA2-420x 594 | 1:1, 1 mm = 1 unit C SIZE ISOA2-420x564 |  1:1, 1 Inches= 1 uni
e D SIZE IS0 A1 - 584 xB41 | 11,1 mm = 1 unit D SIZE ISOAT-584xB41 |  1:1, 1 Inches = 1und
;h ol 0 M 2 2LE" X 42 ESIZE IS0 AD - 841 % 1188 1:1, 1 mm = 1 unit ESIZE ISOAC-841x 1188 1.1, 1Inches = 1unit
=5 g
£
i3
"% "~ PLOT SETTINGS FOR BORDERS IN PAPER SPACE
g H <N Note: N.T.S. (1:1) Scale
b . F
Elt E METRIC DRAWINGS IMPERIAL DRAWINGS
-4 B 3IZE Border Size | Paper Size Plot Scale Border Size | Paper Size Plot Scale
2
-]
H 1:1, 1 Inches = 1 unit
=3 e AT She St ASIZE 1S0 Ad - 210 x 267 | 11, 1 mm = 1 unit ASIZE IS0 A4- 210X 287 [
oS ustom, 1 mm = | uni
ig csize Imporial 150 A3 = 117" x 16.6° I I ) | |40, 1 inches = 1 uni
Border Sire = 19.8" 1 154 B SIZE 150 A3 - 267 k420 | 1:1, 1 mm = 1 unit BSIZE 150 A3 - 207 k420 ———————
Motric IS0 AZ = £20mm ¥ Sdmm Custom, 1 mm =.03837 unit
Border Size = 380mm x S5dmm T e —
pdip | ; C SIZE 150 AZ - 420 x 584 | 11, 1 mm = 1 unit € SIZE 1SQ A2 - 420 x 584 f———————|
PRl BOATATRE Ci8 ASCE ABRE | | [Custom, 1 mm = 03837 unit|
Mewic 150 A4 = | Impevial 150 Ad = 1:1, 1 Inches = 1 unit
210mwm x I9Tmm [E 5tk " - i P N
; D SIZE IS0 AT - 584 X841 | 11, 1 mm = 1 unit D SIZE 150 A1 - 584 k 841 ———————
(e B 1] Mot diees " FE  Custom, 1 mm = 03937 unit
1 1:1, 1 Inches = 1 unit
{ | E SIZE IS0 AG - 841 x 1188| 11, 1 mm = 1 unit ESiZE IS0 A~ 841 % 1188
{Lustom, 1 mm = | unit

3.4.1 Drawing limits must be set as follows. The lower limit must be set to 0,0
and the upper limits to the plotting scale factor multiplied by the

coordinates shown below for the particular drawing border size and by a
metric conversion factor (25.4), if applicable.

e A(A4)-83,11.8

Minimum Standards for Drawings Produced and Submitted by
Fabricators, Manufacturers or Construction Companies
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B (A3) - 11.7, 16.5
C (A2)-23.4,16.5
D (Al) - 33.1, 23.4
E (AO) - 46.8, 33.1

All information in the drawing shall be within these limits.

3.5 Scanning of manually drafted drawings

3.5.1 When creating hybrid drawings, manually drafted drawings shall be
scanned at maximum 300 DPI. They shall be saved as tiff images and
numbered as per 3.1 herein.

3.6 Drawing borders and setup

3.6.1 The fabricator, manufacturer or construction company shall use the
drawing borders and AutoLISP setup programs supplied by Manitoba
Hydro. An application program for installing the drawing borders and the
AutoLISP program for setting up the drawing in Manitoba Hydro format will
be provided.

3.6.2 The drawing borders may not be modified in any way. The addition of the
fabricator, manufacturer or construction company name, company logo
and approval block should never affect the title block in any way.

3.7 Line widths

3.7.1 The plotted line widths most commonly used shall be 0.25 mm, 0.35 mm,
0.50 mm, and 0.70 mm. Manitoba Hydro requires that polylines, rather
than plotter pen mapping, be used to obtain line weights. Manitoba
Hydro will not accept drawings that require custom CTB files.

3.8 Lettering

3.8.1 All lettering shall be done using the ARIAL and ARIAL (using the bold font
style) as distributed with AutoCAD. Required fonts are on the Manitoba
Hydro Electronic Standards (MHEDS) CD. AutoCAD .shx format files, with
the exception of the afore mentioned lettering fonts, shall not be used. The
minimum plotted lettering height for sheet sizes ‘C’ and less shall be
2.5mm (0.10"), and for sheets sizes ‘D’ and greater shall be 3.0 mm
(0.12").

3.9 Scale

3.9.1 In general, all dimensioned drawings shall be drawn to scale. However,
the title block shall only show the scale as “NTS”.

Minimum Standards for Drawings Produced and Submitted by
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3.10 Hatching

3.10.1 In order to reduce the size of drawing files, AutoCAD hatching shall be
used sparingly.

3.11 Time/Date stamps

3.11.1 If the fabricator, manufacturer or construction company uses a system that
inserts a time or date stamp anywhere on the drawing to record the last
time that the drawing was edited or plotted, the stamp shall be removed
before the final drawing is submission to Manitoba Hydro in electronic
format.

3.12 Electronic drawing transmittal

3.12.1 All electronic drawings shall be submitted to Manitoba Hydro zoomed to
extents, limits and all layers turned on. As well, all unused blocks in the
drawing shall be purged.

3.13 Multiple layouts

3.13.1 All electronic drawings submitted to Manitoba Hydro shall have only one
layout per Autodesk® AutoCAD .dwg.

3.14 Binding XRef's

3.14.1 All electronic drawings submitted to Manitoba Hydro shall have any xref'ed
drawing bound into the current drawing file using the INSERT type of the
XBIND command within the Autodesk® drafting application.

4.0 Software

Unless otherwise requested, all electronic drawings submitted to Manitoba Hydro
shall be in Autodesk® AutoCAD .dwg format. All raster images shall be submitted
in .tif format. If the fabricator, manufacturer or construction company uses
software other than AutoCAD then the drawings shall be translated to AutoCAD
.dwg format prior to submission. The fabricator, manufacturer or construction
company shall use a version of AutoCAD software that provides 100% bi-
directional compatibility with the version in use at Manitoba Hydro. If, during the
course of the project, Manitoba Hydro or the fabricator, manufacturer or
construction company upgrades to a newer release of the software, the external
agency shall ensure that 100% bi-directional compatibility is maintained.

Bi-directional compatible shall mean that electronic drawings shall be achievable
and manipulatable, in the Purchaser’'s computerized drawing system without any
modification by the Purchaser.

The fabricator, manufacturer or construction company shall also check the
electronic drawings prior to submission with the Manitoba Hydro Title Block

Minimum Standards for Drawings Produced and Submitted by
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Validator program supplied by Manitoba Hydro. A printout of the program’s
output file Validation Results.log shall be forwarded to Manitoba Hydro.

Other formats, if specified, shall follow the standards as outlined herein.
4.1 Autodesk® AutoCAD

4.1.1 The latest version of Autodesk® AutoCAD as communicated by Manitoba
Hydro in use at the time of initiating the Work shall be used unless
otherwise specified.

4.1.2 Drawing installation software setup complete with drawing borders, title
block and Title Block Validator program will be supplied by Manitoba
Hydro on request. A selection of standard drawing sizes and attributes are
provided in this setup. Manitoba Hydro will provide assistance in complying
with its standard setup as required.

DRAWING BORDERS AND TITLE BLOCKS MUST NOT BE MODIFIED,
EXPLODED, RENAMED OR, OTHERWISE; MANITOBA HYDRO'’S
DRAWING SETUP WILL NOT FUNCTION PROPERLY.

4.1.3 The fabricator, manufacturer or construction company’s hame, company
logo, approval block, drawing number and miscellaneous information shall
be inserted as separate text or blocks.

4.1.4 All final electronic drawing files submitted for archiving must be checked
by Manitoba Hydro’s Title Block Validator program prior to submission to
ensure compatibility with Manitoba Hydro’s drawing archival system. This
program will output a file validation results.log which must be printed and
submitted as per 1.0 herein. Drawings issued for final submission not
complying with this program will be returned for the appropriate revisions.

4.1.5 All drawings submitted shall be zoomed to extents in 2D plan view, limits
and all layers turned on. Autodesk® AutoCAD .shx format files, with the
exception of the lettering fonts mentioned herein, must not be used.

4.1.6 All lettering shall be done using fonts as provided by Autodesk® AutoCAD
or the fonts supplied by Manitoba Hydro as part of the drawing installation
software.

4.2 Autodesk® Raster Design

4.2.1 The latest version of Autodesk® Raster Design as communicated by
Manitoba Hydro in use at the time of initiating the work shall be used
unless otherwise specified.

4.3 Autodesk® Inventor

4.3.1 The latest version of Autodesk® Inventor as communicated by Manitoba
Hydro in use at the time of initiating the work shall be used unless
otherwise specified.

Minimum Standards for Drawings Produced and Submitted by
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4.3.2 The fabricator, manufacturer or construction company shall submit the
electronic Autodesk® Inventor Project file (i.e. three dimensional model)
created during the design such that it may be edited by others. In addition
the fabricator, manufacturer or construction company shall submit
individual drawings in hard copy and Autodesk® Inventor .idw format that
are exact replicas of the sheets generated from the Autodesk® Inventor
Project Model.

4.4 GE® Smallworld GIS

4.4.1 The latest version of GE® Smallworld eGIS Distribution Product or the
GE® Smallworld eGIS Communication Product as communicated by
Manitoba Hydro in use at the time of initiating the Work shall be used
unless otherwise specified. The Work shall be performed through
Manitoba Hydro’s network.

4.5 ESRI® ArcGIS

45.1 The latest version of ESRI® ArcGIS as communicated by Manitoba Hydro
in use at the time of initiating the Work shall be used unless otherwise
specified. Work to be done through Manitoba Hydro’s network shall be
performed using Manitoba Hydro’s ESRI® ArcGIS software

4.6 Bentley® AutoPLANT

4.6.1 The latest version of Bentley® AutoPLANT as communicated by Manitoba
Hydro in use at the time of initiating the Work shall be used unless
otherwise specified.

4.7 Autodesk ®AutoCAD MEP

4.7.1 The latest version of Autodesk® AutoCAD MEP as communicated by
Manitoba Hydro in use at the time of initiating the work shall be used
unless otherwise specified.

4.7.2 The fabricator, manufacturer or construction company shall submit the
electronic AutoCAD MEP Project file (i.e. three dimensional model)
created during the design such that it may be edited by others. In addition
the fabricator, manufacturer or construction company shall submit
individual drawings in hard copy and Autodesk® AutoCAD .dwg format
that are exact replicas of the sheets generated from the Autodesk®
AutoCAD MEP Project Model.

5.0 DRAFTING STANDARDS FOR SPECIFIC PROJECTS

Additional or revised drawing and drafting specifications related to specific
projects or disciplines may be provided by Manitoba Hydro as required for
specific projects.
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Manitoba Hydro 039857 ALL FORMS Page 1

FORM 1-3 - FUTURE PRICE ADJUSTMENT MECHANISM
Provide your responses directly under the following:

The Proponent indicates below the duration of time the proposed Unit Prices are not
subject to adjustment. Also, the Proponent includes a solution and formula for future

adjustments to Unit Prices:
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Page 2

FORM 3-1 -SCHEDULE - DELIVERY FOR EQUIPMENT DRAWINGS

Equipment drawings delivery schedule stated in weeks from receipt of Purchase Order is

listed below.

For ID#

Preliminary
Outline

Final
Outline

Nameplate

Schematic

Wiring
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Manitoba Hydro 039857 ALL FORMS Page 3

FORM 7-1 - LOGISTICS PLAN

Provide a complete logistics plan for each of the Auto Transformers, Shunt Reactors and
Phase Shifters detailing how these Items will be delivered:

Auto-Transformers

Shunt Reactors

Phase Shifters
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Page 4

FORM 8-1 - MAIN MANUFACTURING FACILITY

Complete the following table regarding the main manufacturing facility to be used for

performance of the Work. .

SPEC ID #’s

Main Manufacturing Facility and
Address

In
Operation
Since (Year)

SPEC ID #1

SPEC ID #2

SPEC ID #3

SPEC ID #4

SPEC ID #5

SPEC ID #6

SPEC ID #7

SPEC ID #8

SPEC ID #9

SPEC ID #10

SPEC ID #11

SPEC ID #12

SPEC ID #13
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Others:
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FORM 9-1 - SUBCONTRACTORS

Complete the following table for Subcontractors utilized for execution of any portion of
the Work during the Contract:

Subcontractor Name Address Portion of the Work
to be Subcontracted

Subcontractors proposed and accepted shall not be changed without the prior written
approval of the Purchaser.
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FORM 15-1 - QUALITY CONTROL
Provide responses directly under the following questions:

1.1 Quality

(@) If the main manufacturing facility (ies) to be utilized during the
performance of the Contract are certified by an internationally recognized
third party (e.g., ISO9001) attach a copy of the certificate.

(b) If the main manufacturing facility (ies) is not certified, provide details of
the Quality Assurance Program in place and how it may be considered an
equivalent to certification.

1.2 Test Capability

@ What, if any, are limitations of the test facility which will not allow tests,
as specified to be performed? Advise how these limitations will be
addressed.
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FORM 17-1 - ADDITIONAL WARRANTY OFFERINGS

In addition to and without limiting the warranty specified in the Contract Documents,
provide a list and details of any additional warranty that may apply to the Work and
additional associated cost, if any:
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FORM 19-1 - PROPOSED EQUALS

Equal articles, material or equipment, should be identified below together with

information on the change in price if the equal is accepted.

The Purchaser’s approval must be obtained prior to execution of a Contract and
confirmed in the Contract before any equal article, material or equipment is incorporated

into the Work.

The following is a list of the equal articles, materials or equipment that is proposed to

substitute for those specified:

Article, Material, or Equipment

Price Change ($ CDN or USD)

Specified Proposed

Increase

Decrease

NOTE: Names of manufacturers of equals and catalogue numbers are stated, if
applicable. All technical data and literature are appended to this

Proposal.
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FORM 23-1 -PREVIOUS EXPERIENCE
Provide the following information below.

The Proponent shall provide examples of directly related previous experience in the past
ten (10) years for each of the ITEMs identified within the Scope of the Work that have
been successfully manufactured and delivered. These ITEM examples should detail the
application, customer (including references) and ratings for each.

Auto Transformers

Phase Shifters

Shunt Reactors
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FORM 27-1 - COMMERCIAL COMPLIANCE

The following are proposed changes to the commercial terms contained in Part Il —
PROPOSED CONTRACT DOCUMENTS requested to be considered during negotiation,
if any, prior to entering a Contract.

PART II
SECTION

CLAUSE
NO.

TITLE/
DESCRIPTION

PROPOSED
CHANGE

RATIONALE | COST AND
FOR SCHEDULE
CHANGE IMPACT

June 21, 2017
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FORM 28-1 - TECHNICAL COMPLIANCE

The following are proposed changes to the Technical Requirements, Supplementary
Technical Requirements contained in Part I - PROPOSED CONTRACT DOCUMENTS

requested to be considered during negotiation, if any, prior to entering a Contract.

PART Il TITLE/ PROPOSED RATIONALE SC(?I-|SI-EI-DACJNLDE
SECTION |  DESCRIPTION CHANGE FOR CHANGE MPACT
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FORM 29-1 - MANITOBA CONTENT EVALUATION

The Proponent shall provide the estimated percentage of total proposed price(s) that they
considered to be Manitoba Content: %

The Proponent shall provide a detailed breakdown of Manitoba Content that would be
incorporated into the Work substantiating the above percentages (inputs originating from
the Province of Manitoba such as labour, materials, transportation, etc):

NOTE: Upon request, the Contractor shall provide to Manitoba Hydro records substantiating the

percentage of Manitoba Content.

a) Labour by Own Workforce

PORTION OF
COMPONENT OF THE WORK TYPE OF LABOUR THE ES%PEOSED
%
%
%
%
b) Manitoba Subcontractors
PORTION OF
TYPE OF WORK TO BE THE PROPOSED
SUBCONTRACTED NAME AND ADDRESS OF SUBCONTRACTOR PRICE

%

%

%

%

The above subcontractors shall not be changed without the prior written approval of the

Purchaser.
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Manitoba Business Involvement (continued)
C) Purchase of Goods from Manitoba Companies
PORTION OF
TYPE OF GOODS NAME AND ADDRESS OF SUPPLIER THE E’E?CPEOSED
%
%
%
%
d) Purchase of Equipment from Manitoba Companies
vee oF I
EQUIPMENT NAME AND ADDRESS OF SUPPLIER PRIGE
$
e) Leased Equipment/Facility from Manitoba Companies
TYPE OF TOTAL VALUE
EQUIPMENT OWNER OF L§ASE

Provide information regarding any lease agreements such as the following:

Length of lease
Lease payment
Maintenance

Residual value

June 21, 2017
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Manitoba Business Involvement (continued)
f) Other Manitoba Content:
:?\ITPTJETIZ DESCRIPTION TOTAL$VALUE
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FORM 30-1 COMPANY INFORMATION

This Proposal is submitted by:

(legal company name)
hereinafter called the “Proponent”, a company duly incorporated under the laws of:

having its head office at:

(number, street)

(city/town, province/state, postal/zip code, country)

( ) - ( ) -
(telephone) (FAX number)

The Proponent’s principal office dealing with this Proposal is at:

(number, street)

(city/town, province/state, postal/zip code, country)

( ) - ( ) -
(telephone) (FAX number)

For enquiries, the Proponent’s technical and non-technical contacts are:

Technical: Non-Technical:
Name: Name:
Position: Position:
Telephone: Telephone:
Email: Email:
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FORM 31-1 SIGNING PAGE

The undersigned, having examined all of this RFP together with all addenda issued prior to the Submission
Close, hereby submits this Proposal with all necessary enclosures, and hereby offers to enter into
negotiation to do all the Work that is set out, described, or called for in this RFP in accordance with this
Proposal.

By signing below, the Proponent:

(b) Acknowledges on our own behalf and are authorized to acknowledge on behalf of all
subcontractors and suppliers participating in our Proposal that the RFP process will be governed
by the terms and conditions of the RFP, and that, among other things, such terms and conditions
confirm that this procurement process does not constitute a formal, legally binding *bidding’
process (and for greater certainty, does not give rise to any Contract A bidding process contract),
and that no legal relationship or obligation regarding the procurement of any goods or services
shall be created between the Proponent and Manitoba Hydro unless and until the Proponent and
Manitoba Hydro sign Articles of Agreement for performance of the Work;

(©) Have submitted our pricing in accordance with the Instructions to Proponents in the RFP and we
confirm that the pricing information provided is accurate;

(d) Certifies and agrees that the information submitted herein is true and correct as of the date of
signing, to the best of the Proponent’s knowledge;

(e) Declares, represents and warrants that this Proposal is made and submitted without any corrupt,

fraudulent, collusive, coercive or obstructive practices as such terms are defined in the Instructions
to Proponents of this RFP; and

()] Agrees to the terms and conditions set out in the Part 1 - Procurement Process of this RFP.

[Insert Legal Name of Proponent(s) Above]

Signed By:

I have authority to bind the Proponent

Print Name:

Title:

Date:
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Attn: Mr. Greg Melnichuk

Purchasing Department

360 Portage Ave. (2)

Winnipeg, Manitoba, Canada — R3C 2Z1
Email: gmelnichuk@hydro.mb.ca

Fax: 204-360-6130

CLARIFICATION FORM

TRANSFORMERS

REQUEST FOR PROPOSAL 039857
SUPPLY AND DELIVERY OF AUTO TRANSFORMERS, SHUNT REACTORS AND PHASE-SHIFTING

Question Number:001

Date: (yy,mm,dd)
2017-03-30

Contractor Name: All
proponents

Contact Name:

Email:

Phone: ‘ Fax: ‘

Section Number and Title:

Form 18-1, Technical Data Table, ID#3

Question:

Please confirm if the losses provided were given in per (PST) Transformer and
not for the 2 transformer in series.

Answer:

Answered by:

| Date of Response: |

June 21, 2017
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Indicate YES beside the currency being submitted:

CAD$

June 21, 2017

PUB MFR 183
MMTP
PRICES FOR THE WORK
Proposed EX-Works Unit Price | Proposed DDP Unit Price| Proposed Oil Price
ITEMS Description without oil without oil per unit Lead Time
$ $ $
1 Spec ID# 1. 90 MVAr 500 kV Shunt Reactor
2 Spec ID #2: 400 MVA 500 kV Auto Transformer
3 Spec ID #3: 300 MVA 230 kV Phase-Shifter
4 Spec ID #4: 333 MVVA 230-138 kV Auto Transformer
5 Spec ID #5: 285 MVA 230-115kV Auto Transformer
6 Spec ID #6: Spare Parts for Spec ID #1
7 Spec ID #7: Spare Parts for Spec ID#2
8 Spec ID #8: CTs Inside of Delta for Spec ID #3
9 Spec ID #9: CTs Outside of Delta for Spec ID #3
10  |Spec ID #10: Optical CTs Inside of Delta for Spec ID# 3
11 [Spec ID #11: Optical CTs Outside of Delta for Spec ID# 3
12 |Spec ID #12: Power Flow Controller for Spec ID# 3
ITEM Description Lump Sum Price $
13 |Spec ID #13: Insulation Coordination Study for Spec ID# 3
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N

N

»

10
11
12
13
14
15

16
17
18
19
20
21

22
23
24

25

26
27

28

29
30
31
32

33

PUB MFR 183
MMTP
MHEB Power Transformer & Reactor Data Form Version 1.0.4 (2016 07 31)
MHEB Power Transformer & Reactor Data Form Units ID#1 ID#2 ID#3 ID#4 ID#5
. . Glenboro South . -
Station Dorsey HVDC Riel HYDC Transmission Transmission North Transmission South
Type Shunt Reactor Auto-Transformer Phase-Shifting Transformer Auto-Transformer Auto-Transformer
S 107.1 MVAr 400 180 / 240 / 300 200/ 267 /333 1711228/ 285
ummary 600 Grd Y 500 Grd Y - 230 Grd Y - 46 230 - 230 230 Grd Y - 138 Grd Y - 13.8[230 Grd Y - 115 Grd Y - 13.8
Instructions For Excel97 TECHNICAL DATA TABLES
This sheet does not function properly with Excel versions prior to Excel 97.
Do not save this sheet as an Excel 95 or earlier version.
Enter the appropriate value or choose from the drop-down list box.
Yellow and orange cells are required input.
If desired, use the drop-down boxes to simplify the input process and to avoid unacceptable entries.
The drop-down lists are provided as a guide and further explanation and are generally not intended to limit your response.
Yellow input cells allow input of an entry that is not in the drop-down list.
Orange input cells require that you choose from the drop-down list.
Grey cells should not require entries and will be ignored.
If your responses require clarification, submit them as an annex to the TECHNICAL DATA TABLES.
If any Spec ID# is not tendered on, all cells pertaining to that Spec ID# are to be left blank.
This sheet is protected without a password.
MVA Rating HV
LV 65°C Rise MVA
TV
IType of cooling - | |
HV kV
Rated Voltage LV kv
TV kV
Tapchanger Descriptions |
DTC -
LTC -
Base Rating MVA 107.1 400 300 200 171
for all guarantees and performance data LV
unless otherwise noted: °Crise 65 70 65 65 65
°C 85 90 85 85 85
If this is a near duplicate to a previous transformer supplied to Manitoba Hydro, |
enter the serial number of the previous transformer. |
[Main Power Transformer / Shunt Reactor Manufacturing Plant Location | |
Losses
% Voltage | DTC Pos. | LTC Pos. Units
No-load loss: 100 % rated ‘ rated Guaranteed kw
110 % (120% for shunt reactor) kw
100 % rated -1 kw
110 % kW
100 % rated 16 KW Enter losses for
110 % kW SPEC ID# 3 in
adjacent
Exciting current: 100 % rated | rated % worksheet
110 % (120% for shunt reactor) %
100 % rated -1 %
110 % %
100 % rated full buck %
110 % %
Primary Inrush Current: Peak Current  pu
Assume system Impedance = Time Constant for decay: S
0.01+{0.1%
Time to decay to 1.5 pu of Rated Current: S
. maximum
Load loss: 100 % rated boost kW
100 % rated rated Guaranteed kw
100 % rated -1 kw
100 % g | maxmum " Enter losses for
S M buck SPEC ID# 3in
_ adjacent
Maximum load loss: | 100% Guaranteed kW worksheet
at worst case ONAN (ODAF) MVA which may be RCBN MVA base
at DTC tap position: -
at LTC tap position: -
[Total losses: | 100% | rated | rated | Guaranteed kw | | |
|Tota| Fan losses: (for ODAF, including N+1 integral cooler) \ kw | | |
|Total Pump losses: (for ODAF, including N+1 integral cooler) kw ] | |
Impedance :
% Voltage | DTC Pos. | LTC Pos. Units
11:04 AM 1 of 14

6/12/2017
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PUB MFR 183
MMTP
MHEB Power Transformer & Reactor Data Form Version 1.0.4 (2016 07 31)
No. [MHEB Power Transformer & Reactor Data Form Units ID# 1 ID # 2 ID#3 ID # 4 ID#5
. . Glenboro South . -
Station Dorsey HVDC Riel HYDC Transmission Transmission North Transmission South
Type Shunt Reactor Auto-Transformer Phase-Shifting Transformer Auto-Transformer Auto-Transformer
S 107.1 MVAr 400 180/ 240/ 300 200/ 267 /333 1717228/ 285
ummary 600 Grd Y 500 Grd Y - 230 Grd Y - 46 230 - 230 230 Grd Y - 138 Grd Y - 13.8[230 Grd Y - 115 Grd Y - 13.8

Instructions For Excel97 TECHNICAL DATA TABLES

This sheet does not function properly with Excel versions prior to Excel 97.
Do not save this sheet as an Excel 95 or earlier version.

Enter the appropriate value or choose from the drop-down list box.

Yellow and orange cells are required input.

If desired, use the drop-down boxes to simplify the input process and to avoid unacceptable entries.
The drop-down lists are provided as a guide and further explanation and are generally not intended to limit your response.
Yellow input cells allow input of an entry that is not in the drop-down list.

Orange input cells require that you choose from the drop-down list.

Grey cells should not require entries and will be ignored.

If your responses require clarification, submit them as an annex to the TECHNICAL DATA TABLES.

If any Spec ID# is not tendered on, all cells pertaining to that Spec ID# are to be left blank.

This sheet is protected without a password.

.. maximum
34 |Positive-sequence boost %
35 JReactance: 100 % rated rated Guaranteed %
maximum
36 |HV to LVX buck %
.. ] maximum o
37 |Positive-sequence boost %
38 JReactance: 100 % rated rated %
39 HVto TV or maximum %
HV to LVX&Y buck
.. maximum
40 |JPositive-sequence boost %
41 : 100 % rated rated %
Reactance: ° _ec_ b Enter reactance
42 |[LVto TV buck % for SPEC ID# 3
_ in adjacent
43 |Zero-sequence mi’g;nsl:m % worksheet
44 JReactance: 100 % rated rated %
maximum o
45 |HVto LV (X) buck %
maximum
- 0,
46 |Zero-sequence boost %
47 |Reactance: 100 % rated rated %
48 HVto TV or maximum %
HV to LVX&Y buck
maximum
- 0,
49 |Zero-sequence boost %
50 JReactance: 100 % rated rated %
maximum
0,
51 [LVto TV buck %
Audible Sound Level
52 at base MVA: 100 % rated worst Guaranteed dB,
53 at maximum MVA: case Guaranteed dBa
6/12/2017 11:04 AM 2 of 14
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PUB MFR 183
MMTP
MHEB Power Transformer & Reactor Data Form Version 1.0.4 (2016 07 31)
No. [MHEB Power Transformer & Reactor Data Form Units ID#1 ID#2 ID#3 ID # 4 ID#5
. . Glenboro South . -
Station Dorsey HVDC Riel HYDC Transmission Transmission North Transmission South
Type Shunt Reactor Auto-Transformer Phase-Shifting Transformer Auto-Transformer Auto-Transformer
S 107.1 MVAr 400 180 / 240 / 300 200/ 267 /333 171/228/285
ummary 600 Grd Y 500 Grd Y - 230 Grd Y - 46 230 - 230 230 Grd Y - 138 Grd Y - 13.8[230 Grd Y - 115 Grd Y - 13.8
Instructions For Excel97 TECHNICAL DATA TABLES
This sheet does not function properly with Excel versions prior to Excel 97.
Do not save this sheet as an Excel 95 or earlier version.
Enter the appropriate value or choose from the drop-down list box.
Yellow and orange cells are required input.
If desired, use the drop-down boxes to simplify the input process and to avoid unacceptable entries.
The drop-down lists are provided as a guide and further explanation and are generally not intended to limit your response.
Yellow input cells allow input of an entry that is not in the drop-down list.
Orange input cells require that you choose from the drop-down list.
Grey cells should not require entries and will be ignored.
If your responses require clarification, submit them as an annex to the TECHNICAL DATA TABLES.
If any Spec ID# is not tendered on, all cells pertaining to that Spec ID# are to be left blank.
This sheet is protected without a password.
Weights, Volumes and Dimensions :
Weight |
54 |Core and coils : kg
55 JTank and fittings : kg
56 |Total assembled weight including oil : kg
57 |Quantity of insulating oil : L | | | | | |
Shipping Weight |
58 [Transformer filled with oil (if applicable) : kg
59 [Transformer filled with dry air (if applicable) : kg
Shipping dimensions |
60 [|Total Width : mm
61 |[Total Length (parallel to line of HV bushings) : mm
62 |Base Width: mm
63 |Base Length: mm
64 |Total Height : mm
Projected overall dimension, including accessories |
65 [Width: mm
66 [Length (parallel to line of HV bushings) : mm
67 JHeight: mm
North American Transportation Method |
68 [Transformer rail or truck
69 JAccessories rail or truck
Minimum design clearances |
70 HV . mm
71 phase to phase in air : LV : mm
72 TV: mm
73 HV : mm
74 phase to ground in air : LV : mm
75 TV : mm
Coil Design :
Winding data |
76 |Are all winding conductors copper (including series transformer)? | Yes/No | | | | | |
6/12/2017 11:04 AM 3of 14
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MHEB Power Transformer & Reactor Data Form Version 1.0.4 (2016 07 31)

No. [MHEB Power Transformer & Reactor Data Form Units ID# 1 ID # 2 ID#3 ID # 4 ID#5
Station Dorsey HVDC Riel HYDC G_:_nggrﬁsss%u;h Transmission North Transmission South
Type Shunt Reactor Auto-Transformer Phase-Shifting Transformer Auto-Transformer Auto-Transformer

107.1 MVAr 400 180/ 240/ 300 200/ 267 /333 171 /228285

Summary 600 Grd Y 500 Grd Y - 230 Grd Y - 46 230 - 230 230 Grd Y - 138 Grd Y - 13.8/230 Grd Y - 115 Grd Y - 13.8

Instructions For Excel97 TECHNICAL DATA TABLES
This sheet does not function properly with Excel versions prior to Excel 97.
Do not save this sheet as an Excel 95 or earlier version.

Enter the appropriate value or choose from the drop-down list box.

Yellow and orange cells are required input.

If desired, use the drop-down boxes to simplify the input process and to avoid unacceptable entries.
The drop-down lists are provided as a guide and further explanation and are generally not intended to limit your response.
Yellow input cells allow input of an entry that is not in the drop-down list.

Orange input cells require that you choose from the drop-down list.

Grey cells should not require entries and will be ignored.

If your responses require clarification, submit them as an annex to the TECHNICAL DATA TABLES.

If any Spec ID# is not tendered on, all cells pertaining to that Spec ID# are to be left blank.

This sheet is protected without a password.

Arrangement of Windings and Shields from core on main core

77 1st (closest to core) -
78 2nd Even though all cells are yellow, -
79 3rd fill-in only as many windings -
80 4th as there are. -
81 5th -
82 6th (farthest from core) -
Winding Type |

83 HV1 or SV1: -
84 HV2 or SV2 . -
85 HV3 or SV3: -
86 LV1orCV1: -
87 LV2 or CV2: -
88 TV or Delta : -
89 LTC or Source LTC : -
90 Load LTC :

91 DTC: -
92 |Series Transformer HV or Test Winding : -
93 Series Transformer LV : -
94 LTC Reactor or Preventive Auto : -
95 Current-Limiting Reactor : -

Conductor type |

96 HV1 or SV1: -
97 HV2 or SV2 . -
98 HV3 or SV3: -
99 LV1orCV1: -

100 LV2 or CV2: -

101 TV or Delta : -

102 LTC or Source LTC : -

103 Load LTC:

104 DTC: -

105 |Series Transformer HV or Test Winding : -

106 Series Transformer LV : -

107 | LTC Reactor or Preventive Auto : -

108 Current-Limiting Reactor : -

Number of Turns |

109 HV1 or SV1.: -

110 HV2 or SV2 . -

111 HV3 or SV3: -

112 LV1orCV1: -

113 LV2 or CV2: -

114 TV or Delta : -

115 LTC or Source LTC : -

116 Load LTC :

117 DTC: -

118 |Series Transformer HV or Test Winding : -

119 Series Transformer LV : -

120 | LTC Reactor or Preventive Auto : -

121 Current-Limiting Reactor : -

Maximum Number of Turns per Disk (if applicable) |

122 HV1 or SV1: -

123 HV2 or SV2 . -

124 HV3 or SV3: -

125 LV1orCV1: -

126 LV2 or CV2: -

127 TV or Delta : -

128 LTC or Source LTC : -

129 Load LTC :

130 DTC: -

131 ]Series Transformer HV or Test Winding : -

132 Series Transformer LV : -

133 LTC Reactor or Preventive Auto : -

134 Current-Limiting Reactor : -

Copper Weight per Limb |

135 HV1or SV1: kg

136 HV2 or SV2: kg

137 HV3 or SV3: kg

138 LV1orCV1: kg

139 LV2 or CV2: kg

140 TV or Delta : kg

141 LTC or Source LTC : kg

142 Load LTC :

143 DTC: kg

144 |Series Transformer HV or Test Winding : kg

145 Series Transformer LV : kg

146 | LTC Reactor or Preventive Auto : kg

147 Current-Limiting Reactor : kg
d.c. Resistance |

148 HV1 or SV1: Ohms

149 HV2 or SV2 . Ohms

150 HV3 or SV3: Ohms

151 LV1orCV1: Ohms

152 LV2 or CV2: Ohms

6/12/2017 11:04 AM 40f 14
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MHEB Power Transformer & Reactor Data Form Version 1.0.4 (2016 07 31)

No. [MHEB Power Transformer & Reactor Data Form Units ID# 1 ID # 2 ID#3 ID # 4 ID#5
Station Dorsey HVDC Riel HYDC G_:_nggrﬁsss%u;h Transmission North Transmission South
Type Shunt Reactor Auto-Transformer Phase-Shifting Transformer Auto-Transformer Auto-Transformer

107.1 MVAr 400 180/ 240/ 300 200/267 /333 171/228/285
Summary 600 Grd Y 500 Grd Y - 230 Grd Y - 46 230 - 230 230 Grd Y - 138 Grd Y - 13.8[230 Grd Y - 115 Grd Y - 13.8
Instructions For Excel97 TECHNICAL DATA TABLES

This sheet does not function properly with Excel versions prior to Excel 97.

Do not save this sheet as an Excel 95 or earlier version.
Enter the appropriate value or choose from the drop-down list box.
Yellow and orange cells are required input.
If desired, use the drop-down boxes to simplify the input process and to avoid unacceptable entries.

The drop-down lists are provided as a guide and further explanation and are generally not intended to limit your response.

Yellow input cells allow input of an entry that is not in the drop-down list.

Orange input cells require that you choose from the drop-down list.
Grey cells should not require entries and will be ignored.
If your responses require clarification, submit them as an annex to the TECHNICAL DATA TABLES.
If any Spec ID# is not tendered on, all cells pertaining to that Spec ID# are to be left blank.
This sheet is protected without a password.

153 TV or Delta : Ohms

154 LTC or Source LTC : Ohms

155 Load LTC:

156 DTC: Ohms

157 |Series Transformer HV or Test Winding : Ohms

158 Series Transformer LV : Ohms

159 | LTC Reactor or Preventive Auto : Ohms

160 Current-Limiting Reactor : Ohms
Conductor Insulation Diametric Thickness |

161 HV1or SV1: mm

162 HV2 or SV2 . mm

163 HV3 or SV3: mm

164 LV1orCV1: mm

165 LV2 or CV2: mm

166 TV or Delta : mm

167 LTC or Source LTC : mm

168 Load LTC :

169 DTC: mm

170 ]Series Transformer HV or Test Winding : mm

171 Series Transformer LV : mm

172 LTC Reactor or Preventive Auto : mm

173 Current-Limiting Reactor : mm
Conductor Manufacturer |

174 |Manufacturer Option A -

175 |Manufacturer Option B -

176 |Manufacturer Option C -

Conductor Enamel Insulation (it applicable) |

177 [Manufacturer of Enamel Insulation (if not conductor manufacturer) -

178 JTemperature Class & Maximum Temperature Limit -
Conductor Paper Insulation |

179 |Manufacturer of Paper or Trade name -

180 |Thermally-Upgraded Paper Yes/No

181 [Nitrogen Content per ASTM D-982 %

182 JTemperature Class & Maximum Temperature Limit -

Crepe or Other Tape Insulation on Leads/Cables

183 [Manufacturer of Tape -

184 |Trade name -

185 |Thermally-Upgraded Tape Yes/No

186 [Nitrogen Content per ASTM D-982 %

187 J|Temperature Class & Maximum Temperature Limit -

Pressboard or Iranstormerboard Insulation I

188 |Manufacturer of Pressboard -

189 |Trade name -

190 JTemperature Class & Maximum Temperature Limit °C
Core Design :

Power Transformer Core data |

191 |Manufacturer of core steel : -

192 |Type of core steel (23ZDKH85 / M-4 / etc.) : -

193 |Thickness of individual sheets of core steel : mm

194 |Type (core / shell) : -

195 [Method of wound limb construction (circular or rectangular) : -

196 JJoint type : -

197 |Number of step-laps in step-lapped core : -

198 [Number of limbs : -

199 |Number of wound limbs : -

200 [Maximum internal hotspot temperature rise above ambient : °C

201 |Rated flux density at 100% of rated voltage : Tesla

202 [Maximum flux density at 100% at worst-case tap position (if applicable) : Tesla

203 {Wound limb diameter mm

204 INumber of oil ducts in wound limb -

205 |Core weight : kg
Shunt Reactor Core Data |

206 JAir-Core or Steel Core? Air/Steel

207 |For air-core only: Three shields or One Common Shield 3/1

208 [Manufacturer of core steel : -

209 [Type of core steel (23ZDKH85 / M-4 / etc.) : -

210 [Thickness of individual sheets of core steel : mm

211 INumber of limbs including outer shield : -

212 INumber of wound limbs : -

213 [Maximum internal hotspot temperature rise above ambient : °C

214 |Rated flux density at 100% of rated voltage : Tesla

215 [Maximum flux density at 100% at worst-case tap position (if applicable) : Tesla

216 [Wound limb diameter : mm

217 [Total height of gaps : mm

218 |Total number of gaps : -

219 |Core weight : kg

6/12/2017 11:04 AM 5of 14
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MHEB Power Transformer & Reactor Data Form Version 1.0.4 (2016 07 31)
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Station Dorsey HVDC Riel HYDC Transmission Transmission North Transmission South
Type Shunt Reactor Auto-Transformer Phase-Shifting Transformer Auto-Transformer Auto-Transformer
S 107.1 MVAr 400 180/ 240/ 300 200/267 /333 171 /228285
ummary 600 Grd Y 500 Grd Y - 230 Grd Y - 46 230 - 230 230 Grd Y - 138 Grd Y - 13.8[230 Grd Y - 115 Grd Y - 13.8
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220 |Saturation Curve Showing Voltage and Current attached? (Required)

221
222

223
224
225
226
227

228
229
230
231
232

233
234
235
236
237
238
239
240
241
242
243
244

245
246
247
248
249
250
251
252
253
254
255
256
257

258
259
260
261
262
263
264

265
266
267
268
269
270
271
272
273
274
275
276
277
278

279
280
281
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This sheet does not function properly with Excel versions prior to Excel 97.

Do not save this sheet as an Excel 95 or earlier version.
Enter the appropriate value or choose from the drop-down list box.
Yellow and orange cells are required input.

If desired, use the drop-down boxes to simplify the input process and to avoid unacceptable entries.
The drop-down lists are provided as a guide and further explanation and are generally not intended to limit your response.
Yellow input cells allow input of an entry that is not in the drop-down list.

Orange input cells require that you choose from the drop-down list.
Grey cells should not require entries and will be ignored.

If your responses require clarification, submit them as an annex to the TECHNICAL DATA TABLES.
If any Spec ID# is not tendered on, all cells pertaining to that Spec ID# are to be left blank.

This sheet is protected without a password.

\ Yes/No |

Accessories :

Oil (delivered)

Manufacturer of oil :

Type of oil : -

Bushings Please select the appropriate bushing from the drop-down list box or supply drawing for an equivalent N.G.K. and HSP bushings built to "CAN/CSA-C88.1" to be approved at time of ordering pending drawing submit
HV line: Cat. No. : -

HVN: Cat. No. : -

LV line: Cat. No. : -

LVN or HOXO: Cat. No. : -

TV: Cat. No. : -

Cooling |

Radiator or Cooler manufacturer :

Number of radiators or coolers :

Number of radiator plates per radiator (leave blank if coolers):

Length of radiator or cooler :

Width of radiator or cooler :

Fan Motor Schedule (if applicable) |

Manufacturer :

Voltage :

Full load current :

Number of phases :

Power rating at rated speed :

Speed at rated output :

Fan blade diameter :

Air flow rate per fan :

Losses of each fan motor :

Total number of fans :

Blade enclosure is totally enclosed :

Yes/No

Insulation Class is 'F' :

Yes/No

Pump Motor Schedule (if applicable) |

Manufacturer :

Voltage :

Full load current :

Number of phases :

Power rating at rated speed :

Speed at rated output :

Pump Type :

Pump inlet and outlet size:

Oil flow rate per pump :

Losses of each pump motor :

Total number of pumps :

Type of bearings :

Type of bearing wear indication system :

De-energized Tap-changer |

Manufacturer :

Model No. (if applicable) :

Type :

Rated voltage (between contacts):

Rated current :

Total number of steps :

Step voltage :

Load Tap-changer |

Manufacturer :

Model No. (if applicable) :

Tap-changer in series with and carries same current as which winding :

Type

Diverter bridging method :

Rated voltage :

Rated current :

Total number of steps :

Step voltage :

Contact life expectancy at maximum current (# of operations) :

LTC Reactor or Series Transformer Manufacturer

Series Transformer Type

Series Transformer Voltage Ratio

V-V

Series Transformer Core Flux Density

Tesla

Transformer Sub-Contractors (specify if you manufacture in a different plant

LTC Reactor (Preventive Auto) Manufacturer & Plant:

Series Transformer Manufacturer & Plant:

Current-limiting reactor Manufacturer & Plant:

June 21, 2017
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MHEB Power Transformer & Reactor Data Form Version 1.0.4 (2016 07 31)

MHEB Power Transformer & Reactor Data Form

Units

Station

Type

Summary

N

4

)]

10
11
12
13
14
15

16
17
18
19
20
21

22
23
24

25

26
27

28

29
30
31
32

33

This sheet does not function properly with Excel versions prior to Excel 97.

Do not save this sheet as an Excel 95 or earlier version.
Enter the appropriate value or choose from the drop-down list box.
Yellow and orange cells are required input.
If desired, use the drop-down boxes to simplify the input process and to avoir
The drop-down lists are provided as a guide and further explanation and ar

Yellow input cells allow input of an entry that is not in the drop-down list.

Orange input cells require that you choose from the drop-down list.
Grey cells should not require entries and will be ignored.
If your responses require clarification, submit them as an annex to the TECHI
If any Spec ID# is not tendered on, all cells pertaining to that Spec ID# are to t
This sheet is protected without a password.

MVA Rating HV
LV 65°C Rise MVA
TV
IType of cooling - |
HV kV
Rated Voltage LV kv
TV kv
Tapchanger Descriptions |
DTC -
LTC -
Base Rating MVA
for all guarantees and performance data LV
unless otherwise noted: °Crise
°C

If this is a near duplicate to a previous transformer supplied to Manitoba Hydi
enter the serial number of the previous transformer.

[Main Power Transformer / Shunt Reactor Manufacturing Plant Location

Losses
% Voltage | DTC Pos. | LTC Pos. Units
No-load loss: 100 % rated ‘ rated Guaranteed kw
110 % (120% for shunt reactor) kw
100 % rated -1 kw
110 % kw
100 % rated -16 kw
110 % kw
Exciting current: 100 % rated | rated %
110 % (120% for shunt reactor) %
100 % rated -1 %
110 % %
100 % rated full buck %
110 % %
Primary Inrush Current: Peak Current pu
Assume system Impedance = Time Constant for decay: s
0.01+i0.1%
Time to decay to 1.5 pu of Rated Current: s
. 0 maximum
Load loss: 100 % rated boost kW
100 % rated rated Guaranteed kw
100 % rated -1 kw
100 % rated | Toomum KW
buck
Maximum load loss: | 100 % Guaranteed kW
at worst case ONAN (ODAF) MVA which may be RCBN MVA base
at DTC tap position: -
at LTC tap position: -
[Total losses: | 100% | rated | rated | Guaranteed kw |
|Tota| Fan losses: (for ODAF, including N+1 integral cooler) \ kW |
[Total Pump losses: (for ODAF, including N+1 integral cooler)  kw |

Impedance :

% Voltage

DTC Pos.

LTC Pos.

Units

11:04 AM
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MHEB Power Transformer & Reactor Data Form Units

Station

Type

Summary
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34
35
36

37
38

39

40
41
42

43
44
45

46
a7

48

49
50
51

52
53

This sheet does not function properly with Excel versions prior to Excel 97.
Do not save this sheet as an Excel 95 or earlier version.

Enter the appropriate value or choose from the drop-down list box.

Yellow and orange cells are required input.

If desired, use the drop-down boxes to simplify the input process and to avoir
The drop-down lists are provided as a guide and further explanation and ar
Yellow input cells allow input of an entry that is not in the drop-down list.
Orange input cells require that you choose from the drop-down list.

Grey cells should not require entries and will be ignored.

If your responses require clarification, submit them as an annex to the TECHI

If any Spec ID# is not tendered on, all cells pertaining to that Spec ID# are to t

This sheet is protected without a password.

.. ) maximum 0
Positive-sequence boost %
Reactance: 100 % rated rated Guaranteed %

maximum
0,
HV to LVX buck %

.. ) maximum o
Positive-sequence boost %
Reactance: 100 % rated rated %
HVto TV or maximum o

0
HV to LVX&Y buck

.. ] maximum 0
Positive-sequence boost %
Reactance: 100 % rated rated %

maximum
0,
LVto TV buck %
maximum

- 0,
Zero-sequence boost %
Reactance: 100 % rated rated %

maximum o
HV to LV (X) buck %
maximum

- 0
Zero-sequence boost %
Reactance: 100 % rated rated %
HVto TV or maximum %
HV to LVX&Y buck

maximum

- 0,
Zero-sequence boost %
Reactance: 100 % rated rated %

maximum
0,
LVto TV buck %
Audible Sound Level
at base MVA: 100 % rated worst Guaranteed dB,
at maximum MVA: case Guaranteed dBa

11:04 AM
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MHEB Power Transformer & Reactor Data Form

Units

Station

Type

Summary

Instructions For Excel97 TECHNICAL DATA TABLES

54
55
56

57

58
59

60
61
62
63
64

65
66
67

68
69

70
71
72
73
74
75

76

This sheet does not function properly with Excel versions prior to Excel 97.

Do not save this sheet as an Excel 95 or earlier version.

Enter the appropriate value or choose from the drop-down list box.

Yellow and orange cells are required input.

If desired, use the drop-down boxes to simplify the input process and to avoir
The drop-down lists are provided as a guide and further explanation and ar
Yellow input cells allow input of an entry that is not in the drop-down list.
Orange input cells require that you choose from the drop-down list.

Grey cells should not require entries and will be ignored.

If your responses require clarification, submit them as an annex to the TECHI
If any Spec ID# is not tendered on, all cells pertaining to that Spec ID# are to t

This sheet is protected without a password.

Weights, Volumes and Dimensions :

Weight |
Core and coils : kg
Tank and fittings : kg
Total assembled weight including oil : kg
[Quantity of insulating oil : L |
Shipping Weight |
Transformer filled with oil (if applicable) : kg
Transformer filled with dry air (if applicable) : kg
Shipping dimensions |
Total Width : mm
Total Length (parallel to line of HV bushings) : mm
Base Width : mm
Base Length : mm
Total Height : mm
Projected overall dimension, including accessories |
Width : mm
Length (parallel to line of HV bushings) : mm
Height : mm
North American Transportation Method |
Transformer rail or truck
Accessories rail or truck
Minimum design clearances |
HV : mm
phase to phase in air : LV : mm
TV : mm
HV : mm
phase to ground in air : LV : mm
TV : mm
Coil Design :
Winding data |
Are all winding conductors copper (including series transformer)? | Yes/No |

11:04 AM
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Station
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Summary
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77
78
79
80
8l
82

83
84
85
86
87
88
89
90
91
92
93
94
95

96
97
98
99
100
101
102
103
104
105
106
107
108

109
110
111
112
113
114
115
116
117
118
119
120
121

122
123
124
125
126
127
128
129
130
131
132
133
134

135
136
137
138
139
140
141
142
143
144
145
146
147

148
149
150
151
152

This sheet does not function properly with Excel versions prior to Excel 97.
Do not save this sheet as an Excel 95 or earlier version.

Enter the appropriate value or choose from the drop-down list box.

Yellow and orange cells are required input.

If desired, use the drop-down boxes to simplify the input process and to avoir
The drop-down lists are provided as a guide and further explanation and ar
Yellow input cells allow input of an entry that is not in the drop-down list.
Orange input cells require that you choose from the drop-down list.

Grey cells should not require entries and will be ignored.

If your responses require clarification, submit them as an annex to the TECHI

If any Spec ID# is not tendered on, all cells pertaining to that Spec ID# are to t

This sheet is protected without a password.

Arrangement of Windings and Shields from core on main core

1st (closest to core) -

2nd Even though all cells are yellow, -
3rd fill-in only as many windings -
4th as there are. -
5th -

6th (farthest from core) -

Winding Type |

HV1 or SV1: -

HV2 or SV2: -

HV3 or SV3: -

LV1orCV1: -

LV2or CV2: -

TV or Delta : -

LTC or Source LTC : -

Load LTC:

DTC: -

Series Transformer HV or Test Winding : -

Series Transformer LV : -

LTC Reactor or Preventive Auto : -

Current-Limiting Reactor : -

Conductor type |

HV1 or SV1: N

HV2 or SV2: -

HV3 or SV3: R

LVliorCV1l: -

LV2 or CV2: -

TV or Delta : R

LTC or Source LTC : -

Load LTC:

DTC: -

Series Transformer HV or Test Winding : -

Series Transformer LV : -

LTC Reactor or Preventive Auto : -

Current-Limiting Reactor : -

Number of Turns |

HV1or SV1: -

HV2 or SV2: -

HV3 or SV3: _

LV1orCV1: -

LV2 or CV2: -

TV or Delta : -

LTC or Source LTC : R

Load LTC :

DTC: -

Series Transformer HV or Test Winding : -

Series Transformer LV : -

LTC Reactor or Preventive Auto : -

Current-Limiting Reactor : -

Maximum Number of Turns per Disk (if applicable) |

HV1 or SV1: -

HV2 or SV2: -

HV3 or SV3: -

LV1orCV1: -

LV2or CV2: -

TV or Delta : -

LTC or Source LTC : -

Load LTC:

DTC: -

Series Transformer HV or Test Winding : -

Series Transformer LV : -

LTC Reactor or Preventive Auto : -

Current-Limiting Reactor : -

Copper Weight per Limb |

HV1 or SV1: kg

HV2 or SV2: kg

HV3 or SV3: kg

LV1orCV1: kg

LV2 or CV2: kg

TV or Delta : kg

LTC or Source LTC : kg

Load LTC:

DTC: kg

Series Transformer HV or Test Winding : kg

Series Transformer LV : kg

LTC Reactor or Preventive Auto : kg

Current-Limiting Reactor : kg

d.c. Resistance |
HV1or SV1: Ohms
HV2 or SV2: Ohms
HV3 or SV3: Ohms
LV1orCV1l: Ohms
LV2 orCV2: Ohms
11:04 AM
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153
154
155
156
157
158
159
160

161
162
163
164
165
166
167
168
169
170
171
172
173

174
175
176

177
178

179
180
181
182

183
184
185
186
187

188
189
190

191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

206
207
208
209
210
211
212
213
214
215
216
217
218
219
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This sheet does not function properly with Excel versions prior to Excel 97.
Do not save this sheet as an Excel 95 or earlier version.

Enter the appropriate value or choose from the drop-down list box.

Yellow and orange cells are required input.

If desired, use the drop-down boxes to simplify the input process and to avoir
The drop-down lists are provided as a guide and further explanation and ar
Yellow input cells allow input of an entry that is not in the drop-down list.
Orange input cells require that you choose from the drop-down list.

Grey cells should not require entries and will be ignored.

If your responses require clarification, submit them as an annex to the TECHI

If any Spec ID# is not tendered on, all cells pertaining to that Spec ID# are to t

This sheet is protected without a password.

TV or Delta : Ohms
LTC or Source LTC : Ohms
Load LTC :
DTC: Ohms
Series Transformer HV or Test Winding : Ohms
Series Transformer LV : Ohms
LTC Reactor or Preventive Auto : Ohms
Current-Limiting Reactor : Ohms

Conductor Insulation Diametric Thickness |

HV1 or SV1: mm
HV2 or SV2 . mm
HV3 or SV3: mm
LV1orCV1l: mm
LV2 or CV2: mm
TV or Delta : mm
LTC or Source LTC : mm
Load LTC :
DTC: mm
Series Transformer HV or Test Winding : mm
Series Transformer LV : mm
LTC Reactor or Preventive Auto : mm
Current-Limiting Reactor : mm
Conductor Manufacturer l

Manufacturer Option A -

Manufacturer Option B -

Manufacturer Option C -

Conductor Enamel Insulation (it applicable) |

Manufacturer of Enamel Insulation (if not conductor manufacturer) -

Temperature Class & Maximum Temperature Limit -

Conductor Paper Insulation |

Manufacturer of Paper or Trade name -
Thermally-Upgraded Paper Yes/No
Nitrogen Content per ASTM D-982 %

Temperature Class & Maximum Temperature Limit -

Crepe or Other Tape Insulation on Leads/Cables

Manufacturer of Tape -

Trade name -
Thermally-Upgraded Tape Yes/No
Nitrogen Content per ASTM D-982 %

Temperature Class & Maximum Temperature Limit -

Pressboard or ITranstformerboard Insulation I

Manufacturer of Pressboard -

Trade name -

Temperature Class & Maximum Temperature Limit °C

Core Design :

Power Transformer Core data |

Manufacturer of core steel : -

Type of core steel (23ZDKH85/ M-4 / etc.) : -

Thickness of individual sheets of core steel : mm

Type (core / shell) : -

Method of wound limb construction (circular or rectangular) : -

Joint type : -

Number of step-laps in step-lapped core : -

Number of limbs : i

Number of wound limbs : -

Maximum internal hotspot temperature rise above ambient : °C
Rated flux density at 100% of rated voltage : Tesla
Maximum flux density at 100% at worst-case tap position (if applicable) : Tesla
Wound limb diameter mm
Number of oil ducts in wound limb -
Core weight : kg
Shunt Reactor Core Data |

Air-Core or Steel Core? Air/Steel
For air-core only: Three shields or One Common Shield 3/1

Manufacturer of core steel : -

Type of core steel (23ZDKH85 / M-4 / etc.) : -

Thickness of individual sheets of core steel : mm

Number of limbs including outer shield : -

Number of wound limbs : -

Maximum internal hotspot temperature rise above ambient : °C
Rated flux density at 100% of rated voltage : Tesla
Maximum flux density at 100% at worst-case tap position (if applicable) : Tesla
Wound limb diameter : mm
Total height of gaps : mm
Total number of gaps : -
Core weight : kg
11:04 AM
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220

221
222

223
224
225
226
227

228
229
230
231
232

233
234
235
236
237
238
239
240
241
242
243
244

245
246
247
248
249
250
251
252
253
254
255
256
257

258
259
260
261
262
263
264

265
266
267
268
269
270
271
272
273
274
275
276
277
278

279
280
281

This sheet does not function properly with Excel versions prior to Excel 97.
Do not save this sheet as an Excel 95 or earlier version.

Enter the appropriate value or choose from the drop-down list box.

Yellow and orange cells are required input.

If desired, use the drop-down boxes to simplify the input process and to avoir
The drop-down lists are provided as a guide and further explanation and ar
Yellow input cells allow input of an entry that is not in the drop-down list.
Orange input cells require that you choose from the drop-down list.

Grey cells should not require entries and will be ignored.

If your responses require clarification, submit them as an annex to the TECHI

If any Spec ID# is not tendered on, all cells pertaining to that Spec ID# are to t

This sheet is protected without a password.

|Saturation Curve Showing Voltage and Current attached? (Required) \ Yes/No |

Accessories :

Oil (delivered)
Manufacturer of oil : -
Type of oil : -

Bushings Please select the appropriate bushing from the drop-down list b
HV line: Cat. No. : -
HVN: Cat. No. : -
LV line: Cat. No. : -
LVN or HOXO: Cat. No. : -
TV: Cat. No. : -

Cooling |
Radiator or Cooler manufacturer : -
Number of radiators or coolers : -
Number of radiator plates per radiator (leave blank if coolers): -
Length of radiator or cooler : mm
Width of radiator or cooler : mm

Fan Motor Schedule (if applicable) |
Manufacturer : -
Voltage : \%
Full load current : A
Number of phases : -
Power rating at rated speed : w
Speed at rated output : rpm
Fan blade diameter : mm
Air flow rate per fan : m3/ hr
Losses of each fan motor : w
Total number of fans : -
Blade enclosure is totally enclosed : Yes/No
Insulation Class is 'F' : Yes/No

Pump Motor Schedule (if applicable) |
Manufacturer : -
Voltage : \%
Full load current : A
Number of phases : -
Power rating at rated speed : w
pm

Speed at rated output : r
Pump Type :
Pump inlet and outlet size: mm
Oil flow rate per pump : L / min
Losses of each pump motor : W
Total number of pumps : -
Type of bearings : -
Type of bearing wear indication system : -

De-energized Tap-changer |
Manufacturer : -
Model No. (if applicable) : -
Type: -
Rated voltage (between contacts): kV LIL
Rated current : A
Total number of steps : -
Step voltage : %

Load Tap-changer |

Manufacturer : -
Model No. (if applicable) : -
Tap-changer in series with and carries same current as which winding : -
Type -
Diverter bridging method : -
Rated voltage : kv
Rated current : A
Total number of steps : -
Step voltage : %
Contact life expectancy at maximum current (# of operations) : -
LTC Reactor or Series Transformer Manufacturer -
Series Transformer Type -
Series Transformer Voltage Ratio V-V
Series Transformer Core Flux Density Tesla

Transformer Sub-Contractors (specify if you manufacture in a different plant)
LTC Reactor (Preventive Auto) Manufacturer & Plant: -
Series Transformer Manufacturer & Plant: -
Current-limiting reactor Manufacturer & Plant: -

11:04 AM
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LTC Pos.

SPECID # 3

300 MVA, 230 kV Phase-Shifting Transformer

Manitoba Hydro 2017/18 & 2018/19 General Rate Application

MHEB Power Transformer & Reactor Data Form addition

PUB MFR 183
MMTP

V 1.0.4PST

Losses

Excitation

Phase-Shift

Reactance

No-Load

100%V

kW

Load

100%V
300 MVA

1PF
kw

No-Load
Excitation
Current
100%V

%

No-Load
Volts per Turn

100%V

V/Turn

No-Load
Flux Density
100%V

Tesla

No-Load

Deg.

Load

Transformer

300 MVA

1PF
Deg.

Load

Total

300 MVA

1PF
Deg.

2-Circuit

3-Circuit T-Diagram Components

Equivalent

300 MVA

% Magnitude

Deg.

Source LTC

300 MVA

% Magnitude

Deg.

Load LTC

300 MVA

% Magnitude

Deg.

Delta (Tank ground)

300 MVA

% Magnitude

Deg.

No-Load

Load

Fan & Pump

+17

+4

-10

Sum of Weighted Operating Points Cost

$0

Guaranteed Losses in kW for loss evaluation, per Remark 13 of SPEC ID# 3
Correct the entered LTC positions and phase angles entered below, to suit your design. Refer to Remark 5 of SPEC ID# 3.

+94

+12

-57

+80

+11.3

-60

Please fill-in all taps, even if those taps might not be suitable for full or overload loading.
If LTC are +/-16 steps, leave LTC Positions 34 & 35 blank.
Guaranteed losses are per the loss evaluation criteria.

Please confirm that the phase-shifting transformer will meet the loading requirements specified in Remark 3 of SPEC ID# 3
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SPEC I D # 3 300 MVA, 230 kV Phase'Sh |ft| ng TranSfOI‘meI‘ MHEB Power Transformer & Reactor Data Form addition V 1.0.4PST
Normal Loading Capability per Remark 3 of SPEC ID# 3 Extra and Overload Capability per Remark 4 of SPEC ID# 3 (Ultimate desired capability, but not required capability, is shown in parenthesis.)
Summer Load +40°C Ambient Winter Load 0°C Ambient Summer Loading +35°C Ambient 0.9 PF Lag to 0.9 PF Lead Winter Loading -15°C Ambient 0.9 PF Lag to 0.9 PF Lead
Normal 6-week Emergency 30-minute Emergency Normal 6-week Emergency 30-minute Emergency
(2.0 pu) (2.1875 pu) (2.05 pu) (1.10 pu) (1.20 pu) (1.35 pu) (1.40 pu) (1.50 pu)
0.9 PF Lag to 0.9 PF Lead 0.9 PF Lag to 0.9 PF Lead
pu Deg. pu Deg. pu Deg. pu Deg. pu Deg. pu Deg. pu Deg. pu Deg.
o . - 0 oL 0
Methods of supplying this Loading Capability data: 00 O

Method 1: Enter the pu load capability for each tap position. _

or ) Winler;-rxnail:lﬁ Loading
Method 2: Enter the corners of the polygonal region as circled in the example to the right. Note that this example is completely arbitrary and your shape may be different.
or

Method 3: Attach polygonal graph(s), such as the example to the right, showing the capability for each loading case.

........... e e e e O s ! w ;
L Q n B w0 40 = xn Rl e 40 A 4 M0 D D 4D +50

[T

1.0 pu =300 MVA :
If a tap position has no capability, enter O pu.

G— O
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REQUEST FOR PROPOSAL 039857
SUPPLY AND DELIVERY OF AUTO TRANSFORMERS, SHUNT
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REQUEST FOR PROPOSAL 039857

SUPPLY AND DELIVERY OF AUTO TRANSFORMERS, SHUNT
REACTORS AND PHASE-SHIFTING TRANSFORMERS

This Request for Proposal (RFP) is comprised of two (2) Parts:
PART | - PROCUREMENT PROCESS, and

PART Il - PROPOSED CONTRACT DOCUMENTS

PART | TABLE OF CONTENTS

Lo INVITATION bbbt b bbb bbbt b e b e 1
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6. SITE VISIT - [intentionally left blank].........cccccooiiiiiiiii s 2
7. EXAMINATION OF THE SITE AND ADDITIONAL INFORMATION - [intentionally
1= 0 0] = T PRSPPI 2
8. PERFORMANCE BOND [intentionally left blank].........cccccooviiiiiiiiinee e 2
9. MANITOBA BUSINESS INVOLVEMENT ..ottt 2
10. ENVIRONMENTALLY PREFERABLE PRODUCTS.......ccccctitiiiiinienieese e 2
11.  PROPOSED USE OF ‘EQUALS’ ......oot ittt nnens 3
12. OVERVIEW OF THIS NON-BINDING PROCUREMENT PROCESS. ..........ccccoevruennn. 3
13. PROPOSED MODIFICATIONS TO PART Il DOCUMENTS .....cocoviieierneneee e 4
14.  PROPONENT REQUESTS FOR CLARIFICATION ....ccoiiiiiieieieeeeeeee e 4
15, ENQUIRIES ...ttt bbbttt b ettt e 5
16, ADDENDA ... oottt ettt R et ettt e et et et renrennens 5
17.  JOINT VENTURES/CONSORTIA... .ottt 5
18. PROPOSAL FORMS ..ottt sttt sae sttt nenseneens 5
19.  SIGNING OF PROPOSALS ..ottt sttt st see e 6
20. SCHEDULE FOR THIS PROCUREMENT PROCESS........cccccooiiiiniiieineneeesie s 6
21. REVIEW AND  RECTIFICATION OF MANDATORY  SUBMISSION
REQUIREMENTS. ...ttt bbbt b ettt bttt 7
22, INTERVIEWS ...ttt sttt n et st e e neenenae e neanenneeas 7
23.  EVALUATION CRITERIA ..ottt nne s 7
24. EVIDENCE OF PROPONENT ABILITY, EXPERIENCE, CAPITAL AND PLANT..... 8
25.  NEGOTIATION PROCESS. ..ottt sie sttt sae s s sae e ssenseneas 9
26. AMENDMENT OF PROPOSAL ..ottt sttt 9
27.  WITHDRAWAL OF PROPOSAL ....cvitiieieiet e sie et saenaasesseneas 9
28.  BINDING CONTRACT ..ottt sttt sttt sttt bt see e eneene e eens 10
29. TERMS AND CONDITIONS OF RFP PROCESS.........ccccotitiiinineneeise e 10
30, LANGUAGE ..ottt ettt sttt ettt ettt st n et e et eneatenneneas 10
31, APPLICABLE LAWS ...ttt bttt et 10
32.  CORRUPT OR FRAUDULENT PRACTICES .......cotiiieiersieseeee e 10
33, ELECTRONIC FILES.......ci ittt 11
34. DELIVERY AND RECEIPT OF DOCUMENTS.......cooiiiiiiieiise e 11
35. PROPONENT EXPENSES ..ottt 11
36.  PROPOSAL OWNERSHIP .......ooiiiiiiiieieitse ettt 11
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Attachment A: Proposal Clarification Form

APPENDICES
Appendix A: Performance Bond Sample [NOT USED]
Appendix B:  Northern Affairs Boundary Map

PROPOSAL FORMS

Form 1-1 — Prices for the Work

Form 1-3 - Future Price Adjustment Mechanism
Form 3-1 -Schedule - Equipment Drawings Delivery
Form 7-1 — Logistics Plan

Form 8-1 — Main Manufacturing Facilities or Plant
Form 9-1 — Subcontractors

Form 15-1 — Quality Control

Form 17-1 -Additional Warranty Offerings

Form 18-1 — Technical Data Tables

Form 19-1 -Proposed Equals

Form 23-1 —Previous Experience

Form 27-1 — Commercial Compliance

Form 28-1 — Technical Compliance

Form 29-1 — Manitoba Content Evaluation

Form 30-1 — Company Information
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1. INVITATION
1.1 Manitoba Hydro seeks the submission of competitive Proposals from capable original equipment

manufacturers with suitable facilities, experience, references and an interest in competing for award of
contracts for immediate and possible future orders for the Supply and Delivery of Equipment required to
maintain and expand Manitoba Hydro’s power transmission and distribution system; who are interested in
performing the obligations outlined below in Section 3 — Scope of Work within the time frame referenced
below in Section 4 — Schedule of the Work.

1.2 This is a non-binding procurement process.

1.3 Submission of a Proposal in response to this Invitation is not a bid or tender and shall not give rise to any
Contract A, as known to Canadian laws of tender.

1.4 Neither Manitoba Hydro nor any person responding to this Invitation (a “Proponent”) shall be legally
bound to each other in any way unless and until Articles of Agreement are duly signed confirming that
acceptable terms have been negotiated and agreed between Manitoba Hydro and its Preferred Proponent(s).

15 There is no period of Proposal irrevocability or any requirement for the posting of bid security.

1.6 Submitted Proposals may be withdrawn at any time by the Proponent, including after Submission Close.

2. SUBMISSION CLOSE

2.1 To be evaluated, a Proposal must be submitted at or before Submission Close which is:

16:00:00 hours, Manitoba local time,
February 23, 2017

through MERX (www.merx.com), preferably in .pdf electronic format, word searchable, with appropriate
bookmarks and organization to allow for easy navigation.

Proposals not submitted through MERX will not be accepted.

3. SCOPE OF WORK

3.1 Manitoba Hydro seeks to identify the Proponent capable of providing the best solution for performance of
the Work which requires design, manufacture, provide in-factory testing, prepare Equipment for shipment,
loading, transportation and Delivery of ITEMs of Equipment to designated Manitoba Hydro Sites in
accordance with the Purchaser’s Requirements.

3.2 The Work is more fully described in PART Il — PROPOSED CONTRACT DOCUMENTS General
Requirements and Technical Requirements of this RFP.

3.3 If the Work has been divided for pricing purposes into ITEMs, such ITEMs may be purchased separately or
collectively under one (1) or more contract(s) with one (1) or more successful Proponents.

3.4 Manitoba Hydro’s detailed requirements for performance of the Work are set out in PART Il -
PROPOSED CONTRACT DOCUMENTS in the Supplementary Technical Requirements of this RFP.

35 The Term of each Contract awarded pursuant to this RFP shall be three (3) years with an option to extend
for two (2) additional one (1) year periods.

3.6 For first time suppliers to Manitoba Hydro of the type(s) of Equipment specified in this RFP, Manitoba
Hydro may limit the award to one (1) ITEM upon a successful inspection by Manitoba Hydro of their
proposed manufacturing facility. The Purchaser has the option to award additional ITEMS to the Contractor
upon successfully delivering the Work.
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3.7 For suppliers who have supplied Equipment to Manitoba Hydro in the last five (5) years with resulting
performance problems (as identified by Manitoba Hydro), Manitoba Hydro may limit the award to one (1)
ITEM, if the Proponent meets the requirements of the RFP evaluation process. Performance problems
include design, quality and delivery issues as identified by Manitoba Hydro. The Purchaser has the option
to award additional ITEMS to the Contractor upon successfully delivering the Work.

3.8 Proponents proposing to use new manufacturing facilities shall also be subject to the requirement for a
satisfactory facility inspection by Manitoba Hydro prior to any award.

3.9 During the Term of awarded Contracts, Manitoba Hydro intends to add to each Contractor’s original scope
of Work by placing additional future orders for equipment provided that the Contractor’s performance

under the Contract awarded has been satisfactory and that highly competitive pricing and Delivery dates
can be agreed.

4. SCHEDULE OF THE WORK

4.1 Manitoba Hydro’s required Delivery dates for each specific ITEM is indicated in the PART Il —
PROPOSED CONTRACT DOCUMENTS, Supplementary Technical Requirements of this RFP.

4.2 Manitoba Hydro’s Evaluation Process provided in this RFP will assess Proponent responses respecting
proposed pricing and potential scheduling on an ITEM by ITEM basis.

5. SITE LOCATION AND ACCESS
5.1 The Site, for purposes of Delivery will be at various Manitoba Hydro locations identified with associated

access information in the Supplementary Technical Requirements of PART Il - PROPOSED CONTRACT
DOCUMENTS of this RFP.

6. SITE VISIT — [intentionally left blank]

7. EXAMINATION OF THE SITE AND ADDITIONAL INFORMATION - [intentionally
left blank]

8. PERFORMANCE BOND [intentionally left blank]

9. MANITOBA BUSINESS INVOLVEMENT

9.1 Manitoba Hydro encourages Proponents to actively promote the participation of Manitoba Business in the
Work which terms are defined as follows:

9.1.1 “Manitoba Business” is a business which is registered to do business in the Province of Manitoba, and the
firm, or its principals, maintains their facilities, equipment and staff in Manitoba on a continuous basis.

9.2 Manitoba Hydro’s decision as to whether any Proponent, subcontractor, or supplier is a Manitoba Business,
shall be final.

10. ENVIRONMENTALLY PREFERABLE PRODUCTS
10.1 It is the desire of Manitoba Hydro to use environmentally preferable products, if practicable.

10.2 Proponents able to supply products that are environmentally preferable that meet Manitoba Hydro’s
performance requirements are encouraged to propose them as an alternative within their Proposal.

10.3 If such alternative product(s) can be demonstrated to be environmentally preferable when compared to that
specified, Proponents are requested to provide complete details of such product(s) in the applicable Form in
its Proposal, or summarized on that page and detailed in an annex to its Proposal.
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11. PROPOSED USE OF ‘EQUALS’

1111

1112

1113

1114

Whenever a component of the Work is specified in Manitoba Hydro’s requirements by describing a
proprietary product or by using the name of a manufacturer or vendor, the words “or Equal” shall be
implied.

References to the component of the Work so described or named shall, accordingly, be understood as
indicating the type, function, minimum standard of design, efficiency and quality required and shall not
exclude any other manufacturer’s product of equivalent or superior quality, design and efficiency (an
“Equal”).

If the Proponent wishes to propose use of an Equal instead of a specified component of the Work, the
Proponent is requested to provide information in support of an Equal determination in its Proposal together
with information on the change in the proposed price if the proposed Equal is accepted.

No unapproved Equal shall be supplied or incorporated into the Work without Manitoba Hydro’s prior
approval in writing.

12. OVERVIEW OF THIS NON-BINDING PROCUREMENT PROCESS

121

1211

12.1.2

12.2

12.3

12.4

125

12.6

12.7

12.8

12.9

Manitoba Hydro Requirements

PART Il - PROPOSED CONTRACT DOCUMENTS of this RFP includes Manitoba Hydro’s standard
form Articles of Agreement in draft form, Definitions and General Conditions together with Project
specific General Requirements, Technical Requirements, and Supplementary Conditions (if any) for
performance of the Work.

Manitoba Hydro seeks Proposals which respond to its stated requirements however recognizes that
experienced vendors/contractors may be capable of adding value during the procurement process, if given
the opportunity to attempt to do so.

Non-Binding Process
Submitted Proposals may be revoked by the Proponent and withdrawn at any time.

As a first step in the evaluation process, Manitoba Hydro will review submitted Proposals for compliance
with mandatory submission requirements to allow Proponents to rectify such deficiencies within a limited
time period as provided in Section 21 — Review and Rectification of Mandatory Requirements.

Following the Rectification process, one, some or all eligible Proponents may be invited to a confidential
Interview as contemplated by Section 22 — Interviews below.

Then the written Proposals which satisfied the mandatory submission requirements will be evaluated in
accordance with criteria set out in Section 23 - Evaluation Criteria below.

Manitoba Hydro may request additional evidence from one, some or all Proponents to further evaluate their
capability to successfully perform the Work as provided in Section 24 — Evidence of Proponent Ability,
Experience, Capital and Plant.

The top-ranked or the Preferred Proponent may be invited to commence negotiations with Manitoba Hydro
as provided in Section 25 — Negotiation Process below for possible agreement on terms for a contract for
performance of the Work.

Manitoba Hydro may terminate negotiations and move on to the next-ranked or then ‘Preferred” Proponent
until terms for a satisfactory contract can be agreed or the process cancelled.
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13. PROPOSED MODIFICATIONS TO PART 11 DOCUMENTS

131

1311

13.1.2

13.2

1321

13.3

1331

13.3.2

13.3.3

Manitoba Hydro’s General Conditions

Manitoba Hydro prefers that all Proponents submit Proposals based upon the standard General Conditions
included in this RFP in PART Il - PROPOSED CONTRACT DOCUMENTS.

Where, however, a Proponent is of the view that some modification to these standard terms may enhance
the Project and Manitoba Hydro’s ‘best solution’ considerations, the Proponent may propose
modification(s) to the General Conditions in its Proposal setting out the proposed wording for the change
and identifying the benefit to Manitoba Hydro and/or the Project which is to result from the proposed
change.

Manitoba Hydro’s General Requirements and Technical Requirements

Manitoba Hydro invites Proponents to consider and propose possible solutions to establish a long term
supply agreement of Auto Transformers, Shunt Reactors and Phase-Shifting Transformers.

Treatment of Proposed Modifications

Proponents shall clearly indicate in its Proposal each modification from the PART Il — PROPOSED
CONTRACT DOCUMENTS which is reflected in its plans and pricing submitted and which is intended to
be considered by Manitoba Hydro during its evaluation process.

Where a Proponent has priced its Proposal on Manitoba Hydro PART Il — PROPOSED CONTRACT
DOCUMENTS but has ‘alternatives’ to suggest only in the event that it is invited to negotiate, such
alternatives shall be clearly identified as such and will not be considered for evaluation purposes.

Every modification referred to in the Proponent’s Proposal shall be identified at the appropriate location in
its Proposal with the following information expressly provided:

€)] Identify the specific document(s) and section(s) of each document in PART Il - PROPOSED
CONTRACT DOCUMENTS which has been:
i) modified for purposes of pricing, plans, etc. included in the Proponent’s Proposal; or
i) merely listed as an “alternative’ for consideration in the event of any negotiations;

(b) Provide revised wording for each section of any document ‘modified’ for purposes of the
Proponent’s Proposal or identified as an alternative;

(©) Provide details of the rationale for each such proposed modification or identified alternative,
including why and to what extent such modification or alternative is proposed to improve
economies and/or enhance performance of the Work, together with the Proponent’s estimates
quantification of the monetary or other benefit to result for Manitoba Hydro.

14. PROPONENT REQUESTS FOR CLARIFICATION

141

14.2

14.3

Manitoba Hydro encourages each Proponent to submit clarification requests, questions and comments to
ensure that Manitoba Hydro’s requirements and intent set out in this RFP are correctly understood.

If a Proponent requires additional information or explanation concerning any lack of clarity, apparent gap,
ambiguity, or possible conflict in PART | — PROCUREMENT PROCESS, in PART Il - PROPOSED
CONTRACT DOCUMENTS or any other data provided by Manitoba Hydro, the Proponent shall inquire of
Manitoba Hydro as provided below in Section 15 — Enquiries.

If, in the opinion of Manitoba Hydro, an amendment to this RFP is required as a result of any Proponent’s
clarification request, question or comment, Manitoba Hydro shall issue an addendum.
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15. ENQUIRIES

15.1 Proponent enquiries and requests for clarification concerning this RFP are to be submitted in writing by fax
or email using the Proposal Clarification Form which is Attachment A to this PART | - PROCUREMENT
PROCESS of the RFP.

15.2 Manitoba Hydro will respond to all enquiries received more than seven (7) calendar days prior to
Submission Close. Enquiries received after this date may arrive too late to be duly considered or answered.

153  Where a Proponent seeks a clarification which involves disclosure of any confidential intellectual property
or proprietary business information, Manitoba Hydro shall not release any such confidential information to
other Proponents; however, Manitoba Hydro reserves the right to notify others participating in the RFP
process of:

15.3.1 updates or changes to this RFP involving correction of errors identified by one or more Proponents;

15.3.2 deviation from any particular constraint or requirement set forth in this RFP granted as a result of a request
for deviation that Manitoba Hydro, in its sole discretion, deems acceptable; and

15.3.3 enquiries from a Proponent not involving confidential intellectual property or proprietary business
information that Manitoba Hydro deems necessary or advisable to communicate to other prospective
Proponents.

15.4 A Proponent shall not be entitled to rely on any comment or interpretation made in response to an enquiry
unless that comment or interpretation is issued as an addendum to this RFP.

16. ADDENDA

16.1 Manitoba Hydro may, at any time prior to the date of Submission Close, issue addenda changing this RFP,
and all addenda shall be an integral part of this RFP.

17. JOINT VENTURES/CONSORTIA

17.1 A Proponent which is comprised of more than one legal entity (such as a joint venture or consortium of
corporations) must name one (1) duly authorized contact person in its Proposal for purposes of all
communications in respect of this RFP process.

17.2 Such a Proponent is to complete and submit its Proposal disclosing the proper legal name of each separate
legal entity which is a member of the Proponent.

17.3 Each member of a multi member Proponent shall sign the Proposal indicating the office of the individuals
who have been duly authorized to sign the Proposal on behalf of each specific member.

17.4  Where more than one legal entity combines to form a Proponent, all such entities shall undertake in the
Proposal to be jointly and severally bound by the Proposal submitted and by any resulting contract.

175 A copy of the written agreement binding the legal entities involved in jointly and severally submitting a
Proposal shall be provided to Manitoba Hydro with the Proposal.

17.6 An organizational chart shall be provided with the Proposal, detailing the Proponent’s intended
organizational structure for performance of the Work including the name of each member and its
responsibilities in the event of award of a contract to perform the Work.

17.7 A joint venture Proposal does not give a Proponent any preference under the evaluation criteria.

18. PROPOSAL FORMS

18.1 The Proponent is requested to use the Proposal Forms included in this RFP.
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18.2 Additional information forming part of the Proponent’s Proposal is to be submitted in accordance with the
instructions set out in the Form(s). If any Form is found to have insufficient space, the Proponent is
requested to attach a sheet or sheets immediately after the applicable page.

18.3 Each Proponent is encouraged to include in its Proposal thorough and sufficient information concerning
matters under consideration.

18.4 Manitoba Hydro shall own all information submitted by a Proponent in its Proposal and shall have the right
to use such information for any purpose whatsoever.

185 Information submitted in a Proposal, other than the Proponent’s pricing information, shall not be required
to be treated as confidential unless otherwise agreed to in writing by a Proponent and Manitoba Hydro.

19. SIGNING OF PROPOSALS
19.1 A Proposal submitted by:

@) an individual shall be signed by the individual in the presence of a subscribing witness;

(b) a corporation shall be signed by its duly authorized signing officer(s) in the presence of a
subscribing witness or witnesses; and

(c) a partnership or joint venture shall be properly signed by each partner or joint venturer in the
presence of a subscribing witnesses.

19.2 Manitoba Hydro may require evidence of the authority of any person purporting to sign a Proposal on
behalf of a person, firm or corporation, whether as principal, agent or attorney.

19.3 Each signature shall be accompanied by a legibly printed name identifying the signatory.
19.4  Where a Proponent is or includes a First Nation Band, its Proposal shall be accompanied by an effective

Band Council Resolution signed by the requisite quorum of Council authorizing submission of the Proposal
on behalf of the First Nation Band.

20. SCHEDULE FOR THIS PROCUREMENT PROCESS

20.1 Manitoba Hydro intends to conduct this procurement process in accordance with the schedule set out

below.
Step in the Procurement Process Date
Enquiries Seven (7) Calendar Days prior to Submission Close
Submission Close Refer to Section 2.1 of Instructions to Proponents
PART | - PROCUREMENT PROCESS
Technical Clarifications Two (2) to four (4) weeks from Submission Close
Evaluation of Proposals Complete Four (4) to six (6) weeks from Submission Close
Notice to Preferred Proponent(s) Four (4) to six (6) weeks from Submission Close
Commencement of Negotiations with Preferred | Six (6) to eight (8) weeks from Submission Close
Proponent(s)
Intended Contract Award(s) where no Eight (8) to ten (10) weeks from Submission Close
Manufacturing Facility Inspection Required
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21. REVIEW  AND  RECTIFICATION OF MANDATORY  SUBMISSION
REQUIREMENTS

21.1 Following Submission Close all Proposals submitted on time shall be reviewed by the evaluation
committee to determine if the mandatory submission requirements set out in these Instructions to
Proponents have been satisfied.

21.2 If a Proposal fails to satisfy all mandatory submission requirements, Manitoba Hydro will issue a
rectification notice to the Proponent identifying each deficiency and providing the Proponent a period of 5
calendar days (the “Rectification Period”) to correct the identified deficiencies.

21.3 If the Proponent fails to satisfy the mandatory submission requirements within the Rectification Period, its
Proposal will be excluded from further consideration.

214 The mandatory submission requirements are as follows:

INSTRUCTIONS MANDATORY SUBMISSION REQUIREMENT
SECTION
17.1 Name of duly authorized contact person [multi-member Proponent only]
17.2 Proper legal names for each member of Proponent
[multi-member Proponent only]
17.5 Provision of multi-member agreement [multi-member Proponent only]
17.6 Organizational chart for Proponent members and responsibilities
[multi-member Proponent only]
19.1 Signatures

22. INTERVIEWS

22.1 The evaluation team may conduct an interview with one, some or all Proponents whose Proposal(s)
fulfill(s) the mandatory requirements following any Rectification Period (an “Interview”).

22.2 Each such Proponent will be invited to make a brief presentation on its Proposal for performance of the
Work in accordance with an outline which Manitoba Hydro shall provide at least seven (7) days prior to
commencement of Interviews.

22.3 During each Interview, Manitoba Hydro may request that the Proponent respond to specific questions
regarding its proposed plans for managing the Work and its proposed technical solution(s).

22.4  All Interviews will be conducted at Manitoba Hydro’s offices in Winnipeg, Manitoba unless otherwise
indicated by Manitoba Hydro.

22.5 The result of discussions during the Interview shall be taken into account during evaluation and ranking of
each Proposal.

23. EVALUATION CRITERIA

23.1 To assess with which, if any, Proponents, Manitoba Hydro may wish to make presentations attend
interviews and/or commence negotiations. Proposals will be evaluated using the following criteria (in no
particular order of preference). Manitoba Hydro will assess and determine, in its sole discretion, the overall
best value for Manitoba Hydro in the evaluation of Proposals received.

23.2 For the purposes of evaluation, Manitoba Hydro may take into account any or all of the information
received from a Proponent under or pursuant to this Request, Manitoba Hydro’s knowledge of, and past
experience with, the Proponent (including Proponent’s performance on previous contracts with
Manitoba Hydro, if any), and any information about the Proponent received from third parties and deemed
reliable by Manitoba Hydro.

23.3 First Stage of Evaluation Process
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234 All Proposals will be evaluated on the following and must meet all of the following criteria, in
Manitoba Hydro’s determination, in order to proceed to the second stage of the evaluation process:
@) Technical Requirements

(b) The Proponent to provide examples of directly related previous experience in the past ten (10)
years for each of the ITEMs identified within the Scope of the Work that have been successfully
manufactured and delivered. These ITEM examples should detail the application, customer
(including references) and ratings for each.

235 Failure to meet the above-specified criteria will result in the Proponent’s Proposal from not proceeding for
further evaluation.

23.6 Proposals of Proponents which meet the above criteria will proceed to the second stage of evaluation by
Manitoba Hydro in accordance with the General Evaluation Criteria set out in the Subsection below:

23.7 Second Stage of Evaluation Process
@) Total evaluated cost per ITEM. Total evaluated cost includes base pricing and loss evaluation
costs, based on a defined formula provided by Manitoba Hydro.
(b) Delivery Dates
(c) Manufacturing facility and location
(d) Commercial compliance
(e) Logistics Plan
4] Overall Design
23.8 For Proposal evaluation purposes, Manitoba Hydro will convert U.S. proposed prices on the basis of the
Canadian exchange rate set by the Bank of Canada on the date of Submission Close.

23.9 Manitoba Content

23.9.1 All other evaluation results being reasonably equal, preference shall be given to a Proposal which
maximizes Manitoba Content where the following definition shall apply:

23.9.2 “Manitoba Content” means manufacturing, labour, materials and/or transportation proposed to be
provided by one or more Manitoba Businesses which Manitoba Hydro determines, in its sole and unfettered
discretion, are likely to result in benefits that provide a positive economic impact to the Province of
Manitoba.

23.9.3 See Section 9 — Manitoba Business Involvement of this RFP for definition of terms used in 22.9.2 above.
23.10 Unbalanced Pricing in a Proposal

23.10.1 The price proposed for each ITEM in the Proponent’s Proposal shall be a reasonable price for such ITEM
in the judgment of Manitoba Hydro.

23.10.2 One or more manifestly unbalanced unit prices or lump sum prices set out in a Preferred Proponent’s
Proposal may be challenged by Manitoba Hydro during any negotiations with a Preferred Proponent.

24. EVIDENCE OF PROPONENT ABILITY, EXPERIENCE, CAPITAL AND PLANT

24.1 Manitoba Hydro may require a Proponent to furnish evidence in addition to any provided in its Proposal to
satisfy Manitoba Hydro that the Proponent has the ability, experience, capital and plant required to perform
the Work successfully and to complete within the specified time.

24.2 As part of the evaluation process, Manitoba Hydro may inspect any plant and/or facilities that the
Proponent proposes to use for doing the Work.
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25. NEGOTIATION PROCESS

25.1 Upon completion of the evaluation process, Manitoba Hydro may invite the top-ranked or its “Preferred
Proponent” to enter into negotiations to finalize a contract for performance of the Work.

25.2 The PART Il - PROPOSED CONTRACT DOCUMENTS in this RFP form the basis for negotiations
between Manitoba Hydro and the Preferred Proponent.

25.3 Any modifications or enhancements to Manitoba Hydro’s requirements issued in PART Il — PROPOSED
CONTRACT DOCUMENTS which were included in the Preferred Proponent’s Proposal or referenced for
possible negotiation may be further considered.

25.4 Negotiations may include requests by Manitoba Hydro for supplementary information to verify, clarify or
add to information provided by the Proponent in its Proposal or to confirm the conclusion reached in the
evaluation, and may include requests by Manitoba Hydro for improved pricing or performance terms from
the Preferred Proponent.

25.5 Manitoba Hydro intends to conclude negotiations with its Preferred Proponent within a period of
approximately, 20 business days commencing from issuance of the invitation to enter into negotiations.

25.6 If the parties cannot conclude negotiations and finalize terms for the intended contract within the time
period above, Manitoba Hydro may discontinue negotiations with the top-ranked Proponent and invite the
next-best-ranked or subsequent Preferred Proponent to enter into negotiations, which process may continue
until:

25.6.1 acontract for performance of the Work is successfully negotiated and executed;

25.6.2 there are no more eligible Proponents remaining; or

25.6.3 Manitoba Hydro elects to cancel this RFP process.

26. AMENDMENT OF PROPOSAL
26.1 A Proponent may amend its submitted Proposal on MERX at any time prior to Submission Close.

26.2 A Proponent may not amend its Proposal after the Submission Close except at the written request of
Manitoba Hydro.

26.3 In order to advance toward a formal and binding contract during negotiations, Manitoba Hydro may issue a
written request to the Preferred Proponent for specific amendment(s) to its Proposal, and if the Proponent
finds the request satisfactory, shall provide the requested amendment(s) via email, fax or letter.

26.4  All amendments must be signed by the person or persons having the authority to bind the Proponent.

26.5 Manitoba Hydro shall consider each Proponent’s Proposal to be the Proponent’s best position for entering
into negotiations and for seeking award of a contract to perform the Work.

27. WITHDRAWAL OF PROPOSAL

27.1 At any time throughout the procurement process prior to execution of Articles of Agreement, a Proponent
may revoke and withdraw a submitted Proposal by either removing the Proposal from MERX if withdrawal
is prior to Submission Close or by providing written notice to Manitoba Hydro if withdrawal is after
Submission Close.

27.2 Written notice of withdrawal of a Proposal must be duly signed by the authorized representative of the
Proponent.

27.3 Manitoba Hydro is under no obligation to return withdrawn Proposals.
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28. BINDING CONTRACT

28.1

28.2

Manitoba Hydro and its Preferred Proponent shall evidence any agreement as to the final terms of a
contract to perform the Work by the execution of Articles of Agreement, a draft form of which is provided
in PART Il - PROPOSED CONTRACT DOCUMENTS of this RFP.

Until execution of duly completed Articles of Agreement by both parties, there shall be no legal or other
binding obligation created on the part of either party with respect to this non-binding RFP process or with
respect to performance of the Work.

29. TERMS AND CONDITIONS OF RFP PROCESS

29.1

29.2

29.3

Defined words and phrases used in PART | - PROCUREMENT PROCESS of this RFP have the meanings
ascribed to them in the body of these Instructions to Proponents (“I1TP”).

Proponents shall also have regard to the Contract Definitions set out in PART Il — PROPOSED
CONTRACT DOCUMENTS of this RFP for defined terms relevant to performance of the Work.

All references to days or weeks in these ITP shall mean calendar days or calendar weeks, as applicable.

30. LANGUAGE

30.1

30.2

Proposals must be prepared and submitted in the English language, including any Forms and all other
submissions made in response to this RFP.

All communications respecting this RFP must be conducted in fluent English, or the Proponent may be
required to provide satisfactory translation services at its sole expense.

31. APPLICABLE LAWS

31.1

31.2

31.3

All matters arising out of or related to the procurement process under this RFP (including, without
limitation, contracts (if any) arising here from) shall be subject to, interpreted, performed and enforced in
accordance with the laws of Manitoba without regard to Manitoba or Canadian law governing conflicts of
law, even if a Proponent may be resident of or domiciled in any other province or country.

Each Proponent irrevocably submits and attorns to the exclusive jurisdiction of the Court of Queen’s Bench
of Manitoba, Winnipeg Centre.

Neither The International Sale of Goods Act, C.C.S.M. c¢. S11, nor the United Nations Convention on
Contracts for the International Sale of Goods referred to in that Act shall have any application to Manitoba
Hydro or to persons responding to this RFP or entering into any Contract for performance of the Work.

32. CORRUPT OR FRAUDULENT PRACTICES

321

3211

32.1.2

Manitoba Hydro has the right at any time to reject any Proposal submitted by a Proponent or terminate
negotiations with a Proponent if, in Manitoba Hydro’s determination, the Proponent has engaged in any
Corrupt, Fraudulent, Collusive, or Coercive Practice or has breached any laws regarding corruption or
fraud. For these purposes the following defined terms shall apply:

“Coercive Practice” means impairing or harming, or threatening to impair or harm, directly or indirectly,
persons or their property to influence improperly the actions of Manitoba Hydro, a Proponent, or any other
person, in the procurement process, or in the negotiation and signing of the Contract.

“Collusive Practice” means an arrangement between two or more persons (including, without limitation, a
Proponent and any other person) designed to achieve an improper purpose, including but not limited to the
establishment of prices for the Work at artificial, non-competitive levels in the procurement process or in
the negotiation and signing of the Contract.
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32.1.3 “Corrupt Practice” means the offering, giving, receiving or soliciting, directly or indirectly, of anything
of value to influence improperly the actions of Manitoba Hydro, a Proponent, or any other person, in the
procurement process, or in the negotiation and signing of the Contract.

32.1.4 “Fraudulent Practice” means any act or omission, including a misrepresentation, that knowingly or
recklessly misleads, or attempts to mislead, Manitoba Hydro, a Proponent, or any other person, to obtain a

financial or other benefit or to avoid an obligation in the procurement process, or in the negotiation and
signing of the Contract.

33. ELECTRONIC FILES

33.1 Manitoba Hydro does not represent or warrant that any electronic files provided under/with this RFP are
usable, are error-free, or are free of viruses or other harmful or destructive properties.

33.2 Such electronic files, and any content/part thereof, are provided on an “as is” basis, without warranty of any
kind.

33.3 The entire risk as to use of and/or reliance on such electronic files is assumed by the user.

34. DELIVERY AND RECEIPT OF DOCUMENTS

34.1 Manitoba Hydro assumes no risk, makes no guarantee, warranty or representation whatsoever, and shall
have no responsibility or liability, including in contract or in tort, whatsoever, for or in connection with:

34.1.1 the timely delivery of any information or documentation, including, without limitation, this RFP, whether
by mail, by courier, by hand, by MERX, or otherwise, in connection with this RFP;

34.1.2 the timely receipt of any Proposals, revisions, amendments, notice of withdrawals, or any other information
or documentation from any Proponent or potential Proponent; or

34.1.3 the working order, functioning or malfunctioning, of any electronic information system (including MERX).
35. PROPONENT EXPENSES

35.1 The Proponent shall be solely responsible for all costs or expenses incurred in relation to the preparation of
its Proposal, including any additional costs incurred in respect of a Site visit and any and all costs incurred
in relation to any interviews, discussions and/or negotiations held with respect to this RFP and shall have
no claim against Manitoba Hydro with respect to such costs or expenses in any event.

36. PROPOSAL OWNERSHIP

36.1 Proposals, once submitted, become the property of Manitoba Hydro.

37.NO CONTRACT A - NO CLAIMS

37.1 This RFP is not intended to create and shall not create a formal, legally binding ‘bidding’ process and shall
instead be governed by the law applicable to direct commercial negotiations.

37.2 For greater certainty and without limitation:

37.2.1 This RFP shall not give rise to any Contract A based upon tendering law duties or any other legal
obligations arising out of any procurement process contract or collateral contract; and

37.2.2 Neither the Proponent nor Manitoba Hydro shall have the right to make any claims (in contract, tort or
otherwise) against the other with respect to the outcome of this RFP process, including any decision by
Manitoba Hydro to enter into a contract with a Proponent, any decision by Manitoba Hydro to not enter
into a contract with a Proponent or a decision by a Proponent to withdraw its Proposal.
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38. NON-BINDING PRICE ESTIMATES

38.1

38.2

While pricing information provided in Proposals will be non-binding prior to signing of Articles of
Agreement, such information will be assessed during evaluation of Proposals and the ranking of
Proponents.

Any inaccurate, misleading or incomplete information provided by a Proponent, including withdrawn and
altered pricing, could adversely impact any such evaluation or ranking or decision by Manitoba Hydro to
continue negotiations or enter into a contract with a Proponent.

39. PRIVILEGE/DISCRETION

39.1

39.2

39.3

39.4

39.5

39.6

Manitoba Hydro makes no representation or warranty that responding to this RFP will result in any
negotiations or any Contract.

Manitoba Hydro is under no obligation to permit rectification of any Proposal, evaluate any Proposal, enter
into any negotiations with any Proponent or other person, or to award a contract pursuant to this RFP.

Notwithstanding any industry or trade custom or past practices of Manitoba Hydro to the contrary,
Manitoba Hydro does not represent that it will necessarily, and Manitoba Hydro shall not be obliged to,
select any Proposal, select the lowest priced Proposal, or be precluded from selecting any Proposal or other
offer or for determining that it will negotiate further in respect of any Proposal submitted.

Manitoba Hydro reserves the right, and the Proponent acknowledges that Manitoba Hydro has the right, to
reject any, or all, Proposals for any reason, or to select, negotiate or accept any Proposal which Manitoba
Hydro in its sole unfettered discretion deems advantageous to itself with no resulting liability to any
Proponent.

Manitoba Hydro reserves the right in its sole discretion to cancel this RFP for any reason whatsoever, either
before or after the Submission Close and regardless of whether or not any Proposals have been submitted.

Manitoba Hydro reserves the right in its sole discretion, for any reason whatsoever, to re-issue a request for
proposals or tender for all or any part of the Work referred to in this RFP, at any time, including after the
date of Submission Close.

40. WAIVER

40.1

By submitting a Proposal, the Proponent acknowledges Manitoba Hydro’s rights, expressly reserved under
this RFP and absolutely waives any right, or cause of action against Manitoba Hydro, its officers, directors,
employees and/or agents by reason of Manitoba Hydro’s decision to not select the Proposal submitted by
the Proponent, whether such right or cause of action arises in contract (including fundamental breach),
negligence, bad faith, or otherwise.
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tI\Manitoba
Hydro

REQUEST FOR PROPOSAL 039857

SUPPLY AND DELIVERY OF AUTO TRANSFORMERS, SHUNT
REACTORS AND PHASE-SHIFTING TRANSFORMERS

PART Il - PROPOSED CONTRACT DOCUMENTS

IMPORTANT
© 2016 MANITOBA HYDRO. THIS REQUEST FOR PROPOSAL IS THE EXCLUSIVE PROPERTY OF MANITOBA HYDRO AND ALL
RIGHTS ARE RESERVED. ANY RELEASE, REPRODUCTION OR OTHER USE THEREOF, WITHOUT THE EXPRESS WRITTEN
CONSENT OF MANITOBA HYDRO IS STRICTLY PROHIBITED.

NOVEMBER 10, 2016
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REQUEST FOR PROPOSAL 039857
SUPPLY AND DELIVERY OF AUTO TRANSFORMERS, SHUNT
REACTORS AND PHASE-SHIFTING TRANSFORMERS

This Request for Proposal (RFP) is comprised of two (2) Parts:
PART | - PROCUREMENT PROCESS, and
PART Il - PROPOSED CONTRACT DOCUMENTS

Part Il Proposed Contract Documents include:

Articles of Agreement

Contract Definitions

General Conditions

General Requirements

Technical Requirements

Supplementary Technical Requirements
Apparatus Tests and Quality Control Program Requirements
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ARTICLES OF AGREEMENT

These Articles of Agreement effective as of [insert month, day and year] (the “Effective Date”) by and between:

MANITOBA HYDRO
(the “Purchaser”)
-and -
[insert full legal name of Contractor in BOLD, uppercase]
(the “Contractor™)

IN CONSIDERATION OF the mutual promises and covenants of the Parties, and other good and valuable
consideration, the receipt and sufficiency of which is hereby acknowledged, the Parties agree as follows:

1. CONTRACT DOCUMENTS

1.1 Upon execution of these Articles of Agreement the Parties shall be bound to perform the Contact in
accordance with the terms, and conditions, obligations and Purchaser’s Requirements set out in the
Contract Documents listed below, all of which are intended to be complementary so that what is binding in
one shall be binding as if required by all.

1.2 If there is a conflict within the Contract Documents their order of priority, from highest to lowest shall be:

1.2.1 Articles of Agreement;

1.2.2 Contract Definitions;

1.2.3 Supplementary Conditions;

124 General Conditions;

1.25 General Requirements with Appendices;

1.2.6 Supplementary Technical Requirements with Appendices;

1.2.7 Technical Requirements with Appendices;

1.2.8 Apparatus Tests and Quality Control Program Requirements;

1.2.9 Purchaser’s Drawings; and

1.2.10  Contract Forms, namely:
a) Contract Form 1 — Cost of the Work;
b) Contract Form 2 — [insert title of Form];
c) Contract Form 3 — [insert title of Form], etc.
d) [Continue to list in proper order of priority all essential parts of the Form of Tender/Proposal

necessary for inclusion in the Contract at time of award.]

2. WORK

2.1 The Contractor agrees to perform the Work required by the Contract Documents for:
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[TITLE]

CONTRACT PRICE

The Purchaser agrees to pay the Contractor for due performance of the Work at the agreed lump sums for
completed ITEMs in Canadian/US dollars as set out in Contract Form 1 — Cost of the Work, in accordance
with terms of the Contract.

The Contractor shall refer in each invoice to the Purchaser’s Purchaser Order number [insert number] in
respect of this Contract.

TERM OF THE CONTRACT
The Term of the Contract shall be three (3) years.
The Purchaser may request up to two (2) one (1) year extensions of the Term.

JOINT AND SEVERAL OBLIGATIONS [or ‘NOT USED’]

[Include this Article 5 only when the Contractor consists of two or more separate legal entities acting as a partnership, joint venture
or consortium, etc. Include the legal name of each such member on the first page and on the signature page of these Articles of
Agreement. If the Contractor is not a joint venture, etc. delete the heading and this Article altogether and insert the words “Not
Used” beside Article number 5 above.]

[insert legal name of Contractor member #1], [insert legal name of Contractor member #2] and [insert
legal name of Contractor member #3, etc.] hereby covenant and agree that each is jointly and severally
liable with the other(s) to perform all Work and to satisfy all Contractor obligations under the Contract so
that the Purchaser may look to any one or more of [insert names of each Contractor member] for the due
and proper performance of all or any of the Contractor obligations under the Contract and for the
performance of every part of the Work, regardless of any intended division of the Work between/among
[insert names of each Contractor member] as part of their contractual business arrangement.

[insert names of each Contractor member] hereby designate [insert name of individual together with title
and name of his/her employer], shall be the single point of contact for the multi-member Contractor who
shall be responsible to give and receive formal communications on behalf of the Contractor during the
Term of the Contract. The Purchaser shall be provided with immediate notice in writing from all members
of the Contractor upon revocation, any temporary or permanent amendment to this designation.

NOTICES IN WRITING

To be effective, a notice required to be given in writing under the Contract must be given by personal
service, facsimile transmission with acknowledgement of receipt or by letter delivered by registered mail
addressed to the designated contact person named below:

Contractor: [insert full legal name of Contractor]
[insert street address]
[insert city, province/state,and postal/zip code]
[insert country, if required]

Attention: [insert contact name]
[insert position title]
Fax: [insert fax number]

Purchaser: Manitoba Hydro
[insert street address]
[insert city, province/state,and postal/zip code]

Attention: [insert contact name]
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Fax: [insert fax number]
6.1.3 Engineer [or Contract Administrator]:
Manitoba Hydro
[insert street address]
[insert city, province/state,and postal/zip code]
Attention: [insert contact name]
[insert position title]
Fax: [insert fax number]
6.2 Designation of any of these contact persons may be amended from time to time upon written notice duly
given to each of the other persons noted above.
6.3 Notice given by personal service shall be effective upon receipt.
6.4 Notice given by fax shall be effective upon confirmation of successful transmission if received within the
recipient’s normal working hours, or otherwise, on the next business day following receipt.
6.5 Notice by registered mail within Canada shall be deemed received 5 days after the date of posting, or 10
days after posting to an address outside of Canada.
7. PUBLIC ANNOUNCEMENTS
7.1 The Contractor shall not make use of its association with the Purchaser in respect of the Contract or the

Work, for publicity or promotion or in any public announcement without the prior express written consent
of the Purchaser.

8. ENTIRE AGREEMENT
8.1 The Contract constitutes the entire agreement between the Purchaser and the Contractor with respect to the
Work, and supersedes all prior negotiations, representations or agreements, either written or oral relating in

any manner to the Work, including procurement documents not expressly listed in Article 1 — Contact
Documents above.

9. AMENDMENT

9.1 The Contract may only be amended by an agreement in writing which is signed by duly authorized
representatives of each Party.

10. SURVIVAL

10.1 Those provisions of the Contract which, by their nature are deemed to have been intended parties acting
reasonably to survive expiry or termination of the Contract and all other provisions of the Contract
necessary to give effect thereto, shall survive the expiry or termination of all or any part of the Contract.

11. ENUREMENT

111 The Contract shall be binding upon, and shall enure to the benefit of the Parties and their respective
permitted successors and permitted assigns.

12. COUNTERPARTS

121 These Articles of Agreement may be executed in any number of counterparts, each of which shall be
deemed to be an original and all of which, when read together, shall be deemed to constitute one and the
same instrument.
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12.2 Counterparts may be executed either in original and faxed form and the Parties agree to adopt any
signatures received by a receiving fax machine as original signatures of the Parties provided that a Party
providing its signature in such manner shall promptly forward to the other Party an original signed copy of
these Articles of Agreement which were so faxed.

IN WITNESS WHEREOF the Parties hereby execute these Articles of Agreement by the hands of their duly
authorized representatives.

MANITOBA HYDRO:

Signed: Signed:
Authorized Signing Representative Authorized Signing Representative
Name Name
(print): (print):
Title Title
(print): (print):
Date: Date:

[insert full legal name of Contractor in bold, uppercase]

Signed: Signed:
Authorized Signing Representative Authorized Signing Representative

Name Name

(print): (print):

Title Title

(print): (print):

Date: Date:

4
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CONTRACT DEFINITIONS

When used in the Contract Documents, the following words and phrases shall, unless the circumstances otherwise
require, have the following meanings:

Actual Cost means direct expenses reasonably incurred by the Contractor in performance of its obligations under
the Contract, excluding GST. Actual Cost includes RST necessarily paid by the Contractor on such direct expenses.
Actual Cost does not include any indirect cost to the Contractor or Contractor’s Personnel including profit, overhead
or damages alleged to be consequential upon modification to the scope of Work, suspension or termination of part or
all of the Contract.

Articles of Agreement, when issued by the Purchaser, means the Contract Document signed by the Purchaser and
Contractor upon entering into the Contract.

Change Order means the document or documents by which the Contractor is authorized by the Engineer to proceed
with an in-scope change to the Work.

Completion Certificate means the document to be issued by the Purchaser upon final completion of the Work, or a
Section of the Work, by the Contractor.

Confidential Information means all information provided by the Purchaser to the Contractor in respect of the
Purchaser’s operation and business and the Work which is not in the public domain.

Contract means the entire agreement entered into between the Purchaser and the Contractor upon execution of the
Articles of Agreement or issuance of a Purchaser Order, as applicable, for performance of the Work by the
Contractor in accordance with the Contract Documents and payment by the Purchaser of the Contract Price.

Contract Administrator means the Purchaser’s designate appointed to administer the Contract where the designate
is not a professional engineer. The Contract Administrator shall perform the roles and responsibilities of the
Engineer and the term ‘Engineer’ when used in the Contract Documents shall, in that event, be read down to instead
say ‘Contract Administrator’.

Contract Dates means those dates and durations identified in Purchaser’s Requirements by which the Contractor is
to achieve completion of specified components of the Work.

Contract Documents means the Articles of Agreement, these Contract Definitions, Supplementary Conditions, if
any, the General Conditions, the General Requirements, Purchaser’s Drawings if any, the Technical Requirements,
and Contract Forms listed in the Articles of Agreement, all appendices and attachments to the foregoing documents,
and amendments to any of them duly executed by both Parties as provided in the Article 9 — Amendments of the
Articles of Agreement.

Contract Forms means excerpts from the Contractor’s form of tender or proposal submitted in response to the
Purchaser’s procurement process giving rise to award of the Contract, as negotiated and modified, if at all, and
accepted by the Purchaser for inclusion in the Contract.

Contract Price means the amount set out as such in Contract Form 1 — Cost of Performing the Work, and:
a) in respect of the whole of the Work, means the total price to be paid by the Purchaser to the Contractor for
due performance all Work, exclusive of Goods and Services Tax (GST); and
b) in respect of any ITEM of the Work, the total price to be paid by the Purchaser to the Contractor for due
provision of that ITEM of the Work, exclusive of GST.

Contract Schedule means the detailed plan, if any, for the Contractor’s performance and completion of the Work.
Where applicable, the detailed plan is set out in Contract Form 2 — Schedule for Performing the Work and may be
adjusted from time to time in accordance with the Contract.

Contractor means the Party named as such in the Contract.

Contractor’s Documents means all documents to be created by the Contractor and delivered to the Purchaser
to meet the Purchaser’s Requirements.

June 21, 2017 Page 276 of 1301



Manitoba Hydro 2017/18 & 2018/19 General Rate Application
PUB MFR 183
MMTP

Manitoba Hydro 039857 Contract Definitions v1 Page - 2

Contractor’s Facilities means the premises used by the Contractor for manufacturing, assembly, testing, and
preparing Equipment and other materials for Supply to the Purchaser as well as the business premises of others in
the Contractor’s supply chain; and Contractor’s Facility shall have similar meaning.

Contractor’s Personnel means the employees, agents, representatives, suppliers and Subcontractors of the
Contractor who participate in performance of the Work.

Contractor’s Records means all documents which account for the Contractor’s cost of performing the Work and
complying with the Purchaser’s Requirements.

Contractor’s Representative means the individual duly appointed representative by the Contractor pursuant to
General Conditions 15 — Contractor’s Representative.

Day or day means a calendar day.

Delivery means the packaging, loading, and transport of Equipment, apparatus and other components of the Work
required of the Contractor by the Purchaser’s Requirements.

Dispute Notice means the document issued by one Party to the other to commence the Dispute Resolution Processes
provided at General Conditions Part X — Dispute Resolution Processes including particulars of the matter in dispute
as required by General Conditions to the Contract.

Effective Date means the date when the Contract came into effect, as set out in the Articles of Agreement or
Purchase Order, as applicable.

Engineer means the professional engineer appointed by the Purchaser from time to time to administer the Contract.
Where the Purchaser instead designates a Contract Administrator, the Contract Documents shall be deemed to be
modified to replace the term ‘Engineer’ with ‘Contract Administrator’.

Equipment means one or more hard goods component of the Work Supplied by the Contractor in accordance with
the Purchaser’s Requirements.

Escalation means the provision, if any, included in the General Requirements entitling the Contractor to Contract
Price adjustments based upon variations during the Term in the cost of specified commodities or other components
of the Work using a fixed rate, an index or indices specified.

Extra Work Order means the document or documents by which the Contractor is authorized by the Engineer to
proceed with a change to the Work that is generally within the scope of the Work such as the addition of similar,
upgraded or improved items required by the Purchaser.

Final Payment means the amount determined by the Engineer to be payable by the Purchaser to the Contractor,
after the Completion Certificate has issued.

General Conditions means the Contract Document which sets out general provisions for performance of the Work
and administration of the Contract including procedures for payment, suspension, termination and resolution of
claims and disputes.

General Requirements means the Contract Document which sets out an overview of the scope of the Work,
procedures relevant to the Project and to performance of the Work such as standards, scheduling, insurance,
Performance Security, Payment Security, quality assurance, reporting, change procedures and Warranty obligations
of the Contractor.

GST or Goods and Services Tax means the value added tax payable in Canada under the federal Excise Tax Act.

ITEM (or Item) means an aspect of the Work described in the General Requirements in respect of which the
Contractor has provided a specific Contract Price for its associated performance obligations.
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Labour and Material Payment Bond means a type of Payment Security obtained by the Contractor from a third
party surety company to meet the Purchaser’s Requirements and stand as security to protect non-parties to the
Contract from payment defaults by the Contractor in respect of their performance of aspects of the Work.

Laws mean all national, state, provincial and local government legislation, regulations and by-laws in effect from
time to time in the place or places where the Contractor performs the Work.

Letter of Credit means a type of Performance Security obtained by the Contractor from its bank to meet the
Purchaser’s Requirements and stand as security to protect the Purchaser against the cost of Contractor defaults under
the Contract.

Liquidated Damages means the agreed genuine pre-estimate of the Purchaser’s losses, costs and damages likely to
result from Contractor delay or failure to achieve performance requirements for specified aspects of the Work as set
out in the General Requirements.

Manitoba Business is a business which is registered to do business in the Province of Manitoba, and the firm, or its
principals, maintains their facilities, equipment and staff in Manitoba on a continuous basis.

Northern Indigenous shall mean a First Nations, Non-status Indian, Metis or Inuit person who has resided in
Manitoba, north of the Northern Affairs Boundary (Appendix B) for a cumulative period of five years or more.

Northern Indigenous Contractor is a Northern Business (including Indigenous joint venture, partnership or
corporation):

(a) which is at least 51% owned and controlled by Northern Indigenous; and

(b) if the business has six or more full-time staff, at least one-third of them are Indigenous people.

Northern Business is a Manitoba Business is located within the Northern Affairs Boundary (Appendix B).

Notice to Arbitrate means a written notice formally served by one Party on the other initiating arbitration of a
dispute as contemplated by Part X of the General Conditions.

Party or Parties means the Purchaser, the Contractor or both of them, as the case may be.

Payment Certificate means the document to be issued by the Engineer upon review and approval of Progress
Statements submitted from time to time by the Contractor as applications for payment of portions of the Contract
Price.

Payment Milestone means a specified stage in performance of the Work at which the Contractor is entitled to claim
payment of a specified amount for satisfactory completion of a specified part of the Work as set out in Contract
Form 1 — Cost of Performing the Work.

Payment Security means a Labour & Material Payment Bond, Statutory Holdback or other form of security
intended to protect non-parties to the Contract from payment defaults by the Contractor in respect to specified
beneficiaries who contribute to performance of the Work.

Performance Bond means the form of security required of the Contractor and provided by a third party surety
company to protect the Purchaser, on its terms, against performance defaults by the Contractor.

Performance Holdback means the percentage to be deducted from amounts of the Contract Price otherwise due
and payable to the Contractor to be retained and stand as security for the benefit of the Purchaser against Contractor
defaults under the Contract the unused balance of which shall be released in accordance with terms of the Contract.

Performance Security means the forms and amounts of monetary protection the Contractor is required to provide
under the General Requirements to protect the Purchaser from defaults under the Contract by the Contractor.

Progress Statement means the invoice, payment application or other form approved by the Engineer in which the
Contractor is entitled to request payment by the Purchaser of some or all of the unpaid balance of the Contract Price.
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Purchase Order means the numbered document by which the Purchaser, directs the Contractor to manufacture,
supply and deliver certain ITEMs.

Purchaser means Manitoba Hydro Electric Board (Manitoba Hydro), its successors or assigns.

Purchaser’s Drawings means detailed documents issued by the Purchaser setting out Purchaser’s Requirements
necessary to the Contractor’s performance of the Work.

Purchaser’s Requirements means the contents of any one or more of the Contract Documents entitled General
Requirements, Purchaser’s Drawings and Technical Requirements, including all attachments and performance
standards which any of them incorporates by reference.

RST or Retail Sales Tax means the tax due to the provincial government under The Retail Sales Tax Act
(Manitoba).

Section of the Work means an ITEM or other part of the Work specified in the Purchaser’s Requirements in respect
of which a Completion Certificate shall be issued and a Warranty period shall commence, separate from the whole
of the Work.

Site means the location(s) specified in the Purchaser’s Requirements for Delivery of Items and/or for provision of
Support Services.

Statutory Holdback means the 7.5% deduction which the Purchaser is required to deduct and retain and release in
accordance with provisions of The Builders’ Liens Act (Manitoba) when the Project or the Work is not exempted
from provisions of that Act.

Subcontractor means a person or entity having a contract with the Contractor for performance of a part of the
Work, including without limitation the provision of design services, testing services, transportation services, Support
Services, labour, material, supplies, rental equipment, Equipment components or apparatus.

Subsidiary Obligation means a cost to the Contractor of performing work of a type required by the Contract which
is specified by the Purchaser as being incidental to performance of such work so that the specific cost shall not be
claimed against or paid directly by the Purchaser but shall instead be deemed to have been included by the
Contractor in the Contract Price agreed.

Substantial Performance has the meaning set out in The Builders’ Liens Act (Manitoba).

Supplementary Conditions means the Contract Document containing amendments to the Purchaser’s standard
form General Conditions (Supply Only v.1), including these Definitions, which is provided, if at all, specifically for
use with this particular Contract.

Supply means all of the design, engineering, manufacture, assembly and in-factory-testing of Equipment, apparatus
or other components of the Permanent Work which are to be performed by the Contractor together with provision of
any software, operation and maintenance manuals and other deliverables specified in the Purchaser’s Requirements;
and Supplied and Supplying shall have a similar meaning.

Support Services means those ITEMS of Work to be provided by the Contractor to assist the Purchaser with off-
loading, assembly, installation by others, commissioning of Equipment Supplied, provision of operation,
maintenance and training instructions to Purchaser’s Personnel as specified in the Purchaser’s Requirements.

Technical Requirements means the Contract Document in which the Purchaser has set out the detailed scope of
Work together with performance obligations of the Contractor.

Term means the fixed time period specified for the Contract, including any renewals.

Warranty means the performance obligations of Contractor which commence upon issuance of the Completion
Certificate and continue for the period of time specified in the General Requirements in respect of all or part of the
Work.
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Work means all of the Supply obligations of the Contractor, all Support Services to be provided by the Contractor,
all goods, Equipment, materials, supplies, apparatus, machinery, spare parts and other deliverables to be provided by
the Contractor, all Installation and construction to be performed by the Contractor to meet the Purchaser’s

Requirements.
year means the calendar year at issue, consisting of 365 or 366 days, as the case may be.

NOTE: Technical terms may also be defined and abbreviations may be specified in the Technical
Requirements.
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PART | - GENERAL PROVISIONS
1. DEFINED WORDS AND PHRASES
11 Capitalized words and phrases used in the Contract Documents have the meanings ascribed to them in the
Contract Definitions, or as expressly defined elsewhere in the Contract.
2. INTERPRETATION
2.1 If an ambiguity or discrepancy is found in the Contract Documents, notice shall be immediately given to
the Engineer who shall issue any necessary clarification or instruction.
2.2 Articles of Agreement 1.2 or the Purchase Order, as applicable, sets out the priority to be given to the
Contract Documents in the event of a conflict between or among any of them.
2.3 In the event that an inconsistency or discrepancy within the Contract Documents cannot be resolved on the

basis of the priority of documents provided as above, the higher standard or specification as determined by
the Engineer shall apply.

3. LANGUAGE, DIMENSIONS AND WEIGHTS

3.1 All oral and written communications required by the Contract shall only be in English. Any requirement for
translation of Contractor communications into proper English shall be at the cost of the Contractor.

3.2 The design documents and the Work shall be executed in the system(s) of measurement specified in the
Purchaser’s Requirements.

3.3 Weights shall, unless otherwise expressly specified in the Purchaser’s Requirements, be shown in
kilograms and metric tonnes.

4. ERRORS IN CONTRACT DOCUMENTS

4.1 If a Party becomes aware of an error, omission or defect of a technical nature in a Contract Document, the
Party shall promptly give notice of the error or defect to the Engineer and to the other Party.

4.2 If the Work includes design obligations and the Contractor suffers delay and/or incurs cost as a result of an
error in the Purchaser’s Requirements which a contractor well experienced in performing similar work
exercising due care would not have earlier discovered to avoid the delay and/or cost suffered, the
Contractor shall be entitled to give notice to the Engineer of a claim for time extension and/or adjustment to
the Contract Price in accordance with General Conditions 35 — Contractor Claims.

5. INTELLECTUAL PROPERTY
51 All Contractor’s Documents shall become the exclusive property of the Purchaser upon their making.

5.2 The Contractor represents and warrants that it owns all intellectual property rights in the Work or has right
to grant to the Purchaser the licenses and any other rights in and to the Work. If the intellectual property
rights are or will be owned by a third party, the Contractor represents and warrants that it has the right to
sublicense to the Purchaser or that it will obtain for the Purchaser a license from the third party.

5.3 Ownership of any proprietary information or intellectual property contained in the Contractor’s Documents
shall remain with the Contractor.

5.4 The Contractor hereby grants the Purchaser an irrevocable, perpetual, free and royalty free, non-
transferable, limited license to use, copy, publish and to allow third parties to use, the Contractor’s
Documents and all proprietary information contained in the Contractor’s Documents for the purpose of
completing, operating, maintaining, modifying, and repairing Equipment and other components of the
Work supplied by the Contractor.
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55 The Contractor shall include the following notation on all Contractor’s Documents either directly or by

reference:

[insert Contractor’s Name] — (the “Contractor”) hereby licenses Manitoba Hydro to use, copy and to allow
third parties to use this document, and all proprietary information contained in this document for the
purpose of completing, operating, maintaining, modifying, and repairing components and/or all of the
Work provided by the Contractor.”

5.6 The Contractor shall deliver to the Purchaser all software (in object code format only) that is required for
the installation, operation and maintenance of the Work Supplied by the Contractor.

5.7 The Contractor hereby grants to the Purchaser a perpetual, fully paid-up, non-exclusive, transferable,
royalty free, limited license to use and copy Contractor’s software provided for the Purchaser’s internal
business purposes in respect of the installation, operation and maintenance of Equipment and other
components of the Work Supplied by the Contractor.

5.8 The Contractor shall pay all royalties when due under or in respect of patents or other intellectual property
rights pertaining to the Equipment or other components of the Work Supplied by the Contractor.

6. PURCHASER’S CONFIDENTIAL INFORMATION

6.1 The Purchaser owns and operates public utility assets which may be vulnerable to threat and damage and
involve certain proprietary interests necessary to include as Confidential Information in the Purchaser’s
Requirements.

6.2 The Contractor and all Contractor’s Personnel shall:

6.2.1 treat as confidential all information provided by the Purchaser in respect of its operations and the Work
which is not in the public domain;

6.2.2  not use or disclose to any person or permit any person to use or disclose any Confidential Information
without prior written permission from the Purchaser;

6.2.3  comply with any reasonable directions given by the Engineer or the Purchaser with respect to safeguarding
or ensuring protection of the Confidential Information;

6.2.4  not directly or indirectly threaten to or in fact destroy, invalidate, or otherwise harm any Confidential
Information or other property owned or controlled by the Purchaser;

6.2.5  ensure that all Contractor’s Facilities used to access, copy, transmit or store Confidential Information shall
be sufficiently secure to protect against unauthorized distribution or access to Confidential Information;

6.2.6  notify the Purchaser in writing immediately upon becoming aware of any threatened or actual unauthorized
distribution or access to Confidential Information, and in any such event, take preventive and/or remedial
actions that the Purchaser may reasonably require; and

6.2.7  from time to time upon request by the Purchaser or Engineer, acting reasonably, take actions required of
Contractor and Contractor’s Personnel to ensure compliance with this General Conditions 6.

7. ASSIGNMENT OF RIGHTS AND OBLIGATIONS

7.1 The Contractor shall not, without the prior written consent of the Purchaser, assign the Contract in whole or
in part to any other person. The Purchaser may for any reason, in its sole discretion, withhold consent to
any Contractor proposal for assignment. Any assignment for which the Purchaser’s consent is granted shall
not relieve the Contractor from any of its obligations under the Contract.

7.2 The Contractor hereby agrees that the Purchaser shall have the right at any time to assign the Contract, in
whole or in part including the Warranty to any third party without consent or prior notice to the Contractor.
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The Purchaser shall advise the Contractor in writing within ten (10) days of the occurrence of any such
assignment.

PART Il - ADMINISTRATION OF THE CONTRACT
8. THE ENGINEER

8.1 The Purchaser has appointed the Engineer to administer the Contract. On written notice to the Contractor,
the Purchaser may at any time replace the Engineer. The Engineer may be an employee of the Purchaser.

8.2 The Engineer shall not amend the Contract.

8.3 The Engineer may exercise the authority that is attributable to the Engineer as specified in or necessarily to
be implied from the Contract. Whenever the Engineer exercises a specified authority for which the
Purchaser’s approval is required under policies internal to the Purchaser, then (for purposes of the Contract)
the Purchaser shall be deemed to have given approval.

8.4 Except as otherwise stated in these General Conditions:

8.4.1 whenever carrying out duties or exercising authority, specified in or implied from the Contract, the
Engineer shall be deemed to act for the Purchaser;

8.4.2  the Engineer has no authority to relieve either Party of any duties, obligations or responsibilities under the
Contract; and

8.4.3  any approval, acceptance, check, certificate, consent, examination, inspection, instruction, notice, proposal,
request, review, test, or similar act by the Engineer (including absence of disapproval) shall not relieve the
Contractor from any responsibility it has under the Contract, including responsibility for errors, omissions,
discrepancies and non-compliances.

8.5 The Engineer may delegate some or all of their authority to one or more individuals and shall notify the
Contractor providing details as to the nature and extent of the delegation.

8.6 Unless the Parties otherwise agree, the Engineer shall not delegate the authority to determine any matter
under General Conditions 8.8 — Determination of Claims.

8.6.1  any failure to disapprove any Work provided shall not constitute approval, and shall therefore not prejudice
the right of the Engineer to reject the Work or a Section of the Work; and

8.7 The Contractor shall comply with written instructions given by the Engineer, on any matter related to the
Contract. T.

8.8 Determination of Claims

8.9 Whenever these General Conditions provide that the Engineer shall proceed in accordance with this

General Conditions 8.8 - Determination of Claims, the Engineer shall first consult with each Party seeking
to reach agreement. If agreement is not achieved, the Engineer shall make a fair determination in
accordance with the Contract, having due regard to all relevant circumstances.

8.10 The Engineer shall give notice in writing to both Parties of each agreement or determination made, with
supporting particulars.

8.11 Each Party shall give effect to each agreement or determination unless and until revised under Part X of
these General Conditions.

9. RECORDS

9.1 The Contractor shall:
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9.1.1  keep full and detailed records necessary for the proper administration of the Contract and performance of
the Work including, as the case may be, reports, schedules, books, accounts, correspondence, instructions,
drawings, receipts, vouchers, memoranda, and records of labour force, Contractor’s Plant, hours worked
and rates required to properly appraise the progress of the Work;

9.1.2 provide to the Engineer with copies of any records when requested, other than those involving profits,
expenses, or costs associated with sums payable on a lump sum basis under the Contract or to the
composition of lump sum amounts;

9.1.3  provide the Engineer with reasonable access to any premises and to inspect and/or audit records, and permit
copies to be made, provided such rights of review and copy shall not extend to audit of profits, expenses or
costs associated with sums payable under the Contract or to the composition of lump sum amounts; and

9.1.4  preserve records related to performance of the Work for a period of not less than six (6) years from the date
the Completion Certificate issues or such other longer period of time as may be required by the Laws.

10. NON-WAIVER OF RIGHTS

10.1 No action nor want of action on the part of either Party to exercise a right or remedy conferred upon either
of them under the Contract shall be deemed to be a waiver on the part of that Party of any right or remedy
available under the Contract.

10.2 No failure by either Party to require strict compliance by the other Party with any term or condition of the
Contract shall constitute either an estoppel or waiver, nor otherwise prejudice the right of the opposing
Party to claim the benefit of strict compliance.

PART 11l - EXECUTION OF THE WORK
11. CONTRACTOR’S GENERAL OBLIGATIONS

111 The Contractor shall completely perform the Work including, without limitation, the Supply and Delivery
of the Work, within the timeframe(s) specified in the General Requirements and in accordance with the
Purchaser’s Requirements and shall remedy any defects in the Work in accordance with these General
Conditions.

11.2 The Contractor shall ensure that all Equipment, materials or other goods Supplied and all Delivery and
Support Services meet the Purchaser’s Requirements and are performed in a competent, good and skillful
manner.

11.3 The Contractor shall fully and completely perform all of its covenants and obligations under the Contract.

114 The Contractor shall promptly apply to the Engineer for any explanation which the Contractor may require
as to the meaning or intent of any provision in the Contract Documents.

115 The Contractor represents and warrants that it possesses the expertise, skills, Personnel and Contractor’s
Facilities necessary to properly perform all aspects of the Work and complete the Contract in accordance
with the Purchaser’s Requirements.

12. PERFORMANCE AND PAYMENT SECURITY

121 The Contractor shall provide and maintain in effect all forms and amounts of Performance Security and
Payment Security for the periods of time specified in the General Requirements.

12.2 The Contractor shall ensure that any third parties providing any such security shall meet the Purchaser’s
Requirements.

12.3 Claims by third party beneficiaries against any Payment Security provided under the Contract shall proceed
in accordance with the terms of the specific form of security.
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12.4

1241

12.4.2

12.4.3

1244

12.5

12.6

Subject to the terms of each type of Performance Security called for in the General Requirements, the
Purchaser shall be entitled to recover against the Performance Security amounts to which the Purchaser is
entitled under the Contract in the event of:

failure by the Contractor to extend the validity of any Performance Security specified in the General
Requirements, in which event the Purchaser may claim the full amount of the Performance Security;

failure by the Contractor to pay the Purchaser an amount due as either agreed by the Contractor or
determined under General Conditions — 8.8 Determination of Claims within 30 days after the agreement or
determination;

failure by the Contractor to remedy a default or provide a reasonable plan to the Engineer for remedying
the default within fourteen (14) days after receiving the Engineer’s notice requiring the default to be
remedied; or

any circumstance which entitles the Purchaser to termination under General Conditions 41-Termination for
Breach of Contract, irrespective of whether notice of termination has been given.

The Purchaser shall indemnify and hold the Contractor harmless against and from all damages, losses and
expenses (including reasonable legal costs) resulting from a recovery made against available Performance
Security to the extent that the Purchaser is finally determined not to have been entitled to effect such
recovery.

The Purchaser shall return the unused balance of the Performance Security to the Contractor as provided in
the General Requirements.

13. SUBCONTRACTS

13.1

13.2

13.3

13.4

13.5

13.6

13.7

The Contractor shall not subcontract the whole of the Work.

The Contractor shall bind each Subcontractor to carry out all the provisions of the Contract applicable to
the part or parts of the Work subcontracted, and each Subcontractor shall agree with the Contractor that all
work performed by the Subcontractor shall be subject in all respects to applicable provisions of the
Contract.

The Contractor shall not, without the prior approval in writing from the Purchaser, make a subcontract with
any individual, firm or corporation for performance of any portion of the Work and the Contractor shall not
remove a Subcontractor designated in the Contract Documents without timely notice and receipt of the
Purchaser’s written approval.

Any approval of a Subcontractor given by the Purchaser shall not relieve the Contractor from any
obligation or liability for the full and complete performance of the Work in accordance with the Contract.

All Work performed by a Subcontractor shall be deemed to be performed by the Contractor. Personnel of a
Subcontractor shall be deemed to be part of the Contractor’s work force as Contractor’s Personnel.

All claims against a Subcontractor, whether for wages, materials, damages, or otherwise shall be deemed
by the Purchaser to be claims against the Contractor.

On request, the Contractor shall furnish the Engineer with duplicate copies of all written agreements with
Subcontractors in respect of the Work.

14. WORK SAFETY

141

The Contractor shall comply with all Laws respecting workplace safety, wherever Work is performed.
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15. MATERIALS, CONTRACTOR’S FACILITIES AND PERSONNEL

151

15.2

All materials necessary for manufacture of any Equipment and performance of the Work shall be new and
all work performed and materials supplied pursuant to the Contract shall be of the specified quality, or
otherwise of suitable quality as determined by the Engineer.

In all cases where work, material or Equipment of “approved” type or make is specified, the Engineer’s
approval in writing must be obtained before such work is begun, material ordered or Equipment is shipped.

16. INTERFERENCE BY OTHERS

16.1

16.2

Where any part of the Work depends for its proper or timely execution upon work to be done by others, the
Contractor shall promptly notify the Engineer in writing of any actual or pending delay caused by others
and of any errors, omissions or defects in the work of others which may result in increased cost or delay to
the Contractor's proper performance of the Work.

Failure of the Contractor to give prompt notice of actual or apprehended interference by others and any
prejudice resulting to the Purchaser from late notice shall be taken into consideration in the event that the
Contractor subsequently submits a claim for extension of time or for adjustment of the Contract Price in
respect of interference by others.

17. INSPECTION, DELIVERY AND ACCEPTANCE

171

17.2

17.3

17.4

17.5

17.6

17.7

17.8

The Work shall be subject to inspection and acceptance by the Engineer. Inspection and acceptance of the
Work by the Engineer does not relieve the Contractor of its responsibility for defects or other failures to
meet the requirements of the Contract. The Engineer will have the right to reject any work that is not in
accordance with the requirements of the Contract and require its correction or replacement at the
Contractor's expense.

The Contractor must provide the Engineer access to all locations where any part of the Work is being
performed at any time during working hours. The Engineer may make examinations and such tests of the
Work as they may think fit. The Contractor must provide all assistance and facilities, test pieces, samples
and documentation that the Engineer may reasonably require for the carrying out of the inspection.

The Contractor shall perform all inspections and tests described in the Purchaser’s Requirements.

Waiver by the Purchaser of any right of inspection or testing shall not relieve the Contractor from its full
responsibility and liability for the quality, character, proper operation and performance of every aspect of
the Equipment Supplied or any other Work performed, nor prejudice nor adversely affect rights of the
Purchaser under the Contract including those set forth in General Conditions 36 — Contractor’s Liability,
40 — Contractor’s Default or 41 — Termination for Breach of Contract.

The Contractor shall prepare the Work for shipping as required by the Purchaser’s Requirements and shall
deliver the Work to the Site in the manner and on the Contract Date(s) specified in the applicable Purchase
Order. Delivery of the Work shall be deemed complete upon delivery and acceptance of all manuals,
instructions, reports and other documents required under the Contract.

The Purchaser shall inspect all ITEMs immediately upon Delivery and shall notify the Contractor of any
damage to the packaging or the Work. The Engineer shall inspect the Work within 30 days of delivery and
shall accept or reject the ITEMS in accordance with the Contract.

Upon acceptance of an ITEM, the Engineer shall certify payment for all or part of the amount claimed in
the Progress Statement.

Upon delivery of all parts of the Work, the Engineer shall recommend and the Purchaser may issue a
Completion Certificate for the Work.
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18. FAULTY OR DEFECTIVE WORK

18.1

18.2

18.3

18.4

18.5

Prior to issue of the Completion Certificate, if, in the opinion of the Engineer, any component of the
completed Work including any Equipment Supplied fails to comply with the Purchaser’s Requirements, or
if any tests indicate the existence of a failure, fault or defect in the Work performed or Equipment Supplied,
the Engineer shall give the Contractor notice in writing together with particulars of such failure, fault or
defect, and the Contractor shall, at the Contractor’s expense, promptly re- execute or make good the faulty
or defective Work or alter it to comply with the Purchaser’s Requirements.

All tests or re-tests of rectified Work required by the Engineer or requested by the Contractor shall be
carried out in the manner provided by the Contract Documents, if specified, or as may otherwise be
approved by the Engineer.

If, after notification by the Engineer, the Contractor defaults or delays in diligently commencing,
continuing and completing the making good the faulty or defective Work to comply with the Purchaser’s
Requirements, then the Purchaser may, on written notice to the Contractor, perform the remedial work or
cause others to do so in any manner and by any means which the Engineer considers expedient or
advisable.

The Contractor shall be liable for all remedial costs, charges and expenses reasonably incurred by the
Purchaser and the Purchaser may immediately deduct the Purchaser’s duly certified, invoiced amount for
remedial work performed from amounts otherwise due to the Contractor or from available Performance
Security, without need for the prior agreement of the Contractor or any determination by the Engineer.

The Contractor may dispute the amount of remedial costs recovered by the Purchaser in accordance with
Part X of these General Conditions.

19. TITLE AND RISK OF LOSS

19.1

19.2

19.3

The Contractor warrants that it has good and marketable title to the Equipment, free and clear of any and all
liens, restrictions, reservations, encumbrances or claims of any kind and that it will defend the Purchaser’s
title to the Equipment.

Risk of loss shall pass to the Purchaser upon acceptance of the Work. Items rejected by the Purchaser shall
remain at the risk of the Contractor.

Title and all other property rights in and to all tangible personal property, and in and to all parts of tangible
personal property forming part of an Item, shall pass to the Purchaser free and clear of all encumbrances,
when Final Payment is made.

20. GENERAL DUTY TO MITIGATE

20.1

20.2

20.3

The Contractor shall use all reasonable efforts and all due diligence to mitigate and reduce the risk and
extent to which Contractor may claim extensions of time and adjustments to the Contract Price.

The Contractor shall not be entitled to determinations or awards for time extensions or adjustments to the
Contract Price that the Contractor could have mitigated against, reduced or avoided by the exercise of all
reasonable efforts and all due diligence.

The Engineer may request and the Contractor shall promptly submit a detailed description supported by
such documentation as the Engineer may require, setting out the measures and steps taken by the
Contractor, if any, to mitigate the fact or the extent of a claim in compliance with this general duty to
mitigate.

PART IV - PAYMENT FOR THE WORK
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21. CONTRACT PRICE COMPONENTS

211 The components of the Contract Price are set out in Contract Form 1 — Cost of Performing the Work.

21.2 The cost to the Contractor of all Subsidiary Obligations shall, absent a clear, express provision to the
contrary set out elsewhere in the Contract Documents, be deemed to be included in the Contract Price, such
as:

21.2.1 customs duties;

21.2.2 surcharges;

21.2.3 premiums for insurance provided by the Contractor;

21.2.4 fees for permits and licences to be obtained by the Contractor;

21.2.5 royalty fees;

21.3 Canadian Goods and Services Tax (GST) is not included in the Contract Price.

21.4 Manitoba retail sales tax (RST) shall be treated as set out in Contract Form 1 — Cost of Performing the
Work.

22. GOODS AND SERVICES TAX (GST)

22.1 The Contractor shall show GST as a separate amount payable in each Progress Statement issued together
with the Contractor’s GST registration number obtained under the Excise Tax Act (Canada).

22.2 The Purchaser is required to pay GST on the Contract Price.

23. OUT-OF-PROVINCE CONTRACTOR

23.1 Provisions of The Tax Administration and Miscellaneous Taxes Act (Manitoba) and The Retail Sales Tax
Act (Manitoba) apply to any Contractor based outside of Manitoba with no permanent place of business in
Manitoba.

23.2 The Purchaser must comply with requirements under the Income Tax Act (Canada) to deduct and remit
withholding taxes where the Contractor is a non-resident of Canada.

24. DIRECT PAYMENTS BY PURCHASER

241 In the event that the Contractor fails to promptly paying any assessment, premium, tax, fee or compensation
due to any person in respect of the Contractor’s performance of the Work and obligations under the
Contract, the Purchaser may, proceeding reasonably, elect to directly make payment to a person entitled to
such payment.

24.2 The Contractor shall be liable for all direct payments reasonably made by the Purchaser on its behalf and
the Purchaser may immediately deduct the Purchaser’s duly certified, invoiced amount for direct payments
made from amounts otherwise due to the Contractor or from available Performance Security, without need
for the prior agreement of the Contractor or any determination by the Engineer.

24.3 The Contractor is entitled to dispute the reasonableness of the Purchaser’s direct payment and recovery in
accordance with Part X of these General Conditions.
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25. PROGRESS STATEMENT

25.1

25.2

25.3

25.4

255

25.6

The Contractor shall submit a Progress Statement to the Engineer at the end of each month, or as otherwise
specified in the Purchaser’s Requirements or agreed with the Purchaser, as the Work progresses requesting
payment for Work completed including under any Extra Work Orders, and/or for Payment Milestones
achieved during the month.

The form of the Progress Statement shall be approved by the Engineer and the Contractor shall provide
written evidence to substantiate the value of Work performed together with such additional documentation
as the Engineer may require to evaluate each Progress Statement.

Subject to General Condition 25.4, not later than fourteen (14) days after receipt of a Progress Statement
accompanied by all requested information, the Engineer shall issue a certificate for payment to the
Purchaser in the amount claimed in the Progress Statement or in such other amount as the Engineer certifies
is properly due to the Contractor.

If, in the opinion of the Engineer, Work included in a Progress Statement has not been completed, is
deficient, or unsuitable, unnecessary or the cost claimed was improperly incurred, the Engineer may refuse
to certify payment for all or part of the amount claimed in the Progress Statement.

Upon any amendment to a Progress Statement, the Engineer shall advise the Contractor in writing
providing reasons for the amendments for each amount of the Contractor’s Progress Statement denied.

No certificate of payment issued by the Engineer shall be deemed to be a final verification of quantities or
quality or constitute acceptance of the associated Work claimed by the Contractor to be completed.

26. PROGRESS PAYMENT

26.1

26.1.1

26.1.2

26.1.3

26.1.4

26.1.5

Unless otherwise specified in the Purchaser’s Requirements or agreed between the Parties, the Purchaser
will make payment to the Contractor of amounts certified for payment by the Engineer within thirty (30)
days of receipt of the certificate for payment less:

any Performance Holdback required to be deducted under the General Requirements;

any Statutory Holdback required to be deducted and retained;

any Liquidated Damages due from the Contractor;

any amount agreed by the Contractor or determined by the Engineer to be owing from the Contractor to the
Purchaser; and

any amount(s) which the Purchaser is entitled to immediately deduct pursuant to an express provision of
these General Conditions.

27. RELEASE OF PERFORMANCE SECURITY

27.1

Unless otherwise expressly provided in the General Requirements, unused portions of Performance
Security provided by the Contractor shall be released to the Contractor within thirty (30) days of the issue
of a Completion Certificate for the Work.

28. DELAYED PAYMENT

28.1

Should either Party fail to make any payment to the other when due under terms of the Contract including
upon award by the arbitrator, monthly compounded interest at the rate of one and one half percent (1.5%)
per annum above the prime business loan rate quoted from time to time by the Royal Bank of Canada shall
be due and payable to the payee from date due to actual receipt of payment.
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PART V - COMPLETION OF THE WORK

29. COMPLETION CERTIFICATE

29.1

29.2

The Purchaser shall specify in the Purchaser’s Requirements whether any Section of the Work may be
certified complete prior to completion of the whole of the Work.

As soon as the Engineer determines that the Work or a Section of the Work has been completely

performed, the Engineer shall recommend and the Purchaser may issue a Completion Certificate to the
Contractor for the Work.

PART VI - WARRANTY OBLIGATIONS

30. WARRANTY WORK, TIME PERIODS AND DEFAULTS

30.1

30.2

30.3

30.4

30.5

30.6

30.7

30.8

Warranty periods shall commence the day after a Completion Certificate issues

When more than one Section of Work is included in the Contract, more than one Warranty period may
apply in which case the Warranty period for each Section shall commence on the date a Completion
Certificate issues for that Section.

If, within the Warranty period(s) specified in the General Requirements, the Work or any part of the Work
ceases to meet the Purchaser’s Requirements, becomes broken or defective for any reason , including,
without limitation, due to faulty or improper design, materials, workmanship, manufacture, fabrication,
testing, shipment or delivery, then, upon notification in writing from the Engineer, the Contractor shall
promptly make good every such breakage, defect or failure at the sole cost of the Contractor (including
without limitation, transportation, removal, repair, replacement and installation costs).

If specified in the General Requirements, the Warranty period for Work or any part of the Work made good
by the Contractor may be extended for a further period from the date when the remedial work is completed.

If, after notification is provided to the Contractor, the Contractor makes default or delays in diligently
commencing, continuing and satisfactorily completing required Warranty work, then the Purchaser, having
first given reasonable written notice to the Contractor, may proceed to rectify or have others rectify the
Work, and invoice the Contractor for the Purchaser’s resulting costs.

The Contractor shall be liable for all Purchaser’s costs reasonably incurred to rectify the Work under
Warranty and the Purchaser may immediately deduct the Purchaser’s duly certified, invoiced amount for
Warranty work performed from amounts otherwise due to the Contractor or from available Performance
Security, without need for the prior agreement of the Contractor or any determination by the Engineer.

The Contractor may dispute the amount of Warranty rectification costs recovered by the Purchaser in
accordance with Part X of these General Conditions.

The Contractor shall ensure that all manufacturer, supplier and Subcontractor warranties provided or

obtained in relation to the Work are duly assigned and provided to the Purchaser, without need for further
action or expense by the Purchaser.

PART VII - RISK AND RESPONSIBILITY

31. DELAYED PURCHASER’S DRAWINGS OR INSTRUCTIONS

31.1

The Contractor shall give notice to the Engineer whenever the Work is likely to be delayed or disrupted if a
necessary drawing or instruction is not issued to the Contractor within a reasonable time stated. The notice
shall include details of the nature and extent of delay apprehended by the Contractor and the Contractor’s
intended mitigation plan.
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31.2 If the Engineer fails to issue the requested drawing or instruction within a reasonable time, and despite its
mitigation efforts, the Contractor suffers delay and/or incurs costs as a result, the Contractor shall be
entitled to claim extension of time and/or adjustment to the Contract Price under General Conditions 35 -
Contractor Claims.

31.3 To the extent that failure by the Engineer to issue the requested drawing or instruction was caused by any
error or delay by the Contractor, including time for submission of any Contractor’s Documents, and to the

extent that the Contractor failed to take reasonable mitigation measures, relief for the Contractor’s claim
shall be reduced or denied.

32. OWNERSHIP OF EQUIPMENT AND MATERIALS

321 Unless otherwise provided in the Contract, the Work or any part of the Work belongs to the Purchaser after
delivery and acceptance in accordance with General Condition 18 - Inspection, Delivery and Acceptance.

32.2 The Contractor is responsible for loss or damage to the Work or any part of the Work until it is delivered to
the Purchaser in accordance with the Contract. Where the Work or any part of the Work is returned to the
Contractor under the Contract, the Contractor is responsible for loss or damage to the Work from the time
the Work leaves the Site.

32.3 Transfer of ownership and risk of loss and damage to the Purchaser shall not relieve the Contract from any
obligation under the Contract.

33. PURCHASER CAUSED DELAY

33.1 If the Contractor suffers delay and/or incurs additional costs as a result of:

33.1.1 an Extra Work Order issued by the Engineer in absence of agreement by the Contractor;
33.1.2 negligence or default on the part of the Purchaser;

33.1.3 negligence or default on the part of an other contractor; or

33.1.4 deviation from the Contract or temporary suspension of the Work by direction of the Engineer,

then the Contractor may make a claim for time extension and/or adjustment to the Contract Price in
accordance with General Conditions 35 — Contractor Claims.

33.2 To the extent that the Contractor fails to take reasonable mitigation measures, relief for the Contractor’s
claim shall be reduced or denied.

34. REQUESTS FOR EXTENSIONS OF TIME

34.1 The Contractor shall be entitled to claim an extension of time for completion of the Work if achievement of
a Contract Date including completion of the whole of the Work is or will be delayed by reason of an
unforeseeable event beyond the control of either Party, including:

34.1.1 legal strikes or walkouts other than those involving Contractor’s Personnel;

34.1.2 unpreventable accident;

34.1.3 terrorism, war or delay caused by war;

34.1.4 vandalism or malicious mischief;

34.1.5 riotor civil commotion;

34.1.6 acts of God;
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34.1.7 lawful orders of civil or military authorities; or

34.1.8 unforeseeable inclemency of weather.

34.2 If such an event does not cause the Purchaser to, of its own initiative, adjust Contract Date(s) to relieve the
Contractor, and the Contractor believes the event calls for relief in the form of an extension of time, and/or,
in circumstances where the event occurred in Canada, adjustment to the Contract Price for costs associated
with the delay, then the Contractor may make a claim in accordance with General Conditions 35-
Contractor Claims.

34.3 To the extent that the Contractor fails to act promptly or to take reasonable mitigation measures, relief for

the Contractor’s claim shall be reduced or denied.

35. CONTRACTOR CLAIMS

35.1

35.2

35.3

354

355

35.6

35.6.1

35.6.2

35.6.3

35.7

35.7.1

35.7.2

35.7.3

35.7.4

35.8

35.9

Notice of Intent to Claim

If the Contractor deems itself to be entitled under a provision of the Contract to additional costs to perform
the Work or to an extension of the time required to perform the Work, the Contractor shall give written
notice of intent to claim in the form of a letter to the Engineer.

The written notice shall be given as soon as practicable, and no later than seven (7) days after the
Contractor became aware, or should have become aware, of the event or circumstance.

If the Contractor fails to give written notice of a claim within the period of seven (7) days, the Contractor
shall not be entitled to any adjustment to the Contract Price or to any adjustment to the Contract Schedule,
and the Purchaser shall be discharged from all liability in connection with the claim.

Claim Documentation

The Contractor’s notice of intent to claim shall include all of the following information with respect to the
event or circumstance giving rise to the claim:

a description of the event or circumstance
the date(s) upon which the event or circumstance is said to have occurred; and
the date on which the event or circumstance first came to the attention of the Contractor.

Within fourteen (14) days after the Contractor has given a written notice of intent to claim, the Contractor
shall prepare and update its notice and submit with the following additional information:

the claimed impact of the event or circumstance on the Contract Schedule and/or costs with all
substantiating and supporting documentation reasonably available;

all clauses of the Contract relied upon by the Contractor;
details of the Contractor’s mitigation efforts; and
any proposed resolution.

The Contractor shall also provide the Engineer with such further information and records as the Engineer
may request.

All subsequent communications with the Engineer respecting a claim shall reference the description and
date of the original notice of intent to claim or such other identifier as the Engineer may subsequently
require.
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35.10 The Contractor shall control, track and fully document each claim submitted and all alleged impacts on
performance of the Work from the first notice. All such documentation shall be submitted daily to the
Engineer for review, or at such other periodic interval as the Engineer may direct.
35.11 Each Party shall take reasonable steps to mitigate adverse impacts arising from the event(s) giving rise to
each Contractor’s claim submitted.
35.12 The Engineer shall proceed in accordance with General Conditions 8.8 - Determination of Claims to

promptly reject untimely claims submitted or, when a claim is submitted in accordance with requirements
above, to first seek agreement of the Parties or, failing agreement, to determine each viable Contractor’s
claim received.

36. CONTRACTOR’S LIABILITY

36.1

36.2

36.2.1

36.2.2

36.2.3

36.3

36.4

Indemnification

To the extent attributable to or arising out of any breach of the Contract by the Contractor, or any negligent
acts, errors or omissions or willful misconduct of the Contractor or Contractor’s Personnel in the
performance of the Work, including during the Warranty period, the Contractor shall indemnify and save
the Purchaser harmless from and against any and all losses, costs, damages or expenses, which the
Purchaser may suffer or be put to arising from any action, cause of action, suit, claim, liability, debt or
demand which may be brought or made against the Purchaser by any third party, in respect of:

bodily injury, sickness, disease or death, of any person whosoever;

damage to or loss of any property, real or personal, including the Work;

alleged or actual non-compliance with environmental legislation or any other Laws.

Labour and Materials

The Contractor shall dispose promptly of any notice of claim for a builders’ lien or trust claim received by
the Purchaser, assume the defense of and shall indemnify and save harmless the Purchaser from and against
all assessments, suits, claims and demands which may be brought or made by any individual, firm or

corporation against the Purchaser for the value or price of work, services or materials furnished to or by the
Contractor under the Contract.

37. INDIRECT DAMAGES

37.1

37.1.1

37.1.2

Neither Party shall be liable to the other Party for loss of use of any Work, loss of profit, loss of any
contract, losses due to damage to reputation or for any indirect or consequential loss or damage which may
be suffered by the other Party in connection with the Contract other than:

liability in respect of the indemnities described in General Condition 36 — Contractor’ Liability; and

liability in any case of fraud, deliberate default or reckless misconduct by the defaulting Party.

38. ROYALTIES, INFRINGEMENT AND INDEMNIFICATION

38.1

The Contractor shall fully indemnify and save harmless the Purchaser from and against any and all actions,
claims, demands, costs, charges and expenses arising under any third party patent or other intellectual
property right including but not limited to a trade secret, copyright, trade mark or industrial design incurred
by reason of an alleged infringement by the Contractor in performance of the Work, whether the claimed
right is foreign or domestic, in respect of any components of the Work Supplied by the Contractor and by
the Purchaser’s subsequent use and operation of the Work for the purpose(s) set out in the Contract, but
such indemnity shall not cover any use of the Work for purposes not reasonably inferred from the Contract.
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38.2 The Purchaser shall promptly notify the Contractor of any infringement claim arising, consider with the
Contractor the likely outcome of the claim, and the Purchaser shall then specify the timing, a reasonable
amount and the form of security which the Contractor shall provide to protect the Purchaser from all loss,
cost and damage which might arise from the claim.

38.3 The Purchaser shall not, unless and until the Contractor has failed to provide the requested security and
taken over the conduct of the defence, negotiations or litigation, make any admission which might
prejudice disposition of the claim.

38.4 Upon providing the Purchaser with the security requested, the Contractor shall, at its own expense, take
conduct of the defence and any negotiations for the settlement of the claim, and any resulting litigation.

38.5 The Purchaser shall, at the request and sole cost of the Contractor, provide reasonable assistance for the
purpose of contesting any such claim or action.

38.6 In the event that Equipment or other component of the Work Supplied by the Contractor is determined to
constitute an infringement and its use enjoined, the Contractor shall either:

38.6.1 secure for the Purchaser the right to continue using the Equipment or other component of the Work by
dismissal or suspension of the injunction, by procuring for the Purchaser a license, or other user permit, or
shall,

38.6.2 at the Contractor’s own expense:

@) replace the infringing component of the Work with non-infringing components of the Work;

(b) modify the infringing component of the Work so that it becomes non-infringing, or

(c) remove the infringing Item and refund the Contract Price paid by the Purchaser for the Item.
39. IMPORTS

39.1 The Contractor shall be the importer of all non-Canadian goods and services required for performance of
the Work.

PART VIII - DEFAULT AND TERMINATION
40. CONTRACTOR’S DEFAULT
40.1 If the Contractor:
40.1.1 abandons performance of the Work;
40.1.2 becomes bankrupt or insolvent or makes an assignment for the general benefit of creditors;

40.1.3 permits any execution to be levied on the Contractor’s real or personal property or on any portion of the
Work;

40.1.4 assigns or subcontracts the Contract other than in accordance with terms of the Contract;

40.1.5 fails to perform the Work in accordance with the Purchaser’s Requirements;

40.1.6 fails to perform the Work within the time or times specified in the Contract;

40.1.7 refuses or neglects to follow the instructions of the Engineer;

40.1.8 fails to meet any of the Purchaser