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EXECUTIVE SUMMARY 

IES RP-8-14 Roadway Lighting Standard for local street classification with medium pedestrian 

traffic was the bases of design for McMurdo Station street lighting.  The proposed light pole 

configuration is a LED light fixture mounted on a 20-ft steel tapered pole with a 2-ft cyclical 

concrete base.  The concrete base will consist of a finished surface of 3-ft above ground to 

provide traffic protection.  Light poles have been placed throughout the site impacted by new 

construction for general lighting along all roadways.  Detail wiring for each fixtures is not 

provided as part to the site infrastructure design.  Wiring details will be provided during new 

construction.  Final determination of street lighting will be determined during building 

construction to determine if light fixture should be mounted on a building structure or remain 

on the proposed light pole location.  
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SECTION 1 INTRODUCTION 
 

New street lighting will be provided throughout McMurdo Station will meet IES RP-8-14 

Roadway Lighting Standard for local street classification with medium pedestrian traffic as 

specified in Table 3 below:   

 

 
 

Light fixtures will be placed throughout all areas impacted by new construction. Detail wiring 

for each fixtures is not provided as part to the site infrastructure design.  Wiring details will be 

provided during new construction.  Final determination of street lighting will be determined 

during building construction to determine if light fixture should be mounted on a building 

structure or remain on the proposed light pole location.  
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SECTION 2 GENERAL CRITERIA 
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SECTION 3 DESIGN INPUT 

 The design inputs are as follow:  

 20-ft round-tapered pole mounted on a concrete base with a finish surface 0f 3-ft above 

ground.  Total light fixture height is 23-ft. 

 IES R8-14 Roadway Lighting design criteria has specified the light levels as indicated in 

Table 3 listed above. 

 The project RFP has specified LED type light fixture for exterior roadway lighting.   

 Vendor data sheets for the selected light fixtures will be used as data input into the Lighting 

Analysts Illumination Engineering Software (AGi32) for roadways analysis. 

 Total light loss factor = 0.75 

o Luminaire Dirt Depreciation (LDD) = 0.900 

o Luminaire Ambient Temp. Factor (LATF) = 0.980 

o Lamp Lumen Depreciation (LDD) = 0.850 

 Lumen Arm Length = 1.625’ 

 Road Classification:  Type III, Short 

 Upward Waste Light Ratio = 0.0  



  McMurdo Lighting Calculations 
McMurdo Station Utilities Design   Project Number 6401748177 
   

 

7 

  

SECTION 4 METHODOLOGY 

Merrick conducted a detailed calculation using scaled AutoCAD site drawings and AGI 

lighting software.  IES lighting files for the specified light fixtures were used in the lighting 

model calculate the results.  Multiple lighting iterations and fixture placement were 

performed to determine the specified location for each light fixture.  
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SECTION 5 REFERENCES 

CODES, STANDARDS, REFERENCES: 

 
UFC 3-501-01  (6 Oct 2015) Electrical Engineering 

NFPA 70E  Standard for Electrical Safety in the Work Place 

NFPA 70  National Electrical Code 2014 

IESNA (Illuminating Engineers Society of North America) Lighting Handbook (10th 

Edition) 

IESNA (Illuminating Engineers Society of North America) IES RP-8 Roadway Lighting 
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SECTION 6 CONCLUSIONS 

The light level calculations meeting the input criteria produced the following results as 

summarized below:  

 

Calculated Road Luminance:   

 Local Street Classification with Pedestrian Area Classification 

o Avg. Luminance = 5.0 cd/m² > .5  (Table 3 below) 

o Avg. Uniformity = 5.0 cd/m < 6.0  (Table 3 below) (using 1 cd/m² for min) 

o Lmax/Lmin= 28.4>10  (Table 3 below) (Due to spacing needed to lower Avg) 

o Veiling Luminance = 5.6 < 0.4 (Table 3 below) 

o Illuminance Max/Min = 2.0 > 1.4  (Table 8 below) (Due to spacing needed to 

lower Avg) 

o Illuminance  Eavg/Emin = 1.48 < 6.0 (Table 8 below) 
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Lighting design did not meet all design criteria specified in IES RP-8-14 due to irregular road 

shapes and turns, and the needed average Illuminance. An acceptable average luminance 

was calculated with minimal dark spots. There are minimums of 0 due to spacing needs, and 

assumptions that there are or will be lighting on the exterior of buildings where the road 

connects to. There are many intersections where the new lighting is not being applied. It is 

assumed that there is existing lighting at the intersection at the continued roadway.  
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SECTION 7 CALCULATIONS 
 

See Appendix. 
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Numeric Summary
Label CalcType Avg Max Min Max/Min
Road Lighting Calc_2 Illuminance 5.54

Luminaire Schedule
Symbol Qty Label Arrangement Lumens LLF Description

34 BXSPA_3NA-U-CONFIGURED SINGLE N.A. 1.000 BXSPAx3NA-U CONFIGURED FROM XSPAx3GA-U or BXSPAx3GA-U

26.8 0.0 N.A.
Road Lighting Calc 1 Illuminance 4.37 28.4 0.0 N.A.
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SECTION 1 EXECUTIVE SUMMARY 

Coordination study was conducted for McMurdo Station based on existing over protective 

devices (OCP’s) and trip settings.  It is not the intent of this study to adjust existing trip 

setting on overcurrent protective devices located on each generator output and feeder 

breakers located in McMurdo Power Station.  Exterior padmounted equipment (SW-1 thru 

SW-6) located adjacent to the existing power plant have existing fuse protection and will be 

modeled as is and will not be replaced as part of the AIMS project.  All new equipment will 

be coordinated with existing equipment.  Modifications to 5kV OCP’s will remain as is and 

new adjustments to this equipment will be deferred to future power station upgrades or 

stability studies. 

McMurdo’s power system is a micro-grid independent from commercial power stations tied 

into larger grids.  Micro-grids have limited power generation capability and sensitive to 

power disturbances if not properly managed.  Power management techniques must be 

applied at a micro level that includes building load leveling, starting kVA management, and 

properly coordinated system to ensure fault conditions are eliminated as close to the fault 

as possible.  Micro-grids are subject to system de-stabilization when an un-coordinated 

system shuts down large sections of the grid when a lower level device failed to isolate the 

system. 

OCP’s devices are coordinated from the first device usually located at generator output 

down to the last device located ahead of the building connected load.  McMurdo power 

plant existing generators have OCP’s trip points set to protect each generator.  These set 

points also limits the largest service transformer that can be installed without compromising 

overall system coordination.  As a result, findings indicate that a 500kVA transformer is the 

largest transformer that can be installed without compromising system coordination with 

McMurdo station generators.  Careful selection of fuse devices or more advanced OCP 

equipment may increase the largest transformer to a 750kVA. Long-term system stability 

and coordination will be achieved when equipment is specified within the limits of the micro-

grid.   



 
 

 
 

 
Subject: McMurdo Station Load Flow Study 

Project No.: 6401748177 Calculation 
No.: 

E002 Rev: 0 

 
 

3 
 

Fault current calculations identified low fault currents for B166, B167, and B188.  The fault 

currents were evaluated as part of the coordination study and preliminary results indicates 

these buildings are subject to system failures and possible fire hazard if an OCP does not 

clear a fault condition in a timely manner.  Fault currents to branch breakers are below 300- 

amps, which would trip a breaker with a bolted fault in approximately 40 seconds far 

exceeding the preferred 0.01 to .5 second time-period.  Brand circuits with high impedance 

faults will extend the trip time with high risk of a building fire. 

 



 
 

 
 

 
Subject: McMurdo Station Load Flow Study 

Project No.: 6401748177 Calculation 
No.: 

E002 Rev: 0 

 
 

4 
 

SECTION 2 INTRODUCTION 

CODES, STANDARDS, REFERENCES: 
 

UFC 3-501-01  (6 Oct 2015) Electrical Engineering 

UFC 3-550-01 UFC 3-550-01 Exterior Electrical Power Distribution (1 September, 2-16) 

NFPA 70E  Standard for Electrical Safety in the Work Place 

NFPA 70  National Electrical Code 2014 

IEEE  Std 399 Recommended Practices for Industrial and Commercial Power 

System Analysis. 

IEEE 242-2001 IEEE Recommended Practice for Protection and Coordination of Industrial 

and Commercial Power Systems (IEEE Buff Book)  

Merrick conducted a coordination study based on existing OCP trip settings.  All devices 

were modeled in EasyPower™ and Time Current Curves (TCC’s) were created from 

existing conditions.  The existing devices modeled are: 

1. Generator output breakers:  GE Multilin SR489 

2. 5kV Service Feeder Breakers:  GE Multilin SR735 

3. Pad-mounted Feeder Switches:  Cultler-Hammer fuses, Type CL, Style CLE, 

Current limiting, 250E 

4. 5kV Overhead Fuse Cutouts:  AB Chance Fuse Link, Model K  

5. Service Transformer primary fuses (Either or combination of sized at 1.25% primary 

rated current:  Cooper, Current Limiting, Style NX, C-Rated and/or AB Chance Fuse 

Link, Model K. 

The coordination study was based on the standard fuses used by McMurdo and the intent 

of this study is to maintain the standard fuse for new installation unless otherwise 

determined by the new building design. 

 

  



 
 

 
 

 
Subject: McMurdo Station Load Flow Study 

Project No.: 6401748177 Calculation 
No.: 

E002 Rev: 0 

 
 

5 
 

SECTION 3 GENERAL CRITERIA 

The existing site will remain in operation during all AIMS phased construction.  The modeling 

will be performed based on the following assumption: 

1. Existing overhead feeders scheduled to remain will be modeled for system coordination. 

2. Scott Base and Wind Turbines will not be considered as power generation into the 

system model. 

3. McMurdo power plant is operating voltage at nominal voltage of 4.16kV. 

4. Merrick was informed by McMurdo Site utilities that existing transformers do not have 

load tap changers.   Therefore, fault currents will be calculated based on standard tap 

settings and reflected on to TCC curves. 

5. Transformer impedance data is not available.  All calculations will be based on an 

assumed 5% impedance on transformers.  Therefore, fault currents will be calculated 

based on a typical impedance value and reflected on to TCC curves. 

6. EasyPower™ model generated by this study will be used for further system dynamic 

and stability studies where the coordination study can be adjusted to best meet system 

performance. 
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SECTION 4 DESIGN INPUT  

1. Existing feeder conductors sizes, distances, and configuration provided by as-built 

drawings and field verification results gathered during Merrick’s 2017 McMurdo 

deployment. 

2. Existing transformers sizes and rated nominal voltage rating. 

3. Individual transformer impedances are not available; therefore, an assumed input of 5% 

impedance. 

4. Generation equipment will be modeled based on on-site data collection and data provided 

by the owner. 

5. Individual kW demand data is not available for each building.  Peak demand will be based 

on onsite survey of each building, building square footage, UFC standards, and available 

onsite power flow data. 

6. Individual Generator impedance data will be incorporated into the model with an adjusted 

KW rating due to fuel source. 

7. EasyPower™ Set points: 

a. Bus under voltage=0.95pu 

b. Bus over voltage= 1.05pu 

c. Overload Threshold= -10% of rating 

8. All devices are modeled in EasyPower™ and Time Current Curves (TCC’s) are created 

from existing OCP trip devices and trip settings:  The existing devices modeled are: 

a. Generator output breakers:  GE Multilin SR489 

b. 5kV Service Feeder Breakers:  GE Multilin SR735 

c. Pad-mounted Feeder Switches:  Cultler-Hammer fuses, Type CL, Style CLE, 

Current limiting, 250E 

d. 5kV Overhead Fuse Cutouts:  AB Chance Fuse Link, Model K  

e. Service Transformer primary fuses (Either or combination of sized at 1.25% primary 

rated current:  Cooper, Current Limiting, Style NX, C-Rated and/or AB Chance Fuse 

Link, Model K. 
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SECTION 5 METHODOLOGY 

An EasyPower™ electrical model for McMurdo Station will be developed that includes all 

system components of the existing 5kV distribution system.  Existing trip devices will be 

modeled with their current settings and not intended to be modified as part of this study. Fault 

currents will be evaluated against the trip setting of each device for selection of new OCP 

devices.  OCP’s will be evaluated for system application when used by small scale 

reciprocating application similar to McMurdo Stations.  Manufacture equipment available 

interrupting rating (AIC’s) of electrical equipment is subject to specified system impedances 

typically lower than offered by a power plant similar to McMurdo.  As a result, manufacturer 

AIC ratings must be adjusted to the install system to ensure proper selection of installed 

devices.  

The study will provide a typical TCC curves for key components for distribution system and 

are as follow: 

1. 1200kW/1500kVA Engine Generator/5kV Swtichgear 

2. 1400kW/1750kVA Engine Generator/5kV Switchgear 

3. 1000kVA Service Transformer 

4. 750kVA Service Transformer 

5. 500kVA Service Transformer 

6. 300 kVA Service Transformer 

7. 225kVA Service Transformer 

8. 150kVA Service Transformer 

9. 112.5kVA Service Transformer 

10. 75kVA Service Transformer 
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SECTION 6 REFERENCES 

 
Refer to Section 2 Introduction.  
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SECTION 7 CONCLUSIONS 

 

Generator output breakers limit the size of all downstream devices for micro-grids when full 

system coordination is required. As a result, downstream devices are limited in size thereby 

reducing the sizes of service transformers that can be used without compromising overall 

system coordination.  The coordination study revealed that a 500kVA transformer offers the 

optimum system coordination with the existing power plant.  Transformer larger than 

500kVA become problematic when coordinating transformer inrush currents and primary 

fuses with existing feeder breakers/fuses and existing generator output breakers.  McMurdo 

future development of the micro-grid will provide long-term system reliability and system 

stability if the system is fully coordinated. Proper selection of transformer and transformer 

protection device will contribute to the overall long-term system performance. 
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SECTION 8 CALCULATIONS 
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7763A

FS-1_B
Cutler-Hammer
CL
CLE
250E

C-1_CP
1 - 4/0 AWG CU

XFE-B
1000 kVA
5%

XFE-B
1000 kVA
INRUSH

XFE-B
FLA

R-1_B
4982A

R-1_B - 1
Multilin SR735
51/50 ANSI
Very Inverse
CT Ratio = 1200/5
Tap = 0.3 (360A)
Time Dial = 2
Instantaneous = 4 (4800A)

R-1_B - 1

POWER PLANT A

SW-3

XFE-B PRI

XFE-B SEC

JB-3A

JB-E1

XFE-B
1000 kVA
4.16 - 0.208 kV
5%

Cooper ELSP
200

C-H CLE
250E

1200/5
R
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100000
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.01 .01

.02 .02

.03 .03

.04 .04

.05 .05

.06 .06

.07 .07

.08 .08

.09 .09
.1 .1

.2 .2

.3 .3

.4 .4

.5 .5

.6 .6

.7 .7

.8 .8

.9 .9
1 1

2 2

3 3

4 4
5 5
6 6
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70 70
80 80
90 90

100 100

200 200

300 300

400 400
500 500
600 600
700 700
800 800
900 900

1000 1000

2000 2000

3000 3000

4000 4000
5000 5000
6000 6000
7000 7000
8000 8000
9000 9000

10000 10000

CURRENT IN AMPERES X 10 AT 4160 VOLTS

CURRENT IN AMPERES X 10 AT 4160 VOLTS
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EasyPower®

TIME-CURRENT CURVES
750kVA Transformer

Typical 750kVA Transformer FAULT:

DATE: Feb 28, 2017

BY: ROT

REVISION: 1

MCM PRIMARY DISTRIBUTION

FS-1_B
Cutler-Hammer
CL
CLE
250E

FS-42
Cutler-Hammer
CL
CLE
150E

FS-44
Cooper
Current-Limit
NX
130*

C-1_I
1 - 4/0 AWG CU

XFE-A.
750 kVA
5%

XFE-A.
750 kVA
INRUSH

XFE-A.
FLA

R-1_B - 1
Multilin SR735
51/50 ANSI
Very Inverse
CT Ratio = 1200/5
Tap = 0.3 (360A)
Time Dial = 2
Instantaneous = 4 (4800A)

R-1_B - 1

POWER PLANT A

SW-3

JB-3A

JB-E1

SWE-01

XFE-A PRI

BLDG 10

XFE-A.
750 kVA
4.16 - 0.48 kV
5%

C-H CLE
250E

C-H CLE
150E

Cooper NX
130*

R
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.02 .02

.03 .03

.04 .04

.05 .05

.06 .06

.07 .07

.1 .1

.2 .2

.3 .3

.4 .4

.5 .5

.6 .6

.7 .7
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2 2
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40 40
50 50
60 60
70 70

100 100

200 200

300 300
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6000 6000
7000 7000

10000 10000

20000 20000

30000 30000

40000 40000
50000 50000

CURRENT IN AMPERES X 10 AT 4160 VOLTS

CURRENT IN AMPERES X 10 AT 4160 VOLTS
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EasyPower®

TIME-CURRENT CURVES
500kVA Transformer

Typical 500kVA Cooridnation FAULT:

DATE: Feb 28, 2017

BY: ROT

REVISION: 1

MCM PRIMARY DISTRIBUTION

FS-15_C
Cooper
Current-Limit
NX
65

FS-15_A
A.B. Chance
Fuse Links
Fuse Link
100

FS-1_A
Cutler-Hammer
CL
CLE
250E

C-1_H
1 - 4/0 AWG CU

C-3_D
1 - 2 AWG CU

XFA-5
500 kVA
4.86%

XFA-5
500 kVA
INRUSH

R-1_A - 1
Multilin SR735
51/50 ANSI
Very Inverse
CT Ratio = 1200/5
Tap = 0.3 (360A)
Time Dial = 5
Instantaneous = 4 (480

R-1_A - 1

POWER PLANT A

SW-2

P-A4

P-A5

P-A2

XFA-5-SEC

P-A3

XFA-5-PRI

XFA-5
500 kVA
4.16 - 0.208 kV
4.86%

SQD VR-05035-12
1200A

Cooper NX
65

A.B. Chance Fuse Link
100

C-H CLE
250E

1200/5 R
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.9 .9
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10000 10000

CURRENT IN AMPERES X 100 AT 208 VOLTS

CURRENT IN AMPERES X 100 AT 208 VOLTS
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EasyPower®

TIME-CURRENT CURVES
300kVA Transformer

Typical 300kVA Transformer FAULT:

DATE: Feb 28, 2017

BY: ROT

REVISION: 1

MCM PRIMARY DISTRIBUTION

FS-10
Cooper
Current-Limit
NX
50

FS-1_E
Cutler-Hammer
CL
CLE
150E

C-1_L
1 - 4/0 AWG CU

C-1_AZ
3 - 4/0 AWG CU

TX-1_A
300 kVA
5%

TX-1_A
300 kVA
INRUSH

TX-1_A
FLA

R-1_F - 1
Multilin SR735
51/50 ANSI
Very Inverse
CT Ratio = 1200/5
Tap = 0.5 (600A)
Time Dial = 1

R-1_F - 1

POWER PLANT A

SW-6

JB-WP

TW-1 PRI

T-W-1 SEC

TX-1_A
300 kVA
4.16 - 0.208 kV
5%

SQD VR-05035-12
1200A

Cooper NX
50

C-H CLE
150E

1200/5
R
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CURRENT IN AMPERES X 10 AT 480 VOLTS

CURRENT IN AMPERES X 10 AT 480 VOLTS
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EasyPower®

TIME-CURRENT CURVES
225kVA Transformer

Typical 225kVA Transformer FAULT:

DATE: Feb 28, 2017

BY: ROT

REVISION: 1

MCM PRIMARY DISTRIBUTION

FS-15
A.B. Chance
Fuse Links
Fuse Link
40

FS-15_B
Cooper
Current-Limit
NX
40

C-3_B
1 - 2 AWG CU

C-1_N
1 - 4/0 AWG CU

XFA-4
225 kVA
5%

XFA-4
225 kVA
INRUSH

R-1_A - 1
Multilin SR735
51/50 ANSI
Very Inverse
CT Ratio = 1200/5
Tap = 0.3 (360A)
Time Dial = 5

R-1_A - 1

SW-2

P-A4

XFA-4 PRI

XFA-4 SEC

P-A2

P-A3

XFA-4
225 kVA
4.16 - 0.48 kV
5%

SQD VR-05035-12
1200A

C-H CLE
250E

A.B. Chance Fuse Link
40

Cooper NX
40

1200/5
R
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CURRENT IN AMPERES X 100 AT 480 VOLTS

CURRENT IN AMPERES X 100 AT 480 VOLTS
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EasyPower®

TIME-CURRENT CURVES
112.5 kVA Transformer

Typical TCC for 112.5 kVA FAULT:

DATE: Mar 03, 2017

BY: ROT

REVISION: 1

MCM PRIMARY DISTRIBUTION

TX-3
112 kVA
5%

TX-3
112 kVA
INRUSH

TX-3
FLA

C-1_AT
3 - 4/0 AWG CU

C-19
1 - 4/0 AWG CU
C-20
1 - 4/0 AWG CU

C-26
1 - 1 AWG CU

FS-1_C
Cutler-Hammer
CL
CLE
250E

FS-1_C
7680A

Cutler-Hammer
CL
CLE
125E

FS-45
7593A

FS-47
6848A

SW-4

P-C1

SWC-01

PUMP HOUSE PRI

PUMP HOUSE-SEC

TX-3
112.5 kVA
4.16 - 0.48 kV
5%

C-H CLE
250E

C-H CLE
125E

Cooper NX
18



.3

.3

.4

.4

.5

.5

.6

.6

.8

.8

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

100

100

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

1000

1000

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10000

10000

2

2

3

3

4

4

5

5

.01 .01

.02 .02

.03 .03

.04 .04

.05 .05

.06 .06

.07 .07

.08 .08

.09 .09
.1 .1

.2 .2

.3 .3

.4 .4

.5 .5

.6 .6

.7 .7

.8 .8

.9 .9
1 1

2 2

3 3

4 4
5 5
6 6
7 7
8 8
9 9

10 10

20 20

30 30

40 40
50 50
60 60
70 70
80 80
90 90

100 100

200 200

300 300

400 400
500 500
600 600
700 700
800 800
900 900

1000 1000

2000 2000

3000 3000

4000 4000
5000 5000
6000 6000
7000 7000
8000 8000
9000 9000

10000 10000
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EasyPower®

TIME-CURRENT CURVES
75kVA Transformer

Typical 75kVA Transformer FAULT:

DATE: Feb 28, 2017

BY: ROT

REVISION: 1

MCM PRIMARY DISTRIBUTION

FS-47
6848A

FS-47
Cooper
Current-Limit
NX
18

C-1_AT
3 - 4/0 AWG CU

C-20
1 - 4/0 AWG CU

C-26
1 - 1 AWG CU

TX-3
112 kVA
5%

TX-3
112 kVA
INRUSH

TX-3

R-1_C
4982A

R-1_C - 1
Multilin SR735
51/50 ANSI
Very Inverse
CT Ratio = 1200/5
Tap = 0.3 (360A)
Time Dial = 2

R-1_C - 1

POWER PLANT A

SW-4

P-C1

SWC-01

PUMP HOUSE PRI

PUMP HOUSE-SEC

TX-3
112.5 kVA
4.16 - 0.48 kV
5%

Cooper NX
18

C-H CLE
250E

1200/5
R























McMURDO STATION
DEVICE SETTING TABLE ANTARTICA

        SQUARE D ENGINEERING SERVICES RELAYS REFER TO DWG ML - 04-255

DEVICE NUMBER & NAME MANUFACTURER BUS VOLTS
BUS NUMBER & NAME DEVICE TYPE DESCRIPTION DEV. VOLTS CT RATIO SETTINGS

001 WATER PLNT 001-1 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 50 % (600A)

5A CT Sec    VERY INV 1
   INST 4.0 (4800A)

001 WATER PLNT 001-1_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 25 % (300A)

GF, 5A CT Sec    MOD INV 1
   INST 2.0 (2400A)

001 WATER PLNT 001-2 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 30 % (360A)

5A CT Sec    VERY INV  5
   INST 4.0 (4800A)

001 WATER PLNT 001-2_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 15 % (180A)

GF, 5A CT Sec    VERY INV  2
   INST 2.0 (2400A)

001 WATER PLNT 001-3 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 20 % (240A)

5A CT Sec    VERY INV  3
   INST 4.0 (4800A)

001 WATER PLNT 001-3_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 15 % (180A)

GF, 5A CT Sec    VERY INV  2
   INST 2.0 (2400A)

REL - Page 1 of 5
[Form Ver. 2.9]



McMURDO STATION
DEVICE SETTING TABLE ANTARTICA

        SQUARE D ENGINEERING SERVICES RELAYS REFER TO DWG ML - 04-255

DEVICE NUMBER & NAME MANUFACTURER BUS VOLTS
BUS NUMBER & NAME DEVICE TYPE DESCRIPTION DEV. VOLTS CT RATIO SETTINGS

001 WATER PLNT 001-4 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 30 % (360A)

5A CT Sec    VERY INV 2
   INST 4.0 (4800A)

001 WATER PLNT 001-4_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 15 % (180A)

GF, 5A CT Sec    VERY INV 2
   INST 2.0 (2400A)

001 WATER PLNT 001-5 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 30 % (360A)

5A CT Sec    VERY INV 2
   INST 4.0 (4800A)

001 WATER PLNT 001-5_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 15 % (180A)

GF, 5A CT Sec    VERY INV 2
   INST 2.0 (2400A)

001 WATER PLNT 001-6 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 20 % (240A)

5A CT Sec    VERY INV  3
   INST 4.0 (4800A)

001 WATER PLNT 001-6_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 30 % (360A)

GF, 5A CT Sec    VERY INV 2
   INST 2.0 (2400A)

REL - Page 2 of 5
[Form Ver. 2.9]



McMURDO STATION
DEVICE SETTING TABLE ANTARTICA

        SQUARE D ENGINEERING SERVICES RELAYS REFER TO DWG ML - 04-255

DEVICE NUMBER & NAME MANUFACTURER BUS VOLTS
BUS NUMBER & NAME DEVICE TYPE DESCRIPTION DEV. VOLTS CT RATIO SETTINGS

001 WATER PLNT 001-7 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 20 % (240A)

5A CT Sec    VERY INV  3
   INST 4.0 (4800A)

001 WATER PLNT 001-7_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 15 % (180A)

GF, 5A CT Sec    VERY INV 2
   INST 2.0 (2400A)

003 PWR PLNT-B 002 TIE MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 100 % (1200A)

5A CT Sec    MOD INV 3

003 PWR PLNT-B 002 TIE_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 15 % (180A)

GF, 5A CT Sec    VERY INV 2

002 PWR PLNT-A 002-1 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 30 % (360A)

5A CT Sec    VERY INV 5
   INST 4.0 (4800A)

002 PWR PLNT-A 002-1_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 15 % (180A)

GF, 5A CT Sec    VERY INV 2
   INST 2.0 (2400A)

REL - Page 3 of 5
[Form Ver. 2.9]



McMURDO STATION
DEVICE SETTING TABLE ANTARTICA

        SQUARE D ENGINEERING SERVICES RELAYS REFER TO DWG ML - 04-255

DEVICE NUMBER & NAME MANUFACTURER BUS VOLTS
BUS NUMBER & NAME DEVICE TYPE DESCRIPTION DEV. VOLTS CT RATIO SETTINGS

002 PWR PLNT-A 002-2 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 30 % (360A)

5A CT Sec    VERY INV  5
   INST 4.0 (4800A)

002 PWR PLNT-A 002-2_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 15 % (180A)

GF, 5A CT Sec    VERY INV 2
   INST 2.0 (2400A)

003 PWR PLNT-B 003-1 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 30 % (360A)

5A CT Sec    VERY INV  5
   INST 4.0 (4800A)

003 PWR PLNT-B 003-1_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 15 % (180A)

GF, 5A CT Sec    VERY INV 2
   INST 2.0 (2400A)

003 PWR PLNT-B 003-2 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 30 % (360A)

5A CT Sec    VERY INV 2
   INST 4.0 (4800A)

003 PWR PLNT-B 003-2_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 15 % (180A)

GF, 5A CT Sec    VERY INV 2
   INST 2.0 (2400A)

REL - Page 4 of 5
[Form Ver. 2.9]



McMURDO STATION
DEVICE SETTING TABLE ANTARTICA

        SQUARE D ENGINEERING SERVICES RELAYS REFER TO DWG ML - 04-255

DEVICE NUMBER & NAME MANUFACTURER BUS VOLTS
BUS NUMBER & NAME DEVICE TYPE DESCRIPTION DEV. VOLTS CT RATIO SETTINGS

003 PWR PLNT-B 003-3 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 20 % (240A)

5A CT Sec    VERY INV 3
   INST 4.0 (4800A)

003 PWR PLNT-B 003-3_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 15 % (180A)

GF, 5A CT Sec    VERY INV 2
   INST 2.0 (2400A)

003 PWR PLNT-B 003-4 MULTILIN 4160V 1200 / 5 Phase
Electronic SR735/737 Feeder Relay     Pickup(Lo) 50 % (600A)

5A CT Sec    VERY INV 1
   INST 4.0 (4800A)

003 PWR PLNT-B 003-4_GF MULTILIN 4160V 1200 / 5 Ground
Electronic SR735/737 Feeder Relay     Pickup(Lo) 30 % (360A)

GF, 5A CT Sec    VERY INV 2
   INST 2.0 (2400A)

REL - Page 5 of 5
[Form Ver. 2.9]
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SECTION 1 EXECUTIVE SUMMARY 

McMurdo will experience multiple load fluctuations during construction as new buildings are 

completed and others demolished. Existing conditions include multiple low energy efficient 

buildings scheduled for replacement with larger and high-energy efficient facilities.  As a 

result, final buildout will consume less energy once new construction is completed and old 

building removed.  There is one phased construction scenario where the demand load will 

that will add burden to the distribution system that represents the system’s worst-case 

system loading scenario. 

Building-2 (Building services) will be the first building to be constructed.  Construction of 

Building 2 will demo low energy buildings that exist within its construction footprint.  The 

worst-case scenario will occur when Building-2 is constructed and commissioned.  Onsite 

and construction support staff will be at its peak along with added energy to operate and 

maintain Building 2 during commissioning.   

Feeder B and D will be removed from Building-2’s footprint.  The design package does not 

include construction phasing details as buildings are constructed and others removed; 

however, this calculation has consider the worst-case scenario where part of Feeder B will 

remain to support Building 155, B142, B182.  Feeder B will required a back-feed to support 

existing buildings that are to remain during Building 2 construction.  Merrick’s 

recommendation is to install a temporary back-feed from a new 5kV J-Box installed adjacent 

to transformer XFE-C (Crary Building) to Pole B15.  Building 155 is a high-energy use facility 

and will contribute to a peak demand prior to its relocation to Building 2. The 

decommissioning of Building 155 and its support functions will reduce the Peak KW demand 

once Building 2 is completed.   

The design package has provided improved feeder loop capability over the existing radial 

5kV distribution.  The new feeder configuration provided loop capability between Feeder A 

and C, Feeder D and E, and Feeder A and D.   

Calculation results indicated that all design feeders are within design capacity and service 

voltage.  Merrick site investigation revealed system modifications not reflected in the as-

built drawings.  The power flow analysis included all findings unidentified during the site 

investigation.  Building 166, B188, and B167 original overhead feeder was removed due to 
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low clearance issues and their power source was relocated from Feeder B to Feeder D.  A 

new 650-ft, #4, 600V cable was installed between pole D-35 and an existing pole located 

adjacent of B166.  Secondary feeders to these buildings are excessive and subject to low 

service voltage.  Low voltage conditions will occur when building occupancy increases 

during construction causing mechanical system failures.  Building fault currents are too low 

and branch breakers are subject to long time trip delays.  Failure to trip a breaker during a 

fault condition could lead to a building fire if not corrected.  Corrective action is required for 

these facilities. 
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SECTION 2 INTRODUCTION 

CODES, STANDARDS, REFERENCES: 
 
UFC 3-501-01  (6 Oct 2015) Electrical Engineering 

UFC 3-550-01 UFC 3-550-01 Exterior Electrical Power Distribution (1 September, 2-16) 

NFPA 70E  Standard for Electrical Safety in the Work Place 

NFPA 70  National Electrical Code 2014 

IEEE  Std 399 Recommended Practices for Industrial and Commercial Power 

System Analysis. 

Merrick conducted a load flow analysis for McMurdo based on building square footage, 

UFC 3-550-01 load flow analysis guidelines, and site visit of each building.  A detail 

EasyPower™ model was developed reflecting existing conditions for each feeder and 

connected building/load.  New building construction was incorporated into the model where 

multiple calculation were performed to analysis the performance of the overall system and 

identify the worst-case scenario.  Building-2 (Building Services) will be the first building to 

be constructed.  Construction of Building 2 will demo low energy buildings that exist within 

its construction footprint.  The worst-case scenario will occur when Building-2 is constructed 

and commissioned while Building 155 remains in operation.  The decommissioning of 

Building 155 and its support functions will reduce the Peak KW demand once Building 2 is 

completed. Power demand will continue to reduce as future buildings are construction and 

others removed.  

Load Flow analysis performed by this calculation consist of feeder loading within McMurdo 

Station.  System stability studies are outside of this scope but should be addressed when 

the overall site power demand drops lower than existing conditions.  There will be several 

AIMS phased construction that will eventually drop the demand lower than existing 

conditions.  A stability study should be conducted prior to reducing the overall demand load 

below the existing condition and/or the introduction of microturbines to McMurdo. 

 

  



 

 

 

 

 

Subject: McMurdo Station Load Flow Study 

Project No.: 6401748177 Calculation 
No.: 

E002 Rev: 0 

 

 

5 
 

SECTION 3 GENERAL CRITERIA 

The existing site will remain in operation during all AIMS phased construction.  The modeling 

will be performed based on the following assumption: 

1. Construction of Building 2 and partial removal of Feeder B will create the worst-case 

system loading. 

2. Existing overhead feeders scheduled to remain will be modeled for system power flow 

and voltage drop. 

3. Scott Base and Wind Turbines will not be considered as power generation into the 

system model.  The study will focus on McMurdo feeder loading where the power source 

selection will have no impact to worst-case scenario.  Only power generated from the 

power plant will be considered as part of the analysis. 

4. Feeder selection and sizing is based on existing conditions in order to minimize cost.  

Conductor capacity will be evaluated based on feeder system loading, tie-breaker 

operation, and voltage drop to each primary service point.  Modification will be made as 

required to support new construction and existing building to remain. 

5. Existing building secondary conductors will be evaluated based on existing installed 

configuration.  Any voltage violations identified by the results will be discussed but not 

resolved as part of the study and design. 

6. Modification to existing overhead system will not be addressed as part of this design.  

Existing overhead pole jumpers are unreliable for long-term reliability due to high winds, 

vibrations, and mechanical failure due to cold climate application.  

7. Excessive lengths on selected secondary distribution conductors provide limited power 

capacity within the service voltage criteria.  Selected existing buildings may be 

problematic during construction with high occupancy causing mechanical equipment 

failure related to low voltage conditions. Design resolution to these building will not be 

provided in this design package. 

8. McMurdo power plant is operating voltage at nominal voltage of 4.16kV. 

9. Merrick was informed by McMurdo Site utilities that existing transformers do not have 

load tap changers.  Therefore, load flow analysis will not be performed with adjusted tap 

settings on transformers for service voltage adjustment. 
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10. Transformer impedance data is not available.  All calculations will be based on an 

assumed 5% impedance on transformers. 

11. Previous McMurdo power system stability studies were conducted to maintain system 

stability based on existing power generation between McMurdo power plant, wind 

turbines, and Scott Base.  The power flow analysis performed by this study will assume 

that no additional stability studies are required until the kW base loading drops below 

existing condition and there is no introduction of microturbines. . 

12. EasyPower™ model generated by this study will be used for further system dynamic 

and stability studies as the system realizes a reduction of base loading and introduction 

of new power generation technology. 
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SECTION 4 DESIGN INPUT  

1. Existing feeder conductors sizes, distances, and configuration provided by as-built 

drawings and field verification results gathered during Merrick’s 2017 McMurdo 

deployment. 

2. Existing transformers sizes and rated nominal voltage rating. 

3. Individual transformer impedances are not available; therefore, an assumed input of 5% 

impedance. 

4. Generation equipment will be modeled based on on-site data collection and data provided 

by the owner. 

5. Individual kW demand data is not available for each building.  Peak demand will be based 

on onsite survey of each building, building square footage, UFC standards, and available 

onsite power flow data. 

6. Individual Generator impedance data will be incorporated into the model with an adjusted 

KW rating due to fuel source. 

7. EasyPower™ Set points: 

a. Bus under voltage=0.95pu 

b. Bus over voltage= 1.05pu 

c. Overload Threshold= -10% of rating 
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SECTION 5 METHODOLOGY 

An EasyPower™ electrical model for McMurdo Station will be developed that includes all 

system components of the existing 5kV distribution system.  AIMS construction phasing will 

impose system load fluctuations as system loads are added or removed.  The model will be 

created where future system modification can be analyzed and evaluate the performance of 

the system as construction progresses.  The model will be available for further dynamic and 

stability analysis outside of this scope when system base loading drops below existing 

conditions or new power generation technology is introduced.  This calculation will model the 

anticipated system loading worst-case scenario to calculate equipment loading and system 

losses.  Loop feed breakers will be operated and system loading will be analyzed to overall 

system performance evaluation.    
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SECTION 6 REFERENCES 

 
Refer to Section 2 Introduction.  
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SECTION 7 CONCLUSIONS 

All service feeders are operating within their designed capability both in normal and back-up 

operation.  Service entrance voltage for each facility is within 5% of the McMurdo power plant 

operating voltage for the exception of B166, B167, and B188.  The new primary distribution 

system will support McMurdo long-term requirements.  System upgrades for existing 

overhead lines that are to remain will require future upgrades to resolve system reliability 

issues related with these systems.  
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SECTION 8 CALCULATIONS 

Power Flow Summary Report 
 
Generator Summary Report 
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Load Summary Report 
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SECTION 1 EXECUTIVE SUMMARY 

An EasyPower™ model was created for McMurdo Station for the existing electrical system to 

analyze existing fault conditions.  The electrical system consists of a 4.16kV micro-grid with 

multiple power generation sources.  The system was modeled with three reciprocating 

generators online assuming this operating scenario will generate the highest fault currents 

imposed onto the system.  It is anticipated that the site will likely not operate more than three 

units based on the forecasted load.  

Tabulated results are provided at the end of this report. Results generally indicate low fault 

currents in comparison to typical equipment available interrupting ratings (AIC).  Equipment 

verification of existing equipment is outside of this scope; however, there does not appear to be 

a problem with existing equipment ratings against the available short-circuit currents. 

Building 166, B188, and B167 original overhead feeder was removed due to low clearance 

issues and their power source was relocate from Feeder B to Feeder D.  A new 650-ft, #4, 600V 

cable was installed between pole D-35 and an existing pole located adjacent of B166.  

Secondary feeders to these buildings are excessive and subject to low service voltage.  Low 

voltage conditions will occur when building occupancy increases during construction causing 

mechanical system failures.  Building fault currents are too low and branch breakers are subject 

to long time trip delays.  Failure to trip a breaker during a fault condition could lead to a building 

fire if not corrected.  Corrective action is required for these facilities. 
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SECTION 2 INTRODUCTION 
 

CODES, STANDARDS, REFERENCES: 

UFC 3-501-01  (6 Oct 2015) Electrical Engineering 

UFC 3-550-01 Exterior Electrical Power Distribution (1 September, 2-16) 

NFPA 70E  Standard for Electrical Safety in the Work Place 

NFPA 70  National Electrical Code 2017 

IEEE Recommended Practices for Protection and Coordination of Industrial and Commercial 

Power Systems. 

This study assesses the existing fault current associated with McMurdo’s existing 4.16kV power 

generation and distribution system.  Fault currents will vary depending on the number of 

generator running on line.  This study will assume that a maximum of three generators will be 

operating on a single event.  Two generators will typically be running under normal condition 

but the highest fault currents will occur on rare occasions when three are running.  Therefore, 

the calculation will evaluate the worst-case condition and size the equipment accordingly.  

Reciprocating generators produce higher fault currents than inverter base technologies as used 

by microturbines and wind turbines.  Reciprocating engines will be used for fault calculations in 

order to calculate the highest fault currents. 

AIMS will include a number of construction phases and the fault currents results will vary slightly 

as feeders are reconfigured.  The EasyPower™ model is configured to evaluate each 

construction phase to recalculate the fault currents as system modifications occur. The 

calculated results will provide guidance in properly specifying AIC ratings for each electrical 

equipment and adjusting overcurrent protective device settings to achieve system protective 

coordination.  Coordination studies will be provided on a separate report.  

 

  



 

5 
 

SECTION 3 GENERAL CRITERIA 

The existing site will remain in operation during all AIMS phased construction.  The modeling 

will be performed based on the following assumption: 

1. Existing overhead feeders scheduled to remain will be modeled based on as-built data 

provided that indicates feeder size and distances.  Adjustments to the data was made 

based on Merrick’s findings from 2017 Deployment. 

2. Scott Base and Wind Turbines will not be considered as power generation source into the 

system model for the purpose of this study.  The study will focus on McMurdo feeder fault 

conditions from the existing power plant with a maximum of three generators in operation 

which will generate the worst case fault condition..  

3. Existing building secondary conductors will be evaluated based on existing installed 

configuration.   Conductors distance will be calculated from existing AutoCAD site 

drawings. 

4. McMurdo power plant operating output voltage at nominal voltage of 4.16kV (1.0 p.u) 

5. Merrick was informed by McMurdo Site utilities that existing transformers do not have load 

tap changers.  Therefore, calculations will be based without adjusted tap settings on 

transformers. 

6. Transformer impedance data is not available.  All calculations will be based on an 

assumed 5% impedance on transformers.    
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SECTION 4 DESIGN INPUT 

1. Existing feeder conductors sizes, distances, and configuration provided by as-built drawings 

and field verification results gathered during Merrick’s 2017 McMurdo deployment. 

2. Existing transformers sizes and rated nominal voltage rating. 

3. Individual transformer impedances are not available; therefore, an assumed input of 5% 

impedance. 

4. Generation equipment will be modeled based on on-site data collection and data provided 

by the owner. 

5. Individual Generator impedance data will be incorporated into the model with an adjusted 

KW rating due to fuel source. 

6. EasyPower™ Set points: 

a. Bus under voltage=0.95pu 

b. Bus over voltage= 1.05pu 

c. Overload Threshold= -10% of rating 

d. X/R ANSI Calculation Method 

e. 3-phase Fault 
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SECTION 5 METHODOLOGY 

An EasyPower™ electrical model for McMurdo Station was developed that includes all system 

components of the existing 5kV distribution system.  AIMS construction phasing will impose 

system modifications where feeder configurations will change the available fault currents at 

various site locations.  Multiple calculations will be conducted and compared to the worst-case 

scenario to determine if fault currents reach an undesirable level. 

The model will provide future support in analyzing future system modifications as construction 

progresses.  The model will be available for further dynamic and stability analysis outside of this 

scope when system base loading drops below existing conditions or new power generation 

technology is introduced.  Loop feed breakers will be operated and system loading will be 

analyzed to overall system performance evaluation.   
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SECTION 6 REFERENCES 

 
Refer to Section 1 Introduction.  
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SECTION 7 CONCLUSIONS 

Modifications to the existing overhead system had no significant change in fault currents 

between the existing and the new proposed feeder modifications.  No further action is required 

in existing electrical equipment to support the new primary installation.  AIMS is required to 

conduct individual fault studies for all new structures based on the service entrance equipment 

specified.       
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SECTION 8 CALCULATIONS 

 

 Vpu=1.0 
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