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APPENDIX 1
3720/3731 DC LINE
STRUCTURES HQ-1 TO DC-1
HALLS STREAM
CANADA / PITTSBURG, NH
1. This crossing is shown on attached drawing 372099912
2. The location of the 3720/3731 line is shown on attached maps titled Line List TBD
3. The 3720/3731 line will cross Halls Stream on steel structures with foundations. The energized
conductor (positive pole and negative pole for direct current) is in a horizontal configuration
using a 2-bundle of 2933 kcmil AAAC for each pole. The structures will have 2 ground wires in a
horizontal configuration. One will be 19#10 Alumoweld; the other will be an OPGW with sag
coefficients similar to 19#10 Alumoweld.
a. HQ-1 & DC-1 will be structures with strain insulators. The energized conductors are
separated approximately 36 feet horizontally and 0 feet vertically in a horizontal
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 12 inches below the top of the structure. The ground/OPGW wires are
separated horizontally approximately 9.5 feet. The ground/OPGW and energized
conductor are separated vertically by approximately 23.5 feet.
4. Energized conductors will have a maximum tension of 20,000 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 51 feet between the energized conductor and ground has been
achieved, which is greater than required 21.7 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for Hall Stream were based on
information in FEMA Flood Insurance Rate Map (FIRM) #33007C0195D Panel 195 of 1300. This
document has an effective date of February 20, 2013. Based on the information provided in the
FIRM, the section of the Halls Stream where the 3720/3731 line crosses is in an area labeled
“Zone A”. From the map legend, Zone A areas are determined to be inside of the 1% (100 year
flood) annual chance floodplain with no base flood elevations determined. Due to the
uncertainties and availability of flood data for this portion of Halls River, Northern Pass
Transmission, LLC has used the approximate top of the river bank as the peak elevation for this
river. Based on the information given in the FIRM, Northern Pass Transmission, LLC feels this
assumption is more than adequate for a 100 year flood elevation. At the time of survey the
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elevation at this section of Halls River was 1073 feet and elevation of the top of the river bank
was 1077 feet. The area of the crossing, as required by the Section 232 of the NESC is
approximately 12 acres (100 feet x 5280 feet / 43560 square feet/acre).
7. The 3720/3731 line is a 320 kV direct current (DC) line. Per NESC 230 the required clearances
are applicable for both alternating and direct currents. To convert 320 kV DC to a corresponding
alternating current (AC) voltage (for purposes of calculating clearances) take 320 kV x 30.5 / 20.5 =
392 kV. The equivalent phase to ground is calculated by taking 392 x 105% (voltage adder)
divided by 3^0 5 =237.6
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 7.19 feet or [(237.6 kV-22 kV)x 0.4]/12 is needed for 392 kV,
which brings the total required minimum clearance to 35.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 8.67 feet is required between 320 kV DC energized conductor and ground wire
ii. 16.59 feet is required between 320 kV DC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.88 feet is required between 320 kV DC energized conductors and ground wire
ii. 15.82 feet is required between 320 kV DC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.96 feet is required between 320 kV DC energized conductors and ground wire
ii. 16.88 feet is required between 320 kV DC energized conductors
f.
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Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 8.3 feet are required between 320 kV DC energized conductors and ground
wire
ii. 16.21 feet are required between 320 kV DC energized conductors
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g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
a. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
b. Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.
c. 130 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 47 feet, this exceeds the minimum required clearance of 35.7 feet.
d. Minimum clearance energized conductor to ground wires clearance – The weather case
that would produce the minimum clearance between energized conductors and ground
wires would be a combination of winter weather factors. First, the energized
conductors would be at 30 degrees F immediately following an ice storm and would
have recently dropped their ice. The ground wires would be at 32 degrees F and would
still be iced with ½” of radial ice. Under these conditions the clearance would be 22.2
feet vertically and 9.4 feet horizontally from the ground wires to the closest energized
conductor.
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APPENDIX 2
3720/3731 DC LINE
STRUCTURES DC-434 TO DC-535
UPPER AMMONOOSUC RIVER
STARK, NH
1. This crossing is shown on attached drawing 372099908
2. The location of the 3720/3731 line is shown on attached map titled Line List 12556.
3. The 3720/3731 line will cross the Upper Ammonoosuc River on steel structures with
foundations. The energized conductor (positive pole and negative pole for direct current) is in a
vertical configuration using a 2-bundle of 2933 kcmil AAAC for each pole. The structure will
have 1 ground wire. It will be OPGW with sag coefficients similar to 19#10 Alumoweld.
a. DC-434 & DC-435 will be structures with V-string insulators. The energized conductors
are separated approximately 0 feet horizontally and 26 feet vertically in a vertical
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 12 inches below the top of the structure. The ground/OPGW and
energized conductor are separated vertically by approximately 23.5 feet and
horizontally by 8.5 feet.
4. Energized conductors will have a maximum tension of 20,000 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 47 feet between the energized conductor and ground has been
achieved, which is greater than required 21.7 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for the Upper Ammonoosuc
River were based on information in FEMA Flood Insurance Rate Map (FIRM) # 33007C0760D
Panel 760 of 1300. This document has an effective date of February 20, 2013. Based on
33007C0760D the information provided in the FIRM, the section of the Upper Ammonoosuc
River where the 3720/3731 line crosses is in an area labeled “Zone A”. From the map legend,
Zone A areas are determined to be inside of the 1% (100 year flood) annual chance floodplain
with no base flood elevations determined. Due to the uncertainties and availability of flood
data for this portion of the Upper Ammonoosuc River, Northern Pass Transmission, LLC has used
the approximate top of the river bank as the peak elevation for this river. Based on the
information given in the FIRM, Northern Pass Transmission, LLC feels this assumption is more
than adequate for a 100 year flood elevation. At the time of survey the elevation at this section
of the Upper Ammonoosuc River was 929 feet and elevation of the top of the river bank was 934
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feet. The area of the crossing, as required by the Section 232 of the NESC is approximately 143
acres (1180 feet x 5280 feet / 43560 square feet/acre).
7. The 3720/3731 line is a 320 kV direct current (DC) line. Per NESC 230 the required clearances
are applicable for both alternating and direct currents. To convert 320 kV DC to a corresponding
alternating current (AC) voltage (for purposes of calculating clearances) take 320 kV x 30.5 / 20.5 =
392 kV. The equivalent phase to ground is calculated by taking 392 x 105% (voltage adder)
divided by 3^0 5 =237.6
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 7.19 feet or [(237.6 kV-22 kV)x 0.4]/12 is needed for 392 kV,
which brings the total required minimum clearance to 35.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 8.67 feet is required between 320 kV DC energized conductor and ground wire
ii. 16.59 feet is required between 320 kV DC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.88 feet is required between 320 kV DC energized conductors and ground wire
ii. 15.82 feet is required between 320 kV DC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.96 feet is required between 320 kV DC energized conductors and ground wire
ii. 16.88 feet is required between 320 kV DC energized conductors
f.
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Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 8.29 feet are required between 320 kV DC energized conductors and ground
wire
ii. 16.21 feet are required between 320 kV DC energized conductors
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g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

130 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 39 feet, this exceeds the minimum required clearance of 35.7 feet

Minimum clearance energized conductor to ground wires clearance – The weather case that would
produce the minimum clearance between energized conductors and ground wires would be a
combination of winter weather factors. First, the energized conductors would be at 30 degrees F
immediately following an ice storm and would have recently dropped their ice. The ground wires would
be at 32 degrees F and would still be iced with ½” of radial ice. Under these conditions the clearance
would be 22.8 feet vertically and 8.7 feet horizontally from the ground wires to the closest energized
conductor.
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APPENDIX 3
3720/3731 DC LINE
STRUCTURES DC-536 TO DC-539
ISRAEL RIVER / OTTER BROOK
LANCASTER, NH
1. This crossing is shown on attached drawing 372099911
2. The location of the 3720/3731 line is shown on attached maps titled Line List 2233/2234
3. The 3720/3731 line will cross Israel River & Otter Brook on steel structures with foundations.
The energized conductor (positive pole and negative pole for direct current) is in a horizontal
configuration using a 2-bundle of 2933 kcmil AAAC for each pole. The structures will have 2
ground wires in a horizontal configuration. One will be 19#10 Alumoweld; the other will be an
OPGW with sag coefficients similar to 19#10 Alumoweld.
a. DC-536 through DC-539 will be structures with V-string insulators. The energized
conductors are separated approximately 28 feet horizontally and 0 feet vertically in a
horizontal configuration. The ground/OPGW wire is carried on the structure by a
support bracket approximately 12 inches below the top of the structure. The
ground/OPGW wires are separated horizontally approximately 11 feet. The
ground/OPGW and energized conductor are separated vertically by approximately 23.5
feet.
4. Energized conductors will have a maximum tension of 20,000 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 55 feet between the energized conductor and ground has been
achieved, which is greater than required 21.7 feet.
6. At the point of line crossing, the Israel River and Otter Brook are parallel to each other and
approximately 1,200’ apart, however during the 100 year flood the 2 water bodies join. Flood
water elevations were based on information contained flood insurance rate maps provided by
FEMA. Table 232-1 of the NESC states that the minimum clearance over a water body is based
on a 10 year flood elevation. In the absence of 10 year flood elevation data, the project has
used 100 year flood elevations. All elevations provided are based on NAVD88 and location
information is based on NAD83. Flood elevations are based on FEMA FIRM Map
FM33007C0906D Panel 906 of 1300. The 100 year flood elevation for this portion of the rivers is
approximately 926 feet. The area of the crossing, as required by the Section 232 of the NESC is
approximately 182 acres (1500 feet x 5280 feet / 43560 square feet/acre).
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7. The 3720/3731 line is a 320 kV direct current (DC) line. Per NESC 230 the required clearances
are applicable for both alternating and direct currents. To convert 320 kV DC to a corresponding
alternating current (AC) voltage (for purposes of calculating clearances) take 320 kV x 30.5 / 20.5 =
392 kV. The equivalent phase to ground is calculated by taking 392 x 105% (voltage adder)
divided by 3^0 5 =237.6
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 7.19 feet or [(237.6 kV-22 kV)x 0.4]/12 is needed for 392 kV,
which brings the total required minimum clearance to 35.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 8.67 feet is required between 320 kV DC energized conductor and ground wire
ii. 16.59 feet is required between 320 kV DC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.88 feet is required between 320 kV DC energized conductors and ground wire
ii. 15.82 feet is required between 320 kV DC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.96 feet is required between 320 kV DC energized conductors and ground wire
ii. 16.88 feet is required between 320 kV DC energized conductors
f.

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 8.3 feet are required between 320 kV DC energized conductors and ground
wire
ii. 16.21 feet are required between 320 kV DC energized conductors

g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
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8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
a. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
b. Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.
c. 130 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 38 feet, this exceeds the minimum required clearance of 35.7 feet
d. Minimum clearance energized conductor to ground wires clearance – The weather case
that would produce the minimum clearance between energized conductors and ground
wires would be a combination of winter weather factors. First, the energized
conductors would be at 30 degrees F immediately following an ice storm and would
have recently dropped their ice. The ground wires would be at 32 degrees F and would
still be iced with ½” of radial ice. Under these conditions the clearance would be 21.9
feet vertically and 8.7 feet horizontally from the ground wires to the closest energized
conductor.

3

M2991034.DOCX

APPENDIX 4
3720/3731 DC LINE
STRUCTURES DC-536 TO DC-539
ISRAEL RIVER / OTTER BROOK
LANCASTER, NH
1. This crossing is shown on attached drawing 372099911
2. The location of the 3720/3731 line is shown on attached maps titled Line List 2235
3. The 3720/3731 line will cross Israel River & Otter Brook on steel structures with foundations.
The energized conductor (positive pole and negative pole for direct current) is in a horizontal
configuration using a 2-bundle of 2933 kcmil AAAC for each pole. The structures will have 2
ground wires in a horizontal configuration. One will be 19#10 Alumoweld; the other will be an
OPGW with sag coefficients similar to 19#10 Alumoweld.
a. DC-536 through DC-539 will be structures with V-string insulators. The energized
conductors are separated approximately 28 feet horizontally and 0 feet vertically in a
horizontal configuration. The ground/OPGW wire is carried on the structure by a
support bracket approximately 12 inches below the top of the structure. The
ground/OPGW wires are separated horizontally approximately 11 feet. The
ground/OPGW and energized conductor are separated vertically by approximately 23.5
feet.
4. Energized conductors will have a maximum tension of 20,000 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 55 feet between the energized conductor and ground has been
achieved, which is greater than required 21.7 feet.
6. At the point of line crossing, the Israel River and Otter Brook are parallel to each other and
approximately 1,200’ apart, however during the 100 year flood the 2 water bodies join. Flood
water elevations were based on information contained flood insurance rate maps provided by
FEMA. Table 232-1 of the NESC states that the minimum clearance over a water body is based
on a 10 year flood elevation. In the absence of 10 year flood elevation data, the project has
used 100 year flood elevations. All elevations provided are based on NAVD88 and location
information is based on NAD83. Flood elevations are based on FEMA FIRM Map
FM33007C0906D Panel 906 of 1300. The 100 year flood elevation for this portion of the rivers is
approximately 926 feet. The area of the crossing, as required by the Section 232 of the NESC is
approximately 182 acres (1500 feet x 5280 feet / 43560 square feet/acre).
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7. The 3720/3731 line is a 320 kV direct current (DC) line. Per NESC 230 the required clearances
are applicable for both alternating and direct currents. To convert 320 kV DC to a corresponding
alternating current (AC) voltage (for purposes of calculating clearances) take 320 kV x 30.5 / 20.5 =
392 kV. The equivalent phase to ground is calculated by taking 392 x 105% (voltage adder)
divided by 3^0 5 =237.6
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 7.19 feet or [(237.6 kV-22 kV)x 0.4]/12 is needed for 392 kV,
which brings the total required minimum clearance to 35.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 8.67 feet is required between 320 kV DC energized conductor and ground wire
ii. 16.59 feet is required between 320 kV DC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.88 feet is required between 320 kV DC energized conductors and ground wire
ii. 15.82 feet is required between 320 kV DC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.96 feet is required between 320 kV DC energized conductors and ground wire
ii. 16.88 feet is required between 320 kV DC energized conductors
f.

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 8.3 feet are required between 320 kV DC energized conductors and ground
wire
ii. 16.21 feet are required between 320 kV DC energized conductors

g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
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8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
a. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
b. Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.
c. 130 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 38 feet, this exceeds the minimum required clearance of 35.7 feet
d. Minimum clearance energized conductor to ground wires clearance – The weather case
that would produce the minimum clearance between energized conductors and ground
wires would be a combination of winter weather factors. First, the energized
conductors would be at 30 degrees F immediately following an ice storm and would
have recently dropped their ice. The ground wires would be at 32 degrees F and would
still be iced with ½” of radial ice. Under these conditions the clearance would be 21.9
feet vertically and 8.7 feet horizontally from the ground wires to the closest energized
conductor.
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APPENDIX 5
3720/3731 DC LINE
STRUCTURES DC-621 TO DC-622A
JOHNS RIVER
DALTON, NH
1. This crossing is shown on attached drawing 372099909
2. The location of the 3720/3731 line is shown on attached map titled Line List 2825/2826.
3. The 3720/3731 line will cross the Johns River on steel structures with foundations. The
energized conductor (positive pole and negative pole for direct current) roles from a horizontal
to vertical configuration using a 2-bundle of 2933 kcmil AAAC for each pole. The structures will
have at minimum 1 continuous ground wire, an OPGW with sag coefficients similar to 19#10
Alumoweld.
a. DC-621 will be a structure with strain insulators. The energized conductors are
separated approximately 36 feet horizontally and 0 feet vertically in a horizontal
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 12 inches below the top of the structure. The ground/OPGW wires are
separated horizontally approximately 9.5 feet. The ground/OPGW and energized
conductor are separated vertically by approximately 23.5 feet.
b. DC-622 will be a structure with strain insulators. The energized conductors are
separated approximately 0 feet horizontally and 26 feet vertically in a vertical
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 12 inches below the top of the structure. The ground/OPGW and
energized conductor are separated vertically by approximately 27 feet and horizontally
by 9.5 feet.
c. DC-622A will be a structure with V-string insulators. The energized conductors are
separated approximately 0 feet horizontally and 26 feet vertically in a vertical
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 12 inches below the top of the structure. The ground/OPGW and
energized conductor are separated vertically by approximately 23.5 feet and
horizontally by 8.5 feet.
4. Energized conductors will have a maximum tension of 20,000 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 52 feet between the energized conductor and ground has been
achieved, which is greater than required 21.7 feet.
1
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6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for the Johns River were based
on information in FEMA Flood Insurance Rate Map (FIRM) # 33007C0915D Panel 915 of 1300.
This document has an effective date of February 20, 2013. Based on the information provided in
the FIRM, the section of the Johns River where the 3720/3731 line crosses is in an area labeled
“Zone A”. From the map legend, Zone A areas are determined to be inside of the 1% (100 year
flood) annual chance floodplain with no base flood elevations determined. Due to the
uncertainties and availability of flood data for this portion of the Johns River, Northern Pass
Transmission, LLC has used the approximate top of the river bank as the peak elevation for this
river. Based on the information given in the FIRM, Northern Pass Transmission, LLC feels this
assumption is more than adequate for a 100 year flood elevation. At the time of survey the
elevation at this section of the Johns River was 865 feet and elevation of the top of the river
bank was 871 feet. The area of the crossing, as required by the Section 232 of the NESC is
approximately 30 acres (245 feet x 5280 feet / 43560 square feet/acre).
7. The 3720/3731 line is a 320 kV direct current (DC) line. Per NESC 230 the required clearances
are applicable for both alternating and direct currents. To convert 320 kV DC to a corresponding
alternating current (AC) voltage (for purposes of calculating clearances) take 320 kV x 30.5 / 20.5 =
392 kV. The equivalent phase to ground is calculated by taking 392 x 105% (voltage adder)
divided by 3^0 5 =237.6
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 7.19 feet or [(237.6 kV-22 kV)x 0.4]/12 is needed for 392 kV,
which brings the total required minimum clearance to 35.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 8.67 feet is required between 320 kV DC energized conductor and ground wire
ii. 16.59 feet is required between 320 kV DC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.88 feet is required between 320 kV DC energized conductors and ground wire
2
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ii. 15.82 feet is required between 320 kV DC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.96 feet is required between 320 kV DC energized conductors and ground wire
ii. 16.88 feet is required between 320 kV DC energized conductors
f.

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 8.29 feet are required between 320 kV DC energized conductors and ground
wire
ii. 16.21 feet are required between 320 kV DC energized conductors

g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

130 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 51 feet, this exceeds the minimum required clearance of 35.7 feet

Minimum clearance energized conductor to ground wires clearance – The weather case that would
produce the minimum clearance between energized conductors and ground wires would be a
combination of winter weather factors. First, the energized conductors would be at 30 degrees F
immediately following an ice storm and would have recently dropped their ice. The ground wires would
be at 32 degrees F and would still be iced with ½” of radial ice. Under these conditions the clearance
would be 22.8 feet vertically and 8.9 feet horizontally from the ground wires to the closest energized
conductor.
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APPENDIX 6
3720/3731 DC LINE
STRUCTURES DC-662 TO DC-663
AMMONOOSUC RIVER
BETHLEHEM, NH
1. This crossing is shown on attached drawing 372099901
2. The location of the 3720/3731 line is shown on attached map titled Line List 3114.
3. The 3720/3731 line will cross the Ammonoosuc River on steel structures with foundations. The
energized conductor (positive pole and negative pole for direct current) is in a horizontal
configuration using a 2-bundle of 2933 kcmil AAAC for each pole. The structures will have 2
ground wires in a horizontal configuration. One will be 19#10 Alumoweld; the other will be an
OPGW with sag coefficients similar to 19#10 Alumoweld.
a. DC-662 & DC-663 will be structures with V-string insulators. The energized conductors
are separated approximately 28 feet horizontally and 0 feet vertically in a horizontal
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 12 inches below the top of the structure. The ground/OPGW wires are
separated horizontally approximately 11 feet. The ground/OPGW and energized
conductor are separated vertically by approximately 23.5 feet.
4. Energized conductors will have a maximum tension of 20,000 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 51 feet between the energized conductor and ground has been
achieved, which is greater than required 21.7 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for the Ammonoosuc River
were based on information in FEMA Flood Insurance Rate Map (FIRM) #3309C0135E Panel 135
of 1185. This document has an effective date of February 20, 2008. Based on the information
provided in the FIRM, the section of the Ammonoosuc River where the 3720/3731 line crosses is
in an area labeled “Zone A”. From the map legend, Zone A areas are determined to be inside of
the 1% (100 year flood) annual chance floodplain with no base flood elevations determined.
Due to the uncertainties and availability of flood data for this portion of the Ammonoosuc River,
Northern Pass Transmission, LLC has used the approximate top of the river bank as the peak
elevation for this river. Based on the information given in the FIRM, Northern Pass
Transmission, LLC feels this assumption is more than adequate for a 100 year flood elevation. At
the time of survey the elevation at this section of the Ammonoosuc River was 970 feet and
1

M2991047.DOCX

elevation of the top of the river bank was 982 feet. The area of the crossing, as required by
the Section 232 of the NESC is approximately 36 acres (300 feet x 5280 feet / 43560 square
feet/acre).
7. The 3720/3731 line is a 320 kV direct current (DC) line. Per NESC 230 the required clearances
are applicable for both alternating and direct currents. To convert 320 kV DC to a corresponding
alternating current (AC) voltage (for purposes of calculating clearances) take 320 kV x 30.5 / 20.5 =
392 kV. The equivalent phase to ground is calculated by taking 392 x 105% (voltage adder)
divided by 3^0 5 =237.6
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 7.19 feet or [(237.6 kV-22 kV)x 0.4]/12 is needed for 392 kV,
which brings the total required minimum clearance to 35.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 8.67 feet is required between 320 kV DC energized conductor and ground wire
ii. 16.59 feet is required between 320 kV DC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.88 feet is required between 320 kV DC energized conductors and ground wire
ii. 15.82 feet is required between 320 kV DC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.96 feet is required between 320 kV DC energized conductors and ground wire
ii. 16.88 feet is required between 320 kV DC energized conductors
f.
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g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

130 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 67 feet, this exceeds the minimum required clearance of 35.7 feet

k. Minimum clearance energized conductor to ground wires clearance – The weather case
that would produce the minimum clearance between energized conductors and ground
wires would be a combination of winter weather factors. First, the energized
conductors would be at 30 degrees F immediately following an ice storm and would
have recently dropped their ice. The ground wires would be at 32 degrees F and would
still be iced with ½” of radial ice. Under these conditions the clearance would be 23 feet
vertically and 8.7 feet horizontally from the ground wires to the closest energized
conductor.
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APPENDIX 7
3720/3731 DC LINE
STRUCTURES DC-1099 TO DC-1101
PEMIGEWASSET RIVER
ASHLAND/BRIDGEWATER, NH
1. This crossing is shown on attached drawing 372099903
2. The location of the 3720/3731 line is shown on attached map titled Line List 5813.01.
3. The 3720/3731 line will cross the Pemigewasset River on steel structures with foundations. The
energized conductor (positive pole and negative pole for direct current) is in a horizontal
configuration using a 2-bundle of 2933 kcmil AAAC for each pole. The structures will have 2
ground wires in a horizontal configuration. One will be 19#10 Alumoweld; the other will be an
OPGW with sag coefficients similar to 19#10 Alumoweld.
a. DC-1099 through DC-1101 will be structures with V-string insulators. The energized
conductors are separated approximately 28 feet horizontally and 0 feet vertically in a
horizontal configuration. The ground/OPGW wire is carried on the structure by a
support bracket approximately 12 inches below the top of the structure. The
ground/OPGW wires are separated horizontally approximately 11 feet. The
ground/OPGW and energized conductor are separated vertically by approximately 23.5
feet.
4. Energized conductors will have a maximum tension of 20,000 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 37 feet between the energized conductor and ground has been
achieved, which is greater than required 21.7 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for the Pemigewasset River
were based on information in FEMA Flood Insurance Rate Map (FIRM) 33009C1010E Panel 1010
of 1185. This document has an effective date of February 20, 2008. The 100 year flood
elevation for this portion of the river is approximately 480 feet. The area of the crossing, as
required by the Section 232 of the NESC is approximately 50 acres (410 feet x 5280 feet / 43560
square feet/acre).
7. The 3720/3731 line is a 320 kV direct current (DC) line. Per NESC 230 the required clearances
are applicable for both alternating and direct currents. To convert 320 kV DC to a corresponding
alternating current (AC) voltage (for purposes of calculating clearances) take 320 kV x 30.5 / 20.5 =
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392 kV. The equivalent phase to ground is calculated by taking 392 x 105% (voltage adder)
divided by 3^0 5 =237.6
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 7.19 feet or [(237.6 kV-22 kV) x 0.4]/12 is needed for 392 kV,
which brings the total required minimum clearance to 35.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 8.67 feet is required between 320 kV DC energized conductor and ground wire
ii. 16.59 feet is required between 320 kV DC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.88 feet is required between 320 kV DC energized conductors and ground wire
ii. 15.82 feet is required between 320 kV DC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.96 feet is required between 320 kV DC energized conductors and ground wire
ii. 16.88 feet is required between 320 kV DC energized conductors
f.

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 8.29 feet are required between 320 kV DC energized conductors and ground
wire
ii. 16.21 feet are required between 320 kV DC energized conductors

g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
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h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

130 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 41 feet, this exceeds the minimum required clearance of 35.7 feet

k. Minimum clearance energized conductor to ground wires clearance – The weather case
that would produce the minimum clearance between energized conductors and ground
wires would be a combination of winter weather factors. First, the energized
conductors would be at 30 degrees F immediately following an ice storm and would
have recently dropped their ice. The ground wires would be at 32 degrees F and would
still be iced with ½” of radial ice. Under these conditions the clearance would be 21.1
feet vertically and 8.7 feet horizontally from the ground wires to the closest energized
conductor.
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APPENDIX 8
3720/3730 DC LINE
STRUCTURES DC-1113 TO DC-1114
SQUAM RIVER
ASHLAND/ NEW HAMPTON, NH
1. This crossing is shown on attached drawing 37209910
2. The location of the 3720/3731 line is shown on attached map titled Line List 5538/5542.
3. The 3720/3731 line will cross the Squam River on steel structures with foundations. The
energized conductor (positive pole and negative pole for direct current) is in a horizontal
configuration using a 2-bundle of 2933 kcmil AAAC for each pole. The structures will have 2
ground wires in a horizontal configuration. One will be 19#10 Alumoweld; the other will be an
OPGW with sag coefficients similar to 19#10 Alumoweld.
a. DC-1113 will be structures with V-string insulators. The energized conductors are
separated approximately 28 feet horizontally and 0 feet vertically in a horizontal
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 12 inches below the top of the structure. The ground/OPGW wires are
separated horizontally approximately 11 feet. The ground/OPGW and energized
conductor are separated vertically by approximately 23.5 feet.
b. DC-1114 will be a structure with strain insulators. The energized conductors are
separated approximately 36 feet horizontally and 0 feet vertically in a horizontal
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 12 inches below the top of the structure. The ground/OPGW wires are
separated horizontally approximately 9.5 feet. The ground/OPGW and energized
conductor are separated vertically by approximately 23.5 feet.
4. Energized conductors will have a maximum tension of 20,000 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 35 feet between the energized conductor and ground has been
achieved, which is greater than required 21.7 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for the Squam River were
based on information in FEMA Flood Insurance Rate Map (FIRM) # 33009C1020E Panel 1020 of
1185. This document has an effective date of February 20, 2008. Based on the information
provided in the FIRM, the section of the Squam River where the 3720/3731 line crosses is in an
1
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area labeled “Zone A”. From the map legend, Zone A areas are determined to be inside of the
1% (100 year flood) annual chance floodplain with no base flood elevations determined.
Approximately 1500 feet downstream of crossing the Squam River enters into the Pemigewasset
River. The Pemigewasset River has 100 year flood elevations calculated. For this area it is
approximately 476 feet. For this crossing the project has assumed that flooding elevations
would be controlled by backwater from the Pemigewasset River. The area of the crossing, as
required by the Section 232 of the NESC is approximately 24 acres (200 feet x 5280 feet / 43560
square feet/acre).
7. The 3720/3731 line is a 320 kV direct current (DC) line. Per NESC 230 the required clearances
are applicable for both alternating and direct currents. To convert 320 kV DC to a corresponding
alternating current (AC) voltage (for purposes of calculating clearances) take 320 kV x 30.5 / 20.5 =
392 kV. The equivalent phase to ground is calculated by taking 392 x 105% (voltage adder)
divided by 3^0 5 =237.6
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 7.19 feet or [(237.6 kV-22 kV)x 0.4]/12 is needed for 392 kV,
which brings the total required minimum clearance to 35.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 8.67 feet is required between 320 kV DC energized conductor and ground wire
ii. 16.59 feet is required between 320 kV DC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.88 feet is required between 320 kV DC energized conductors and ground wire
ii. 15.82 feet is required between 320 kV DC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.96 feet is required between 320 kV DC energized conductors and ground wire
ii. 16.88 feet is required between 320 kV DC energized conductors
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f.

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 8.29 feet are required between 320 kV DC energized conductors and ground
wire
ii. 16.21 feet are required between 320 kV DC energized conductors

g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

130 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 48 feet, this exceeds the minimum required clearance of 35.7 feet

Minimum clearance energized conductor to ground wires clearance – The weather case that would
produce the minimum clearance between energized conductors and ground wires would be a
combination of winter weather factors. First, the energized conductors would be at 30 degrees F
immediately following an ice storm and would have recently dropped their ice. The ground wires would
be at 32 degrees F and would still be iced with ½” of radial ice. Under these conditions the clearance
would be 23.0 feet vertically and 9.2 feet horizontally from the ground wires to the closest energized
conductor. As described above these clearances exceed both requirements.
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APPENDIX 9
3720/3731 DC LINE
STRUCTURES DC-1144 TO DC-1145
PEMIGEWASSET RIVER
BRIDGEWATER/NEW HAMPTON, NH
1. This crossing is shown on attached drawing 372099904
2. The location of the 3720/3731 line is shown on attached map titled Line List 6145.03.
3. The 3720/3731 line will cross the Pemigewasset River on steel structures with foundations. The
energized conductor (positive pole and negative pole for direct current) is in a horizontal
configuration using a 2-bundle of 2933 kcmil AAAC for each pole. The structures will have 2
ground wires in a horizontal configuration. One will be 19#10 Alumoweld; the other will be an
OPGW with sag coefficients similar to 19#10 Alumoweld.
a. DC-1144 & DC-1145 will be structures with V-string insulators. The energized
conductors are separated approximately 28 feet horizontally and 0 feet vertically in a
horizontal configuration. The ground/OPGW wire is carried on the structure by a
support bracket approximately 12 inches below the top of the structure. The
ground/OPGW wires are separated horizontally approximately 11 feet. The
ground/OPGW and energized conductor are separated vertically by approximately 23.5
feet.
4. Energized conductors will have a maximum tension of 20,000 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 33 feet between the energized conductor and ground has been
achieved, which is greater than required 21.7 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for the Pemigewasset River
were based on information in FEMA Flood Insurance Rate Map (FIRM) 33009C1020E Panel 1020
of 1185. This document has an effective date of February 20, 2008. The 100 year flood
elevation for this portion of the river is approximately 469 feet. The area of the crossing, as
required by the Section 232 of the NESC is approximately 50 acres (410 feet x 5280 feet / 43560
square feet/acre).
7. The 3720/3731 line is a 320 kV direct current (DC) line. Per NESC 230 the required clearances
are applicable for both alternating and direct currents. To convert 320 kV DC to a corresponding
alternating current (AC) voltage (for purposes of calculating clearances) take 320 kV x 30.5 / 20.5 =
1
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392 kV. The equivalent phase to ground is calculated by taking 392 x 105% (voltage adder)
divided by 3^0 5 =237.6
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 7.19 feet or [(237.6 kV-22 kV) x 0.4]/12 is needed for 392 kV,
which brings the total required minimum clearance to 35.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 8.67 feet is required between 320 kV DC energized conductor and ground wire
ii. 16.59 feet is required between 320 kV DC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.88 feet is required between 320 kV DC energized conductors and ground wire
ii. 15.82 feet is required between 320 kV DC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.96 feet is required between 320 kV DC energized conductors and ground wire
ii. 16.88 feet is required between 320 kV DC energized conductors
f.

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 8.29 feet are required between 320 kV DC energized conductors and ground
wire
ii. 16.21 feet are required between 320 kV DC energized conductors

g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
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h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

130 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 81 feet, this exceeds the minimum required clearance of 35.7 feet

k. Minimum clearance energized conductor to ground wires clearance – The weather case
that would produce the minimum clearance between energized conductors and ground
wires would be a combination of winter weather factors. First, the energized
conductors would be at 30 degrees F immediately following an ice storm and would
have recently dropped their ice. The ground wires would be at 32 degrees F and would
still be iced with ½” of radial ice. Under these conditions the clearance would be 21.4
feet vertically and 8.4 feet horizontally from the ground wires to the closest energized
conductor.
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APPENDIX 10
3720/3731 DC LINE
STRUCTURES DC-1174 TO DC-1175
PEMIGEWASSET RIVER
NEW HAMPTON/BRISTOL, NH
1. This crossing is shown on attached drawing 372099906
2. The location of the 3720/3731 line is shown on attached map titled Line List 6441.
3. The 3720/3731 line will cross the Pemigewasset River on steel structures with foundations. The
The energized conductor (positive pole and negative pole for direct current) is in a horizontal
configuration using a 2-bundle of 2933 kcmil AAAC for each pole. The structures will have 2
ground wires in a horizontal configuration. One will be 19#10 Alumoweld; the other will be an
OPGW with sag coefficients similar to 19#10 Alumoweld.
a. DC-1174 to DC-1175 will be structures with strain insulators. The energized conductors
are separated approximately 36 feet horizontally and 0 feet vertically in a horizontal
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 12 inches below the top of the structure. The ground/OPGW wires are
separated horizontally approximately 9.5 feet. The ground/OPGW and energized
conductor are separated vertically by approximately 23.5 feet.
4. Energized conductors will have a maximum tension of 20,000 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 66 feet between the energized conductor and ground has been
achieved, which is greater than required 21.7 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for the Pemigewasset River
were based on information in FEMA Flood Insurance Rate Map (FIRM) # 33009C1180E Panel
1180 of 1185. This document has an effective date of February 20, 2008. Based on the
information provided in the FIRM, the section of the Pemigewasset River where the 3720/3731
line crosses is in an area labeled “Zone A”. From the map legend, Zone A areas are determined
to be inside of the 1% (100 year flood) annual chance floodplain with no base flood elevations
determined. Due to the uncertainties and availability of flood data for this portion of the
Pemigewasset River, Northern Pass Transmission, LLC has used the approximate top of the river
bank as the peak elevation for this river. Based on the information given in the FIRM, Northern
Pass Transmission, LLC feels this assumption is more than adequate for a 100 year flood
elevation. At the time of survey the elevation at this section of the Pemigewasset River was 452
1
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feet and elevation of the top of the river bank was 453 feet. The area of the crossing, as
required by the Section 232 of the NESC is approximately 162 acres (1340 feet x 5280 feet /
43560 square feet/acre).
7. The 3720/3731 line is a 320 kV direct current (DC) line. Per NESC 230 the required clearances
are applicable for both alternating and direct currents. To convert 320 kV DC to a corresponding
alternating current (AC) voltage (for purposes of calculating clearances) take 320 kV x 30.5 / 20.5 =
392 kV. The equivalent phase to ground is calculated by taking 392 x 105% (voltage adder)
divided by 3^0 5 =237.6
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 7.19 feet or [(237.6 kV-22 kV)x 0.4]/12 is needed for 392 kV,
which brings the total required minimum clearance to 35.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 8.67 feet is required between 320 kV DC energized conductor and ground wire
ii. 16.59 feet is required between 320 kV DC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.88 feet is required between 320 kV DC energized conductors and ground wire
ii. 15.82 feet is required between 320 kV DC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.96 feet is required between 320 kV DC energized conductors and ground wire
ii. 16.88 feet is required between 320 kV DC energized conductors
f.

2

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 8.29 feet are required between 320 kV DC energized conductors and ground
wire
ii. 16.21 feet are required between 320 kV DC energized conductors
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g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

130 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 66 feet, this exceeds the minimum required clearance of 35.7 feet

Minimum clearance energized conductor to ground wires clearance – The weather case that would
produce the minimum clearance between energized conductors and ground wires would be a
combination of winter weather factors. First, the energized conductors would be at 30 degrees F
immediately following an ice storm and would have recently dropped their ice. The ground wires would
be at 32 degrees F and would still be iced with ½” of radial ice. Under these conditions the clearance
would be 15.4 feet vertically and 9.5 feet horizontally from the ground wires to the closest energized
conductor.
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APPENDIX 11
3720/3731 DC LINE
STRUCTURES DC-1205 TO DC-1206
PEMIGEWASSET RIVER
NEW HAMPTON/HILL, NH
1. This crossing is shown on attached drawing 372099905
2. The location of the 3720/3731 line is shown on attached map titled Line List 6182.
3. The 3720/3731 line will cross the Pemigewasset River on steel structures with foundations. The
energized conductor (positive pole and negative pole for direct current) is in a horizontal
configuration using a 2-bundle of 2933 kcmil AAAC for each pole. The structures will have 2
ground wires in a horizontal configuration. One will be 19#10 Alumoweld; the other will be an
OPGW with sag coefficients similar to 19#10 Alumoweld.
a. DC-1205 & DC-1206 will be structures with strain insulators. The energized conductors
are separated approximately 36 feet horizontally and 0 feet vertically in a horizontal
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 12 inches below the top of the structure. The ground/OPGW wires are
separated horizontally approximately 9.5 feet. The ground/OPGW and energized
conductor are separated vertically by approximately 23.5 feet.
4. Energized conductors will have a maximum tension of 20,000 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 65 feet between the energized conductor and ground has been
achieved, which is greater than required 21.7 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for the Pemigewasset River
were based on information in FEMA Flood Insurance Rate Map (FIRM) #33013C0065E Panel 65
of 705. This document has an effective date of April 19, 2010. Based on the information
provided in the FIRM, the section of the Pemigewasset River where the 3720/3731 line crosses
is in an area labeled “Zone A”. From the map legend, Zone A areas are determined to be inside
of the 1% (100 year flood) annual chance floodplain with no base flood elevations determined.
Due to the uncertainties and availability of flood data for this portion of the Pemigewasset River,
Northern Pass Transmission, LLC has used the approximate top of the river bank as the peak
elevation for this river. Based on the information given in the FIRM, Northern Pass
Transmission, LLC feels this assumption is more than adequate for a 100 year flood elevation. At
the time of survey the elevation at this section of the Pemigewasset River was 309 feet and
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elevation of the top of the river bank was 326 feet. The area of the crossing, as required by the
Section 232 of the NESC is approximately 70 acres (580 feet x 5280 feet / 43560 square
feet/acre).
7. The 3720/3731 line is a 320 kV direct current (DC) line. Per NESC 230 the required clearances
are applicable for both alternating and direct currents. To convert 320 kV DC to a corresponding
alternating current (AC) voltage (for purposes of calculating clearances) take 320 kV x 30.5 / 20.5 =
392 kV. The equivalent phase to ground is calculated by taking 392 x 105% (voltage adder)
divided by 3^0 5 =237.6
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 7.19 feet or [(237.6 kV-22 kV)x 0.4]/12 is needed for 392 kV,
which brings the total required minimum clearance to 35.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 8.67 feet is required between 320 kV DC energized conductor and ground wire
ii. 16.59 feet is required between 320 kV DC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.88 feet is required between 320 kV DC energized conductors and ground wire
ii. 15.82 feet is required between 320 kV DC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.96 feet is required between 320 kV DC energized conductors and ground wire
ii. 16.88 feet is required between 320 kV DC energized conductors
f.

2

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 8.29 feet are required between 320 kV DC energized conductors and ground
wire
ii. 16.21 feet are required between 320 kV DC energized conductors
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g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

130 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 107 feet, this exceeds the minimum required clearance of 35.7 feet

Minimum clearance energized conductor to ground wires clearance – The weather case that would
produce the minimum clearance between energized conductors and ground wires would be a
combination of winter weather factors. First, the energized conductors would be at 30 degrees F
immediately following an ice storm and would have recently dropped their ice. The ground wires would
be at 32 degrees F and would still be iced with ½” of radial ice. Under these conditions the clearance
would be 19.7 feet vertically and 9.5 feet horizontally from the ground wires to the closest energized
conductor.
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APPENDIX 12
3720/3731 DC LINE
STRUCTURES DC-1271 TO DC-1272
CHANCE POND
FRANKLIN, NH
1. This crossing is shown on attached drawing 372099907
2. The location of the 3720/3731 line is shown on attached map titled Line List 7315
3. The 3720/3731 line will cross Chance Pond on steel structures with foundations. The energized
conductor (positive pole and negative pole for direct current) is in a horizontal configuration
using a 2-bundle of 2933 kcmil AAAC for each pole. The structures will have 2 ground wires in a
horizontal configuration. One will be 19#10 Alumoweld; the other will be an OPGW with sag
coefficients similar to 19#10 Alumoweld.
a. DC-1271 will be a structure with strain insulators. The energized conductors are
separated approximately 36 feet horizontally and 0 feet vertically in a horizontal
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 12 inches below the top of the structure. The ground/OPGW wires are
separated horizontally approximately 9.5 feet. The ground/OPGW and energized
conductor are separated vertically by approximately 23.5 feet.
b. DC-1272 will be a structure with V-string insulators. The energized conductors are
separated approximately 28 feet horizontally and 0 feet vertically in a horizontal
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 12 inches below the top of the structure. The ground/OPGW wires are
separated horizontally approximately 11 feet. The ground/OPGW and energized
conductor are separated vertically by approximately 23.5 feet.
4. Energized conductors will have a maximum tension of 20,000 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 65 feet between the energized conductor and ground has been
achieved, which is greater than required 21.7 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for Chance Pond were based
on information in FEMA Flood Insurance Rate Map (FIRM) 33013C0158E Panel 158 of 705. This
document has an effective date of April 19, 2010. The 100 year flood elevation for this portion
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of the river is approximately 400 feet. The area of the crossing, as required by the Section 232
of the NESC is approximately 40 acres (330 feet x 5280 feet / 43560 square feet/acre).
7. The 3720/3731 line is a 320 kV direct current (DC) line. Per NESC 230 the required clearances
are applicable for both alternating and direct currents. To convert 320 kV DC to a corresponding
alternating current (AC) voltage (for purposes of calculating clearances) take 320 kV x 30.5 / 20.5 =
392 kV. The equivalent phase to ground is calculated by taking 392 x 105% (voltage adder)
divided by 3^0 5 =237.6
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 7.19 feet or [(237.6 kV-22 kV)x 0.4]/12 is needed for 392 kV,
which brings the total required minimum clearance to 35.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 8.67 feet is required between 320 kV DC energized conductor and ground wire
ii. 16.59 feet is required between 320 kV DC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.88 feet is required between 320 kV DC energized conductors and ground wire
ii. 15.82 feet is required between 320 kV DC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.96 feet is required between 320 kV DC energized conductors and ground wire
ii. 16.88 feet is required between 320 kV DC energized conductors
f.

2

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 8.3 feet are required between 320 kV DC energized conductors and ground
wire
ii. 16.21 feet are required between 320 kV DC energized conductors
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g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
a. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
b. Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.
c. 130 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 79 feet, this exceeds the minimum required clearance of 35.7 feet
d. Minimum clearance energized conductor to ground wires clearance – The weather case
that would produce the minimum clearance between energized conductors and ground
wires would be a combination of winter weather factors. First, the energized
conductors would be at 30 degrees F immediately following an ice storm and would
have recently dropped their ice. The ground wires would be at 32 degrees F and would
still be iced with ½” of radial ice. Under these conditions the clearance would be 23.4
feet vertically and 8.5 feet horizontally from the ground wires to the closest energized
conductor.

3

M2991103.DOCX

APPENDIX 13
3132 AC LINE
STRUCTURES 3132-4 TO 3132-5
MERRIMACK RIVER
FRANKLIN/NORTHFIELD, NH
1. This crossing is shown on attached drawing 313299905
2. The location of the 3132 line is shown on attached map titled Line List 7077.
3. The 3132 line will cross the Merrimack River on steel structures. The energized conductor is in a
horizontal configuration using a 2-bundle of 1590 kcmil ACSR. The structures will have 2 ground
wires in a horizontal configuration. One will be 19#10 Alumoweld; the other will be an OPGW
with sag coefficients similar to 19#10 Alumoweld.
a. 3132-4 & 3132-5 will be structures with suspension insulators. The energized
conductors are separated approximately 26 feet horizontally and 0 feet vertically in a
horizontal configuration. The ground/OPGW wire is carried on the structure by a
support bracket approximately 6 inches below the top of the structure. The
ground/OPGW wires are separated horizontally approximately 13 feet. The
ground/OPGW and energized conductor are separated vertically by approximately 25
feet.
4. Energized conductors will have a maximum tension of 11,400 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 48 feet between the energized conductor and ground has been
achieved, which is greater than required 20.8 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for the Merrimack River were
based on information in FEMA Flood Insurance Rate Map (FIRM) FM33013C0169E Panel 169 of
705. This document has an effective date of April 19, 2010. The 100 year flood elevation for
this portion of the river is approximately 267 feet. The area of the crossing, as required by the
Section 232 of the NESC is approximately 45 acres (370 feet x 5280 feet / 43560 square
feet/acre).
7. The 3132 line is a 345 kV alternating current (AC) line.
a.
1

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
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specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 6.24 feet or [(209.1 kV-22 kV)x 0.4]/12 is needed, which brings
the total required minimum clearance to 34.7 feet.
b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 7.72 feet is required between 345 kV AC energized conductor and ground wire
ii. 12.83 feet is required between 345 kV AC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.17 feet is required between 345 kV AC energized conductors and ground wire
ii. 13.00 feet is required between 345 kV AC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.01 feet is required between 345 kV AC energized conductors and ground wire
ii. 13.12 feet is required between 345 kV AC energized conductors
f.

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 7.34 feet are required between 345 kV AC energized conductors and ground
wire
ii. 14.31 feet are required between 345 kV AC energized conductors

g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
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i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

285 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 47 feet, this exceeds the minimum required clearance of 34.7 feet

Minimum clearance energized conductor to ground wires clearance – The weather case that would
produce the minimum clearance between energized conductors and ground wires would be a
combination of winter weather factors. First, the energized conductors would be at 30 degrees F
immediately following an ice storm and would have recently dropped their ice. The ground wires would
be at 32 degrees F and would still be iced with ½” of radial ice. Under these conditions the clearance
would be 24.9 feet vertically and 13.1 feet horizontally from the ground wires to the closest energized
conductor. As described above these clearances exceed both requirements.
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APPENDIX 14
3132 AC LINE
STRUCTURES 3132-112 TO 3132-117
TURTLE POND
CONCORD, NH
1. This crossing is shown on attached drawing 313299901
2. The location of the 3132 line is shown on attached map titled Line List 8076.
3. The 3132 line will cross Turtle Pond on steel structures. The energized conductor is in a
horizontal configuration using a 2-bundle of 1590 kcmil ACSR. The structures will have 2 ground
wires in a horizontal configuration. One will be 19#10 Alumoweld; the other will be an OPGW
with sag coefficients similar to 19#10 Alumoweld.
a. 3132-113, 3132-115 & 3132-116 will be structures with suspension insulators. The
energized conductors are separated approximately 26 feet horizontally and 0 feet
vertically in a horizontal configuration. The ground/OPGW wire is carried on the
structure by a support bracket approximately 6 inches below the top of the structure.
The ground/OPGW wires are separated horizontally approximately 13 feet. The
ground/OPGW and energized conductor are separated vertically by approximately 25
feet.
b. 3132-112, 3132-114 & 3132-117 will be structures with strain insulators. The energized
conductors are separated approximately 30 feet horizontally and 0 feet vertically in a
horizontal configuration. The ground/OPGW wire is carried on the structure by a
support bracket approximately 6 inches below the top of the structure. The
ground/OPGW wires are separated horizontally approximately 60 feet. The
ground/OPGW and energized conductor are separated vertically by approximately 25
feet.
4. Energized conductors will have a maximum tension of 11,400 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 40 feet between the energized conductor and ground has been
achieved, which is greater than required 20.8 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for Turtle Pond were based on
information in FEMA Flood Insurance Rate Map (FIRM) 33013C0345E. This document has an
effective date of April 19, 2010. Based on the information provided in the FIRM, the section of
the Turtle Pond where the 3132 line crosses is in an area unlabeled. Due to the uncertainties
1

M2991112.DOCX

and availability of flood data for this portion of the Turtle Pond, Northern Pass Transmission, LLC
has used the approximate top of the pond bank as the peak elevation for this pond. Based on
the information given in the FIRM, Northern Pass Transmission, LLC feels this assumption is
more than adequate for a 100 year flood elevation since it is neither labeled with base flood
elevation or Zone A classification. At the time of survey the elevation at this section of the
Turtle Pond was 316 feet and elevation of the top of the Pond bank was 317 feet. These
elevations are based on the North American Vertical Datum of 1988. The area of the crossing,
as required by the Section 232 of the NESC is approximately 150 acres.
7. The 3132 line is a 345 kV alternating current (AC) line.
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 6.24 feet or [(209.1 kV-22 kV)x 0.4]/12 is needed, which brings
the total required minimum clearance to 34.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 7.72 feet is required between 345 kV AC energized conductor and ground wire
ii. 12.83 feet is required between 345 kV AC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.17 feet is required between 345 kV AC energized conductors and ground wire
ii. 13.00 feet is required between 345 kV AC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.01 feet is required between 345 kV AC energized conductors and ground wire
ii. 13.12 feet is required between 345 kV AC energized conductors
f.

2

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 7.34 feet are required between 345 kV AC energized conductors and ground
wire
ii. 14.31 feet are required between 345 kV AC energized conductors
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g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

285 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 43 feet, this exceeds the minimum required clearance of 34.7 feet

Minimum clearance energized conductor to ground wires clearance – The weather case that would
produce the minimum clearance between energized conductors and ground wires would be a
combination of winter weather factors. First, the energized conductors would be at 30 degrees F
immediately following an ice storm and would have recently dropped their ice. The ground wires would
be at 32 degrees F and would still be iced with ½” of radial ice. Under these conditions the clearance
would be 24.7 feet vertically and 2.1 feet horizontally from the ground wires to the closest energized
conductor. As described above these clearances exceed both requirements.
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APPENDIX 15
3132 AC LINE
STRUCTURES 3132-159 TO 3132-160
SOUCOOK RIVER
CONCORD/PEMBROKE, NH
1. This crossing is shown on attached drawing 313299903
2. The location of the 3132 line is shown on attached map titled Line List 8951.
3. The 3132 line will cross the Soucook River on steel structures. The energized conductor is in a
horizontal configuration using a 2-bundle of 1590 kcmil ACSR. The structures will have 2 ground
wires in a horizontal configuration. One will be 19#10 Alumoweld; the other will be an OPGW
with sag coefficients similar to 19#10 Alumoweld.
a. 3132-159 & 3132-160 will be structures with strain insulators. The energized
conductors are separated approximately 26 feet horizontally and 0 feet vertically in a
horizontal configuration. The ground/OPGW wire is carried on the structure by a
support bracket approximately 6 inches below the top of the structure. The
ground/OPGW wires are separated horizontally approximately 52 feet. The
ground/OPGW and energized conductor are separated vertically by approximately 25
feet.
4. Energized conductors will have a maximum tension of 11,400 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 48 feet between the energized conductor and ground has been
achieved, which is greater than required 20.8 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for the Soucook River were
based on information in FEMA Flood Insurance Rate Map (FIRM) 33013C0553E Panel 553 of 705.
This document has an effective date of April 19, 2010. The 100 year flood elevation for this
portion of the river is approximately 304 feet. The area of the crossing, as required by the
Section 232 of the NESC is approximately 17 acres (140 feet x 5280 feet / 43560 square
feet/acre).
7. The 3132 line is a 345 kV alternating current (AC) line.
a.
1

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
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specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 6.24 feet or [(209.1 kV-22 kV)x 0.4]/12 is needed, which brings
the total required minimum clearance to 34.7 feet.
b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 7.72 feet is required between 345 kV AC energized conductor and ground wire
ii. 12.83 feet is required between 345 kV AC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.17 feet is required between 345 kV AC energized conductors and ground wire
ii. 13.00 feet is required between 345 kV AC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.01 feet is required between 345 kV AC energized conductors and ground wire
ii. 13.12 feet is required between 345 kV AC energized conductors
f.

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 7.34 feet are required between 345 kV AC energized conductors and ground
wire
ii. 14.31 feet are required between 345 kV AC energized conductors

g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
2
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i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

285 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 59 feet, this exceeds the minimum required clearance of 34.7 feet

Minimum clearance energized conductor to ground wires clearance – The weather case that would
produce the minimum clearance between energized conductors and ground wires would be a
combination of winter weather factors. First, the energized conductors would be at 30 degrees F
immediately following an ice storm and would have recently dropped their ice. The ground wires would
be at 32 degrees F and would still be iced with ½” of radial ice. Under these conditions the clearance
would be 24.9 feet vertically and 4.4 feet horizontally from the ground wires to the closest energized
conductor.

3
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APPENDIX 16
3132 AC LINE
STRUCTURES 3132-218 TO 3132-220
SUNCOOK RIVER
ALLENTOWN/PEMBROKE, NH
1. This crossing is shown on attached drawing 313299902
2. The location of the 3132 line is shown on attached map titled Line List 8950.
3. The 3132 line will cross the Suncook River on steel structures. The energized conductor is in a
vertical configuration using a 2-bundle of 1590 kcmil ACSR. The structures will have ground
wire. OPGW with sag coefficients similar to 19#10 Alumoweld will be used.
a. 3132-218 thru 3132-220 will be structures with suspension insulators. The energized
conductors are separated approximately 0 feet horizontally and 22 feet vertically in a
vertical configuration. The ground/OPGW wire is carried on the structure by a support
bracket approximately 6 inches below the top of the structure. The ground/OPGW and
energized conductor are separated vertically by approximately 22 feet and 5 feet
horizontally.
4. Energized conductors will have a maximum tension of 11,400 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 40 feet between the energized conductor and ground has been
achieved, which is greater than required 20.8 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for the Suncook River were
based on information in FEMA Flood Insurance Rate Map (FIRM) 33013C0567E Panel 567 of 705.
This document has an effective date of April 19, 2010. The 100 year flood elevation for this
portion of the river is approximately 304 feet. The area of the crossing, as required by the
Section 232 of the NESC is approximately 97 acres (800 feet x 5280 feet / 43560 square
feet/acre).
7. The 3132 line is a 345 kV alternating current (AC) line.
a.

1

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
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additional clearance of 6.24 feet or [(209.1 kV-22 kV)x 0.4]/12 is needed, which brings
the total required minimum clearance to 34.7 feet.
b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 7.72 feet is required between 345 kV AC energized conductor and ground wire
ii. 12.83 feet is required between 345 kV AC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.17 feet is required between 345 kV AC energized conductors and ground wire
ii. 13.00 feet is required between 345 kV AC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.01 feet is required between 345 kV AC energized conductors and ground wire
ii. 13.12 feet is required between 345 kV AC energized conductors
f.

Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 7.34 feet are required between 345 kV AC energized conductors and ground
wire
ii. 14.31 feet are required between 345 kV AC energized conductors

g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
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i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

285 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 38 feet, this exceeds the minimum required clearance of 34.7 feet

Minimum clearance energized conductor to ground wires clearance – The weather case that would
produce the minimum clearance between energized conductors and ground wires would be a
combination of winter weather factors. First, the energized conductors would be at 30 degrees F
immediately following an ice storm and would have recently dropped their ice. The ground wires would
be at 32 degrees F and would still be iced with ½” of radial ice. Under these conditions the clearance
would be 21.9 feet vertically and 4.9 feet horizontally from the ground wires to the closest energized
conductor.
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APPENDIX 17
3132 AC LINE
STRUCTURES 3132-295 TO 3132-296
LAMPREY RIVER
DEERFIELD, NH
1. This crossing is shown on attached drawing 313299904
2. The location of the 3132 line is shown on attached map titled Line List 9703.01.
3. The 3132 line will cross the Lamprey River on steel structures. The energized conductor is in a
vertical configuration using a 2-bundle of 1590 kcmil ACSR. The structures will have ground
wire. OPGW with sag coefficients similar to 19#10 Alumoweld will be used.
a. 3132-295 will be a structure with suspension insulators. The energized conductors are
separated approximately 0 feet horizontally and 22 feet vertically in a vertical
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 6 inches below the top of the structure. The ground/OPGW and
energized conductor are separated vertically by approximately 22 feet and 5 feet
horizontally.
b. 3132-296 will be a structure with strain insulators. The energized conductors are
separated approximately 0 feet horizontally and 22 feet vertically in a vertical
configuration. The ground/OPGW wire is carried on the structure by a support bracket
approximately 6 inches below the top of the structure. The ground/OPGW and
energized conductor are separated vertically by approximately 22 feet and 0 feet
horizontally.
4. Energized conductors will have a maximum tension of 11,400 pounds at NESC 250B Heavy
weather case (0 degrees F, 4 pounds per square foot wind loading, ½-inch radial ice). Ground
wires will have a maximum tension of 5,500 pounds at NESC 250B Heavy weather case (0
degrees F, 4 pounds per square foot wind loading, ½-inch radial ice).
5. All NESC clearances described in subsequent paragraphs have been met by exceeding the
horizontal and/or vertical clearances required. Minimum distances to ground per the NESC have
been met. A clearance of 50 feet between the energized conductor and ground has been
achieved, which is greater than required 20.8 feet.
6. Flood water elevations were based on information contained flood insurance rate maps
provided by FEMA. Table 232-1 of the NESC states that the minimum clearance over a water
body is based on a 10 year flood elevation. In the absence of 10 year flood elevation data, the
project has used 100 year flood elevations. All elevations provided are based on NAVD88 and
location information is based on NAD83. Flood water elevations for the Lamprey River were
based on information in FEMA Flood Insurance Rate Map (FIRM) # 33015C0090E Panel 90 of
681. This document has an effective date of May 17, 2005. Based on the information provided
in the FIRM, the section of the Lamprey River where the 3132 line crosses is in an area labeled
“Zone A”. From the map legend, Zone A areas are determined to be inside of the 1% (100 year
flood) annual chance floodplain with no base flood elevations determined. Due to the
uncertainties and availability of flood data for this portion of the Lamprey River, Northern Pass
1
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Transmission, LLC has used the approximate top of the river bank as the peak elevation for this
river. Based on the information given in the FIRM, Northern Pass Transmission, LLC feels this
assumption is more than adequate for a 100 year flood elevation. At the time of survey the
elevation at this section of the Lamprey River was 369 feet and elevation of the top of the river
bank was 382 feet. The area of the crossing, as required by the Section 232 of the NESC is
approximately 38 acres (310 feet x 5280 feet / 43560 square feet/acre).
7. The 3132 line is a 345 kV alternating current (AC) line.
a.

Based on Table 232-1 of the NESC, for open supply conductors 750 V to 22kV to ground,
the minimum clearance to the water surface during a normal flood (10 year flood as
specified by the NESC, however the project has used the 100 year flood in absence of 10
year data) is 28.5 feet for waters 20-200 acres. NESC Rule 232.C.1.a states that an
additional clearance of 6.24 feet or [(209.1 kV-22 kV)x 0.4]/12 is needed, which brings
the total required minimum clearance to 34.7 feet.

b.

For overhead ground wires, the minimum required clearance to the water surface at
the normal flood level is 25.5 feet. As the static wires are located above the energized
conductors at all crossings, this NESC minimum clearance requirement will always be
met.

c. Table 235-1 of the NESC does not specify horizontal values for supply conductors of the
same circuit for voltages greater than 50 kV. In the absence of this, the project will use
values for different circuits. Based upon Table 235-1:
i. 7.72 feet is required between 345 kV AC energized conductor and ground wire
ii. 12.83 feet is required between 345 kV AC energized conductors
d. Based on Table 235-3 of the NESC for horizontal clearance along the span for wires or
conductors carried on the same support
i. 9.17 feet is required between 345 kV AC energized conductors and ground wire
ii. 13.00 feet is required between 345 kV AC energized conductors
iii. These horizontal clearances assume conductor or wire sag of 35 feet which
exceeds any sag at the location of these crossings.
e. Based on Table 235-5 of the NESC the vertical clearance required at the supports for
wires or conductors carried on the same supporting structure is:
i. 8.01 feet is required between 345 kV AC energized conductors and ground wire
ii. 13.12 feet is required between 345 kV AC energized conductors
f.
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Based on Rule 235.C.2.b of the NESC, the vertical clearance required in the span for
wires or conductors carried on the same supporting structure:
i. 7.34 feet are required between 345 kV AC energized conductors and ground
wire
ii. 14.31 feet are required between 345 kV AC energized conductors
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g. Per Figure 235-1 of the NESC conductors or wires cannot encroach the envelope formed
by the horizontal and vertical clearances prescribed above.
8. The sags and clearances to the water surface during a 100 year flood event for this crossing are
as follows:
h. Northern Pass Transmission, LLC (NPT) has investigated a multitude of weather and
loading conditions for its design. NPT used these design conditions and combinations
thereof to determine the minimum clearance of all conductors to the water and land
surfaces, between the phase conductors and OPGW cable. NPT has determined that the
weather cases and combinations listed below results in the minimum clearance and
control over all other weather conditions and combinations.
i.

Ground wires – Due to the fact that the ground wire is located above the energized
conductor, its clearance to the water surface will always exceed the minimum required
NESC distance.

j.

285 degrees F – Maximum operating temperature (energized conductor) based on NPT
transmission standards, the maximum sag for this weather case results in a clearance to
the water surface of 38 feet, this exceeds the minimum required clearance of 34.7 feet

Minimum clearance energized conductor to ground wires clearance – The weather case that would
produce the minimum clearance between energized conductors and ground wires would be a
combination of winter weather factors. First, the energized conductors would be at 30 degrees F
immediately following an ice storm and would have recently dropped their ice. The ground wires would
be at 32 degrees F and would still be iced with ½” of radial ice. Under these conditions the clearance
would be 21.7 feet vertically and 1.6 feet horizontally from the ground wires to the closest energized
conductor.
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APPENDICES
PART B
UNDERGROUND CROSSINGS

