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Introduction 
This engineering report summarizes the results of several technical studies completed during the 
planning and preliminary design phases for the Marcy Nanocenter Interconnection Project (Project). 
The technical studies address the anticipated power demand (i.e. load requirements) for MNC, 
alternatives for serving MNC with power, and the basis of design for the Project. The actual technical 
reports are appended to this report and incorporated herein by reference. 

1.1 Project Overview 
Mohawk Valley EDGE (MV EDGE or EDGE) is proposing to design, permit and construct a new electrical 
transmission line to bring power to the Marcy Nanocenter (MNC) site in Marcy, New York - a state-of-
the-art semiconductor manufacturing campus adjacent to the State University of New York’s Polytechnic 
College of Nanoscale Science and Engineering (CNSE). EDGE, CNSE and Fort Schuyler Management 
Corporation (FSMC) has partnered with an Austrian company, ams AG, to construct, staff and operate a 
new state-of-the-art 300mm enabled wafer fabrication (“FAB C”) facility in support of the company’s 
high performance semiconductor operations. The ams AG development represents a first phase of the 
overall MNC development. Ams AG has experienced an increase in demand for these advanced 
manufacturing nodes and building this new wafer fab will enable ams AG to reach their development 
goals. Initial site preparation work has commenced on the project with the FAB C and support facilities 
to be completed for tool installation by the end of the third quare of 2017.  Construction of the 
transmission line is anticipated to begin in the Fall of 2016 and conclude in the Spring of 2017. 

This report pertains only to the transmission line portion of a complete power delivery solution for MNC 
and the imminent ams AG development. The power delivery solution is a collaborative effort between 
MV EDGE and National Grid consisting of a new, double-circuit 115kV interconnection from National 
Grid’s Edic Substation to a new 115kV - 34.5kV substation (“MNC Substation”) located in the 
northwestern portion of the MNC site (i.e. Farmer Parcel). The MNC Substation is being sited on the 
Farmer Parcel as a part of the broader MNC Planned Development alongside a newly proposed “flex” 
space development designed to support the ams AG facility and other semiconductor operations that 
are attracted to support full build out of the Marcy Nanocenter site. National Grid’s proposed Edic 
Substation modifications include the addition of two 345kV - 115kV autotransformers with appropriate 
controls and protection, and yard expansion. MV EDGE is separately seeking approval from the Town of 
Marcy for the new MNC Substation apart from the associated transmission lines as a portion of the MNC 
Planned Development. Similarly, National Grid is also independently seeking permits and approvals for 
the Edic Substation modifications. MV EDGE and National Grid are making a concerted effort to 
coordinate design, permitting and construction activities to facilitate the Town of Marcy’s review of the 
project and to meet the ams AG in-service target date. 

The projected date for ams AG’s power requirements for installation and commissioning of chip 
fabrication tools is October 1, 2017. Construction of the MNC Substation and interconnecting 
transmission line is expected to be completed in advance of this date. The final design, procurement and 
construction phase of the Project is anticipated to start in July or August of 2016. Long lead time 
procurement of substation components such as breakers and autotransformers will be initiated at this 
point. Clearing and preparation of the proposed MNC Substation site and the transmission line ROW for 
installation of structures could begin in the fall of 2016. Estimated costs for the construction of the 
transmission line is $10 MM. 
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1.2 MNC Substation 
MV EDGE contracted with TRC to design the MNC Substation. MV EDGE is proposing to install a 
115/34.5kV 160 MVA base rated substation facility located south of Hazard Road on the “Farmer Parcel” 
west of the MNC and ams AG project location. The MNC 115/34.5kV Substation will be a new 
“Greenfield” substation configured in a six node ring bus (using double breakers), with an ultimate 
buildout consisting of the following: two (2) 115kV line terminals with metering voltage transformers 
(VTs) and current transformers (CTs), twelve (12) 115kV 2000A SF6 breakers, four (4) 115/34.5kV 80 
MVA base rated transformer with LTCs, and eight (8) 2000A main bus 34.5kV switchgear lineups 
consisting of a main breaker and four (4) feeders plus a tie breaker or section in each lineup. Initially the 
following will be installed: two (2) 115kV transmission line terminals with metering VTs and CTs, eight 
(8) 115kV 2000A SF6 breakers, two (2) 115/34.5kV 80 MVA base rated transformers with LTCs, and four 
(4) 2000A main bus 34.5kv switchgear lineups. The substation will be complete with associated 
instrument transformers, surge arresters, station service supply transformers, group operated manual 
breaker disconnects, motor operated disconnects, and line terminal motor-operated switches with 
manual ground blades. The substation will have a large control house to accommodate traditional 
protective relaying and control equipment. The substation will have an expandable switchgear building 
that will house the various switchgear sections. Figures 1.1 and 1.2 provide plan and profile views of the 
proposed MNC Substation as currently configured. 

 

Figure 1.1. Plan View 
MNC Substation 
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Figure 1.2. Profile View 
MNC Substation 

1.3 Project Ownership 
MV EDGE, working in collaboration with FSMC, will oversee the construction of the new transmission 
line and MNC Substation. MV EDGE and FSMC are currently pursuing an Engineer, Procure and 
Construct (EPC) contractor to build the transmission line and substation. Also included in the EPC scope 
of work are installation of optical ground wire from the structures into the MNC 115/34.5kV Substation 
and other infrastructure (e.g., telephone, water, sewer, ROW access road) facilities. Remote-end (Edic) 
substation upgrades will not be part of the MV EDGE EPC scope of work. National Grid is fully 
responsible for the design, permitting and construction of proposed modifications to its Edic Substation 
associated with the MNC Project.   

Construction of the transmission system will require permission from the New York State Public Service 
Commission under New York Public Service Law §68 (NYCRR 16 Part 21). After local, state and federal 
agency approvals have been acquired, EDGE and/or FSMC plan to file a petition with the NYS PSC for 
construction approval. 

1.3.1 Project Ownership and Operations 
MV EDGE and/or FSMC do not intend to own and operate the new transmission line between Edic 
Substation and the MNC Substation. The plan for the transmission line is to transfer ownership to 
National Grid with approval granted by the NYS PSC pursuant to NYCRR 16 Part 31 and New York Public 
Service Law §70. FSMC intends to own and operate the MNC Substation. 
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Marcy Nanocenter Power Needs 
The delivery of power to the MNC site capable of serving a semiconductor fab customer constitutes a 
priority improvement to MNC that MV EDGE intends to advance in the near term. During conversations 
with MV EDGE beginning in 2014, CH2M HILL understands that MV EDGE would like to site, design, 
license/certify and permit a new electrical interconnection so that when a customer (e.g. ams AG) 
commits to MNC, it could be presented with an energy solution that is or near ready to build. Because 
the current project represents a significant investment of public funding, MV EDGE endeavored to 
identify an electrical interconnection alternative that can be designed and permitted in a manner that is 
efficient from a cost and time perspective. CH2M completed an analysis of semiconductor fab industry 
trends in power consumption to initiate the planning and design process for the MNC Project. 

The results of the CH2M analysis were documented in a technical memorandum entitled, Semiconductor 
Fabrication Industry Design Requirements (dated January 14, 2015), which is included in this report as 
Appendix A. 

2.1 Semiconductor Industry Performance Requirements 
Semiconductor performance requirements dictate high levels of power quality without sacrificing power 
reliability. To meet these demands, semiconductor manufacturing sites typically have dedicated 
substations supplied by two or more utility sources with transfer schemes capable of keeping loads 
energized at all times. Higher transmission voltages are commonly used for reliability since lower 
voltage transmission lines typically experience more voltage sag events. 

Industry-standard best practices for semiconductor manufacturing site substations include a ring-bus 
substation configuration, redundant full-bus differential systems and double-breaker protection. 
Transmission line voltages range from 69-345kV depending on the expected site demand at full-build. 
Manufacturing site distribution is typically designed with N+1 transformer redundancy, allowing a single 
transformer to be taken out of service for maintenance without affecting factory operations. Site 
distribution voltages range from 12.47-34.5kV, also dependent on anticipated site demand. 

2.1.1 Forecasting MNC’s Power Demand 
Based on the anticipated MNC development schedule at the time of the analysis, the following are 
scenario assumptions for a power (megawatts or MW) demand timeline (Table 2-1). This demand 
timeline continues to guide the planning and design of the Project with the exception that the ams AG 
development has shifted the timeline as well as the anticipated power demand. Initial estimates of ams 
AG’s power demand indicate a similar 5 MW start-up power need. However, due to the size of the ams 
AG facility, 25-30 MW are forecasted at its build-out. Depending on the rate and scale of development 
within the balance of land at MNC, up to or exceeding the 320MW target will still need to be met. 

Table 2.1 
Forecasted Power Demand for the Marcy Nanocenter through Hypothetical Buildout 

Year Project Activity Demand Formula (MW) Demand (MW) 

2015 Ground breaking on Fab 1 (300mm) and 33% of office space 5 5 

2017 Fab 1 starts tool ramp-up and 33% office complete and start 50% R&D space 38+1.5+5 44.5 

2019 Fab 1 100% ramped, 66% Office, 50% R&D tooled, start Fab 2 (450 mm) 76+3+27+5 111 

2021 Fab 1 100%, 100% Office, 50% R&D complete and 50% start, Fab 2 start tool 76+4.4+40.5+5+41.5 167.5 
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Table 2.1 
Forecasted Power Demand for the Marcy Nanocenter through Hypothetical Buildout 

Year Project Activity Demand Formula (MW) Demand (MW) 

2023 Fab 1 100%, 100% Office, 100% R&D, Fab 2 100%, start Parking Garage 76+4.4+53+83+1 217.4 

2025 Fab 1 & 2 100%, Office+R&D+Garage 100%, start Fab 3 (450 mm)   76+4.4+53+83+1+5 222.4 

2027 Fab 1 & 2 100%, Office+R&D+Garage 100%, Fab 3 start tool 76+4.4+53+83+1+42 259.4 

2029 Fab 1 & 2 100%, Office+R&D+Garage 100%, Fab 3 100% 76+4.4+53+83+1+83 300.4 

** Farmer Parcel Build-out (550,000 sq. ft.)  20 

Total at Buildout 320.4 

Notes: 
“Office” – represents administrative space within the development. 

“R&D” – represents research and development facilities operating in association with the fabrication facilities. 

“Garage” – represents vehicle and equipment marshalling areas and storage. 
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Alternatives for Power Supply 
In 2014, MV EDGE requested CH2M to identify and evaluate electrical transmission alternatives for 
providing electricity to MNC. The focus of the study was solely on transmission service. While other 
factors, such as electric generation and distribution, may play a role in service reliability, they were 
considered to be outside the scope of the study. Each transmission alternative was examined in terms of 
the following attributes: 

 Capable of meeting standard semiconductor fabrication (“semifab”) facility energy requirements 

 Electric reliability 

 Power quality 

 Obvious constraints to project development 

 Environmental impact and regulatory requirements 

 Capital cost 

 Potential energy costs (to the MNC customer)  

MV EDGE and CH2M worked closely with National Grid and the New York Power Authority to analyze 
potential MNC interconnection alternatives from their respective transmission systems. Cost and 
schedule certain weighed into the decision-making process. However, environmental concerns, 
including potential adverse impacts on the community, were a very important factor for consideration. 
Based upon a comprehensive study of the aforementioned critical factors, CH2M recommended an 
overhead, 115kV transmission solution from National Grid’s Edic Substation. The EDGE-CH2M 
alternatives analysis report is included in this report as Appendix B.  
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Basis of Design 
MV EDGE hired TRC to conduct the preliminary design for the new transmission interconnection and 
MNC Substation. The preliminary project design contemplates a new transmission lines travelling from 
the Edic Substation, 1.4 miles southwest to the proposed MNC substation. Two circuits (Circuit #50 and 
Circuit #60) on separate structures are proposed instead of one circuit because of the power delivery 
and quality requirements of the end users. Semiconductor manufacturing facilities require redundant 
electrical systems to protect against potential outages. The transmission system being proposed consists 
of two, separate circuits of 115kv conductors. There are five wires per circuit, three phases/three 
separate conductors (A, B, C), one optical ground wire (OPGW) and one overhead ground wire (OHGW). 
Each circuit will utilize two-bundle 1192.5 kcmil 45/7 ACSR “Bunting” conductors. A 7/16” EHS shield 
wire (OHGW) and 48-fiber OPGW will be installed for each circuit.  

There are 17 structures per circuit proposed for a total of 34 structures. The new structures for the 
transmission lines are wooden H-frame and on reinforced concrete caisson foundations with the 
exception of the northernmost structures just outside of the Edic Substation and where large structure 
loads or height requirements warrant it. These structures will be three-pole or weathering steel poles. 
Beginning at the Edic Substation, the two new 115 kV circuits will run approximately 150-feet away from 
and parallel to the existing Edic [Substation] to Porter [Substation] bus tie circuit. Both new circuits will 
head south-east prior to Gridley Creek and cross over the National Grid 115 kV Boonville-Porter 1 and 2 
circuits between existing flex tower 249 and dead-end tower 250. Cross span support structures may 
require steel poles, due to height requirements for the crossing. After the crossing, the circuits will 
intersect the west side of the National Grid 115 kV Yahnundasis-Porter #3 / Oneida-Porter #7 / Porter-
Terminal #6 right-of-way (ROW). The first MNC Interconnection 115 kV circuit will be offset 100-feet 
from the National Grid 115 kV Yahnundasis-Porter #3 / Oneida-Porter #7 transmission lines, which are 
currently supported by steel flex towers. The new circuits will cross over Hazard Road continuing to 
parallel the National Grid transmission ROW for approximately 2,000-feet before entering the newly 
proposed MNC substation.  

TRC produced a Basis of Design Report that is included in this report as Appendix C. As documented in 
Appendix C, the Project was designed in conformance with National Grid’s standards and industry best 
practices. 

4.1 Plan and Profile Drawings 
Plan and Profile Drawings of the proposed transmission interconnection between Edic Substation and 
the proposed MNC Substation are provided as Appendix D. 

4.2 National Grid Typical Structure Designs 
Appendix D also contains the typical designs for the proposed transmission system including structures, 
insulators and other ancillary hardware use for this type of facility. 
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MNC Proposed Right-of-Way 
The proposed transmission lines will occupy new ROW for its entire length. The new ROW will be 
200 feet wide for approximately 3,300 feet from the takeoff structures at the Edic Substation to the 
point where it parallels existing National Grid transmission ROW. When parallel to existing ROW, the 
Project ROW is 150 feet wide. Project ROW widths are dictated by National Grid Standards and typical 
industry practices. The proposed ROW alignment was chosen based upon many important factors and 
consideration. Minimization of environmental impacts, landowner input, site topography, design criteria 
as determined by utility standards, and construction feasibility were all considered in selecting the ROW 
alignment. Environmental issues were assessed during a comprehensive environmental routing study 
presented in detail in the enclosed Environmental Report. Construction feasibility and utility industry 
design standards were considered throughout the preliminary design process and discussed in the 
Engineering Report. Landowner input was obtained from MV EDGE during outreach to discuss property 
acquisition for the Project.  

The ROW was aligned based on input from several of these property owners obtained during MV EDGE’s 
outreach efforts. The ROW crosses eight parcels of land located in a predominately forested and rural 
area, with residential land use scattered throughout. New easements will be obtained from the property 
owners for the new ROW with some exceptions as indicated in Table 2. One private property will be 
acquired as part of the ROW project and discussions with that property owner are underway. The 
process of acquiring these easements is in the negotiation stage. 

Table 2. Property Acquisition Identification for the Proposed Project Right-of-Way 

Property 
Identification Number 

Owner Name Property Acquisition 

278.000-2-39 Niagara Mohawk Power Corp (National Grid) NA – National Grid will own the Project 

278.000-2-36 Van Hatten Revocable Trust Easement 

293.000-1-20 John and Patricia Pletl Easement 

293.000-1-12 Robert and Jeanette Cooney Easement 

293.000-1-56 Theodore Kubinski Fee simple, purchase 

293.000-1-57 Chad Bogan Easement 

293.000-1-48.1 SUNY Poly (State of New York) NA 

293.000-1-48.2 MV EDGE NA 

 

5.1 Surveyed Plans of the Right-of-Way 
MV EDGE contracted with LaFave, White and McGivern, L.S., P.C. to survey the proposed ROW in 
support of project design and acquisition of easements from private property owners. Surveyed plans of 
the ROW are presented in Appendix E. 
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Executive Summary 
Semiconductor performance requirements dictate high levels of power quality without sacrificing power 
reliability. To meet these demands, semiconductor manufacturing sites typically have dedicated substations 
supplied by two or more utility sources with transfer schemes capable of keeping loads energized at all 
times. Higher transmission voltages are commonly used for reliability since lower voltage transmission lines 
typically experience more voltage sag events. 

Industry-standard best practices for semiconductor manufacturing site substations include a ring-bus 
substation configuration, redundant full-bus differential systems and double-breaker protection. 
Transmission line voltages range from 69-345kV depending on the expected site demand at full-build. 
Manufacturing site distribution is typically designed with N+1 transformer redundancy, allowing a single 
transformer to be taken out of service for maintenance without affecting factory operations. Site 
distribution voltages range from 12.47-34.5kV, also dependent on anticipated site demand. 

Improved equipment efficiency, sustainable design practices and the introduction of renewables are 
industry trends that have been benefitting semiconductor manufacturing. Semiconductor fabs are designed 
to strict energy codes and demonstrating an energy cost savings upwards of 25% over the minimum ASHRAE 
standard. 

In addition to providing the baseline for forecasting future demand, current advanced semiconductor 
manufacturing benchmarking reveals commonalities between client load profiles as well as electrical 
demand trends related to technology advancements. Newer semiconductor cleanrooms utilize open 
ballrooms allowing more densely packed process tool equipment and consequently higher power demand 
on a per square foot (SF) basis. Benchmarking data establishes scalar factors for wafer technology 
advancements and increases in wafer size for overall site power demand, providing a roadmap for future 
site development. 

Applying scalars based on historical data provides a reasonable forecast for future semiconductor 
manufacturing demand. Any number of site master plan options may be analyzed using scalar factors. For 
the purposes of this report, a 14-year load ramp was assumed for full-build of the Marcy Nanocenter site. 
Assumptions on site usage are intended to represent the worst-case load scenario (one 300 mm fab and two 
450 mm fabs with office and R&D Center). 

  



SEMICONDUCTOR FABRICATION INDUSTRY DESIGN REQUIREMENTS 

IS101514235338BOS COPYRIGHT 2014 BY CH2M HILL, INC. • CONFIDENTIAL NOT FOR THIRD PARTY USE 2 

Project Overview 
Mohawk Valley EDGE (MV EDGE) is developing the Marcy Nanocenter (MNC) site to attract a high-volume 
semiconductor manufacturer. MNC is a 358‐acre greenfield site on the State University of New York’s 
Polytechnic Institute (SUNY Poly) campus in upstate New York near Utica at a major crossroads of energy 
flow in the region. The delivery of power to the MNC site capable of serving a semiconductor fab customer 
constitutes a priority improvement to MNC that MV EDGE intends to advance in the near term. During 
conversations with MV EDGE Leadership, CH2M HILL understands that MV EDGE would like to site, design, 
license/certify and permit a new electrical interconnection so that when a customer commits to MNC, it 
could be presented with an energy solution that is near ready to build. Because the current project 
represents a significant investment of public funding, MV EDGE endeavors to identify an electrical 
interconnection alternative that can be designed and permitted in a manner that is efficient from a cost and 
time perspective. 

Semiconductor Performance Requirements 
Power system reliability is crucial for semiconductor fabs. Service outages are unacceptable and power 
quality is of the utmost importance. Impulses or spikes, dropouts or line notches, electrical noise, frequency 
deviation or loss of voltage are the primary power quality concerns of semiconductor customers. To counter 
these disturbances, many semiconductor manufacturers implement power conditioning at the 
manufacturing tool (process equipment) branch circuit level to guarantee stable voltage levels, frequency, 
waveform shape, and harmonic content. Typical power conditioning at this level consists of power line 
filters, solid-state surge suppressors, isolation transformers, line voltage regulators, or point-of-use 
uninterruptible power supplies (UPS). 

Power Quality Standards 
SEMI, a global industry association serving the manufacturing supply chain for the micro- and nano-
electronics industries, provides several power quality standards specifically tailored to the semiconductor 
manufacturing industry. 

SEMI F47 – Specification for Semiconductor Processing Equipment Voltage Sag Immunity sets minimum 
voltage sag immunity requirements for equipment used in semiconductor manufacturing. SEMI F47 closely 
aligns with the Information Technology Industry (ITI) Council’s power quality curve or “CBEMA curve” 
contained in IEEE Standard 1100 – see Figure 1 - CBEMA Curve. 
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Figure 1 - CBEMA Curve 

A scatter graph of 1,076 disturbances collected at 15 semiconductor manufacturing sites plotted against the 
CBEMA curve is shown in Figure 2 - Semiconductor Factory Site Disturbance Data, Source:  

. This graph indicates most disturbances fall within the equipment voltage tolerance envelope with 166 
events on or below the CBEMA curve, or within the “misoperation” region, potentially causing equipment 
interruptions. This equates to approximately 5.4 events below CBEMA standards per site, per year. 
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Figure 2 - Semiconductor Factory Site Disturbance Data, Source: (SEMI, 2013) 

SEMI F49 – Guide for Semiconductor Factory Systems Voltage Sag Immunity provides a system level 
approach to power conditioning for semiconductor facilities, including the power conditioning techniques 
outlined above. 

SEMI F50 – Guide for Electric Utility Voltage Sag Performance for Semiconductor Factories provides a 
framework for electric utility service providers to minimize the effect of voltage sag events on 
semiconductor processing. SEMI F50 provides perhaps the most useful information for semiconductor site 
master planning with the intent to achieve high levels of power quality without sacrificing power reliability. 
The key elements of this standard are summarized below. 

 Define a goal for acceptable voltage sag duration and magnitude – existing semiconductor 
manufacturing site data similar to that in Figure 2 above is recommended to develop the initial 
reference point for monitoring utility performance improvement since most semiconductor sites have 
dedicated substations. 

 Selection of the highest available service voltage is preferred for reliability – utility industry studies 
indicate approximately 60 to 75 percent fewer voltage sag events on higher voltage systems than on 
lower voltage systems for the following reasons: 

 Area of exposure is greater for lower voltages due to mix of higher and lower voltage distribution 
lines and equipment 

 Higher voltage systems may supply energy to lower voltage system faults with little impact to high 
voltage systems 

 Consider 69-345kV services for semiconductor facilities with loads greater than 10MW. 

 It is generally not economical to consider transmission voltages higher than 345kV for facilities less than 
60MW. 

 Most large semiconductor sites are served from dedicated substations. 

 Semiconductor manufacturers and electrical utilities should work together to identify voltage sag root 
causes and establish a process for continuous performance improvement. 

 Locate and identify what initiated the fault 

 Investigate underlying root causes of the fault 
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 Track faults and root causes 

 Identify corrective actions (e.g. additional animal guards, larger phase spacing, higher basic impulse 
insulation levels) 

 Typical semiconductor facilities and internal factory distribution have N+1 component redundancy. N+1 
component redundancy in fabs generally allows them to be operated with no annual shutdowns for 
maintenance. N is the number of components required to operate for maximum loading conditions and 
+1 indicates a single additional component that will operate to maintain the system capability in the 
event that one of the original components is offline. Fabs operating with no annual shutdowns for 
maintenance require utility system redundancy. This design requirement is for all advanced 
semiconductor client facilities and would be the forecasted design criteria of any likely advanced 
manufacturing future user. 

 A dual-feed system with two or more utility sources is preferred with transfer schemes capable of 
keeping loads energized at all times 

 Three utility sources connected in a network may not be desirable and could reduce quality without 
adding significant reliability, particularly if one of the transmission lines is more prone to failures 

 Dedicated feeders from the utility are recommended where distribution class circuits are used in 
order to isolate manufacturing plants from neighboring facilities 

 Overhead transmission line routing is critical to reduce exposures (e.g. vehicles or trees) 

 Consider custom power options such as energy storage to ride through momentary disturbances, 
although such options are often cost-prohibitive when compared to the level of protection achieved. 

Industry-Standard Best Practices 
Transmission System 
A typical HVM utility substation will consist of a standard arrangement ring-bus design with options for 
capacitor banks and a future station service transformer. The transmission voltage bus will be protected 
with redundant full-bus differential systems. The transmission voltage bays will be protected by circuit 
breakers utilizing double-breaker protection so that a breaker fail event, with subsequent clearing of the 
adjacent bus, will not cause more than one critical element to drop. 

Transmission lines will utilize utility standard and redundant line relaying for protection and the entire 
station will be monitored via utility standard SCADA and PDO guidelines. 

Three high voltage bays will provide double-breaker feeds to three transformers, transforming down to 
34.5kV or 12.47kV for site distribution. 

While projected future needs may only require three transformers, the site substation layout still leaves the 
option for a fourth, unforeseen unit. 

Distribution 
The utility substation distribution elements will initially consist of three transformers, three 34.5kV or 
12.47kV switchgears and a unit transfer bus. Initial build out will also include two capacitor banks, 
switchable in 3MVAR steps for power factor correction. Distribution elements such as feeder arrangements, 
duct banks, communications, switchgear main bus ratings, oil retention basins, IEEE compliant firewalls, and 
unit transfer bus will be designed with the full build out design transformer capacity in mind. Each 
switchgear may deliver two 34.5kV or 12.47kV feeder circuits for known future needs as well as one spare 
feeder breaker for unknown future needs. 
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Power Factor 
Semiconductor manufacturing capacity versus demand calculations are often performed using the units of 
the limiting capacity component (e.g. kVA for transformer capacity, kW for generator or UPS capacity, etc.). 

Real power P in kilowatts (kW) is equal to the apparent power S in kilovolt-amps (kVA) multiplied by the 
power factor PF: 

𝑃(𝑘𝑊) = 𝑆(𝑘𝑉𝐴) ∗ 𝑃𝐹 

Power factor between semiconductor manufacturing sites varies for several reasons. Equipment utilization 
and efficiencies, motor control methodology, percentage of process equipment on a conditioned power 
supply (UPS) and proportions of motor loads to electronic loads all contribute to the overall manufacturing 
site power factor. 

The power factor associated with facilities equipment (e.g. pumps, fans, compressors) is commonly taken at 
0.85. The sensitive electronics of process equipment drives the power factor for these loads upwards of 0.9-
0.95. As a result, overall semiconductor manufacturing power factor is generally maintained near 0.9. 

Efficiency, Sustainability and Renewables 
The design and construction industry trend for new construction to achieve U.S. Green Building Council’s 
LEED certification is benefitting typically high-energy consumers such as semiconductor fabs. 

Advanced 300 mm fab projects completed in the last few years have been granted LEED Gold certification by 
the USGBC, being awarded 60 or more points out of a possible 110. One such project documented an energy 
cost savings of 25.35 percent for the fab building using the ASHRAE 90.1-2007 Appendix G methodology. The 
total predicted annual energy consumption for the project was 14,393,201 kWh/year of electricity and 
544,517 therms/year of natural gas. A minimum energy cost savings of 12 percent is required for all new 
construction projects. This represents a potentially substantial energy savings over the minimum ASHRAE 
requirements if semiconductor projects attempt LEED Gold or Platinum certification. 

Additionally, many manufacturing sites are looking at the potential savings found in renewables. These 
savings can be in the forms of achieving corporate mission statements and goals, or carbon credits and tax 
savings implications. Semiconductor customers are installing solar arrays in parking structures and on the 
roofs of auxiliary buildings in an attempt to offset the power consumption of those buildings. Renewables 
have yet to be adopted in large scale on major semiconductor manufacturing sites around the world but 
there are several precedents. Many clients are using off-site renewable generation (wind, geothermal, large 
utility scale PV, etc.) to help offset electrical generation environmental impacts as an important regional 
energy solution. 

Benchmark Current Power Demand 
Understanding Semiconductor Fab Loading 
A semiconductor fabrication facility can be split into the following load categories: 

TABLE 1 
Semiconductor Fabrication Facility Load Categories 

Load Typical Building Location 

Bulk gas (usually nitrogen) Yard 

Cafeteria Fab or unique building 

Chillers and boilers Central utility building (CUB) 

Compressed air Fab or utility 

Deionized circulation Fab 

Deionized water Usually fab, can be utility 

Housekeeping vacuum Fab 
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TABLE 1 
Semiconductor Fabrication Facility Load Categories 

Load Typical Building Location 

HVAC Most in fab, some other places 

Instrument air Usually fab, can be utility 

Lights and receptacles All 

Office loads Fab or unique building 

Process tools Fab 

Process vacuum Fab 

Scrubbers Fab 

Specialty gas and chemical dispense Chemical or fab 

Support areas Fab or unique building 

Tank farms Yard 

VOC abatement Fab or yard 

Wastewater treatment and collection Fab, utility, or unique building 

 

If the facility makes new wafers instead of integrated circuits, different processes and loading considerations 
are involved. Some wafer processes are dirty, involving polishing and slurry systems, while others are clean, 
although not as sensitive as fabrication facilities. Process areas involve crystal growing (pulling), slice and 
polish, backgrind, and epitaxial (EPI). 

If load values and methods of operation are known for each system or area, total loading can be calculated. 
Loading detail is not usually known until late in a project since new technologies are constantly evolving. 
Bulk gas and other systems can be performance specified – vendors typically take power at the interface 
then perform detailed design and install. 

Estimated loading can be based on history of similar plants but technology improvements, location 
differences (climate), and customers’ operating philosophies need to be considered. 

Definitions of semiconductor fab loading include the following: 

 Connected loading is actual equipment nameplate (maximum) and used to size branch circuits to 
individual process equipment. 

 Peak demand is used to size electrical distribution equipment and takes into account the fact that all 
equipment does not run at once and, when running, not all at maximum output (demand and diversity 
factors). Overall peak demand = 0.7 x connected (approximate). 

 Average demand represents what billing will look like and balances peaks and valleys of loading. Overall 
average demand = 0.7 x peak demand (approximate). Average demand is sometimes used to size major 
equipment such medium voltage system or unit substations but must be coordinated with the customer, 
utility and local authority. For process tools in the cleanroom, values as low as 0.5 of peak demand have 
been measured, resulting in values as low as 35 percent or less for process tool consumption vs. 
connected load listing. 

It is important to note that the National Electrical Code does not recognize the various demand/diversity 
factors typically applied in semiconductor fab electrical load calculations so variances are required. 

Cleanrooms 
Cleanrooms characteristically have full or partially filtered ceilings to reduce the amount of particle 
contamination in the air. Other cleanroom systems are designed to reduce contamination in process gas and 
water systems. Air is typically circulated through filters, returned to air handlers through pre-filters and run 
through ceiling filters again. Packaged fan-filter units (FFUs) may be hung in the ceiling or larger custom 
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recirculation air handlers with a separate filtered ceiling may be used. Typically 200 mm fabs were either in 
SMIF application for wafer transport and used Class 100 or 1000 facilities when FFUs were first deployed, 
resulting in a lower HVAC electrical consumption or in Class 1 cleanrooms and open cassettes for wafer 
transport. 300mm facilities continued the FFU applications and the SMIF application was upgraded to FOUPs 
(Front Opening Unified Pod) and used reduced filter coverage FFUs resulting in Class 100 to 1000 
cleanrooms. The desire to reduce contamination is to allow operations being performed in cleanrooms to 
manufacture product with fewer defects (higher yield). Dust can short out miniature circuits during the 
production process of integrated circuits. 

Cleanrooms classified by Federal Standard 209 are by quantity of particles 0.5 micrometer and larger in one 
cubic foot of air, with the smaller number being cleaner. Common classifications are Class 1, 10, 100, 1,000, 
10,000, 100,000, and non-cleanrooms. Variations exist if the particle size is modified. International standard 
ISO 14644-1 uses metric sizing and considers particle quantity and size. Generally, the cleaner the 
classification, the more mechanical equipment is required to circulate air. 

Comparison of two standards at select points for a 0.5-micrometer particle: 

TABLE 2 
Comparison of Two Standards 

Federal Standard 209 ISO 14644 

Class 1 ISO Class 3 

Class 100 ISO Class 5 

Class 1000 ISO Class 6 

 

Types of cleanroom configurations include: 

 In sidewall return (long narrow tunnels) configurations air flows downward and is removed at openings 
near the floor along the walls. The limitation of a sidewall return is if air starts flowing horizontally 
rather than the preferred vertical flow when return walls are separated too far. The advantage of these 
rooms is that they do not require airflow through the floor so they can be built on the ground floor or 
existing slab. Process tools typically line the walls. Service chases for support equipment can be in return 
air chases along the walls. 

 Open ballroom has a filtered ceiling and raised perforated floor that allows airflow. Air can be taken 
underfloor and turned if there is enough cross-sectional area or can be taken through holes in a 
permanent “waffle slab” floor and turned. Air is returned to air handlers in chases or ducts to the side. 
Waffle slab holes called “pop-outs” allow support equipment utilities (electrical, gas, liquid, and air 
systems) to tie in from below. Tools are placed as needed and line up with associated support 
equipment on floors below. If air flows through the waffle slab, the subfab or basement below will be 
considered clean. If air is turned under the raised floor, waffle slab openings can be sealed and the 
subfab considered “dirty” (easier for maintenance). Some facilities have clean (upper) subfab and dirty 
(lower) subfab, which allows pipes and distribution equipment directly supporting the cleanroom to be 
on the upper subfab level and transformers, vacuum pumps and other “dirty” equipment to be in the 
lower subfab. 

 Bay and chase cleanrooms are similar to open ballroom but have service aisles (chases) intermixed 
between clean areas for air return and to house some support equipment. Tools can be “bulkheaded” 
into walls that separate cleanroom and service aisles. Most connection points for tool services are in the 
service aisles and the tool control panels are in the clean area. Other support equipment can be located 
below the cleanroom level on another floor. 
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 A lesser-used configuration has a wall made of filters with air flowing horizontally. One problem with 
this configuration is that workers need to keep from blocking airflow and must stay behind their work. 

Generic Fab Electrical Loading 
The following are in volt-amps (VA) per square foot (SF) of main cleanroom (on waffle) for initial planning. 
Multiply by the power factor (typically 0.85 to 0.95) for watts per square foot. Multiply by 10.764 (shown in 
parenthesis below) for power per square meter (SM) instead of SF. 

Special customer requirements for future, spare capacity and redundancy must be factored in. 

200 mm Fab: 

TABLE 3 
200 mm Fab Loading Data 

Load 
Connected 

VA/SF (SM) CR 
Demand 

Factor 
Peak Demand 
VA/SF (SM) CR 

Demand 
Factor 

Ave Demand 
VA/SF (SM) CR 

Total 
Demand 

Factor 

HVAC 80 (861) 0.8 65 (700) 0.7 45 (484) 0.56 

*Process Support 50 (538) 0.8 40 (431) 0.8 30 (323) 0.64 

N2 and Gas Pad 50 (538) 0.9 45 (484) 0.7 30 (323) 0.63 

Boilers/Chillers 140 (1507) 0.9 125 (1346) 0.7 90 (969) 0.63 

Fab Tools 210 (2261) 0.5 105 (1130) 0.7 75 (807) 0.35 

Total 530 (5705) 0.7 380 (4091) 0.7 270 (2922) 0.50 

 

300 mm Fab: 

TABLE 4 
300 mm Fab Loading Data 

Load 
Connected 

VA/SF (SM) CR 
Demand 

Factor 
Peak Demand 
VA/SF (SM) CR 

Demand 
Factor 

Ave Demand 
VA/SF (SM) CR 

Total 
DF 

HVAC 80 (861) 0.8 65 (700) 0.7 45 (484) 0.56 

*Process Support 60 (646) 0.8 50 (538) 0.7 35 (377) 0.56 

N2 and Gas Pad 50 (538) 0.9 45 (484) 0.7 30 (339) 0.63 

Boilers/Chillers 140 (1507) 0.9 125 (1346) 0.7 90 (969) 0.63 

Fab Tools 235 (2530) 0.5 120 (1292) 0.7 85 (915) 0.35 

Total 565 (6082) 0.7 405 (4360) 0.7 285 (3084) 0.50 

*Process support is 50% CDA and 50% other loads. CDA could be in a different location and on a different voltage than other loads. 

Emergency/standby system sizing depends on customer philosophy but could be anywhere between 7.5 and 
25 percent of the normal power demand. Semiconductor customers generally do not follow the load 
segregation required by National Electrical Code Articles 700, 701 and 702 but rather pursue code variances 
to mix these load types. 

UPS system sizing depends on customer philosophy and use of point-of-use units for tools but could be 
anywhere between 5 and 15 percent of normal power demand and requires generator backup of life safety 
related loads or 90-minute batteries. Other manufacturing-related UPS loads are backed by generator if 
customer philosophy dictates. Again, a code variance is required when mixing emergency/standby loads. 
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Fab Electrical Benchmark Data 
TABLE 5 
Summary of Fab Electrical Benchmark Data 

Facility Phase  

Asian Memory 
Manufacturing 
Benchmark 1 

SET(N+1) 

U.S. High Volume 
Logic Benchmark 2 

SET(N+1) 

U.S. High Volume 
Logic Benchmark 3 

SET(N+1) 

Asian Foundry 
Benchmark 4 

SET(N+1) 

Transformer power 
(high voltage 
substation) 

MVA Two 161-22.8 kV, 
50/62/78 MVA 
transformers, Phase 2 
uses fan capacity, 
Phase 1 has 39 MVA 
average demand 
(includes bulk gas), 
Phase 2 has 36 MVA 
average demand (CUB 
has CDA, high purity 
water, boilers, and 
chillers) 

54 MVA site service, 
four (3+1) 12.47 kV 18 
MVA services 
paralleled as a spot 
network, main CUB 15 
kV rated service 
switchgear (all mains 
and ties closed) feeds 
two Fab switchgear 
line-ups, each fully 
redundant 

Six 115 kV, 20/26/33 
MVA site 
transformers, Fab fed 
with dual 46 MVA, 15 
kV feeds, CUB fed 
from other sources 
(CUB has CDA, high 
purity water, boilers, 
and chillers) 

Two 161-22.8 kV, 
60/75/90 MVA 
transformers, Phase 2 
uses fan capacity, 
Phase 1 has 53 MVA 
average demand 
(includes bulk gas), 
Phase 2 has 33 MVA 
average demand (CUB 
has CDA, high purity 
water, boilers, and 
chillers) 

Cleanroom max 
demand 

MVA 17.4 MVA estimated 
tool peak demand, (58 
MVA estimated 
connected, 
143 kSF/13.3 kMS 
cleanroom) 

24 MVA tool peak 
demand, (64 MVA 
connected, 
202 kSF/18.8 kMS 
cleanroom) 

11.2 MVA tool peak 
demand, (60 MVA 
connected, 140 kSF/ 
13 kMS cleanroom) 

20 MVA tool peak 
demand, (68 MVA 
connected, 172 kSF/ 
16 kMS cleanroom) 

Emergency power MVA 9 MVA estimated peak 
demand for Phase 1 

4.1 MVA peak 
emergency demand 
plus 2.8 MVA standby 
plus 5.3 MVA for CPS 
back-up 

5 MVA peak demand 
calculated (without 
CUB), 2 MVA running 

10 MVA peak demand 
calculated for Phase 1 
(without CUB) 

Diesel generation (at 
medium voltage) 

MVA Four at 2500 kVA 
Phase 1 for 10 MVA 
with paralleling 
switchgear 

Six at 2500 kVA with 
paralleling switchgear 
and future seventh 
unit 

6.8 MVA with 
paralleling switchgear, 
without CUB 

40 MVA with 
paralleling switchgear 
(planned at full build-
out) 

Back-up power system 
type 

 Diesel-fueled standby-
rated, multiple units 
paralleled with load 
shed, 1 hour day tank 
with auto fill from 
48 hour bulk tank, 
closed transition 
switching 

Diesel-fueled standby-
rated, multiple units 
paralleled with load 
shed/load add, units 
located in H3 
occupancy, each with 
an 8 hour base tank, 
closed transition 
return to normal 
power, load test by 
paralleling 

Diesel-fueled standby-
rated, multiple units 
paralleled with load 
shed, 1.5 hour day 
tank with auto fill 
from 24 hour bulk 
tank, open transition 
switching 

Diesel-fueled standby-
rated, multiple units 
paralleled with load 
shed, 1 hour day tank 
with auto fill from 
48 hour bulk tank, 
open transition 
switching 

Back-up power system 
capacity 

MVA No on-site co-
generation other than 
continuous power 
system (CPS) & 
emergency, CPS 
system has additional 
two at 2000 kVA in 
Phase 1, plan to have 
8 MVA CPS at full 
build out 

Two of the six units 
designed for Utility 
initiated peak shaving 
by parallel operation 
with Utility, there is 
also 5.3 MVA CPS with 
generator back-up 

No on-site co-
generation other than 
emergency, manual 
transfer from extra 15 
kV transformer to 
critical tools, manual 
tie to emergency, no 
CPS 

No on-site co-
generation other than 
CPS & emergency, CPS 
system has additional 
20 MVA in Phase 1, 
plan to have 40 MVA 
CPS at full build out 
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TABLE 5 
Summary of Fab Electrical Benchmark Data 

Facility Phase  

Asian Memory 
Manufacturing 
Benchmark 1 

SET(N+1) 

U.S. High Volume 
Logic Benchmark 2 

SET(N+1) 

U.S. High Volume 
Logic Benchmark 3 

SET(N+1) 

Asian Foundry 
Benchmark 4 

SET(N+1) 

Normal power inside 
Cleanroom 

MVA 6 MVA estimated peak 
demand HVAC 

3.1 MVA peak demand 
HVAC 

2 MVA peak demand 
HVAC 

6 MVA peak demand 
HVAC 

Normal power outside 
Cleanroom 

MVA 15.6 MVA estimated 
peak demand, with 
CUB & bulk gas 
(includes emergency, 
UPS, and CPS loads 
normally running from 
normal power) 

27.8 MVA peak 
demand, with CUB 
(includes emergency 
and CPS loads 
normally running from 
normal power) 

9.8 MVA peak 
demand, without CUB 
(includes emergency 
loads normally 
running from normal 
power) 

27 MVA peak demand, 
with CUB & bulk gas 
(includes emergency, 
UPS, and CPS loads 
normally running from 
normal power) 

UPS/CPS in cleanroom MVA No static UPS for 
tools, 50 kVA peak 
demand estimated 
UPS for emergency 
lighting, 1.2 MVA peak 
demand CPS 

CPS is Pillar Tri-block 
rotary system with 28s 
ride-through backed 
by generator, two 5+1 
systems with each unit 
750 kW, total 
expandable capacity 
7.5 MW (Fab 
cleanroom load of 4.1 
MVA at 0.97 power 
factor) 

No separate UPS, they 
are with tools if 
needed, no CPS 

No static UPS for 
tools, 60 kVA peak 
demand static UPS for 
emergency lighting, 
8.5 MVA peak demand 
CPS 

UPS/CPS outside 
cleanroom 

MVA 0.8 MVA peak demand 
CPS with CUB & bulk 
gas 

1.2 MVA peak demand 
CPS with CUB and bulk 
gas 

300 kVA UPS capacity, 
using 100 kVA, CUB 
has separate 30 kVA 
UPS, no CPS 

1355 kVA capacity UPS 
using 800 kVA peak 
demand, 2.6 MVA 
peak demand CPS 

UPS battery time min 20 minutes, backed by 
generator 

28 second rotary 
stored energy, backed 
by generator 

10 minutes, backed by 
generator 

30 minutes for 
cleanroom emergency 
lighting, 10 minutes 
for others, all backed 
by generator 

EPS in cleanroom 
(emergency power) 

MVA 1.6 MVA estimated 
peak demand  

3.5 MVA total peak 
demand 

None, except via 
manual transfer 
system for extended 
outages 

8 MVA peak demand 
calculated (4 MVA 
peak demand in 
Phase 1) 

EPS outside 
cleanroom 
(emergency power) 

MVA 7.4 MVA estimated 
peak demand with 
CUB & bulk gas 

3.7 MVA peak demand 
(Article 700 defined 
emergency) plus 
2.7 MVA peak demand 
(Article 702 defined 
optional stand-by) 

5 MVA peak demand 
calculated (without 
CUB), 2 MVA running 

21 MVA peak demand 
with CUB & bulk gas, 
both phases 

 

The demand data listed below was recently attained from a U.S. high volume semiconductor manufacturer 
with greater than 90% cleanroom white space utilization and 300mm production: 

FAB A 

 Fab waffle = 139,000 SF; total cleanroom manufacturing = 180,700 SF; MW consumption = 15.5MW. 

 Expansion waffle = 72,000 SF; total cleanroom manufacturing = 100,800 SF; MW consumption = 10.1 
MW. 
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 CUB, Process Building and Gas Yard numbers for both buildings are 15.6 MW. 

 Total electrical demand = 15.5 + 10.1 + 15.6 = 41.2 MW consumption for 211,000 SF waffle and 
281,500 SF total cleanroom manufacturing space, which converts to 0.21690 kVA/SF unit demand 
on waffle and 0.1629 kVA/SF for total cleanroom manufacturing. Technologies in this facility range 
from 65 nm down to 22 nm with 14 nm planned. 

FAB B 

 U.S. foundry located in New York indicates 70 MVA demand with planned expansion.  

 This facility is currently built for 210,000 SF with 300,000 SF waffle and 430,000 SF total cleanroom 
manufacturing, which converts to 0.23333 kVA/SF unit demand on waffle and 0.1628 kVA/SF for 
total cleanroom manufacturing. 

Wafer/Technology Demand Loading Trends 
Items that affect the electrical loading comparison between semiconductor manufacturers and technologies 
are as follows: 

 Cleanroom area. 

 Ratio of support to cleanroom area (6:1 is considered low and the facility is mostly manufacturing, 12:1 
high and facility has related features such as offices, cafeteria, etc.). 

 Wafer size affects loading. Approximate 10 to 15 percent increase in tool power going from 6 inches 
(150 mm) to 8 inches (200 mm) wafer and from 8 inches (200 mm) to 12 inches (300mm) wafer. Without 
substantial data to validate the demand increase from 12 inches (300 mm) to 18 inches (450 mm), the 
semiconductor manufacturing industry is estimating anywhere from a 2 to 10 percent increase in 
electrical demand.  

 Open ballroom cleanrooms pack more equipment in than bay and chase (approximate 15 percent 
increase in tool power with ballroom). 

 Densely packed tools in an area increase tool power by approximately 5 percent. 

 If no subfab below cleanroom, support equipment takes cleanroom space (reduce tool loading by 
approximately 25 percent). 

 Customer process affects loading the most – tools such as furnaces use the most power. 

TABLE 6 
Electrical Loading Comparison between Semiconductor Manufacturers and Technologies 

Facility mm 
Peak VA per SF 
Tool / Facility 

Demand Factor 
Tool / Facility 

Total Facility Average VA/SF  
Using Main Cleanroom SF 

Fab #1 150 96/385 0.6/0.7 270 (13,500 kVA, 50 kSF) 

Fab #2 150 80/368 0.6/0.7 258 (24,510 kVA, 95 kSF) 

Fab #3 200 184/493 0.6/0.7 345 (13,800 kVA, 40 kSF) 

Fab #4 200 125/425 0.56/0.8 335 (25,151 kVA, 75 kSF) 

Fab #5 200/300 150/450 0.375/0.6 266 (31,876 kVA, 120 kSF) 

Fab #6 300 175/475 0.325/0.55 270 (46,280 kVA, 172 kSF) 

Fab #7 300 175/475 0.325/0.55 261 (41,766 kVA, 160 kSF) 

Fab #8 200 175/425 0.56/0.7 298* (35760 kVA, 120 kSF) 

Fab #9 200 93/340 ---/--- 238 (customer driven, tight) 
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TABLE 6 
Electrical Loading Comparison between Semiconductor Manufacturers and Technologies 

Facility mm 
Peak VA per SF 
Tool / Facility 

Demand Factor 
Tool / Facility 

Total Facility Average VA/SF  
Using Main Cleanroom SF 

* Total measured at 208 VA/SF, 120 kSF, 25,000 kVA. 

Other fabs in the Fab #4 vintage use 125-150 VA/SF for tool peak demand, 425-450 VA/SF total. Fab #3 has 
ballrooms and a variety of different processes. Most other fabs listed above are bay and chase except 
Fab #6, which is ballroom. 

TABLE 7 
Electrical Emergency/UPS Loading Comparison between Semiconductor Manufacturers and Technologies 

Facility mm 
*Emergency 
% and kVA 

*UPS 
% and kVA 

Fab #3 200 12.7% (2,500 kVA) 4.7% (930 kVA) 

Fab #4 200 18.2% (6,528 kVA) 10.9% (3,936 kVA) 

Fab #5 200/300 15.9% (7,230 kVA) 9.2% (4,164 kVA) 

Fab #6 300 19.3% (12,718 kVA) 8.9% (5,882 kVA) 

Fab #7 300 15.5% (9274 kVA) 7.9% (4,734 kVA) 

* Percentage of normal peak kVA. 

There is a trend to use point-of-use UPS systems. It is also important to consider if the UPS distribution 
systems are backed by generator or not, as this affects battery size. Only 10 percent of the tools tend to be 
480V, while most are 208V or 120V. 

It is estimated that going from 200 mm to 300 mm increases UPW load and tool load but at the same time 
lower demand factors are being used based on customer input. 

300 mm – 450 mm Demand Load Projection 
From a manufacturing perspective, 450 mm wafer processes are no longer perceived as economically viable 
as they once were. While not ruling out the larger wafer size completely, many industry experts are now 
anticipating the first 450 mm high-volume manufacturing (HVM) fabs to emerge around 2020-2025. Until 
that time, 300 mm processes will continue to evolve to improve yields and defect management. 

While the future of 450 mm is in question, Table 8 below outlines a technology progression over 18 years 
from a current, advanced 300 mm process to a projected 450 mm process. The table applies incremental 
demand scalar factors to account for general advancements in process technologies and technologies tied to 
wafer size, such as extreme ultraviolet (EUV) lithography, based on historical industry trends. 

TABLE 8 
300 mm to 450 mm Scalar Load Projection 

Wafer 
Size 

System Utility 
Technology Scalar b 

Wafer Scalar e 

Units 

Electrical 
Normal Power Supply 

1.14 
1.10 e 

kVA 

Electrical 
Continuous Power Supply 

1.20 
1.10 e 

kVA 

300 mm Benchmark Technology 
Year 1 Total Demand 

45,000 a 3,000 a 

300 mm Technology 2 
Year 4 Total Demand 

57,600 4,200 



SEMICONDUCTOR FABRICATION INDUSTRY DESIGN REQUIREMENTS 

IS101514235338BOS COPYRIGHT 2014 BY CH2M HILL, INC. • CONFIDENTIAL NOT FOR THIRD PARTY USE 14 

TABLE 8 
300 mm to 450 mm Scalar Load Projection 

Wafer 
Size 

System Utility 
Technology Scalar b 

Wafer Scalar e 

Units 

Electrical 
Normal Power Supply 

1.14 
1.10 e 

kVA 

Electrical 
Continuous Power Supply 

1.20 
1.10 e 

kVA 

300 mm Technology 3 
Year 6 Total Demand 

65,664 5,040 

300 mm Technology 4 
Year 8 Total Demand 

74,857 6,048 

450 mm Technology 5 
Year 10 Total Demand 

93,871 c 7,983 c 

450 mm Technology 6 
Year 12 Total Demand 

107,013 9,580 

450 mm Technology 7 
Year 14 Total Demand 

121,994 11,496 

450 mm Technology 8 
Year 16 Total Demand 

139,073 13,795 

450 mm Technology 9 
Year 18 Total Demand 

158,544 d 16,554 d 

Comments Includes tools, facilities, emergency, 
and Continuous Power Supply. 

Included in total Normal Power Supply 
value. 

a Benchmark technology based on metered data for advanced 300 mm fab with 172,000 SF of cleanroom and 0.2616 
kVA/SF of main cleanroom (on waffle). 

b Load ramp generally assumes 2-year duration between wafer technologies. 

c Incorporates wafer scalar factor. 

d Assumes approximately 600,000 SF of cleanroom manufacturing space at full build and 0.26424 kVA/SF main 
cleanroom (on waffle). Use of 0.2864 kVA/SF for main cleanroom for technology 10% as upper bound. 

e Wafer Scalar of 1.10 is based on previous worst-case results. New factors as low as 1.02 are being forecasted. 

Table 8 is based on one of the most advanced high volume manufacturer’s latest load projections. The 
benchmark fab has 172,000 SF of main cleanroom on waffle, which translates to 240,000 SF of total 
cleanroom manufacturing space (using 1.4 factor). The load projection starts at one 200,000 SF fab module 
and grows to three 200,000 SF fab modules by year 18. The leading technology firm, Intel, historically rolls 
out technology conversions every 2 years and builds new Fabs every 5-6 years. Fab electrical demand scalars 
are generally put in terms of cleanroom square footage but include all electrical demand associated with 
that fab, not only what is on the waffle slab in the cleanroom. Elements that are “off-waffle”, which is an 
approximately 40% increase of the on-waffle space, typically includes chemical mechanical polish, 
implantation, plating used for manufacturing and facility support systems (i.e. chillers, boilers, waste 
systems, air handlers, exhaust systems, chemical and gas distribution, etc.). Therefore, a single 450 mm fab 
in Year 18, Technology 9 would consist of an on-waffle cleanroom space of 600,000 SF and a total 
manufacturing area of 840,000 SF with the conservative wafer scale multiplier of 1.10 for 450 mm and an 
aggressive 2-year technology node incorporation and uses 0.26424 VA/SF main cleanroom (on-waffle). A 
more aggressive technology bump of 10% would be 0.2864 VA/SF and is used for MV EDGE 450 mm 
facilities. 
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Forecast Future Power Demand 
Marcy Nanocenter 
The total property area for MNC is an estimated 358 acres. The current site master plan (dated August 2013) 
includes the following buildings: 

 Three Semiconductor Fabs – three levels each 

 Manufacturing: 450,000 SF each, 1,350,000 SF total (cleanroom waffle approximately 320,000 SF 
each using 1.4 factor) 

 Footprint: 623,000 SF each, 1,869,000 SF total 

 Building Area: 1,500,000 SF each, 4,500,000 SF total 

 Central Utility Building (CUB) – three levels 

 480,000 SF footprint 

 1,440,000 SF total 

 Electric Substation 

 225,000 SF 

 Hazardous and Process Material Storage (HPM) – two levels 

 50,000 SF footprint 

 75,000 SF total 

 Gas Yard 

 205,000 SF 

 Research and Development Fab – three levels 

 312,000 SF footprint 

 750,000 SF total 

 Electric Service Building – two levels 

 125,000 SF footprint 

 250,000 SF total 

 Office – six levels 

 130,000 SF footprint 

 780,000 SF total 

Applying the projected 450 mm VA/SF from Table 8, the total MNC site electrical demand is anticipated to 
be as indicated in Table 9 below, showing both absolute worst-case of a total of three fabs with one fab at 
300 mm and two at 450 mm. Based on a site logistics discussion with the Marcy Nanocenter team, a two 
450 mm fab option is a likely possibility with a full research and development center, office, and parking 
garage. Scalars are applied across the board based on the worst-case 450mm technology. The “Research & 
Development” building is the R&D fab from the site plan and used the same W/SF as the HVM fab (again, 
being conservative). The site plan (August 2013) shows the R&D fab as 312,000 SF, which is 70% of the 
450,000 SF HVM fabs. 
 
EDGE asked CH2M HILL to include the future development of the “Farmer Parcel” within the forecasted 
power demand. Although development of this site is independent of the MNC site, a future development 
would likely draw power from the MNC interconnection. The Farmer Parcel is a 40-acre parcel located 
northwest of the MNC site on the other side of the National Grid right-of-way. MV EDGE planned for a 
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550,000 square feet building. For the sake of power demand, the site would house office space, research 
and development, and packaging to support semiconductor manufacturing or similar in the area. The 
estimated demand for this build-out is 20 MW. 
 

TABLE 9 
Marcy Nanocenter Electrical Demand Load Projection 

Building Main 
Cleanroom SF 

Total CR SF 

On Waffle 
kVA/SF 

Demand 
kVA 

Demand 
MW (0.9 PF) 

Comments 

Fab 1 – 300 mm 
Cleanroom 

320,000 

450,000 

0.261 84,525 76 Includes supporting facilities demand (i.e. 
CUB, HPM, Gas Yard) 

Fab 2 – 450 mm 
Cleanroom 

320,000 

450,000 

0.28424 91,648 83 Applied 10% for 450mm technology. 
Includes supporting facilities demand (i.e. 
CUB, HPM, Gas Yard) 

Fab 3 – 450 mm 
Cleanroom 

320,000 

450,000 

0.28424 91,648 83 Applied 10% for 450mm technology.  
Includes supporting facilities demand (i.e. 
CUB, HPM, Gas Yard) 

Office - 6 Levels 780,000 0.00625 4,876 4.4 VA/SF based on similar semiconductor 
manufacturing mixed-use office with 
cafeteria and data center. 

Research & 
Development 

223,000 

312,000 

0.26424 58,925 53 Includes supporting facilities demand (CUB, 
HPM, Gas Yard) 

Parking Garage 1,652,937 0.00050 826 1 Assumes 5 levels at 0.5 VA/SF 

Total MNC Site Demand: 332,448       300.4 Note: 2 fabs @ 450 mm would be 325,961 
Demand kVA using a 1.10 wafer scalar and 
would drop to approximately300,000 
Demand kVA using more recent scalar 
forecasts. 

Farmer Parcel 
Demand:  

550,000 
  

20 
Assumed build-out includes office, R&D, 
packaging. 

TOTAL 
COMBINED 
DEMAND 

   
320.4 
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Demand Timeline 
The following are scenario assumptions for a MW demand timeline: 

TABLE 10 
Marcy Nanocenter MW Demand Timeline 

Year Project Activity Demand Formula (MW) Demand (MW) 

2015 Ground breaking on Fab 1 (300mm) and 33% of office space 5 5 

2017 Fab 1 starts tool ramp-up and 33% office complete and start 50% R&D space 38+1.5+5 44.5 

2019 Fab 1 100% ramped, 66% Office, 50% R&D tooled, start Fab 2 (450 mm) 76+3+27+5 111 

2021 Fab 1 100%, 100% Office, 50% R&D complete and 50% start, Fab 2 start tool 76+4.4+40.5+5+41.5 167.5 

2023 Fab 1 100%, 100% Office, 100% R&D, Fab 2 100%, start Parking Garage 76+4.4+53+83+1 217.4 

2025 Fab 1 & 2 100%, Office+R&D+Garage 100%, start Fab 3 (450 mm)       76+4.4+53+83+1+5 222.4 

2027 Fab 1 & 2 100%, Office+R&D+Garage 100%, Fab 3 start tool 76+4.4+53+83+1+42 259.4 

2029 Fab 1 & 2 100%, Office+R&D+Garage 100%, Fab 3 100% 76+4.4+53+83+1+83 300.4 

** Farmer Parcel Build-out (550,000 sq. ft.)  20 

Total at Buildout 320.4 
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Introduction 
1.1 Background 
The Mohawk Valley Economic Development Growth Enterprises Corporation (EDGE) requested CH2M HILL 
Engineers, P.A. (CH2M) to identify and evaluate electrical transmission alternatives for providing electricity 
to the proposed Marcy Nanocenter (MNC) in the town of Marcy, Oneida County, New York (Project). MNC is 
an approximately 358‐acre greenfield site adjacent to the State University of New York Polytechnic Institute 
(SUNY Poly) campus in Marcy, New York, at a major crossroads of energy flow in the state. EDGE is 
developing the MNC site to attract a high-volume semiconductor manufacturer and associated industries. 
The delivery of power to the MNC site capable of serving a semiconductor fab customer constitutes a 
priority improvement to MNC that EDGE intends to advance in the near term. Through conversations with 
EDGE leadership, CH2M understands that EDGE would like to site, design, license/certify, and permit a new 
electrical interconnection so that when a customer commits to MNC, it could be presented with an energy 
solution that is near ready to build. Because the current project represents a significant investment of public 
funding, EDGE endeavors to identify an electrical interconnection alternative that can be designed and 
permitted in a manner that is efficient from a cost and time perspective.   

The focus of this study is solely on transmission service. While other factors, such as electric generation and 
distribution, may play a role in service reliability, they are considered to be outside the scope of this study. 
Each transmission alternative is examined in terms of the following attributes: 

 Capable of meeting standard semiconductor fabrication (“semifab”) facility energy requirements 

 Electric reliability  

 Power quality 

 Obvious constraints to project development 

 Environmental impact and regulatory requirements 

 Capital cost 

 Potential energy costs (to the MNC customer) 

1.2 Project Approach 
CH2M originally proposed to evaluate four interconnection alternatives for MNC. Two of these alternatives 
were developed by National Grid in a technical memorandum produced under contract to EDGE, entitled 
Summary of the Feasibility Study, Mohawk Valley EDGE Load Interconnection, Revision 3, dated December 
23, 2013 (hereafter “2013 Feasibility Study”). Two additional alternatives were proposed to be identified 
and evaluated by CH2M against the two National Grid alternatives. Based on the evaluation criteria further 
discussed below, CH2M would recommend one or more interconnection alternatives for further study, 
design, permitting, and, eventually, construction.  

Since the kickoff of the project in September 2014, the project approach evolved from its initial concept. At 
the onset, CH2M understood that National Grid had completed a detailed analysis that had evaluated all of 
the energy sources in the project area and selected alternatives for the site as they relate to costs and 
power quality. During the project kickoff meeting, CH2M learned more about the history of the 2013 
Feasibility Study and determined that there was room to explore potentially more-optimal interconnection 
solutions with National Grid. It was also concluded that to fully vet the two National Grid alternatives and 
examine other interconnection solutions, it would be necessary to learn more about the technical 
assumptions and details underlying the 2013 work. With EDGE’s consent to revise the approach, CH2M 
initiated a process of engaging National Grid with the hope of bringing clearer definition about the 
alternatives and advancing transmission planning discussions. 
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EDGE and CH2M contacted the New York Power Authority (NYPA) to explore other interconnection 
alternatives for inclusion in this study. NYPA owns and operates the Marcy Substation (Frederick R. Clark 
Energy Center), which is the hub of New York’s electrical transmission system and is located approximately 
2.5 miles north of the MNC site. In 2013, NYPA provided EDGE with an MNC interconnection alternative 
based on a prospective business opportunity, called Project Trace. EDGE, CH2M, and Couch White (EDGE’s 
legal counsel) arranged a meeting with NYPA staff to discuss the possibility of MNC becoming a NYPA 
customer and what that would mean in terms of a new transmission facility and the estimated cost of 
energy for an MNC semifab tenant. CH2M provided NYPA and National Grid the results of the EDGE semifab 
industry study to illustrate the future needs of MNC and the interconnection. 

Integral to CH2M’s project approach was an analysis of current semifab industry trends that would help 
specify the anticipated energy demand (forecasted load) and related electrical system requirements of a 
future MNC tenant. CH2M completed this analysis concurrent to the process of engaging National Grid. 
CH2M’s semifab subject matter experts identified what the design requirements may be for MNC, which 
helped to inform the evaluation criteria for the interconnection alternatives. The results of the work were 
shared with EDGE in the form of a technical memorandum that is included in this report as Appendix B. 
Among other key data, the results of the analysis include a projection of incremental increases in power 
demand over the buildout of MNC. Moreover, CH2M presented data that suggests the forecasted load for 
MNC could be lower (i.e., 320 megawatts [MW]) than the 550 MW maximum load previously benchmarked 
in the 2013 Feasibility Study, and requested by Project Trace.   

A primary step in the study was to develop conceptual models of each alternative to a similar degree so that 
comparisons could be made in a relatively balanced manner. Whereas CH2M’s original proposal anticipated 
more developed alternatives, it became evident from National Grid and NYPA that specific information 
related to their alternatives (e.g., substation modifications, project layout) would not be available at this 
stage of interconnection study. Therefore, CH2M proceeded with conceptual designs for the primary 
alternatives based on reasonable assumptions in accordance with industry standards. This approach carried 
over to the planning and underlying assumptions for the potential routes for each interconnection. 

Following the revised approach, the next step in the study methodology was to review the alternatives and 
narrow down the list of possible interconnection alternatives for a deeper analysis that considered core 
evaluation criteria — constraints to development, environmental impact, regulatory requirements, capital 
cost, potential energy costs, electric reliability, and power quality (not necessarily in that order or priority). 
CH2M collected information about each alternative to make a high-level evaluation of whether an 
alternative met basic criteria or contained fatal flaws that could make it impossible to pursue. Fatal flaws 
could have been tied to obvious development constraints, likely high capital expenditures, lack of capacity to 
power the site, constructability, or reliability.  

CH2M relied on regional environmental experts at EDR to evaluate the potential environmental impacts of 
the interconnection routes. EDR performed desktop and field environmental studies to build a baseline of 
environmental conditions in the project area, including wetlands and waterbodies, cultural resources, land 
use, and ecological resources. EDR used the conceptual designs and assumptions (e.g., right-of-way [ROW] 
width, substation location, configuration) to quantify potential impacts of each route and to set up a 
comparison of potential environmental impacts of each alternative. The preliminary environmental impact 
analysis of the interconnections ultimately fed a regulatory assessment to determine the likely licensing and 
permitting requirements for the project.   

Six interconnection alternatives were advanced as subjects of the alternatives analysis and were evaluated 
according to the same set of criteria. Each alternative is associated with five potential routing options. These 
evaluation criteria are discussed in detail in the next section. The core evaluation criteria for each of the 
alternatives are compared side-by-side in Section 6 of this document. This qualitative analysis allows end 
users to quickly weigh the pros and cons of each alternative and select the optimal alternative that meets 
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project needs. The final step of the process was presentation of the evaluation to EDGE with a 
recommendation for a preferred alternative for future, more in-depth analysis and development.  

1.2.1 Selected Evaluation Criteria 
The criteria to evaluate the MNC interconnection alternatives were selected according to EDGE’s priorities in 
pursuit of a successful project. Since the kickoff of this study, EDGE emphasized that construction cost and 
schedule are important to the overall success of the MNC; relatively high capital costs and extended 
permitting and construction schedules were not desirable. CH2M worked with EDGE on a balanced 
approach to evaluate the MNC interconnection alternatives to identify “the most appropriate route” for 
service from the Edic Substation to the MNC site, taking into consideration cost; schedule; environmental 
impacts; local, state, and federal regulatory permitting, specifically (but not limited to) New York State Public 
Service Commission (NYS PSC) Article VII, property ownership; and future economic development. The 
intent was to define each alternative as much as possible, given the inherent limitations of not having 
advanced engineering, design, and system impact data to help guide the process. Ultimately, each 
alternative could be specified in similar terms so that a relatively balanced comparison could be made and 
one or more preferred alternatives could be identified.  

Once the endpoints of an interconnection alternative and a possible transmission corridor route could be 
established, CH2M created a conceptual design for each option. This design takes the base model 
information and incorporates it into Auto‐CADD or PLS‐CADD model. During this process, the basic design 
components are modeled in the necessary programs, and design assumptions are input, based on the design 
criteria document, and verified for accuracy. At this point, the project has a virtual representation of the 
routing alternatives that aids in the evaluation according to the following parameters: 

 Potential environmental impact and pertinent regulatory permitting concerns, including but not 
limited to: 

– Wetlands and waterbodies 
– Drinking water and aquifer protection 
– Rare, threatened, and endangered species and their habitats 
– Cultural, historical, and archeological resources 
– Visual impacts and aesthetic resources 
– Noise impacts 
– Land use and community development 

 Federal, state, and local permitting and New York State Energy Facilities Siting and Certification, 
including an assessment of the Article VII Certification path and schedule versus other permitting 
possibilities 

 Engineering evaluation, constructability, potential costs: 

– Material costs 
– Complexity of construction 
– Availability and reliability of equipment 
– Impacts of outages and service restoration 
– Expandability/scalability of the substation design 
– Erosion and sediment considerations 

 Satisfying end‐use energy needs (nexus with EDGE’s goals and objectives) 

 Analysis of potential size and location for the customer-owned substation based on industry 
requirements and EDGE’s site planning to date 

 Schedule (design, permitting, construction phases) 
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1.3 Key Assumptions 
Several key assumptions affect the identification of candidate transmission alternatives, evaluations, and 
eventual selection of a preferred option. Each critical assumption is discussed below. 

1.3.1 Electric Demand 
Electric demand is defined as the peak, instantaneous amount of electricity that is forecasted to be 
consumed by the proposed semifab. Forecasted peak demand is important, as it establishes requirements 
for transmission system reliability, design, and performance. Peak demand is commonly measured in MW.  

In general, there are three primary strategies for using demand forecasts to guide transmission construction, 
as noted below. 

 Short-Term Demand Forecasts: This approach focuses on constructing transmission infrastructure 
to provide service solely on the basis of near-term demand. Timeframes under consideration look 3 
to 5 years forward, which are generally considered to be relatively more certain. The primary 
advantage of using short-term forecasts is to reduce near-term capital expenditures. This is 
especially pertinent when longer-term demand growth fails to materialize. 

 Long-Term Demand Forecasts: The primary disadvantage of short-term planning is that 
infrastructure constructed to meet 3- or 5-year demand forecasts may not be pertinent or useful by 
year 10. This results in higher total capital expenditures as relatively new transmission 
infrastructure, which is built with a 40-year life expectancy, requires extensive tear-down and 
reconstruction. 

 Scalability: In some instances, it may be feasible to plan transmission additions in a step-wise 
fashion that incrementally adds elements to the transmission grid (e.g., only construct what is 
needed, when it is needed). This approach may be desirable in terms of controlling capital costs, 
constructability, and environmental impact; however, it is not without funding, schedule, and 
practical drawbacks that must be considered.  

Feedback from EDGE indicates that the preferred transmission alternative should focus on serving long-term 
demand. This assumed approach is justified by the need to serve a singular facility that has specific plans to 
expand and achieve its long-term demand forecast. The semifab industry requirements presented in the 
technical memorandum developed by CH2M (Appendix B) illustrate this point. Consequently, the preferred 
transmission alternative must be able to continuously serve upwards of 320.4 MW of demand. 

1.3.2 Electric Reliability 
The reliability of electric supply to MNC is of paramount importance. In this context, reliability is assumed to 
include uninterrupted electric service during the loss of any single transmission circuit. Consequently, two or 
more transmission lines would be required to interconnect MNC to the grid. As presented in Appendix B, 
semifab facilities operating with no annual shutdowns for maintenance require utility system redundancy. 
This design requirement is for all advanced semiconductor client facilities and would be the forecasted 
design criteria of any likely advanced manufacturing future user. A dual-feed system with two or more utility 
sources is preferred with transfer schemes capable of keeping loads energized at all times. However, this 
assumption specifically excludes the loss of other certain elements, including: 

 Common Tower Failures: One transmission tower may support two or more transmission circuits. 
The loss of one tower would therefore cause the loss of all supported circuits. Electric reliability can 
be improved by placing transmission circuits on separate towers; however, associated capital costs 
would be significant and are probably not justifiable. While common tower failures may occur, the 
likelihood of such occurrences is considered to be relatively low.   

 Common ROW Impacts: Wildfires can adversely affect all of the transmission circuits contained in a 
single ROW. Electric reliability can be improved by serving MNC from multiple geographical 
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directions (multiple ROWs); however, the associated increases in land costs and environmental 
impacts are probably not justifiable. While common ROW failures may occur, the likelihood of such 
occurrences is considered to be relatively low. 

 Substation Bus Failures: Substation bus faults could cause the loss of electric service to MNC. While 
such events may occur, the likelihood of such occurrences is considered to be relatively low because 
breaker designs can mitigate these risks. 

 Breaker Failures: Transmission lines are protected by circuit breakers at both ends of the line. The 
transmission alternatives under consideration assume that such breakers operate correctly during a 
line fault. In contrast, a “stuck breaker” scenario might result in the failure of two transmission 
circuits, thereby curtailing electric service to MNC.1 Exposure to such events is affected by the 
specific configuration of the substations located at both ends of the transmission lines that serve 
MNC.  

 Curtailments in Generation: While the reliability of regional electric generation could also affect 
MNC, its analysis is outside the scope of this study. Moreover, since New York’s electric grid 
functions as an open supply-side market, the New York Independent System Operator (NYISO) 
would respond to the unplanned loss of an electric generator through a series of financial bids and 
offers. In addition, the NYISO operates the statewide grid under the condition that supply would be 
sufficient during the loss of the largest generator and with adequate spinning reserve.2 

These reliability assumptions are consistent with generally accepted utility practices and are expected to 
achieve a high level of electric reliability at a prudent cost.  

1.3.3 Electric Transmission System Studies 
A detailed analysis of the transmission system’s capability to reliably integrate new, large loads generally 
requires the execution of power flow studies to identify the need for associated capital projects and confirm 
that resultant current flows and voltages on the grid will be in compliance with the planning standards set 
forth by the incumbent electric utility (National Grid or NYPA), the NYISO, and the North American Electric 
Reliability Corporation (NERC). In some instances, transient stability and short-circuit studies may also be 
required. Conducting such analyses requires access to specific, highly complex, detailed input databases, 
which are the property of the regional transmission operator (RTO), in this instance National Grid or NYPA. 
National Grid declined EDGE’s requests for such data and, instead, has provided its own power flow analysis 
of two transmission alternatives along with supplemental verbal information.3 4 NYPA also provided its own 
power flow study for using a base case for two scenarios where MNC interconnection was achieved via 
connection to Marcy Substation or sectionalization of the existing Edic-Clay 345-kilovolt (kV) transmission 
lines.5 These sources of information are the sole basis for understanding and predicting the performance of 
the transmission grid in the MNC region. 

Both National Grid and NYPA have stated to EDGE that it would be required to sign an interconnection or 
service agreement as well as pursue an interconnection study in accordance with the NYISO’s “Load 

                                                           
1 Such events are also known as “N-1-1” and reflect a condition where circuit breakers initially operate to isolate a line fault, followed by the failure 
of a second breaker. 

2 The NYISO requires a Spinning Operating Reserve that provides backup generation in the event that the NYISO experiences a real-time power 
system contingency requiring emergency corrective action (see “Ancillary Services Manual, Version 4.0”, New York Independent System Operator, 
December 2013). 
3 “Summary of the Feasibility Study, Mohawk Valley EDGE Load Interconnection, Revision 3,” National Grid, December 23, 2013. 

4 Telephone conference calls and meetings of October 21, 2014, and November 4, 2014. 

5 New York Power Authority, 2015. Project MVE 320 MW Load: power flow study.  
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Interconnection Procedures” prior to further development of the MNC interconnection.6 7 According to 
these procedures, EDGE would work with National Grid or NYPA to submit a request to the NYISO to 
perform a System Impact Study (SIS). The purpose of a SIS for the MNC interconnection project would be to 
identify or verify that the proposed facilities would meet the forecasted load and to confirm that all 
applicable reliability criteria would be met. The SIS process is multi-step, whereby EDGE, one of the utilities, 
and the NYISO would work to define the scope. The NYISO then initiates an internal review process 
culminating in a SIS proposal and agreement for EDGE’s review and signature. The report would identify or 
confirm certain transmission grid capital projects. The agreement would include the expected cost, cost 
reimbursement terms, and time of completion of the SIS. Once tendered to EDGE, it would have 15 days to 
execute and return the SIS agreement to the NYISO. With the agreement in place, the NYISO would oversee 
that the study is completed internally, by a transmission owner, or by a consultant. The completed study 
would then be subject to review by EDGE, the utility, and the NYISO prior to being issued as final.    

Conducting independent power flow, transient stability, and short-circuit analyses are outside the scope of 
CH2M’s analysis. After having a number of meetings and evaluating supplemental data, our team has 
identified alternatives that may be feasible alternatives but require additional study and due diligence to 
completely vet. EDGE has decided to not pursue SISs of any of the alternatives at this time, so CH2M’s 
analysis only reports these alternatives based on the assumption that they are comparable in terms of 
power quality and reliability. However, information describing system impacts and required upgrades are 
not included in this study because of the lack of system impact data.  

1.3.4 Power Quality 
Power quality is a primary concern to electronic chip manufacturing facilities and requires careful 
consideration. Based on the information provided by National Grid and NYPA to date, we assume that the 
345-kV and 345-kV–115-kV interconnection alternatives put forth by these utilities result in a comparatively 
higher degree of power quality for the long-term forecasted MNC load than the other alternatives discussed 
during this study (e.g., 115 kV or 230 kV from the Porter Substation).  

Adverse impacts to power quality are generally driven by events that take place within the electric utility 
(external grid) or within a customer facility. Semiconductor performance requirements related to MNC are 
discussed in terms of power system reliability and power quality within the Semiconductor Fabrication 
Technical Memorandum (Appendix B). Impulses or spikes, dropouts or line notches, electrical noise, 
frequency deviation, or loss of voltage are the primary power quality concerns of semiconductor customers. 
Sources of power quality problems within an electric utility commonly fall into one of three categories: 
(1) man-made events that are a part of the normal electric system operations, (2) natural events, and 
(3) equipment failures. All three categories involve interruptions or perturbations in the current or voltage 
experienced by electric customers (e.g., harmonics). For sensitive loads, such as electronic chip 
manufacturing, the cost of poor power quality can be very high to catastrophic for the facility.  

Common man-made events that cause poor power quality often stem from the operation of switches, 
breakers, or reclosers. Such devices operate intentionally (e.g., in response to a fault on the electric grid) or 
inadvertently (as an errant operation). Utilities also operate breakers and switches when performing routine 
maintenance. Breakers are also operated to insert capacitors into the system to improve the power factor. 
Such man-made events are frequent and considered to be a normal part of electric operations. 

In contrast to man-made operations, natural events are unpredictable and outside the control of utility 
operators. Illustrative events include lightning striking power apparatus, tree branches or animals coming 
into contact with transmission lines, or ice collecting on lines. Such events often result in tripping circuit 
breakers or rapid increases or decreases in voltages or currents. Utilities set breakers and reclosers to 

                                                           
6 Refer to Sections 3.9 and 4.5.8 of the New York Independent System Operator, Inc.’s Open Access Transmission Tariff (OATT).  

7 NYISO, 2012. Transmission Expansion and Interconnection Manual (NYISO Manual 23), November 2012. New York Independent System Operator, 
Rensselaer, New York. Pp. 105. 
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reclose on the fault to determine if the fault has cleared. If the fault has not cleared, the breaker or recloser 
trips again and stays open. 

The third category, equipment failures, is caused by existing equipment that either fails to operate as 
intended or misoperates. Equipment failures are often tied to aged assets and inadequate maintenance. As 
with the preceding categories, equipment failures may result in rapid fluctuations in voltages or currents. 

1.3.5 Onsite Generation 
Certain large industrial facilities have constructed onsite electric generation for the purpose of achieving 
improved electric reliability, options for backup generation, lower rates, or a higher degree of self-control. 
MNC is assumed to be entirely dependent on grid power and would not utilize onsite generation. CH2M’s 
review of benchmark data (see Table 5, Appendix B) from four operating facilities indicates that diesel-
powered standby systems are fairly standard practice accompanied by multi-day fuel supply. 

Additionally, many manufacturing sites are looking at the potential savings found in renewables. These 
savings can be in the forms of achieving corporate mission statements and goals, or carbon credits and tax 
savings implications. Semiconductor customers are installing solar arrays in parking structures and on the 
roofs of auxiliary buildings in an attempt to offset the power consumption of those buildings. Renewables 
have yet to be adopted in large scale on major semiconductor manufacturing sites around the world, but 
there are several precedents. Many clients are using offsite renewable generation (wind, geothermal, large 
utility-scale photovoltaic, etc.) to help offset electrical generation environmental impacts as an important 
regional energy solution. 

This report assumes that MNC will not implement any onsite generation. 

1.3.6 Existing Electric Transmission Grid 
Utilizing the existing transmission grid is assumed to be a prudent way to minimize capital costs and 
environmental impact without compromising the reliability of electric service to MNC. Consequently, a 
review of the high-voltage transmission elements in the vicinity of MNC was undertaken to identify 
candidate transmission alternatives based on proximity, voltage, and ownership. Figure 1.0 (next page) 
depicts the transmission grid in the immediate area surrounding the proposed MNC site. 

1.3.7 Facility Ownership 
CH2M understands that EDGE does not intend to own or operate the new MNC interconnection. It is our 
general assumption that National Grid or NYPA would own and operate the interconnection from the source 
substation (Edic, Marcy, or Porter) to a point of demarcation within the MNC customer substation (e.g. after 
the high-to-low voltage transformer). National Grid or NYPA would operate the transmission 
interconnection and be responsible for emergency management and regular maintenance of the equipment. 
The customer substation on the MNC site would presumably be owned, operated and maintained by a 
future MNC tenant or tenants. 

If multiple tenants were to occupy the MNC site, then the substation would likely serve energy to multiple 
tenants/customers.8 EDGE and its legal counsel began initial probing into the public utility policy questions 
associated with different ownership models if MNC is developed with multiple tenants and, moreover, what 
the ramifications are for the cost of energy to these customers. It is CH2M’s understanding that these 
remain open questions yet to be resolved.  

                                                           
8 As of mid-February, EDGE mentioned that it was in negotiations with a tenant for the MNC site. According to EDGE, the tenant would not occupy 
the whole site and this development scenario opens up the possibility of multiple tenants at MNC raising the question of who would own the 
substation and how would multiple tenants or customers be served. 
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[Insert figure in print/.pdf version] – Figure 1.1 
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Findings 
2.1 Results of Alternatives Identification 
CH2M was originally contracted to examine certain interconnection alternatives — the two National Grid 
alternatives from the 2013 Feasibility Study and two others that would be defined after screening other 
regional interconnection options. Since the project planning process evolved in a more complex manner 
than originally conceived, several more alternatives were considered. Several alternatives were identified 
based on new discussions with National Grid and NYPA. EDGE also requested that CH2M review 
interconnection alternatives proposed to them by other consultants. These alternatives consisted of varying 
combinations of origination point (utility substation), configuration (overhead vs. underground), rating 
(voltage), and routes. Our experience in conducting system planning studies found that there are numerous 
feasible alternative approaches to serving customer demand, but not all candidate solutions are similar in 
terms of estimated capital cost and potential environmental impacts Moreover, different stakeholders often 
have conflicting priorities in selecting a preferred system design. 

2.1.1 Summary of the National Grid Planning Process 
EDGE, CH2M, and National Grid met on four occasions (in person or via conference call) to discuss MNC 
interconnection alternatives. CH2M initiated the discussions by presenting National Grid with an 
information request prior to the first two meetings. The information request contains a list of questions 
about the assumptions and technical details referenced in the 2013 Feasibility Study as well as data requests 
regarding system data for National Grid’s transmission system and substations in the project area. Brief 
summaries of the meetings are provided below. Complete meeting notes, including the CH2M Information 
Request, are included in this report as Appendix C. 

Meeting #1 was held on October 21, 2014, and hosted by Alicia Dicks, formerly President of the Fort 
Schuyler Management Corporation (FSMC), at FSMC’s offices on the SUNY Poly campus in Marcy, New York. 
The purpose of the meeting was to discuss the MNC interconnection alternatives, the 2013 Feasibility Study, 
and a new 115-kV interconnection National Grid was developing for FSMC and the SUNY Poly Quad C. EDGE 
and CH2M wanted to determine if the Quad C interconnection project could shed any light on 
interconnection alternatives for MNC and/or if MNC could “piggyback” on the Quad C project. The outcome 
of that discussion was not favorable. The National Grid representatives’ position was that they were not at 
liberty to discuss other capital projects in the region, including the details of the Quad C project. They stated 
that a joint project serving SUNY Poly and MNC was not possible at that time. Any alternatives for the MNC 
interconnection would have to be studied, and the National Grid representatives at the meeting were not a 
part of the 2013 Feasibility Study and did not have any comment on its contents. They recommended that 
EDGE talk to others in the organization, namely John Fiume and Peter Altenburger. They also reminded 
EDGE of the interconnection study process National Grid would require of them (i.e., execution of an 
agreement and payment of fee). 

Meeting #2 was a conference call held on November 4, 2014, with EDGE, CH2M, and National Grid in 
attendance. Of particular note, representing National Grid were Peter Altenburger, Director of Transmission 
Planning and Asset Management; Brian Anderson, Economic Development; and John Fiume, Manager of 
Community and Customer Management. As with Meeting #1, CH2M submitted an information request to 
National Grid detailing the specific data being sought to assist EDGE with the evaluation of MNC electrical 
interconnection alternatives. The outcome of this meeting was favorable because National Grid provided 
much more detail than it had in the past. Although the representatives could not provide any of the 
underlying data, modeling, or assumptions discussed in the 2013 Feasibility Study, they were able to confirm 
that MNC could not be served from the Porter Substation and its 230-kV or 115-kV transmission systems. 
National Grid thought that a 20-MW load could be served out of Porter, but stressed that a 320-MW or 
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greater load could not be served from Porter and would have to be served from Edic Substation. One of the 
major outcomes from Meeting #2 was National Grid’s proposal for a 345-kV–115-kV transmission 
interconnection system from Edic Substation to MNC. This new solution involves building a 115-kV 
substation adjacent to the Edic Substation and stringing dual 115-kV service laterals to a new MNC customer 
substation. This alternative became one of the alternatives evaluated in this study. Lastly, the estimated cost 
of energy for the MNC customer was discussed, and National Grid agreed to provide cost scenarios to EDGE 
based on projected load forecasts provided by CH2M. 

Meeting #3 was a conference call held on February 3, 2015, with EDGE, CH2M, and National Grid in 
attendance. EDGE requested that National Grid explain the next steps in the process of working with it on an 
interconnection and what is involved. National Grid explained that EDGE would be required to sign a study 
agreement based on a scoping document outlining the nature of the project. Payment of a fee would be 
required, which would include National Grid and NYISO portions. National Grid and EDGE discussed 
interconnection facility ownership models. National Grid explained that it expected it would own the 
electrical transmission facilities up to the customer substation, although there are instances when the 
customer owns the facilities if located on private property. 

National Grid explained that the design and permitting of the MNC interconnection could follow one of two 
paths: (1) National Grid would take responsibility for design, permitting and construction of the project and 
seek reimbursement from the customer; or (2) the customer (EDGE) would design, permit, and construct the 
project and then sell/transfer the facility to National Grid (assuming it would take ownership of the 
facilities). In the event that CH2M designed the facility, the company would likely have to sign a non-
disclosure agreement in order to access National Grid’s project standards and specifications. EDGE 
requested that National Grid provide MNC customer cost-of-energy estimates based on the load projects 
CH2M developed. National Grid explained that rates would not differ between 115-kV or 345-kV 
connections and pointed out that the new control room at Edic Substation, mentioned in the 2013 
Feasibility Study as a necessary upgrade, was being built by National Grid and would not be a concern for 
EDGE. 

Meeting #4 was a conference call held on February 17, 2015, with EDGE, CH2M, and National Grid in 
attendance. National Grid reviewed the energy pricing that Brian Anderson generated for a future MNC 
customer based on forecasted load projections provided by CH2M. This price information is summarized 
below and provided in Appendix G. National Grid also clarified that if EDGE wishes to proceed with one of 
the National Grid alternatives, it would be asked to sign a service agreement and pay a fee for additional 
study of the new load’s impact on the system. The fee involves two portions: one portion would be charged 
by National Grid to study the new load, and the second would be to pay the NYISO to complete a SIS for the 
new customer. At the conclusion of this meeting, National Grid reemphasized its position that EDGE should 
consider a transmission interconnection solution out of Edic and that a 345-kV–115-kV service lateral would 
be more economical than a 345-kV solution because of lesser space requirements for new ROW and 
substation, and the likely avoidance of an Article VII process that would otherwise be necessary for a 345kV 
transmission plan..  

2.1.2 Summary of the New York Power Authority Planning Process 
EDGE pursued discussions about MNC and the need for electrical service through its legal counsel, Couch 
White. Couch White arranged for a meeting with NYPA, which was held January 8, 2015, at NYPA’s main 
offices in White Plains, New York. A summary of this meeting is included in this report as Appendix D. EDGE, 
Couch White, and CH2M met with NYPA representatives Keith Hayes, Vice President of Marketing; Eric 
Bowers, Manager, Business and Economic Development; and Arnie Schuff, Manager of Transmission 
Planning. After introductory remarks that provided EDGE and MNC background information to NYPA, there 
was general discussion about onsite generation possibilities and if there was a need for steam at MNC. EDGE 
explained the need for power ramping up to 320 MW over the next 20 years and that it was looking for a 
complete solution, which could be phased.  
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CH2M ask NYPA to revisit the idea of an MNC interconnection with the NYPA-owned 345-kV system out of 
Edic Substation (Edic-Clay 345 kV) or a new 345-kV interconnection from its Marcy Substation. Mr. Schuff 
responded that NYPA would be willing to study these alternatives at a conceptual level to determine 
whether or not the projected load could be served. He mentioned that National Grid owns Edic and Clay 
Substations. Mr. Bowers provided an overview of the energy pricing NYPA could offer, describing NYPA 
pricing programs available, based on region, throughout New York State. He explained that ReCharge New 
York would be available for an MNC customer amounting to 70 percent of the total load or 15 MW 
(whichever is less). ReCharge offers discounted production pricing based on 50 percent of demand supplied 
from NYPA’s hydropower generation assets and lower delivery costs. Remaining demand or load would have 
to come from market- or load-serving entities. Additional discussion involved the advantages of being a 
direct connect customer to NYPA, as is the case with Alcoa or the City of Plattsburgh (e.g., avoid state 
surcharges, no delivery charge).  

NYPA and EDGE decided to work together toward defining potential projects and better understand the 
potential costs of energy for MNC when working with NYPA. Mr. Schuff indicated that his department could 
study the alternatives but not conduct a SIS. EDGE committed to providing NYPA with a specific information 
request for examining alternatives. EDGE and CH2M also committed to sending NYPA a specific request for 
cost information based on the projected MNC load. 

2.1.3 Other Interconnection Ideas 
EDGE shared information on electrical transmission interconnection proposals it had reviewed in the past 
and requested that CH2M look at them for applicability to the project. CH2M reviewed 10 such proposals 
and determined that they offer reasonable variations on the 345-kV or 115-kV interconnections with 
National Grid’s Edic Substation or NYPA’s Marcy Substation considered in this study. One of the exceptions, 
which contemplates the creation of a dual-circuit feed from the Edic-Clay 345-kV transmission lines owned 
by National Grid, was discussed with NYPA and will be further explained later. Another exception proposes a 
joint venture with a proponent of a project that may compete with EDGE for known breaker position space 
within Edic Substation. CH2M did not give any consideration to the possibility of a joint venture as an 
alternative for MNC because such an endeavor is well outside the scope of this project. However, CH2M 
recognizes that projects proposed under New York State’s Energy Highway Initiative as well as other 
transmission projects affecting Edic represent a potential risk to implementing an interconnection solution 
for MNC that depends on available breaker position space at Edic. As such, we discuss this issue in the 
context of potential project risk factors later on.  

2.2 Interconnection Design Considerations 
CH2M relied on the information provided by National Grid and NYPA, as well as readily available technical 
specifications and its familiarity with the practices of these utilities, to develop conceptual designs for the 
interconnection alternatives. The conceptual designs include the following essential components of each 
alternative to make it a viable consideration: 

 Manner of regional transmission grid interconnection (e.g., breaker position in existing substation, 
new substation, sectionalization of existing transmission lines) 

 Substation specifications both at the junction with the regional transmission grid and the customer 
substation 

 Conductor rating (voltage) and installation (overhead vs. underground) 

 Structure specifications 

 Route and ROW width 
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The conceptual designs allowed for the estimation of capital costs composed of project components (i.e., 
equipment) and construction. Cost estimates were generated to provide a planning level evaluation and 
comparison of the alternatives. 

2.2.1 National Grid Accepted Interconnection Methods 
In the September 2014 version of National Grid’s Electric System Bulletin No. 756, four methods for 
interconnection are offered to radially connected customers of its transmission system. In Section 1.3.2, 
National Grid asserts that the preferred interconnection method for 345-kV lines is a radial line to an 
Independent System Operator-controlled transmission system station. For 115-kV alternatives, a radial line 
to a customer-owned station or a three-breaker station owned by National Grid are preferred. In all 
instances depicted below, National Grid will own the radial transmission line responsible for delivering 
power to the customer-owned station. The typical ownership variations for new facilities are depicted in 
Figure 4.1. In all instances depicted in the figure, National Grid will own the radial transmission line 
responsible for delivering power to the customer-owned station.   

FIGURE 4.1 
Published National Grid Interconnection Standards 

 

 

 

 

2.2.2 Industry Best Practices for Power Delivery Infrastructure 
2.2.2.1 Transmission Line 
Depending on the client requirements, different levels of redundancy are necessary for transmission lines 
supplying power to a chip manufacturer. These manufacturers will take power in their substation from 69 kV 
to 345 kV, depending on the planned demand. Typically two feeds will be brought to the facility from 
substation buses that are fed by independent generation sources. The structures supporting the conductor 
are single-circuit, self-supporting tubular steel poles or lattice towers on designed concrete foundations. In 
areas of high lightning strikes or prevalence of large fowl, special precautions are taken to reduce impacts to 
the line. When possible, these lines are routed to avoid major thoroughfares and forests with tall trees. In 
the event that trees threaten the line, the right-of-way is cut wider than normal. Additionally, a stringent 
mandate on “danger trees” is enacted to minimize impacts to the line from a fallen tree. 
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2.2.2.2 High-Voltage Manufacturing (HVM) Substation 
A typical HVM utility substation will consist of a standard arrangement ring-bus design with options for 
capacitor banks and a future station service transformer. The transmission voltage bus will be protected 
with redundant full-bus differential systems. The transmission voltage bays will be protected by circuit 
breakers utilizing double-breaker protection so that a breaker fail event, with subsequent clearing of the 
adjacent bus, will not cause more than one critical element to drop. 

Three high-voltage bays will provide double-breaker feeds to three transformers, transforming down to 
34.5 kV or 12.47 kV for site distribution. Utility standard and redundant line relaying for protection and the 
entire station will be monitored via utility standard supervisory control and data acquisition (SCADA) and 
point of delivery guidelines. While projected future needs may only require three transformers, the site 
substation layout still leaves the option for a fourth, currently unforeseen, unit. 

2.2.2.3 Distribution 
The utility substation distribution elements will initially consist of three transformers, three 34.5-kV or 
12.47-kV switchgears, and a unit transfer bus. Initial buildout will also include two capacitor banks, 
switchable in 3-mega-volt ampere reactive (MVAR) steps for power factor correction. Distribution elements 
such as feeder arrangements, duct banks, communications, switchgear main bus ratings, oil retention 
basins, Institute of Electrical and Electronics Engineers (IEEE) compliant firewalls, and unit transfer bus will 
be designed with the full buildout design transformer capacity in mind. Each switchgear may deliver two 
34.5-kV or 12.47-kV feeder circuits for known future needs, as well as one spare feeder breaker for unknown 
future needs. 

2.3 Limitations 
This project is a planning exercise based on conceptual models and assumptions about future infrastructure 
and electrical transmission system conditions that may or may not become reality. The value of this exercise 
remains high, however, because it involves practical solutions based on industry standards and practices. 
Identifying limitations is integral to the process as a means of defining risk factors to be managed as the 
project planning and design process matures. The limitations that CH2M has identified, and what we have 
proactively done to overcome them over the course of this effort, are as follows: 

 No customer-specific energy requirements or technical design specifications to guide the planning 
process are available. An MNC tenant or end user is not a known entity at this time. The principal 
assumption of this study is that a large-scale semifab tenant requiring 320.4 MW over 17 years or 
more will require an interconnection. Yet, at the time of developing this report, there is the 
possibility that multiple, smaller-scale industrial occupants could occupy the MNC site. CH2M 
completed a thorough analysis of current semifab industry energy usage to help bring currency to 
the MNC project. We also adopted a flexible approach to looking at alternatives for the site. 

 Regional transmission operators (National Grid and NYPA) demonstrated limits to the amount of SIS 
data and analysis they could provide. These load-serving entities also were limited in disclosing the 
information specific to Edic and Marcy Substations with respect to both competing projects and the 
potential substation modifications that may be needed if a new MNC interconnection is 
implemented. CH2M relied on its familiarity with the NYPA system, analysis of National Grid’s 
existing infrastructure, and its transmission planning expertise to make reasonable assumptions to 
allow for further analysis. 

 Transmission line routing was conducted mostly at the desktop level. CH2M and EDR performed 
limited site reconnaissance of the possible ROW corridors for the Edic to MNC interconnections. No 
site visits were conducted for the NYPA/Marcy Substation alternatives because the timing of these 
visits fell during the winter months and the site visits were not included in the contracted scope of 
work. Site-specific wetland delineations and ecological surveys were not to be conducted during this 
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phase of the work. Also, no project-specific landowner outreach was conducted to discuss the 
possibility of acquiring property for a new ROW. Routing alternatives included in this alternatives 
analysis are based on available desktop data, aerial imagery, limited site visits, and best professional 
judgment in accordance with regional and industry practices. 

 No geotechnical studies were conducted as a part of this alternatives analysis. The construction 
feasibility aspects of the underground alternatives have not been evaluated. Subsurface conditions 
weigh considerably in the design and construction of underground transmission lines. CH2M has 
made conservative assumptions about underground installation costs where applicable. 

 No interconnection studies were completed by National Grid or NYPA to provide the level of detail 
needed for more advanced planning and design of the alternatives. The alternatives included in this 
report are conceptual and sufficient for planning purposes, but there are margins of uncertainty 
with respect to the actual design requirements and associated capital costs to implement one of the 
solutions. 

 NYISO SISs have not been completed for any of the alternatives. The NYISO requires that a SIS be 
completed for all new significant transmission interconnections. The results of a SIS inform a project 
proponent of a project’s feasibility with respect to any system limitations or modifications resulting 
from the interconnection of a new load. 

 Based on the 2013 Feasibility Study, we understand that Alternatives 1 and 2 from Edic could serve 
up to 550MW reliably. The information NYPA provided to EDGE suggests that the Marcy and Edic-
Clay interconnections (Alternatives 4 and 5) can serve loads up to 320.4 MW reliably. We don’t 
know if these interconnections can serve above this load. This point is important if EDGE welcomes 
multiple, diverse loads to MNC in the future; a scenario where great load serving capacity, power 
quality and reliably has not been examined. 

The nature of the planning and design process ensures that increased certainty and accuracy is gained with 
additional data, analysis, and design, so we would expect that these limitations would be removed or 
overcome as additional work is completed. 
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Descriptions of Alternatives  
3.1 Alternative 1 – Dual-circuit Overhead 345-kV from Edic 

Substation 
This alternative consists of running two overhead 345-kV circuits south from National Grid’s Edic Substation 
to the customer substation at the MNC.   

Edic Substation 

 Two circuits will be added from independent bays on the 345-kV bus at the Edic Substation as 
indicated in the 2013 Feasibility Study (Figure 2, Proposed One-Line Diagram at Edic). Two 345-kV 
circuit breakers and associated disconnect switches will be installed at the existing Edic Substation 
to support the new circuits.   

 Both circuits will exit the substation underground via 345-kV solid dielectric conductor (cable) and 
terminate above ground at a new H-frame dead-end structure located outside the southwest corner 
of the existing Edic Substation. 

 The existing Edic Substation control room would need to be modified to accept the required control 
and protection panels as well as communication equipment to protect the new outgoing circuits.   

Transmission Line Configuration 

 Construct two 345-kV circuits (approximately 1.1 miles in length) supported by two dead-end 
structures with 345-kV risers, two full-tension dead-end structures, and eight steel monopole 
tangent structures. Based on National Grid standards, the conductor for this circuit would likely be 
795 aluminum conductor steel-reinforced (ACSR) “Drake” requiring two circuits with two conductors 
per phase. Total wire length is 66,000 feet.   

 Two underground cable “getaways” would be used to exit the substation and transition to overhead 
outside of the Edic Substation’s fenceline. 

 Purchase ROW between the Edic and MNC customer substation of 275 feet in width following 
Route A. 

 Route A begins on National Grid property (i.e., same parcel as Edic Substation) and likely crosses 
parcels owned by Van Hatten and Cooney before crossing Hazard Road to EDGE’s property and the 
MNC site. The primary option for crossing Hazard Road includes an overhead span (between 
Structures #8 and #9). However, an underground crossing of Hazard Road is possible to alleviate any 
negative reaction from neighboring property owners, but at increased cost.  

MNC Customer Substation 

 The new customer substation would be comprised of two 345–115-kV autotransformers, with the 
requisite circuit breakers, disconnect switches, and metering equipment. The new 345–115-kV 
substation will have two H-frame dead-end structures to receive the incoming 345-kV lines from 
Edic.   

 The new customer substation will have four 115-kV–13.2-kV transformers, circuit breakers, 
disconnect switches, and indoor metal-clad switchgear containing six 13.2-kV distribution vacuum-
operated circuit breakers intended to feed the new customer loads. 
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3.2 Alternative 2 – Dual-circuit Underground 345-kV Cables 
from Edic Substation 

Two new underground circuits will be added from independent bays on the 345-kV bus, as indicated in the 
2013 Feasibility Study (Figure 2, Proposed One-Line Diagram at Edic). Both circuits will exit the substation 
underground via 345-kV solid dielectric conductor utilizing separate ductbanks and will terminate at the new 
345-kV customer substation, approximately 1.1 miles away, to be constructed on property owned by EDGE.   

Edic Substation 

 Two circuits will be added from independent bays on the 345-kV bus at the Edic Substation as 
indicated in the 2013 Feasibility Study (Figure 2, Proposed One-Line Diagram at Edic).  

 Two 345-kV circuit breakers and associated disconnect switches will be installed at the existing Edic 
Substation to support the new circuits.   

Transmission Line 

 Construct two underground 345-kV cables in independent ductbanks along a roadside route 
(Route B) or the same overland route as Alternative 1 (Route A).  

– Route B corresponds to the underground interconnection proposed by National Grid and calls for 
the cable to exit the substation to the east, paralleling the substation’s entrance from Edic Road. At 
Edic Road, the cable bends to the south and would follow a new ROW along the western side of Edic 
Road. Following this route, the cable must cross Gridley Creek approximately 0.75 mile from the Edic 
Substation driveway. South of the creek and the crossing of the intersection of Hazard Road, the 
cable would make a turn to the west onto EDGE property at approximately 1.0 mile from Edic 
Substation and continue to the customer substation. A new underground transmission line ROW 
approximately 1.75 to 2.0 miles in length would extend along the west side of Edic Road to the MNC 
site. ROW width would be a minimum of 40 feet, assuming 15 feet of permanent easement and 25 
feet of temporary easement for construction. 

– Utilizing Route A, a new underground transmission line ROW extending approximately 1.1 miles 
from Edic Substation to a new customer substation would require a minimum of 40 feet width (i.e., 
15 feet of permanent easement and 25 feet of temporary easement for construction). It would cross 
three or four parcels, depending on final alignment, including National Grid, Van Hatten, Cooney, 
and Farmer. This route also assumes underground crossings of Gridley Creek and Hazard Road.  

 This option will require a circuit cable splice, depending on the ability of the manufacturers to 
produce the required length of conductor.     

 Oil-filled pipe-type cable may also be an option, as opposed to solid dielectric conductor; however, 
this will require oil circulation equipment and environmental permitting. 

MNC Customer Substation 

 The new MNC customer substation will be located in the northwestern corner of the new facility site 
and contain all the equipment depicted in the 2013 Feasibility Study (Figure 5).   

 New equipment will include two 345–115-kV autotransformers, four 115-kV power transformers, 
and associated circuit breakers, buswork, and a prefab/pre-engineered control building.   

 It is unlikely this equipment will fit in the 5 acres allotted for the new substation on the approved 
MNC Site Plan (August 2013); it appears that this equipment will require approximately 7.5 acres. 
The 345-kV equipment spacing for switches, breakers, and transformers utilizes a significant amount 
of area, due to phase spacing and accessibility requirements. Consideration also must be given to 
installation and removal of all equipment. Typically, a 300-ton crane will be required to offload and 
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set the transformers; access of this large equipment must be considered during layout and design. 
Transformer oil containment will also utilize considerable space for the containment pits required 
for the 20,000 gallons of mineral oil (approximate) per autotransformer and 15,000 gallons 
(approximate) per power transformer.  

3.3 Alternative 3 – Dual-circuit Overhead 115-kV lines from 
Edic Substation 

This alternative consists of two 115-kV lines between Edic Substation to the customer substation at MNC via 
a new 345–115-kV substation.   

Edic Substation 

 Two circuits will be added to Edic Substation from independent bays on the 345-kV bus, as indicated 
in the 2013 Feasibility Study (Figure 2, Proposed One-Line Diagram at Edic). Both circuits will exit the 
substation underground via 345-kV solid, dielectric conductor and terminate at a new 345-kV 
substation structure located adjacent to the southwest corner of Edic Substation.   

 The existing Edic Substation control room would require modifications to accept the required 
control and protection panels as well as communication equipment. 

New Edic Substation 

 Both circuits will connect to a new Edic substation comprised of two 345–115-kV autotransformers, 
with the requisite circuit breakers, disconnect switches, and metering equipment intended for 
control and protection. The new 115-kV substation addition at Edic will have two H-frame dead-end 
structures to begin a double-circuit 115-kV overhead line to a new customer substation located 
approximately 1.1 miles away on property owned by EDGE. 

Transmission Line 

 Based on National Grid standards, the conductor for this circuit would be 2156 ACSR “Bluebird” 
requiring two circuits and two conductors per phase to obtain the required capacity (measured in 
megavolt amperes [MVA]), with a total wire length of 66,000 feet. A single conductor per phase may 
be achieved using aluminum conductor steel-supported (ACSS), although special hardware and 
installation is required at increased cost. This conductor would terminate at H-frame dead-end 
structures at each end and would be supported by two dead-end structures (slack to full tension) 
and 13 steel monopole tangent structures.  

 The new transmission line ROW would be approximately 1.1 miles long and 150 feet wide following 
Route A (similar to Alternative 1). It would cross three or four parcels, depending on final alignment, 
including National Grid, Van Hatten, Cooney, and Farmer. The new ROW would begin on National 
Grid property (i.e., same parcel as Edic Substation) and will likely cross parcels owned by Van Hatten 
and Cooney before crossing Hazard Road to EDGE’s property and the MNC site. The primary option 
for crossing Hazard Road includes an overhead span (between Structures #11 and #12). However, an 
underground crossing of Hazard Road is possible to alleviate any negative reaction from neighboring 
property owners, but at increased cost.  

MNC Customer Substation 

 The new customer substation will have four 115-kV–13.2-kV transformers, circuit breakers, 
disconnect switches, and indoor metal-clad switchgear containing six 13.2-kV distribution vacuum-
operated circuit breakers intend to feed the new customer loads.   
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3.4 Alternative 4 – Dual-circuit, Overhead 345-kV Lines 
from Marcy Substation 

This alternative consists of running two new 345-kV lines from NYPA’s Marcy Substation to the MNC 
customer substation. Modifications to Marcy Substation are based on NYPA’s 2013 Project Trace and 2015 
cost estimates provided to EDGE. 

Marcy Substation 

 Add one new bay to Marcy Substation. 

 Add three 345-kV breakers and six disconnect switches (breaker-and-a-half configuration). 

Transmission Line 

 New ROW (e.g., 275 feet) and expansion of existing ROW would be required for this interconnection 
alternative.  

 Route C: An approximately 2.9-mile route exits Marcy Substation to the west across NYPA property 
and Glass Factory Road. The ROW would turn south for approximately 0.8 mile over Morgan Road to 
the intersection with the Edic-Fitzpatrick 345-kV transmission corridor. This route would follow this 
existing corridor, continuing south and west toward Edic Substation. At a point west of Edic 
Substation, the new ROW would turn south for approximately 1.2 miles across Gridley Creek and 
Hazard Road in a similar alignment as Alternative 1.  

MNC Customer Substation 

 The new customer substation would be comprised of two 345–115-kV autotransformers, with the 
requisite circuit breakers, disconnect switches, and metering equipment. The new 345–115-kV 
substation will have two H-frame dead-end structures to receive the incoming 345-kV lines from 
Edic.   

 The new customer substation will have four 115-kV–13.2-kV transformers, circuit breakers, 
disconnect switches, and indoor metal-clad switchgear containing six 13.2-kV distribution vacuum-
operated circuit breakers intended to feed the new customer loads. 

 
3.5 Alternative 5 - Dual-circuit, Underground 345-kV Cables 

from Marcy Substation 
This alternative is an underground version of Alternative 5 consisting two new underground 345-kV circuits 
installed in ductbanks from NYPA’s Marcy Substation to the MNC customer substation. Modifications to 
Marcy Substation are based on NYPA’s 2013 Project Trace and 2015 cost estimates provided to EDGE. 

Marcy Substation 

 Add one new bay to Marcy Substation. 

 Add three 345-kV breakers and six disconnect switches (breaker-and-a-half configuration). 

Transmission Line 

 New ROW (e.g., 25 feet of temporary; 15 feet of permanent) and/or expansion of existing ROW 
would be required for this interconnection alternative.  

 This all-underground installation would follow Route D. An approximately 2.7-mile route exits Marcy 
Substation to the south, following the existing Edic-Marcy transmission corridor to the intersection 
of Glass Factory Road and Edic Road. The ROW would parallel Edic Road on the west side until 
turning west onto EDGE property and MNC site. 
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MNC Customer Substation 

 The new customer substation would be comprised of two 345–115-kV autotransformers, with the 
requisite circuit breakers, disconnect switches, and metering equipment. The new 345–115-kV 
substation will have two H-frame dead-end structures to receive the incoming 345-kV lines from 
Edic.   

 The new customer substation will have four 115-kV–13.2-kV transformers, circuit breakers, 
disconnect switches, and indoor metal-clad switchgear containing six 13.2-kV distribution vacuum-
operated circuit breakers intended to feed the new customer loads. 

 

3.6 Alternative 6 – Dual-circuit, Overhead 345-kV from 
Edic-Clay  

This alternative consists of sectionalizing the existing NYPA 345-kV Edic-Clay transmission lines at a location 
west of Edic Substation to create a service lateral for the MNC site. It would require reconfiguration of the 
existing Edic-Clay lines with new structures located on the existing National Grid or NYPA ROW or on private 
property (Risucci). If the 345 kV were to be transformed to 115 kV prior to transmission to the MNC site, 
then a new 345-kV–115-kV substation would be required, likely on private property (Risucci). Since the Edic 
and Clay Substations are owned/operated by National Grid, the load served by this interconnection option 
would be a National Grid customer. NYPA, National Grid, or the NYISO have not weighed in on the feasibility 
of this alternative or permission to pursue it. 

Transmission Line 

 Construct two 345-kV circuits (approximately 0.9 miles in length) supported by a substation frame 
structures with 345-kV riser, four full-tension dead-end structures, and eight steel monopole 
tangent structures.  

 Purchase ROW between the new 345-kV tap and the MNC customer substation of 275 feet in width 
(Route E). It is assumed the new ROW would begin on the existing ROW and head south, crossing 
the Risucci and Cooney parcels before a crossing of Hazard Road to EDGE’s property and the MNC 
site. The primary option for crossing Hazard Road includes an overhead span similar to Alternative 1 
(above).  

MNC Customer Substation 

 The new customer substation would be comprised of two 345–115-kV autotransformers, with the 
requisite circuit breakers, disconnect switches, and metering equipment. The new 345–115-kV 
substation will have two H-frame dead-end structures to receive the incoming 345-kV lines from 
Edic. 

 The new customer substation will have four 115-kV–13.2-kV transformers, circuit breakers, 
disconnect switches, and indoor metal-clad switchgear containing six 13.2-kV distribution vacuum-
operated circuit breakers intended to feed the new customer loads. 

 

3.7 Interim Phase Interconnection Alternative 
During discussions held over the past several months, National Grid confirmed that EDGE could pursue a 
115-kV electrical interconnection to its Porter Substation as an interim solution to the larger MNC buildout. 
According to National Grid, a 20-MW load could be metered off of one of the 115-kV lines that run in close 
proximity to the MNC site and terminate at Porter Substation. This interim alternative is the subject of 
current discussions with National Grid and fall outside the scope of this study. 
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Routing Analysis 
Environmental Design & Research, Landscape Architecture, Engineering & Environmental Services, D.P.C. 
(EDR) completed a routing analysis and preliminary environmental impact study for five routes that the six 
interconnection alternatives could follow. EDR’s study report is included in this report as Appendix E. The 
findings, conclusions, and recommendations from this report are summarized here. 

EDR analyzed a 3.5 square mile area located in the northeast portion of the Town of Marcy representing the 
area that could accommodate transmission interconnections between Edic Substation and MNC and Marcy 
Substation and MNC (Study Area). Based on review of existing mapping and databases, along with site 
reconnaissance, EDR evaluated environmental resources/concerns associated with each of these alternates, 
to determine which would result in the fewest environmental impacts and environmental permitting 
requirements.  Environmental resources evaluated as part of this analysis included water resources 
(wetlands, streams, and floodplains), ecological resources (vegetation, wildlife and listed threatened and 
endangered species), visual resources, and cultural resources (archeological and historic resources). 

The presence and extent of water resources along the various routes is generally a direct correlation to the 
likely extent and complexity of federal and state wetland and stream permitting.  The presence of water 
resources also raises potential design and logistical concerns, as avoidance or protection of these resources 
could result in changes in the proposed location and design of the line, as well as increased cost associated 
with special construction techniques or required mitigation.   

The presence of sensitive ecological resources, particularly state or federally-listed threatened and 
endangered (T&E) species, has the potential to complicate all environmental review and permitting efforts 
(Article VII, State Environmental Quality Review [SEQR], wetland/stream permitting).  A federal wetland 
permit will not be issued without U.S. Army Corps of Engineers (USACE) determination that the Project will 
comply with Federal Endangered Species Act (i.e., it will not result in a “take” of a federally-listed species).  
The presence of such species could therefore require consultation between the USACE and the U.S. Fish and 
Wildlife Services (USFWS), and also raises the prospect of seasonal work restrictions, or if such restrictions 
cannot be accommodated, the possibility of needing an Incidental Take Permit from the USFWS and an 
Article 11 Permit from the New York State Department of Environmental Conservation (NYSDEC).  These 
scenarios can have significant cost and schedule implications. 

Project visibility and potential visual impact on sensitive resources/receptors has the potential to complicate 
the Project’s environmental review process and increase concern/opposition to the Project from local 
officials and the public.  Adverse visual impact can also result in the need for Project redesign, screening, 
and other mitigation measures, all of which can have significant cost implications. 

Impacts on cultural resources can, in almost all cases, be mitigated through Project relocation, redesign, 
data recovery, or off-set mitigation.  As with the other impacts described above, impacts to cultural 
resources have the potential to complicate the environmental review and permitting process (e.g., a federal 
wetland permit will not be issued unless the Project is determined to be in compliance with the National 
Historic Preservation Act).  In addition, impact avoidance and mitigation measures often have significant 
costs implications. 

While the presence of any of the resources described above does not necessarily represent “a fatal flaw”, 
the cumulative number, size, and sensitivity of these resources along an alternative route will have an effect 
on its viability, in terms of the time and cost associated with obtaining environmental approvals and 
permits.  While wetland permitting and T&E species might have the most significant permitting/regulatory 
implications, visual and cultural impacts can at times present comparable difficulties if they result in 
lengthy/complicated agency negotiations, strong public opposition or substantial cost increases.   
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The permitting implications of the various alternatives evaluated in this analysis are summarized in the next 
section as well in Section 6.0 (Results) of Appendix E.  

 

4.1 Interconnection Alternative Routes 
Within the Study Area, EDR, in consultation with CH2M and EDGE, identified five different routing 
alternatives for a transmission line that could supply power to the Nanocenter site from either National 
Grid’s Edic Substation or NYPA’s Marcy Substation. Brief descriptions in each of the alternatives is presented 
below. The location of these alternatives within the Study Area is illustrated in Figure 3 of Appendix E. 

 

4.1.1 Edic Substation Alternatives 
 

4.1.1.1 Route A – Edic Substation Overland Route 
This route would proceed directly from the Edic Substation to the proposed Nanocenter Substation site in a 
southwest direction.  Just over 1.0 mile in length, this route would cross two parcels of private land between 
National Grid’s Edic property and the Marcy Nanocenter site.  It would include a slight angle to allow 
crossing of a steep ravine at a relatively narrow location.  This route could accommodate either an overhead 
or an underground installation.  For the purposes of this analysis, it was assumed that an overhead 345 kV 
line along this route would require a 275-foot wide right-of-way (ROW), while an underground line of the 
same voltage would require a 40-foot wide ROW (15-foot permanent easement and 25-foot temporary 
construction easement).  An overhead 115 kV line following this route would require a 150-foot wide ROW 
and an approximately 5 acre expansion of the Edic Substation.  Route A is generally well removed from areas 
of residential development.  It includes one road crossing (Hazard Road) and the crossing of two existing 
transmission lines (National Grid’s Porter-Stittville 115kV and Yahnundasis-Porter 115kV lines). 

 

4.1.1.2 Route B – Edic Substation Roadside Route 
Route B would exit the Edic Substation in a southeasterly direction until it intersects with Edic Road.  It 
would then follow Edic Road to a point just before its intersection with Hazard Road, where it would turn to 
the west and follow Hazard Road, before turning to the southwest and crossing Hazard Road onto the Marcy 
Nanocenter site.  This alternative would be approximately 1.4 miles in length.  Due to its location within or 
adjacent to a public road that includes residential frontage development, it is assumed that this route would 
require an underground installation (within a 40-foot wide ROW) to minimize land acquisition needs, visual 
impact on adjacent residents, and conflicts with existing road and utility infrastructure.  If this alternative 
stayed within the ROW it would only have to cross one private parcel between the Edic Substation and the 
Nanocenter site (at the corner of Edic and Hazard Roads).  If this was not possible, a total of up to 14 private 
parcels would need to be crossed where they front on Edic and Hazard Roads.  Alternative B would cross 
under several existing National Grid transmission lines connected to the Edic and Porter Substations. 

 

4.1.2 Marcy Substation Alternatives 
 

4.1.2.1 Route C – Marcy Substation Overland Route 
This alternative would start at NYPA’s Marcy Substation and proceed west across Glass Factory Road before 
angling south across a large parcel of undeveloped land, to National Grid’s Edic-Volney 345 kV transmission 
corridor.  It would then follow the existing transmission corridor in a southeast direction toward the Edic 
Substation.  Before reaching the substation, Route C would leave the Edic-Volney transmission corridor and 



SECTION 4 ROUTING ANALYSIS 

IN0409151023BOS 4-3 
COPYRIGHT 2015 BY CH2M HILL ENGINEERS, P.A.  COMPANY CONFIDENTIAL 

head southwest, across another large undeveloped portion of land, before crossing Hazard Road and 
entering the Nanocenter Site in approximately the same location as Route A.  This alternative would be 
approximately 2.9 miles in length and would cross 17 parcels of private land.  It would also include two road 
crossings and three transmission line crossings (including National Grid’s Edic-Volney 345 kV, Edic-Clay 345 
kV, Porter-Stittville 115 kV, and Yahnundasis-Porter 115 kV lines).  Due to its greater length and relatively 
remote location, Alternative C is assumed to be an overhead 345 kV installation on a 275-foot wide ROW. 

 

4.1.2.2 Route D – Marcy Substation Roadside Route 
Route D would exit NYPA’s Marcy Substation and head south, running parallel to the existing Porter-
Adirondack/Marcy-New Scotland/Edic-Marcy/Marcy-New Windsor transmission corridor.  Upon reaching 
Church Road, it would angle across the existing transmission ROW to Glass Factory Road at its intersection 
with Edic Road.  It would then follow Edic Road along the route described above for Route B.  Route D would 
be approximately 2.7 miles in length.  It is assumed that a transmission line following Route D would need to 
be an underground installation within a 40-foot wide ROW, to minimize land acquisition needs, visual impact 
on adjacent residents, and potential conflicts with existing utility infrastructure (including the required 
crossing of multiple existing overhead high-voltage transmission lines).  Three different roads would also 
have to be crossed under this alternative.  Like Route B, the number of properties involved would depend on 
whether or not this alternative could be sited within existing road and utility ROW.  If the line cannot be 
confined to these existing ROWs, up to 21 parcels of private land might have to be crossed under this 
alternative.  

 

4.1.3 Clay-Edic Tap Alternative 
 

4.1.3.1 Route E – Edic-Clay Interconnection/Substation Overland Route 
This alternative would require sectionalization of NYPA and National Grid’s Clay-Edic 345 kV transmission 
lines two make a dual circuit interconnection to the Marcy Nanocenter.  If the power were to be 
transformed to 115kV then a new substation near the Edic-Clay ROW would be needed.  This substation 
would be approximately 5 acres in size, and located on the south side of the Clay-Edic line ROW, west of the 
Edic Substation (Risucci Property).  From the new substation, Route E would run along the same alignment 
as Route C between the Clay-Edic line and the proposed Nanocenter Substation Site.  This route would be 
just under 1.0 mile in length and would cross only two properties.  It would include crossings of two existing 
transmission lines (National Grid’s Porter-Stittville 115 kV and Yahnundasis-Porter 115 kV transmission lines) 
and a single road crossing (Hazard Road).  The transmission line following Alternate Route E could be an 
overhead 345 kV installation on a 275-foot wide ROW or a 115 kV overhead line on a 150-foot wide ROW. 

 

4.1.4 Summary of Environmental Impacts of the Alternative Routes  
 
Potential environmental impacts associated with each of the routing alternatives under consideration in this 
study are summarized in Table 4.1 below.  The environmental impacts are described in greater detail in the 
Section 5.0 of Appendix E.  Permitting implications of the various alternatives are discussed in the next 
section and in Section 6.0 of Appendix E. 
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TABLE 4.1.   
Comparison of Potential Environmental Impacts of Alternative Routes. 

Constraints 
Alternative Routes 

Associated 
Substation 

A B C1 D1 E1 Sub. A Sub. E1 

Approximate Length (Miles) 1.1 1.4 2.9 2.7 0.9 - - 

Number of Road Crossings 1 1 2 3 1 - - 

Number of T-Line Intersections 2 1 3 5 2 - - 

Forested Impacts  

(Acres within ROW) 

275’ ROW - 14.3 

150’ ROW - 10.6 

40’ ROW - 2.9 

0.2 44.8 2.2 
275’ ROW - 15.3 

150’ ROW - 7.3 
0.02 0.0 

Successional Scrubland Impacts 
(Acres within ROW) 

275’ ROW - 4.9 

150’ ROW - 2.4 

40’ ROW - 0.4 

0.0 17.5 1.1 
275’ ROW - 6.9 

150’ ROW - 4.5 
3.1 4.2 

Successional Old-field Impacts 
(Acres within ROW) 

275’ ROW - 12.6 

150’ ROW - 5.3 

40’ ROW - 1.4 

0.9 16.1 0.6 
275’ ROW - 9.9 

150’ ROW - 5.6 
1.88 0.8 

Disturbed/Developed Area 
Impacts (Acres within ROW) 

275’ ROW - 0.2 

150’ ROW - 0.2 

40’ROW - 0.1 

5.8 13.2 9.3 
275’ ROW - 1.5 

150’ ROW - 0.5 
0.0 0.0 

Approximate Wetlands Impacts 
(Acres within ROW)  

275’ ROW - 4.2 

150’ ROW - 2.2 

40’ ROW - 0.6 

0.4 3.8+ 0.3+ 
275’ ROW - 4.6+ 

150’ ROW - 2.8+ 
3.4 0 

Stream Impacts  

(Linear Feet within ROW) 

275’ ROW - 580 

150’ ROW - 436 

40’ROW - 112 

20 2100 90 
275’ ROW – 370 

150’ ROW -240’ 
0.0 0.0 

Steep (>15%) Slopes  

(Acres within ROW) 

275’ ROW - 3.4 

150’ ROW - 1.7 

40’ ROW - 0.5 

0.2 7.5 0.2 
275’ ROW - 5.33 

150’ ROW - 2.5 
0.0 0.0 

Visual Impacts (Miles visible) 257’ ROW - 0.7 

150’ ROW - 0.7 

40’ ROW - 0.0 

- 1.5 - 
275’ ROW - 0.4 

150’ ROW - 0.4 
- - 

1Portions of these routes were evaluated through desktop analysis only. 
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Regulatory Assessment of Alternatives 
The regulatory assessment of the alternatives focuses on the environmental permitting implications of the 
potential routes, including certification of major transmission facilities under Article VII of New York State’s 
Public Service Law. It does not include a regulatory assessment of any development of MNC as this is outside 
the scope of this project. Moreover, it does not examine the regulatory issues associated with transmission 
ownership or public utilities as these topics fall within the services of legal counsel. 

EDR provides a complete reporting of the results of its routing alternatives analysis in Section 6.0 of 
Appendix E. A summary of their findings as it relates to the permitting implications is presented here in the 
Table 5.1. 

 

TABLE 5.1   
Permitting Implications of the Alternative Marcy Nanocenter Interconnection Route Alternatives. 

Alternate 
Route 

Line Type1 
Article 

VII 
SEQR 

Wetland/Stream 
Permitting 
Difficulty2 

T&E 
Concerns2 

Visual 
Concerns2 

Cultural 
Concerns2 

Overall 
Permitting 
Difficulty3 

A OH 345 kV Yes No 2 3 2 1 2.0 

A OH 115 kV No Yes 3 2 2 1 2.0 

A UG 345 kV Yes No 2 1 1 1 1.25 

B UG 345 kV Yes No 1 1 1 1 1.0 

C OH 345 kV Yes No 2 3 3 2 2.5 

D UG 345 kV Yes No 1 1 1 2 1.25 

E OH 345 kV No4 Yes4 2 3 2 1 2.0 

E OH 115 kV No Yes 25 2 1 1 1.5 

1OH = Overhead UG = Underground 

21 = Low, 2 = Moderate, 3 = High.  Note rating assumes each category is weighted equally, which may not be the case once studies 
are complete. 

3Average of wetland, T&E, visual and cultural scores. 

4Assumes total distance of line under 1.0 mile, as indicated on Table 3. 

5Degree of wetland permitting difficulty will depend on extent of permanent impacts at substation site 
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Alternatives Analysis 
The following analysis takes into consideration the evaluation criteria established during the early stages of 
the effort. The analysis is a qualitative one, where alternatives are judged based upon their characteristics in 
comparison to each other. This is certainly the case when we looked for potential constraints to 
construction, significant environmental impacts, critical regulatory concerns, or other factors that represent 
significant risk at this stage of project development (and would need to be further investigated to truly 
comprehend their full impact on project success).  

The analysis contains a quantitative aspect, which is based on planning-level estimates of project 
development costs. These opinions of cost are based on a previously completed work by National Grid, 
NYPA, and the budgetary estimates developed by CH2M power engineering staff.9 The preliminary design of 
the customer substation is based upon the N+1 redundancy assumed to be semifab industry standard. All 
transmission lines are assumed to be supported by steel double-circuit structures on designed concrete 
foundations. One of the missing components of this analysis is a one-line diagram and general arrangement 
for the source substations for MNC. Not having this information limits our ability to make recommendations 
related to modifications in the substations outside of what we observe from aerial images and our 
understanding of these systems in general. 

All six interconnection alternatives evaluated were identified as technically viable alternatives. In this 
instance, “technically viable” is defined as able to meet the demands of a large electronic chip 
manufacturing facility as summarized in the table below. This demand forecast would take place over an 
expected 15-year development timeframe. 

TABLE 6.1 
MNC Electrical Demand Load Projection 

Building 

Main Cleanroom 
SF/ Total 

Cleanroom SF 
On Waffle 

kVA/SF 
Demand 

kVA 

Demand MW 
(0.9 power 

factor) Comments 

Fab 1 – 300-mm 
Cleanroom 

320,000 / 
450,000 

0.261 84,525 76 Includes supporting facilities demand 
(CUB, HPM, Gas Yard) 

Fab 2 – 450-mm 
Cleanroom 

320,000 / 
450,000 

0.28424 91,648 83 Applied 10% for 450-mm technology. 
Includes supporting facilities demand 
(CUB, HPM, Gas Yard) 

Fab 3 – 450-mm 
Cleanroom 

320,000 / 
450,000 

0.28424 91,648 83 Applied 10% for 450-mm technology. 
Includes supporting facilities demand 
(CUB, HPM, Gas Yard) 

Office - 6 Levels 780,000 0.00625 4,876 4.4 VA/SF based on similar semiconductor 
manufacturing mixed-use office with 
cafeteria and data center. 

R&D 223,000 / 
312,000 

0.26424 58,925 53 Includes supporting facilities demand 
(CUB, HPM, Gas Yard) 

Parking Garage 1,652,937 0.00050 826 1 Assumes 5 levels at 0.5 VA/SF 

                                                           
9 CH2M developed lists of substation equipment, conductor, structures, and other hardware for Alternatives 1 -3 based on conceptual layouts of the 
Project, best professional judgment, and other similar projects. CH2M contacted the following vendors for the unit prices (February 2015) of the 
equipment indicated in parentheses: Mitsubishi, Hiko, and Alstom (breakers); Pascor and Southern States (disconnect switches); Trachte (control 
building components); Distran (structural steel); General Cable (high-voltage cable); Trench (coupling capacitor voltage transformers). Budgetary 
estimates for construction, foundations, ground grid, grading drainage, and earthwork were extrapolated from comparable projects.  
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TABLE 6.1 
MNC Electrical Demand Load Projection 

Building 

Main Cleanroom 
SF/ Total 

Cleanroom SF 
On Waffle 

kVA/SF 
Demand 

kVA 

Demand MW 
(0.9 power 

factor) Comments 

Total MNC Site Demand: 332,448 300.4 Note: 2 fabs @ 450 mm would be 
325,961 demand kVA using a 1.10 
wafer scalar and would drop to 
approximately 300,000 demand kVA 
using more recent scalar forecasts. 

Farmer Parcel 
Demand 

550,000   20 Assumed build-out includes office, 
R&D, packaging. 

Total Combined Demand 320.4  

Notes: 

CUB = Central Utility Building 
HPM = Hazardous and Process Material Storage 
kVA = kilovolt amperes 
mm = millimeter(s) 
R&D = Research and Development 
SF = square feet 
VA = volt-amperes  

Each alternative is judged on the basis of the following criteria. CH2M categorized expected advantages and 
disadvantages for every interconnection. This information is consolidated in Section 7 – Conclusions and 
Recommendations into a side-by-side comparison.   

Each transmission alternative is judged on the basis of the following criteria: 

 Obvious constraints to project development: Every transmission capital project is confronted by 
issues that may impact the feasibility or constructability of the proposed addition. CH2M provides a 
qualitative measure of overall feasibility for each alternative. 

 Environmental impact: Transmission alternatives take into account the extent of impacts on land 
use and environmental resources.   

 Licensing and Permitting Requirements: Transmission alternatives will be assessed according to 
their expected licensing and permitting requirements. 

 Capital cost: The capital cost of each transmission alternative is estimated for purpose of cross 
comparisons (Appendix F). Such costs are not intended to serve as budgetary estimates and should 
be considered planning-level or “investment grade” estimates, as stated by National Grid and NYPA. 
In order to facilitate comparable estimates, CH2M followed NYPA’s approach of presenting ranges of 
costs from -30 percent to 100 percent of each estimate in US dollars. Construction costs variability 
will be driven by, but not limited to, final customer substation design specifications, required 
modifications to the source substation, requirements for underground cable segments, material 
prices, and land acquisition costs. Capital cost data for transmission system projects was provided by 
National Grid and NYPA.10 

 Electric Reliability: For the purposes of this Project, electric reliability pertains to the qualitative 
measure of each alternative’s ability to reliably serve 350 MW of MNC demand. National Grid and 

                                                           
10 National Grid, 2013. Summary of the Feasibility Study, Mohawk Valley EDGE Load Interconnection, December 23, 2013. National Grid, and, New 
York Power Authority, 2015. CEC – 345kV Trans Line Interconnection (MVE Project) Conceptual Cost Estimate – Class 5, New York Power Authority, 
March 20, 2015. 
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NYPA have indicated that 345-kV interconnections out of Edic and Marcy, respectively, could 
provide reliable power to MNC. Caveat: Both utilities have stated that additional study, including a 
NYISO SIS, would be required to provide a higher level of accuracy and specificity to the question of 
reliability. 

 Power Quality: As noted above, National Grid and NYPA have informed EDGE and CH2M and 
documented that 345-kV transmission alternatives from Edic and Marcy Substations, respectively, 
are capable of providing the high degree of power quality that is sufficient for a large electronic chip 
manufacturing facility. National Grid has also stated that a new 115-kV system from Edic would also 
provide the necessary power quality. (So all the alternatives are considered equal in terms of power 
quality.) 

Cost of energy to the MNC tenant is a priority consideration in EDGE’s decision making process. EDGE is in 
ongoing discussions with NYPA and National Grid about the potential cost of energy to MNC tenants. The 
estimated energy costs these utilities have provided to EDGE to date (Appendix G) illuminate the fact that 
future MNC energy costs will depend on whether MNC is a National Grid or NYPA customer. The new 
electrical facility’s ownership would also influence the cost of energy, which remains an open question at 
this point in the project development process. However, CH2M brings the estimated cost of energy into the 
evaluation of the interconnection alternatives because the differentials between constructions costs among 
the alternatives may be offset by potential long-term cost savings resulting from discounted energy prices. 

TABLE 6.2 
Capital Cost Estimates for Marcy Nanocenter Electrical Interconnection Project Alternatives 

 

Alternative Description Total (Rounded) 

  -30%  $          36,000,000  

1† Dual-circuit, overhead 345kV lines from Edic Substation  $           51,000,000  

  50%  $          77,000,000  

  -30%  $          66,000,000  

2† Dual-circuit, underground 345kV cables from Edic Substation  $           94,000,000  

  50%  $        141,000,000  

  -30%  $          33,000,000  

3† Dual-circuit, overhead 115kV lines from Edic Substation  $           47,000,000  

  50%  $          71,000,000  

      

  -30%  $          73,000,000  

4†† Dual-circuit, overhead 345kV from Marcy Substation  $         105,000,000  

  50%  $        157,000,000  

  -30%  $          28,000,000  

6††† Dual-circuit, overhead 345kV from Edic-Clay Transmission Lines  $           37,500,000  

  100%  $          75,000,000  
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NOTES: 

† - Estimates prepared by CH2M HILL. The estimates are developed based on conceptual models of similar transmission lines 
and station designs to produce Class 4 Estimates that are to be used in the study or feasibility phase of the project.  "Class 4 
Estimates" are established for a project with a level of complete design definition from 1% to 15%.  Class 4 estimates are also 
defined to have an expected accuracy range of -30% to +50%, however, as projects develop and definition is increased the 
expected accuracy range can be reduced.  The addition of a contingency fund to the overall estimated cost allows for an 80% 
probability of not exceeding the total cost.       

†† - Estimates prepared by New York Power Authority as Project Trace in 2013. The estimates are developed based on 
conceptual models of similar transmission lines and station designs to produce Class 4 Estimates that are to be used in the 
study or feasibility phase of the project.  

††† - Estimate prepared by New York Power Authority. The cost estimate is developed based on conceptual models of similar 
transmission lines to produce Class 5 estimates that are to be used in the conceptual phase of the project. "Class 5 Estimates" 
are established for a project with a level of complete design definition from 0 - 2%. Class 5 estimates are also defined to have 
an expected accuracy range of -30% to +100%, however, as projects develop and definition is increased the expected accuracy 
range can be reduced. 

 
 
 

6.1 Alternative 1 – Overhead 345-kV from Edic  
6.1.1 Description 
Alternative 1 includes a dual-circuit, 345-kV overhead transmission line from National Grid’s Edic Substation 
to the MNC customer substation located on approximately 1.1 miles of new, greenfield ROW involving two 
property owners (besides EDGE and National Grid). 

 Estimated construction costs: $51 million ($36 million to $77 million).11  

 Estimated land acquisition costs: $51,00012 

6.1.2 Evaluation 
Advantages: 

 Achieves power quality and reliability objectives. 

 Cost savings may be achieved because: 

– Smaller conductor size is used to achieve required MVA.  

– Fewer structures are required, which may help to decrease visual impact and ground 
disturbances/construction impacts.   

– Substation modifications at Edic only; no new substation other than the customer substation.   

 Supported by National Grid 

 May provide more flexibility for multiple service (loads) and metering at the customer end than 
115-kV options. 

                                                           
11 National Grid’s estimated range of costs for this alternative from the 2013 Feasibility Study is $22 million to $66 million, not including an estimate 
for the construction of a customer substation at MNC. 

12 Assumes a permanent easement through three properties (National Grid, Van Hatten, Cooney) along a corridor 275’ wide by 1 mile long for an 
estimated total of 27.34 acres. Source: Stropp, 2014, Appraisal Report for the Mohawk Valley EDGE Load Interconnection, prepared for EDGE by 
Stropp Appraisal based on its appraisal date, January 31, 2014.  
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Disadvantages:   

 Two exits from Edic Substation necessitate the installation of approximately 6,000 feet of 345-kV 
cable “getaways” (solid dielectric 2,500-kcmil [thousands of circular mils]) and transition structures 
to the overhead transmission segments. Sourcing 345-kV cable is costly, requires long lead times, 
and may be difficult to competitively procure because of the short length needed for these 
connections.13 

 Larger structures will increase visibility and aesthetic impact, resulting in a higher risk of community 
opposition.   

 Steel poles are required, which affects cost and visual impact compared to wooden structures.   

 Foundations are required for every structure, driving up design, material, and construction costs.   

 More expensive hardware than 115 kV.   

 Larger ROW required (e.g., 275 feet versus 150 feet), resulting in greater environmental impact due 
to clearing requirements and negative effects on forests, wildlife habitat, and water resources. 

 Requires crossing two existing overhead transmission lines, which necessitates permission from 
National Grid. 

 The 345-kV customer substation would likely require more than 5 acres to accommodate the 
equipment to transform the power for usage at the MNC. A comprehensive site arrangement 
(design) will determine the total space required, but a substation of this size will increase visual 
impact and dedicate space that could otherwise be used for commercial or industrial purposes. 
Consideration must be given to installation and removal of all equipment at the new 345-kV 
customer substation. Typically, a 300-ton crane will be required to offload and set the transformers; 
access must be considered during layout and design. Transformer oil containment will also utilize 
considerable space for the containment pits required for the 20,000 gallons of mineral oil 
(approximate) per autotransformer and 15,000 gallons (approximate) per power transformer.  

6.2 Alternative 2 – Underground 345-kV from Edic 
6.2.1 Description 
Alternative 2 consists of a dual-circuit, 345-kV underground cable interconnection between National Grid’s 
Edic Substation and MNC. The cable circuits would be installed within separate ductbanks and follow a 
roadside route along Edic Road (Route B). An alternative route for this installation would follow the same 
route as Alternative 1 (i.e., Route A). 

 Estimated construction costs: $94 million ($66 million to $141 million).14  

 Estimated land acquisition costs: $13,00015 

                                                           
13 CH2M contacted several well-known high-voltage cable manufacturers to acquire planning-level cost estimates to procure the cable needed for 
the interconnection alternatives. In our experience, cable vendors may not be interested or have the availability to fabricate and ship short sections 
of cable. Only one of the three cable manufacturers we contacted was willing to provide a cost estimate. A conservative estimate for the delivery of 
345-kV cable is 50 weeks after receipt of order (ARO). 

14 National Grid’s estimated range of costs for this alternative from the 2013 Feasibility Study is $51 million to $108 million, not including an 
estimate for the construction of a customer substation at MNC. 

15 Land acquisition estimates based on an average cost per acre ($1,880.22) according to the three appraisals completed by Stropp Appraisal on 
January 31, 2014, for EDGE, including National Grid, Van Hatten, and Cooney properties. ROW for this alternative assumes a corridor 40 feet wide by 
1.4-mile in length.  
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6.2.2 Evaluation 
Advantages: 

 No aerial structures in transmission ROW has two main advantages: 

– Eliminates visual impacts of the new facility, thus decreasing the risk of community opposition based 
on aesthetic impacts. 

– Decreases the risk of catastrophic failure or outages from physical damage to the transmission line 
conductor and structures.   

 Utilities will greatly limit a 345-kV bus outage; as a result, construction will be dependent on outage 
availability as determined by National Grid. However, this alternative could reduce overall bus 
outages during construction because most of this configuration can be constructed prior to the 
conductor being energized.   

 May be possible to install cable in the municipal road ROW. 

Disadvantages: 

 Expensive option and potentially cost prohibitive. 

 Depending on the number of required cable splices (i.e., points of failure along the conductor), it 
could be less reliable than an overhead transmission line. The splices will require large manholes 
and additional terminations, adding cost.     

 Procuring the 345-kV high-voltage cable may be difficult with lead times at 50 weeks ARO.   

 Ductbank installation may encounter fatal flaws after geotechnical and engineering analysis because 
of the variations in topography between Edic and MNC and, more specifically, the crossing of Gridley 
Creek. Underground construction uncertainty represents a high risk factor that could severely 
impact cost and schedule. 

 The 345-kV customer substation would likely require more than 5 acres to accommodate the 
equipment to transform the power for usage at MNC. A comprehensive site arrangement (design) 
will determine the total space required, but a substation of this size will increase visual impact and 
dedicate space that could otherwise be used for commercial or industrial purposes. Consideration 
must be given to installation and removal of all equipment at the new 345-kV customer substation. 
Typically, a 300-ton crane will be required to offload and set the transformers; access must be 
considered during layout and design. Transformer oil containment will also utilize considerable 
space for the containment pits required for the 20,000 gallons of mineral oil (approximate) per 
autotransformer and 15,000 gallons (approximate) per power transformer.  

 Oil-filled pipe-type cable may also be an option as opposed to solid dielectric conductor; however, 
this will require oil circulation equipment and environmental permitting. 

 Easement acquisition may require negotiations with up to 14 individual property owners. 

6.3 Alternative 3 – Overhead 115-kV from Edic 
6.3.1 Description 
Alternative 3 consists of a dual-circuit 115-kV overhead transmission system connected to National Grid’s 
Edic Substation via a new 345-kV–115-kV substation located in the vicinity of Edic Substation. The new 
115-kV transmission lines would follow Route A (i.e., same ROW assumption as Alternative 1) with an 
assumed 150-foot width instead of 275-foot width. 
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6.3.2 Evaluation 
 Estimated construction costs: $47 million ($33 million to $71 million) 

 Estimated land acquisition costs: $38,00016 

Advantages: 

 Transmission line requires smaller poles, less expensive insulators, and narrower ROW compared to 
Alternative 1, which reduces costs. 

 Two property owners to negotiate easement for ROW. 

 Less environmental impact due to narrower ROW. 

 Structure options including wood and steel, as well as shorter height, which reduce potential visual 
impacts and the risk of community opposition based on concerns with aesthetics. 

 This alternative represents the shortest construction timeframe of all the alternatives. 

 Smaller footprint for the new customer substation (5 acres or less) provides more flexibility on the 
location of the customer substation.   

 Estimated cost of 115-kV customer substation is $18 million versus $29 million for a 345-kV 
customer substation. 

 Bus outages should be shorter duration, most of this configuration can be constructed with limited 
interruption until the cutover is made, and this will require bus outages to make the final 
connections to the Edic bus. 

 This alternative is recommended by National Grid. 

Disadvantages:   

 A new 345-kV–115-kV substation is required in addition to the new customer substation, adding an 
estimated $7 million to $18 million in additional cost for this alternative. 

 Requires crossing two existing overhead transmission lines, which necessitates permission from 
National Grid. 

 115-kV transmission will require larger conductor, which increases material costs. 

6.4 Alternative 4 – Overhead 345-kV from Marcy 
6.4.1 Description 
Alternative 4 consists of new, dual-circuit overhead 345-kV transmission lines from NYPA’s Marcy Substation 
along approximately 2.9 miles of new and collocated ROW (Route C). 

 Estimated construction costs: $105 million ($73 million to $157 million) 

 Estimated land acquisition costs: $182,00017 

                                                           
16 Land acquisition estimates based on an average cost per acre ($1,880.22) according to the three appraisals completed by Stropp Appraisal on 
January 31, 2014, for EDGE, including National Grid, Van Hatten, and Cooney properties. ROW for this alternative assumes a corridor 150 feet wide 
by 1.1-mile in length, or 20 acres in total. 

17 Land acquisition estimates based on an average cost per acre ($1,880.22) according to the three appraisals completed by Stropp Appraisal on 
January 31, 2014, for EDGE, including National Grid, Van Hatten, and Cooney properties. ROW for this alternative assumes a corridor 275 feet wide 
by 2.9 miles in length, or 96.7 acres in total. 
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6.4.2 Evaluation 
Advantages: 

 Achieves a direct connection to NYPA’s system, which potentially ensures discount energy prices 
based on NYPA’s Hydro tariff.18 

 Achieves power quality and reliability objectives. 

 Cost savings may be achieved because: 

– Smaller conductor size is used to achieve required MVA.  

– Fewer structures are required, which may help decrease visual impact and ground 
disturbances/construction impacts.   

– Substation modifications at Edic only; no new substation other than the customer substation.   

Disadvantages:   

 Potential fatal flaw exists in that there is marginal or no room within Marcy Substation for the 
345-kV breaker-and-one-half bay, which necessitates expansion or significant modification to Marcy 
Substation at significant cost. 

 Larger structures will increase visibility and aesthetic impact, resulting in higher risk of community 
opposition.   

 Steel poles are required, which impacts cost and visual impact compared to wooden structures.   

 Foundations are required for every structure, driving up design, material, and construction costs. 

 More expensive hardware than 115-kV.   

 Larger ROW required (e.g., 275 feet versus 150 feet) resulting in greater environmental impact due 
to clearing requirements and negative effects on forests, wildlife habitat, and water resources. 

 ROW acquisition would involve negotiations with at least eight private landowners, National Grid, 
and/or NYPA when paralleling existing transmission ROWs. 

 Requires crossing three existing overhead transmission lines, which necessitates permission from 
National Grid and NYPA. 

 The 345-kV customer substation would likely require more than 5 acres to accommodate the 
equipment to transform the power for usage at MNC. A comprehensive site arrangement (design) 
will determine the total space required, but a substation of this size will increase visual impact and 
dedicate space that could otherwise be used for commercial or industrial purposes. Consideration 
must be given to installation and removal of all equipment at the new 345-kV customer substation. 
Typically, a 300-ton crane will be required to offload and set the transformers; access must be 
considered during layout and design. Transformer oil containment will also utilize considerable 
space for the containment pits required for the 20,000 gallons of mineral oil (approximate) per 
autotransformer and 15,000 gallons (approximate) per power transformer. 

                                                           
18 On March 2, 2015, Eric Bowers provided EDGE an analysis that compared NYPA and National Grid tariffs. The estimates provided for a customer 
connected directly to NYPA’s Marcy Substation (a directly connected customer) are based on 100% ReCharge New York rates with $0 delivery 
charges for a total estimated rate based on 1 MW of demand and 50% load factor to be $0.048 per kilowatt-hour, which is approximately $0.031 less 
expensive than National Grid’s standard tariff for a 3A Service. 
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6.5 Alternative 5 – Underground 345-kV from Marcy 
6.5.1 Description 
Alternative 5 is an underground alternative to Alternative 4, consisting of a dual-circuit 345-kV underground 
transmission cable system from NYPA’s Marcy Substation. The new underground facility would follow 
existing transmission and road ROWs to reach the MNC site. 

 Estimated construction costs: Not available 

 Estimated land acquisition costs: $25,00019 

6.5.2 Evaluation 
Advantages: 

 No aerial structures in transmission ROW has two main advantages: 

– Eliminates visual impacts of the new facility, thus decreasing the risk of community opposition based 
on aesthetic impacts. 

– Decreases the risk of catastrophic failure or outages from physical damage to the transmission line 
conductor and structures.   

 Utilities will greatly limit a 345-kV bus outage; as a result, construction will be dependent on outage 
availability as determined by NYPA. However, this alternative could reduce overall bus outages 
during construction because most of this configuration can be constructed prior to the conductor 
being energized.   

 May be possible to reduce land acquisition costs by partially co-locating new transmission line 
within existing utility and municipal road ROWs. 

Disadvantages: 

 Most expensive alternative and potentially cost prohibitive. 

 Depending on the number of required cable splices (i.e., points of failure along the conductor), it 
could be less reliable than an overhead transmission line. The splices will require large manholes 
and additional terminations, adding cost.     

 Procuring the 345-kV high-voltage cable may be difficult, with lead times at 50 weeks ARO.  

 Ductbank installation may encounter fatal flaws after geotechnical and engineering analysis because 
of the variations in topography between Edic and MNC, especially the crossing of Gridley Creek. 
Underground construction uncertainty represents a high risk factor that could severely impact cost 
and schedule. 

 Three or more road crossings may involve horizontal directional drilling installation, which 
significantly increases design and construction costs. 

 The 345-kV customer substation would likely require more than 5 acres to accommodate the 
equipment to transform the power for usage at MNC. A comprehensive site arrangement (design) 
will determine the total space required, but a substation of this size will increase visual impact and 
dedicate space that could otherwise be used for commercial or industrial purposes. Consideration 
must be given to installation and removal of all equipment at the new 345-kV customer substation. 
Typically, a 300-ton crane will be required to offload and set the transformers; access must be 
considered during layout and design. Transformer oil containment will also utilize considerable 

                                                           
19 Land acquisition estimates based on an average cost per acre ($1,880.22) according to the three appraisals completed by Stropp Appraisal on 
January 31, 2014, for EDGE, including National Grid, Van Hatten, and Cooney properties. ROW for this alternative assumes a corridor 40 feet wide by 
2.7 miles in length, or 13 acres in total. 
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space for the containment pits required for the 20,000 gallons of mineral oil (approximate) per 
autotransformer and 15,000 gallons (approximate) per power transformer.  

 Oil-filled pipe-type cable may also be an option as opposed to solid dielectric conductor; however, 
this will require oil circulation equipment and environmental permitting. 

 Easement acquisition may require negotiations with up to 21 individual landowners if co-location 
with existing ROW is unsuccessful or limited. 

6.6 Alternative 6 – Overhead 345-kV from Edic-Clay  
6.6.1 Description 
Alternative 6 consists of a new, dual-circuit overhead 345-kV interconnection with the NYPA high-voltage 
transmission system by sectionalizing the two circuits of NYPA’s Edic-Clay 345-kV transmission line to create 
new circuits through the MNC customer substation. The overhead transmission line would follow a new, 
greenfield approximately 0.9-mile ROW beginning west of Edic Substation (Route E). 

 Estimated construction costs: $38 million ($28 million to $75 million) 

 Estimated land acquisition costs: $56,40720 

6.6.2 Evaluation 
Advantages: 

 Achieves power quality and reliability objectives. 

 Cost savings may be achieved because: 

– Smaller conductor size is used to achieve required MVA.  

– Fewer structures are required, which may help decrease visual impact and ground 
disturbances/construction impacts.   

 Eliminates the need for two exits from Edic Substation that necessitate the installation of 
approximately 6,000 feet of 345-kV cable “getaways” (solid dielectric 2,500 kcmil) and transition 
structures to the overhead transmission segments. Sourcing 345-kV cable is costly, requires long 
lead times, and may be difficult to competitively procure because of the short length needed for 
these connections.21 

 No new substation other than the customer substation.   

 May provide more flexibility for multiple service (loads) and metering than 115-kV options. 

 May not require an Article VII Certificate of Environmental Compatibility and Public Need resulting 
in potentially shorter permitting timeline. 

Disadvantages:   

 Larger structures will increase visibility and aesthetic impact, resulting in higher risk of community 
opposition.   

 Steel poles are required, which impacts cost and visual impact compared to wooden structures.   

                                                           
20 Assumes a permanent easement through two properties (Risucci, Cooney) along a corridor 275 feet wide by approximately 0.9 mile long for an 
estimated total of 30 acres. Source: Stropp, 2014, Appraisal Report for the Mohawk Valley EDGE Load Interconnection, prepared for EDGE by Stropp 
Appraisal based on its appraisal date, January 31, 2014.  

21 CH2M contacted several well-known high-voltage cable manufacturers to acquire planning-level cost estimates to procure the cable needed for 
the interconnection alternatives. In our experience, cable vendors may not be interested or have the availability to fabricate and ship short sections 
of cable. Only one of the three cable manufacturers we contacted was willing to provide a cost estimate. A conservative estimate for the delivery of 
345-kV cable is 50 weeks ARO. 
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 Foundations are required for every structure, driving up design, material, and construction costs.   

 More expensive hardware than 115 kV.   

 Larger ROW required (e.g., 275 feet versus 150 feet), resulting in greater environmental impact due 
to clearing requirements and negative effects on forests, wildlife habitat, and water resources. 

 Requires crossing two existing overhead transmission lines, which necessitates permission from 
National Grid. 

 The 345-kV customer substation would likely require more than 5 acres to accommodate the 
equipment to transform the power for usage at MNC. A comprehensive site arrangement (design) 
will determine the total space required, but a substation of this size will increase visual impact and 
dedicate space that could otherwise be used for commercial or industrial purposes. Consideration 
must be given to installation and removal of all equipment at the new 345-kV customer substation. 
Typically, a 300-ton crane will be required to offload and set the transformers; access must be 
considered during layout and design. Transformer oil containment will also utilize considerable 
space for the containment pits required for the 20,000 gallons of mineral oil (approximate) per 
autotransformer and 15,000 gallons (approximate) per power transformer.  

 Despite this alternative offering a connection to NYPA’s transmission system, it would not make the 
customer a directly connected one and enable discount energy pricing similar to Alternatives 4 or 5, 
which connect to Marcy Substation. The customer(s) connected to this alternative would be 
National Grid customers because both Edic and Clay Substations are owned/operated by National 
Grid. 

National Grid does not think this alternative is preferable from a system impact and reliability standpoint. 
They favor modifications of Edic Substation for a new 345-kV (i.e. Alternatives 1 - 3) compared to 
sectionalizing the Edic-Clay 345-kV transmission lines. 
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Conclusions and Recommendations 
The evaluation of the alternatives is presented in Table 7.1 for easy comparison. Based on the information 
provided by National Grid and NYPA, there is reason to believe that all of the alternatives will provide the 
reliability and power quality needs for a semifab tenant at MNC. Recognizing that all transmission 
infrastructure is subject to events that lead to outages, the alternatives are comparably reliable. It is worth 
noting that to reduce cost, CH2M assumed single, double-circuit structures for the overhead transmission 
alternatives. However, it is possible to further mitigate risk of catastrophic failure of an overhead, double-
circuit system by stringing circuits on separate structures. 

CH2M recognizes concern about the NYS PSC Article VII process for new major transmission facilities. 
However, we have taken the position that the licensing and permitting pathway for the project should not 
weigh too heavily on selecting an alternative. Avoiding and minimizing environmental and community 
impacts is the recommended course of action if the objective is to reduce the effort and time to acquire the 
necessary certifications, permits, and approvals for the project. These recommended mitigation measures 
are typically defined in the planning and design phase for the project and incorporated into an 
environmental management and construction plan (EM&CP) to be approved by state agencies. 

Based on the estimated costs of energy provided by National Grid, and more particularly, NYPA, a 345kV 
interconnection between Marcy Substation and MNC creates a scenario where the MNC customer(s) could 
qualify for discounted supply and delivery costs (i.e. virtually zero delivery charge).22 According to NYPA, 
only this interconnection scheme would make a MNC customer a direct connection to NYPA’s transmission 
system and therefore, makes the customer eligible for the discounted pricing under NYPA’s Direct Serve 
model and ReCharge New York energy cost program. The other alternatives involve connection to National 
Grid’s substations so the customers would be National Grid customers. 

The potential energy cost savings under the NYPA discounted pricing is remarkable especially at the 
estimated level of energy demand at full semifab build out. At 5 MW, with a load factor of 95% and 
3,467,500 kilowatt-hours per month, NYPA Direct Serve pricing equates to an annual energy cost savings of 
$940,000 compared to the National Grid’s Standard Tariff. At full MNC build-out in approximately 15 years 
from project commencement, assuming a load of 320.4 MW with a load factor of 95% and 222,197,400 
kilowatt-hours per month, an annual savings of approximately $58M compared to the National Grid’s 
Standard Tariff may be possible. At this level of annual cost savings, the higher capital costs to build 
Alternative 4 or 5, could be offset within a relatively short duration after the ramp-up and operation of 
large-scale semifab at MNC.  

Because of the considerable cost of energy differences between an interconnection to Marcy compared to 
the other alternatives, the NYPA alternatives warrant further discussion with NYPA about their interest in 
supporting the MNC interconnection project and to fully vet project development costs and potential 
roadblocks. CH2M remains cautious at this time in recommending Alternatives 4 and 5 because there 
remain undefined risks that must be analyzed with NYPA before pursuing these alternatives. CH2M 
recommends further discussion with NYPA to more thoroughly define both the costing scenarios they 
provided, interconnection ownership and maintenance, and the feasibility of a new interconnection at 
Marcy Substation. CH2M remains concerned that the congestion in and around Marcy Substation could 
present a fatal flaw to a MNC interconnection project as the result of exorbitant costs resulting from system 

                                                           
22 According to NYPA, separately metered customers on the MNC site could receive NYPA’s Direct Serve pricing and an allocation from ReCharge 
New York. When there is a tenant-landlord relationship, NYPA must have assurances that the discounted energy prices are passed along to the 
tenant from the landlord. 
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requirements such as substation expansion/modification and/or necessary relocation of existing 
transmission lines, which would be defined only after further study, including a SIS.  

Schedule is also a concern with Alternatives 4 and 5. Not only will the complexity of study and design length 
extend timeframes, so will land acquisition for a new ROW. Plainly, the longer ROW will involve negotiations 
with more landowners, requiring more time. The longer ROW equates to greater environmental impacts, 
agency review times and increases in the risk of community opposition.  

Putting the hypothetical costs of energy aside, our recommendation for a preferred alternative for the MNC 
interconnection is Alternative 3 – Overhead 115-kV from Edic because National Grid has stated that 
Alternative 3 can serve a load up to 320.4 MW (337 MVA). Both Alternative 1 and Alternative 3 are viable 
considerations for MNC. However, Alternative 3 offers the potential upsides of lower estimated capital 
costs, least anticipated environmental impacts and smaller land use requirements such as a smaller 
substation at MNC, which has siting and construction advantages. On drawback to this alternative, at this 
time, is that we don’t know if Alternative 3 can accommodate loads greater than 320.4 MW. Therefore, if 
MNC tenants will require more energy, then additional study and discussions with National Grid about 
Alternative 3’s load-serving capacity would answer this question. Or, Alternative 1 – Overhead 345-kV from 
Edic would become the preferred solution because National Grid has documented that this interconnection 
alternative could serve up to 550 MW. 

CH2M dismissed the underground alternatives because of the higher capital cost and anticipated longer 
project development schedule. These alternatives may be revisited if public or agency resistance demands 
that all or portion of the new interconnection be undergrounded to decrease visual impacts. Despite 
Alternative 6 having potentially lower estimated construction costs compared to other alternatives, it is also 
dismissed because National Grid does not support the sectionalization of Edic-Clay transmission lines. 
National Grid sees the interconnection alternatives out of Edic as more reliable and would not require 
outages to the Edic-Clay transmission lines, which are consider important elements of the high-voltage 
system in the region. National Grid supports Alternative 1 and 3. In light of recent developments involving a 
small semifab manufacturer at MNC, it could be possible for a new interconnection from Edic to be designed 
to meet the short-term need currently presented and the long-term need of future MNC tenants. 

As specified earlier as limitations to this effort, CH2M emphasizes great caution when proceeding with the 
selection of an alternative. None of these alternatives has had the benefit of a detailed interconnection or 
SIS, to the best of our knowledge. The very limited information National Grid and NYPA have provided about 
the alternatives they have proposed leaves room for additional study and vetting of potential risk factors 
that could kill a project idea or greatly increase capital costs. Consequently, CH2M provides several 
outstanding questions that should be addressed in the near future. 

7.1.1 Outstanding Questions 
Each of the following questions remain unanswered and represent significant risk factors, or possibly fatal 
flaws, for one or more of the alternatives considered by this study. CH2M recommends that answers to 
these questions be sought as an extension of the current work or at the initial stages of the next phase. 

 What potential fatal flaws with interconnecting to the Marcy Substation can NYPA identify at this 
point in the process?  

 What other interconnection scenarios can NYPA identify that would allow MNC tenants to be NYPA 
Direct Serve customers with eligibility for discount pricing? 

 Do the 345-kV alternatives provide advantages over the 115-kV alternatives in terms of the 345-kV 
feed and substation located at MNC in the event that multiple, separately metered loads occupy 
MNC in the future? 
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7.1.2 Next Steps 
 

 Advance project scoping discussions with National Grid to define the design for Alternative 3 for 
additional National Grid and NYISO study. 

 Establish contractual terms between MV EDGE and National Grid for advancing the project. 

 Initiate an Interconnection Study in accordance with NYISO’s Transmission Expansion and 
Interconnection Manual (NYISO Manual 23), November 2012, and associated regulations. 

 Initiate conceptual design of the electrical interconnection. 

 Initiate outreach to New York State Public Service Commission and state regulatory agencies to 
discuss regulatory requirements for the Project. 

 Finalize preferred interconnection route and begin outreach to the Town of Marcy and local 
landowners. 

 Complete environmental surveys of the preferred route. 

 Prepare applications for project licensing and permitting. 
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TABLE 7.1 
Comparison of Selected Evaluation Criteria for the Marcy Nanocenter Interconnection Alternatives 

Alternative Description Owner 

Load 
Serving 

Capability 

Comparative 
Reliability and 

Power Quality23 

Pricing 

Scenario24 

System 
Impact Study 

Completed25 

Estimated 
Capital 

Cost26 

Subject to 
New York 
Article VII 

Comparative 
Project 

Implementation 

Duration27 

New ROW 
length and 
Number of 

Parcels Critical Issues 

1 Dual-circuit, overhead 
345kV lines from Edic 
Substation 

National 
Grid 

550 MVA28 High Excelsior No $51 million Yes M 1.0 mile; 
4 parcels 

– Requires underground “getaways” from Edic 

– Larger structures 

– Wider ROW increases relative environmental impacts 

– Requires large 345kV substation at MNC 

2 Dual-circuit, underground 
345kV cables from Edic 
Substation 

National 
Grid 

550 MVA29 High Excelsior No $94 million Yes H 1.4 miles; 
14 parcels 

– Underground “getaways” from Edic 

– Unknown geotechnical/construction limitations 

– One or more road and Gridley Creek crossings may involve horizontal directional drilling 
installation, which significantly increases design and construction costs 

– Higher comparable cost 

– Longer schedule for installation due to longer lead times for cable procurement and installation 

– Requires large 345kV substation at MNC 

– Underground option may require higher operating and maintenance costs 

– Failures (e.g., faults) on underground transmission systems require comparatively more time to 
repair than overhead transmission systems 

3 Dual-circuit, overhead 
115kV lines from Edic 
Substation 

National 
Grid 

Unknown
30 

Medium Excelsior No $47 million No L 1.0 mile; 
4 parcels 

– Requires underground “getaways” from Edic 

– Requires construction of two substations 

– May limit load serving capability at MNC 

– Long-term load serving capacity is more limited than 345kV options 

4 Dual-circuit, overhead 
345kV from Marcy 
Substation 

NYPA31 337 MVA32 High NYPA 
Hydro 

No $105 million Yes M 2.0 miles, 
8 parcels 

– Undefined modifications to Marcy Substation 

– Routing uncertainties with respect to ROW acquisition and larger number of landowners 

– Wider ROW increases relative environmental impacts 

– Highest comparable environmental impact of the alternatives 

– Requires large 345kV substation at MNC 

                                                           
23 This category express that high voltage transmission or systems with two or more circuits are inherently more reliable than lower voltage and single circuit systems. 

24 In response to EDGE’s request, National Grid and NYPA provided estimated costs of energy for a MNC customer based on development and load assumptions. These pricing scenarios are included in this report as Appendix G. 

25 It is CH2M’s understanding that only high-level power flow studies were conduct by National Grid and NYPA.  An additional System Impact Study will be required by the NYISO. 

26 Values listed are Class 4 Estimates based on conceptual models with -30% to 50% expected accuracy ranges except for the estimate for Alternative 6, which is a Class 5 Estimate. These estimates should not be used for budgeting purposes and are recommended for planning purposes only. 

27 Provides a relative measure of the alternatives construction phase in terms of H (high) for longer duration and L (low) for shorter duration. 

28 The 2013 National Grid Feasibility Study considered a maximum load of 550 – 550 MVA for the Marcy Nanocenter Project over the next 10-15 years 

29 The 2013 National Grid Feasibility Study considered a maximum load of 550 – 550 MVA for the Marcy Nanocenter Project. 

30 No written analysis confirming the load serving capability of this alternative was provided by National Grid for this alternative. However, National Grid verbally stated that this alternative could reliably serve a 320 MW load. 

31 New York Power Authority, 2013. Trace Project - Electric Service From NYPA Marcy Station, Class 4 Cost Estimate. Prepared by: ER/RV. Date: 10/9/2013. Studies conducted by NYPA assumed 337 MVA. NYPA’s 2013 Project Trace conceptual model assumed a load serving capability of up to 500 MW. 

32 NYPA's analysis assumes a peak demand of 320.4 MW at a power factor of 95%, which is equivalent to 337 MVA. 
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TABLE 7.1 
Comparison of Selected Evaluation Criteria for the Marcy Nanocenter Interconnection Alternatives 

Alternative Description Owner 

Load 
Serving 

Capability 

Comparative 
Reliability and 

Power Quality23 

Pricing 

Scenario24 

System 
Impact Study 

Completed25 

Estimated 
Capital 

Cost26 

Subject to 
New York 
Article VII 

Comparative 
Project 

Implementation 

Duration27 

New ROW 
length and 
Number of 

Parcels Critical Issues 

5 Dual-circuit, underground 
345kV cables from Marcy 
Substation 

NYPA33 337 MVA High NYPA 
Direct 
Serve 

No NA34 Yes H 2.7 miles; 
21 parcels 

– Undefined modifications to Marcy Substation and additional cost 

– Unknown geotechnical/construction limitations 

– Routing uncertainties with respect to ROW acquisition and larger number of landowners 

– Highest comparable capital cost 

– Longer schedule for installation due to longer lead times for cable procurement and installation 

– Three or more road and two stream crossings may involve horizontal directional drilling 
installation, which significantly increases design and construction costs. 

– Requires large 345kV substation at MNC 

– Underground option may require higher operating and maintenance costs 

– Failures (e.g., faults) on underground transmission systems require comparatively more time to 
repair than overhead transmission systems 

6 Dual-circuit, overhead 
345kV from Edic-Clay 
Transmission Lines 

NYPA or 
National 

Grid35 

337 MVA High Unknown No $37.5 million No M 0.9 mile; 
3 parcels 

– No clear indication from NYISO, NYSPSC, National Grid or NYPA that sectionalizing the existing 
345kV transmission lines would be allowed 

– Wider ROW increases relative environmental impacts 

– Requires large 345kV substation at MNC 

 

                                                           
33 New York Power Authority, 2013. Trace Project - Electric Service From NYPA Marcy Station, Class 4 Cost Estimate. Prepared by: ER/RV. Date: 10/9/2013. Studies conducted by NYPA assumed 337 MVA. NYPA’s 2013 Project Trace conceptual assumed a load serving capability of up to 500 MW. 

34 NYPA did not provide cost estimates for this alternative. Based on the estimate for Alternative 2, the underground 345kV interconnection from Edic, CH2M planning level estimate for this alternative is greater than $150M.  

35 Ownership of the service laterals under this alternative scenario must be clarified because National Grid owns the Edic and Clay Substations. If a NYPA Edic-Clay 345kV line was sectionalized, it is unclear if they would take ownership of the service lateral to the MNC customer substation. The MNC customer would be a National Grid 
customer under this alternative. 
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1.0 GENERAL 

The purpose of this document is to set the design basis for the detailed design of the Mohawk Valley 

EDGE 115 kV transmission circuits between the National Grid (NG) owned Edic substation and the 

proposed Mohawk Valley EDGE owned substation in the Town of Marcy, Madison County, New York. 

 

This design basis outlines the criteria to be considered for the design of the described transmission lines 

and corresponding facilities. This document will outline all methodology, assumptions, codes and 

conditions on which TRC will base their design, calculations, specifications and drawings. 
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2.0 PROJECT SCOPE 

The scope of the Mohawk Valley EDGE Transmission Project detailed design consists of two new 115kV 

transmission lines between the National Grid (NG) owned Edic substation and the proposed Mohawk 

Valley EDGE owned substation in the Town of Marcy, Madison County, New York.  The length of each 

new line is approximately 1.3-miles.  All new structures will be designed as wood H-frame and three-pole 

structures.  Where required due to large structure loads or height requirements, galvanized steel poles on 

reinforced concrete caisson foundations will be used.  Each circuit will utilize 2-bundle 1192.5 kcmil 45/7 

ACSR “Bunting” conductors.  A 7/16” EHS shield wire and 48-fiber OPGW will be installed for each 

circuit.  The new circuits will be installed on newly acquired right-of-way, ranging from 200-feet to 155-

feet in total width. 

 

2.1 Detailed Scope 
 

Beginning at Edic Substation, each new 115 kV circuit will exit overhead on new steel takeoff structures. 

The new circuits will run approximately 150-feet parallel to the existing Edic to Porter bus tie circuit on a 

new right-of-way measuring 200-feet in total width.   Each circuit will head south-east prior to Gridley 

Creek and then cross over of the National Grid 115 kV Boonville-Porter 1 and 2 circuits between existing 

flex tower 249 and dead-end tower 250.  The crossing span support structures may require steel poles due 

to the height requirements for the crossing.  After the crossing, the circuits will intersect the west side of 

the National Grid 115 kV Yahnundasis-Porter #3 / Oneida-Porter #7 / Porter-Terminal #6 right-of-way. 

The new right-of-way width will measure 155-feet from this point to the new MV EDGE substation.  The 

first MV EDGE 115 kV circuit will be offset 100-feet from the National Grid 115 kV Yahnundasis-Porter 

#3 / Oneida-Porter #7 transmission lines, which are currently supported by steel flex towers.   After 

crossing Gridley Creek the new circuits will cross Hazard Road.  The new MV EDGE circuits will 

continue parallel along the National Grid transmission right-of-way for approximately 2000-feet before 

entering the newly proposed MV EDGE substation and attaching overhead on new steel takeoff 

structures. 

Each 115 kV circuit will utilize a two-bundle 1192.5 kcmil (45/7) ACSR “Bunting” conductor designed 

for a maximum operating  temperature of 260-deg F, one 48-fiber OPGW and one 7/16” EHS OHGW.   
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3.0 CODES & STANDARDS 

The minimum requirements for the design and construction of the new MV EDGE 115 kV transmission 

lines are based on the following codes and standards: 

 

 IEEE C2-2012; National Electric Safety Code (NESC) 

 AISC Steel Construction Manual, 14th Edition 

 ACI 318-11; Building Code Requirements for Structural Concrete 

 ACI 336.3R-14; Report on Design and Construction of Drilled Piers 

 AWS D1.1; Structural Welding Code - Steel 

 ASCE/SEI Standard 48-11; Design of Steel Transmission Pole Structures 

 ASCE Standard 74-10; Guidelines for Electric Transmission Structural Loading 

 National Grid GL.06.01.108; Design Loads for Overhead Transmission Structures 

 National Grid GL.06.01.109; Design of Reinforced Concrete Foundation 

 National Grid GL.06.01.110; Wire Sag and Tension Design 

 National Grid GL.06.01.121; Transmission Line Design Guide 

 National Grid SP.06.01.301; Transmission Construction 

 National Grid SP.06.01.407; Steel Pole Transmission Structures 

 National Grid SP.06.01.408; Steel Davit Arms 
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4.0 VERTICAL CLEARANCES 

All vertical clearances are as dictated by the codes and standards referenced in section 3.0 of this 

document. Where no clearance was dictated by those documents, the minimum values from the NESC 

were used with a 2 foot design buffer. 

 

4.1 Vertical Clearance Table 

Vertical clearance values above ground, roadway, rail, water surface, buildings, bridges and all other 

obstructions are summarized in Table 4-1.  All clearances shall be designed in accordance with National 

Grid Guideline document GL.06.01.122, Transmission Line Clearances, unless otherwise noted. 

Table 4-1; 115 kV Vertical Clearance Requirements 

Obstruction Require Vertical 
Clearance (ft.) 

Governing 
Standard 

Tracks of Railroad Varies-See Notes. NESC 

Ground (Vehicle/Horse Accessible) 22.7 NESC + 2-ft. Buffer 
Local, Town, County or State Roads See Notes NESC 

Water Area Not Suitable for Sailboats 21.0 NESC 
Building Roofs, Projections and Other Structures Not 

Accessible to Pedestrians. 
16.5 NESC 

Building Roofs, Projections and Other Structures 
Readily Accessible to Pedestrians 

17.5 NESC 

Bridges 16.5 NESC 
Swimming Pools including water level, pool edge, 

base of diving platform 
29.0 NESC 

Swimming Pools including surface of diving 
platform, lifeguard tower 

21.0 NESC 

Lighting Support, Traffic Signal Support or Support 
Structure Second Line including guys 

8.2 NESC + 2-ft. Buffer 

Signs, Chimneys, billboards, radio & TV antennas, 
tanks and other installations 

11.6 NESC + 2-ft. Buffer 

 

Notes:  

 At all road crossings the line shall be designed as if a distribution line with a height of 40-ft. 

above ground exists to account for the potential construction of new distribution circuits or future 

expansion of existing distribution circuits. Exception: If distribution taller than 35-ft. already 

exists in a location. 

 All vertical clearances are to be checked under the weather conditions outlined in Table 4-2. 
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 Clearance to railroad tracks shall be in accordance with National Grid Guideline document 

GL.06.01.122, Transmission Line Clearances, for the respective owner/operator. 

 

Table 4-2; Vertical Clearance Weather Conditions 

Weather Condition Temperature 
(°F) 

Radial Ice 
(in.) 

Wind 
(psf) 

Sag Condition 

Maximum Operating 
(Conductor) 

260 0 0 Final 

National Grid Heavy Ice 30 1.5 0 Final 
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5.0 HORIZONTAL CLEARANCES 

All horizontal clearances are as dictated by the codes and standards referenced in section 3.0 of this 

document. Where no clearance was dictated by those documents, the minimum values from the NESC 

were used with a 2 foot design buffer. 

5.1 Horizontal Clearance Table 

Horizontal clearance values from buildings, bridges, rail cars, swimming pools and all other obstructions 

are summarized in Table 5-1. 

Table 5-1; 115 kV Horizontal Clearance Requirements 

Obstruction Required 
Horizontal 

Clearance @ 
0-psf Wind 

(ft.) 

Required 
Horizontal 

Clearance @ 
6-psf Wind 

(ft.) 

Governing 
Standard 

Lighting Support, Traffic 
Signal Support or Support 

Structure Second Line 
including guys 

9.1 6.1 NESC 

Buildings, Walls, Guarded 
Windows, Windows Not 

Designed to Open Balconies 
and Areas Accessible to 

Pedestrians, Signs, 
Chimneys, billboards, radio 
& TV antennas, tanks and 

other installations 

9.1 6.1 NESC 

Bridges 9.6 6.1 NESC 
Swimming Pools including 
water level, pool edge, base 

of diving platform 

29.0 29.0 NESC 

Swimming Pools including 
surface of diving platform, 

lifeguard tower 

21.0 21.0 NESC 

 

Notes:  

 All clearances are to be checked under the weather conditions outlined in Table 5-2. 
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Table 5-2; 115 kV Horizontal Clearance Weather Conditions 

Weather Condition Temperature 
(°F) 

Radial Ice 
(in.) 

Wind 
(psf) 

Sag Condition 

Maximum Operating 
(Conductor) 

260 0 0 Final 

Maximum Operating 
(OPGW & OHGW) 

120 0 0 Final 

-20 deg F -20 0 0 Initial 
-30 deg F -30 0 0 Initial 

NG Heavy Ice 30 1.5 2 Final 
6 psf Blowout 60 0 6 Final 

 

5.2 Clearance to Edge of ROW 

The horizontal clearance from any wire to the edge of the ROW/easement will be a minimum of 8.1 feet 

under all weather conditions. This clearance is equivalent to the NESC minimum blowout clearance to all 

buildings, walls, chimneys, billboards, etc. plus a 2 foot buffer. 
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6.0 WIRE TO WIRE CLEARANCES 

All wire to wire clearances are as dictated by the codes and standards referenced in section 3.0 of this 

document. Where no clearance was dictated in those documents, the minimum values from the NESC 

were used with a 2 foot design buffer. 

 

6.1 Clearances to wires, conductors and cables carried on different 
supporting structures 

 
Wire to wire clearance values for wires carried on different supporting structures are summarized in Table 

6-1. 

 

Table 6-1; 115 kV Wire to Wire Clearance Requirements 

Wire Voltage/Type Vertical Clearance Requirement 
(ft.) 

Horizontal Clearance 
Requirement (ft.) 

115kV 10.0  
 

11.0 
 

69kV 9.0  
 

10.0 
 

46kV 8.0  
 

9.6 
 

34.5kV and Below 8.0  
 

9.3 
 

Communication Cables 
including OPGW 

11.0  
 

8.6 
 

OHGW, Span Guy & 
Neutrals 

5.7  
 

8.6 
 

 

Notes:  

 All clearances are to be checked under the weather conditions outlined in Table 6-2. 
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Table 6-2; 115 kV Wire to Wire Clearance Weather Conditions 

Load 

Case 

115 kV Wire Crossing/Adjacent Wire 

Temp. 

 (°F) 

Ice 

(in) 

Wind 

(psf) 

Sag 

Condition 

Temp. 

(°F) 

Ice 

(in) 

Wind (psf) Sag Condition

1 60 0 6 Initial 60 0 0 Initial 

2 60 0 6 Final  60 0 0 Initial 

3 60 0 6 Initial  60 0 0 Final 

4 260 0 0 Final 30 0 0 Initial 

5 60 0 13 Initial 60 0 0 Initial 

6 60 0 13 Final  60 0 0 Initial 

7 60 0 13 Initial  60 0 0 Final 

8 30 0 0 Initial * 0 0 Final 

9 32 0 0 Initial 32 1.5 0 Final 

10 32 1.5 0 Final  32 0 0 Initial 

11 30 1.5 2 Final 30 0 0 Initial 

12 30 0 0 Initial 30 1.5 2 Final 

*Crossing Wire Maximum Operating Temperature 

 

6.2 Clearances to wires, conductors and cables carried on the same 
supporting structure 

 

6.2.1 Clearances between phase conductors and OPGW/OHGW carried 
on the same supporting structure 

 

Wire to wire clearance values between phase conductors and OPGW/OHGW carried on the same 

supporting structure for 115kV circuits is 5.0-feet anywhere in the span in accordance with NESC 235 

C2b. This clearance must be maintained when considering the weather conditions outlined in Table 6-4. 
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Table 6-4; Phase Conductor & OPGW/OHGW Clearance Weather 
Conditions 

OPGW/OHGW Phase Conductor 

Temperature 

(°F) 

Ice  

(in) 

Wind 

(psf) 

Sag 

Condition

Temperature 

(°F) 

Ice  

(in) 

Wind 

(psf) 

Sag 

Condition

120 0 0 Final 120 0 0 Final 

32 0.5 0 Final 32 0 0 Final 

30 1.5 0 Final 30 0 0 Final 
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7.0 STRUCTURE DESIGN CRITERIA 

All structure design criteria are as dictated by the codes and standards referenced in section 3.0 of this 

document. Where no criteria was dictated in those documents, the minimum values from the NESC were 

used. 

 

7.1 Structure Loading Assumptions 

The following will be assumed as part of the design of the 115kV structures. 

 The NESC 2012 wind model will be used for the NESC Rule 250C loading condition. 

 The density of ice is 57lb/ft3. 

 Structure icing will not be considered 

 

7.2 Structure Load Conditions 

Table 7-1 outlines the load conditions to be used as part of this project as dictated by National Grid 

Guideline GL.06.01.108. 

 

Table 7-1; Structure Loading Criteria 

Load Case 
Description 

Weather Load Factor 
Wire Struct. 

Wind 
(mph) 

Wind 
(psf) 

Ice 
(in) 

Temp. 
(°F) 

K (lb. 
/ft.) 

Vert. Wind Wire Weight 

NESC Heavy 
(Rule 250B) 

39.5 4 0.5 0 0.3 1.5 2.5 1.65 1.5 

NESC High Wind  
(Rule 250C) 

90 20.7 0 60 N/A 1.0 1.0 1.0 1.0 

NESC Concurrent 
Wind/Ice  

(Rule 250D) 

40 4 1 15 N/A 1.0 1.0 1.0 1.0 

NG Heavy Ice 28 2 1.5 30 N/A 1.1 1.1 1.1 1.1 
NG Broken Conductor 39.5 4 0.5 0 0.3 1.5 2.5 2.0 1.5 
NG Broken Shield wire 39.5 4 0.5 0 0.3 1.5 2.5 2.0 1.5 

NG Wire Stringing / 
Broken Wire (Susp) 

0 0 0 30 N/A 1.65 2.5 1.1 1.65 

NG Wire Stringing (DE) 0 0 0 30 N/A 1.65 2.5 1.65 1.65 
NG Camber 0 0 0 60 N/A 1.0 1.0 1.0 1.0 
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In addition to the loads described in Table 7-1 the following loads should be applied at each wire 

attachment point for each load case. 

1. Weight of linemen and tools: 350-lb.  

2. Misc. conductor load: 50-lb. 

3. Misc. shield wire load: 25-lb. 

4. Disc insulator weight: Varies based on string length/type 

5. Braced post weight: 200-lb. 

 

7.2.1 Application of Structure Loads 

Loads described in Table 7-1 shall be applied as follows: 

1. All load cases shall be applied to all structures. 

2. Dead-end structures shall be designed to carry the tension of all conductors and shield wires 

installed only on the ahead or back span, for all load conditions. 

3. For all wire stringing load cases on tangent structures, an additional vertical load shall be applied 

to the structure to account for one wire attached to the ground or construction equipment at a 3 

horizontal to 1 vertical slope to the structure attachment point. 

 

7.2.2 Structure Deflection Limits 

All structures shall be designed to have a maximum deflection of 5% of above ground pole height under 

the “NESC Heavy, Rule 250B” loading condition and within 6-inches of the non-deflected pole centerline 

under the Camber load case. 

 

7.3 Strength Factors 

The strength reductions included in Table 7-2 shall be applied to the corresponding structure part under 

the loading conditions outlined in Table 7-1. 

 

Table 7-2; Component Strength Reduction Factors 

Load Case Description Steel 
Pole 

Wood 
Pole 

Guy Insulator Hardware Foundation 

NESC Heavy 1.0 0.65 0.9 Table 7-3 0.8 1.0 
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(Rule 250B) 
NESC High Wind 

(Rule 250C) 
1.0 0.75 0.9 Table 7-3 0.8 1.0 

NESC Concurrent 
Wind/Ice 

(Rule 250D) 

1.0 0.75 0.9 Table 7-3 0.8 1.0 

NG Heavy Ice 1.0 1.0 0.9 Table 7-3 1.0 0.9 
NG Broken Conductor 1.0 0.65 0.9 Table 7-3 1.0 0.9 
NG Broken Shield wire 1.0 0.65 0.9 Table 7-3 1.0 0.9 

NG Wire Stringing / 
Broken Wire (Susp) 

1.0 1.0 0.9 Table 7-3 1.0 0.9 

NG Wire Stringing (DE) 1.0 1.0 0.9 Table 7-3 1.0 0.9 
NG Camber 1.0 1.0 0.9 Table 7-3 1.0 0.9 

 

Table 7-3; Application of Insulator Strength Factors 

Load Case 
Description 

Porcelain 
Disc 

Porcelain Line Post Polymer 
Susp. 

Polymer 
Line Post Cantilever Tension / 

Compress. 
NESC Heavy 
(Rule 250B) 

0.5 0.4 0.5 0.5 0.5 

NESC High Wind 
(Rule 250C) 

0.7 0.7 0.7 0.7 0.7 

NESC Concurrent 
Wind/Ice 

(Rule 250D) 

0.7 0.7 0.7 0.7 0.7 

NG Heavy Ice 0.7 0.4 0.5 0.5 0.5 
NG Broken Conductor 0.7 0.4 0.5 0.5 0.5 

NG Broken Shield Wire 0.5 0.4 0.5 0.5 0.5 
NG Wire Stringing / 
Broken Wire (Susp) 

0.7 0.7 0.7 0.7 0.7 

NG Wire Stringing (DE) 0.7 0.7 0.7 0.7 0.7 
NG Camber 1.0 1.0 0.9 Table 7-3 1.0 

 

Notes:  

 All provided percentages are of the ultimate strength of the insulator. 
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8.0 CONDUCTORS AND SHIELD WIRES 

This project will utilize a two bundle “Bunting” ACSR for the phase conductors, AFL Pentacore OPGW 

for one shield wire and 7/16” EHS OHGW for the other shield wire. 

 

8.1 Cable Properties 

The pertinent cable properties for the cables to be used for this project are outlined in Table 8-1. 

 

Table 8-1; Project Cable Properties 

Cable 
Function 

Cable Description Code Name Diameter 
(in) 

Weight 
(lb. /ft.) 

RBS 
(lb.) 

Conductor (2 bundle) 1192.5 Kcmil 
45/7 ACSR  

Bunting 1.302 1.344 32,000 

OPGW 1 AFL AlumaCore      
DNO-6968 

AC-82/634 0.634 0.491 23,963 

OHGW 7/16” EHS n/a 0.4375 0.399 20,800 
 

It is anticipated that the Bunting conductor will be designed for an NESC 250B design tension of 10,000-

lbs. whereas the 7/16” EHS shield wire will be designed for 6,000-lbs.   

1 – Preliminary OPGW selection to be evaluated for final design. The OPGW selected shall have an 

ultimate maximum cable design tension (MCDT) that is large enough to prevent fiber strain within the 

Cable Tension criteria limits set forth in the following section.  The OPGW shall have a minimum short 

circuit rating of 129 KA2 sec.   

8.2 Cable Tension Criteria 

The maximum cable tension criteria to be used for this project are outlined in Table 8-2.  

Table 8-2; Cable Maximum Tension Criteria 

Load Case Description Weather Condition Tension Limit 
Wind 
(mph) 

Wind 
(psf) 

Ice 
(in) 

Temp. 
(°F) 

Conductor 
Limit 

OPGW 
Limit 

OHGW 
Limit 

NESC Heavy 
(Rule 250B) 

39.5 4 0.5 0 50% 50% 50% 

250B Unloaded, Initial 0 0 0 0 35% 35% 35% 
250B Unloaded, Final 0 0 0 0 25% 25% 25% 
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NESC High Wind  
(Rule 250C) 

90 20.7 0 60 80% 80% 80%  

NESC Concurrent Wind/Ice  
(Rule 250D) 

40 4 1 15 80% 80% 80%  

0-deg F, Initial 0 0 0 0 25% 25% 25%  
0-deg F, Final 0 0 0 0 20% 20% 20%  

60-deg F, Initial 0 0 0 60 35% 35% 35% 
60-deg F, Final 0 0 0 60 25% 25% 25% 

 

8.3 Galloping 

Conductors and overhead ground wires will be spaced to eliminate overlap of Davison and Toye ellipses 

under specific ice and wind conditions. Single loop galloping will be assumed to occur for spans up to 

650 feet and double loop galloping will be assumed to occur for spans greater than 650 feet. The weather 

conditions used for this analysis are summarized in Table 8-3. A minimum clearance of 12 in. is required 

between wire galloping ellipses to minimize conductor or structure damage. 

Table 8-3; Galloping Weather Cases 

Load Case Temperature (°F) Ice (in) Wind (psf) Sag Condition 
1 32 0.5 2.0 Final 
2 32 0.5 0.0 Final 

 

 

8.4 Aeolian Vibration 

Damper analysis will be performed for the entire line. Dampers will be installed as necessary on all wires 

to prevent Aeolian vibration fatigue damage for both the conductor and shield wires. Stockbridge type 

vibration dampers will be installed. The need, quantity, placement and installation of the dampers will be 

determined by the recommendations of the damper vendor based on wire data provided by the engineer. 

VIBREC software will be used to design the vibration damper requirements. 
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9.0 INSULATORS 

The project will use porcelain assemblies for all structures.  For the purpose of this design, all load factors 

for applied loads will be 1.0 with a strength reduction as dictated in Table 7-3.  All support hardware will 

meet or exceed the strength requirements of the insulator assembly. 

 

9.1 Insulator Design Criteria 

The insulator criteria are based on National Grid 115 kV standards.  All porcelain bell insulator 

assemblies for the project will meet the following minimum criteria, for the standard 10-10” x 5-3/4” 

porcelain disc insulator string: 

 

 Leakage Distance: 115” 

 Dry Arc Distance: 59.5” 

 60Hz Dry Flashover Voltage: 590 kV RMS 

 60Hz Wet Flashover Voltage: 415 kV RMS 

 Positive Impulse: 945 kV 

 Negative Impulse: 930 kV 

 

9.1.1 Insulator Assemblies 

The insulator assemblies for the project will be as follows to meet all criteria. 

 Suspension: 10-10” x 5-3/4” porcelain discs, 30,000lb M/E Strength 

 Running Angle: 10-10” x 5-3/4” porcelain discs, 30,000lb M/E Strength 

 DE Idler String: 10-10” x 5-3/4” porcelain discs, 30,000lb M/E Strength 

 DE String: 10-10” x 5-3/4” porcelain discs, 30,000lb M/E Strength 

 Post Insulator (Jumper Loop): Porcelain Post w/ bundle head. 

A two-bundle, 18-inch conductor bundle will be used for each circuit.
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10.0 STRUCTURES 

All structures on the project will be designed to meet the requirements of Grade B construction as defined 

in the NESC. In addition, the loading will also meet the requirements of National Grid Structure Loading 

standards, GL.06.01.108, latest version. Loading requirements and criteria can be found in Section 7.0 of 

this document.  All structures will be analyzed non-linearly using SAPS L3 Finite Element loading within 

PLS-CADD.    

 

10.1 Structure Framing 

Structure framing dimensions for all new construction will be based on the following National Grid 

Structure Framing Types: 

H-FRAME: H2-WD-SU 

3-POLE DEAD-END: H2-WD-D3 

Non-standard steel crossarms may be required for H-frame structures where vertical loads using a double-
bundle conductor exceed the crossarm’s allowable capacity. 

 

10.1.1 Structure Clearances 

All structure clearance criteria are as dictated by the codes and standards referenced in section 3.0 of this 

document. Table 10-1 outlines these requirements. 

Table 10-1; Supporting Structure Clearance Requirements 

Load Case Temperature (°F) Ice (in) Wind (psf) Sag Condition Clearance (in) 
1 60 0 0 Final 42 
2 60 0 6 Final 26 
3 60 0 25.6 Final 10 

 

10.2 Structure Spotting 

The following will be considered when spotting new structures: 

 Minimize contact with environmentally sensitive areas, including, but not limited to, wetlands, 

streams, forested areas, or other valuable natural habitats. 

 Minimize contact with property parcels that have incompatible zoning or land use planning 

classifications. 
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 Minimize contact with areas where terrain or drainage would interfere with transmission line 

construction and maintenance. 

 Structures will be spotted so as to minimize locations in fields utilized for agricultural purposes. 

 Minimize line outage duration for construction. 

 Structures will be spotted as near to adjacent line structure locations as possible to avoid blowout 

issues to adjacent lines. 

 

10.3 Shield Wire Protection Angle 

Phase conductors will be attached in a horizontal configuration on suspension and dead end structure 

types, respectively. Shielding protection against direct lightning strike will be provided by the OPGW and 

OHGW, which will have a minimum 30 degree shielding angle to the top outmost conductors. 

 

10.4 Grounding 

Structure grounding shall be installed in accordance with National Grid structure grounding standards, as 

specified in GL.06.01.121 and SP.06.01.301. 

No ground resistance along the line will be greater than 25 ohms, as measured at each structure prior to 

connection of the shield wires. 
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11.0 FOUNDATIONS 

Foundations for the project will consist of both direct-embedded wood poles within culverts and concrete 

reinforced drilled shaft foundations for steel poles. The following describes the criteria and methodology 

to be used for foundation designs proposed for the project. 

 

11.1 Direct Embedded Structures 

For direct embedded structures, both axial loads (uplift and compression) and lateral loads are considered 

during the design process.  The foundation design will consider the structural properties of the foundation 

element (pole), properties of the backfill and surrounding soils, and the interaction between the structure, 

backfill material and the surrounding soil and/or rock strata.  Typical backfill materials include, 

compacted crushed rock, unreinforced concrete and reinforced concrete, if needed. 

The geotechnical component of the foundation design process for lateral loads and overturning moment 

will be done using the soil properties collected by the geotechnical investigation and the factored structure 

base reactions provided by the structure supplier. For design of direct embedded structures, an iteration 

process is typically required since the embedment depth must be determined prior to ordering the 

structures from the structure vendor.  Structure base reactions shall be calculated for all direct embed 

foundations.   

The geotechnical design will be completed with the aid of FAD design software (developed for EPRI).  

The performance criteria in Table 11-1 will be used for determining the required embedment length, 

backfill properties and diameter.   

Table 11-1; Direct Embedded Foundation Performance Criteria 

Total Allowable Ground line Lateral Deflection (in) 4 
Non-recoverable Ground line Allowable Lateral Deflection (in) 2 

Total Allowable Ground line Rotation  (Deg) 1.5 
Non-recoverable Allowable Ground line Rotation  (Deg) 0.5 

Factor of Safety (Soil in Compression) 1.5 
Factor of Safety (Soil in Uplift) 1.5 

Structure Base Reaction Load Factor 1.1 
 

In order to meet the deflection criteria, the depth of embedment, backfill diameter, and material type are 

adjusted to meet the stated criteria.  Backfill consisting of either compacted crushed rock or concrete is 
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anticipated for the entire embedment length with a radial thickness based on structure reactions and soil 

properties. 

H-frame foundations and guyed structure design are typically controlled by uplift and compression.  

Direct embedded structures will be considered to derive their compression capacity from end bearing on 

the structure base plate at the bottom of the foundation.  High compression loads can be applied to the 

base of structures from guys.  Uplift resistance will be determined from the lesser of the skin friction 

between the structure and backfill or the backfill and the surrounding soil. 

Where rock is encountered shallower than expected, the excavation can be extended to match the pre-

determined embedment length or the structure embedment can be reduced and the conditions checked for 

stability.  Where rock is encountered deeper than expected, a longer structure may be substituted, if 

available, or it may be necessary to extend the foundation with reinforced concrete backfill. 

 

11.2 Drilled Shaft Foundations 

Drilled shaft foundations will be designed by the guidelines established in ACI 336.3R and the applicable 

requirements found in ACI 318. All drilled shafts will be designed to withstand all factored loads that the 

structure is designed to withstand. 

 

11.2.1 Geotechnical Design Criteria & Methodology 

The geotechnical component of the foundation design process will be done using the soil parameters 

collected by the geotechnical investigation and the structure base reactions provided by the structure 

supplier.  The geotechnical design will be completed with the aid of FAD (developed for EPRI) design 

software.   

The performance criteria in Table 11-2 will be used for determining the required embedment length and 

diameter for the drilled shafts.   
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Table 11-2; Drilled Shaft Foundation Performance Criteria 

Total Allowable Ground line Lateral Deflection (in) 2 
Non-recoverable Ground line Allowable Lateral Deflection (in) 1 

Total Allowable Ground line Rotation  (Deg) 1.5 
Non-recoverable Allowable Ground line Rotation  (Deg) 0.5 

Factor of Safety (Soil in Compression) 2.0 
Factor of Safety (Soil in Uplift) 1.5 

Structure Base Reaction Load Factor 1.1 
 

H-frame foundation design is typically controlled by uplift and compression.  Drilled shaft foundations 

will be considered to derive their compression capacity from end bearing on the shaft base and skin 

friction along the sides of the shaft.  Uplift resistance will be determined from the combined weight of the 

shaft and skin friction along the sides.  For most structures, applied axial compression loads do not govern 

the final shaft diameter and length.  However, heavily loaded dead-end structures, structures with applied 

uplift loads, and sites with soft clay or loose sand deposits are exceptions to this generalization. 

Where rock is encountered shallower than expected, the excavation can be extended to match the pre-

determined foundation length or the foundation length can be reduced and the conditions checked for 

stability.  Where rock is encountered deeper than expected, a longer foundation may be required and will 

need to be checked on a case by case basis. 

 

11.2.2 Structural Design Criteria & Methodology 

The results of the geotechnical analysis will provide the structural engineer with the maximum internal 

shear and maximum internal moment developed within the shaft.  This information is used to design the 

required longitudinal and shear tie reinforcement.  A load factor of 1.1 will be applied to loadings from 

the geotechnical design for the longitudinal steel and shear steel design. The structural design parameters 

for the project are summarized in Table 11-3. 
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Table 11-3; Drilled Shaft Structural Design Parameters 

28 Day Concrete Compressive Strength (psi) 4,000 
Longitudinal Rebar Size #11 

Tie Rebar Size #5 
Rebar Yield Strength (psi) 60,000 

Concrete Cover (in) 6 
Maximum Shear Tie Spacing (in) 18 

Structure Base Reaction Load Factor 1.1 
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12.0 UPLIFT 

Uplift will not be allowed for any attachment points of non-dead end structures on the project. The project 

criteria for uplift is defined in Table 12-1. Uplift will be allowed on dead end structures. 

Table 12-1; Minimum Vertical Load Requirements 

Load Case Temperature 
(°F) 

Ice 
(in) 

Wind 
(psf) 

Sag 
Condition 

Conductor 
Minimum Load 

(lb.) 

Shield Wire 
Minimum Load 

(lb.) 
NG Uplift -30 0 0 Initial 50 0 
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13.0 PLS-CADD CRITERIA 

The following describes the key criteria required for PLS-CADD modeling that is not covered by other 

sections of this document.  

13.1 Weight Spans 

The Project will be designed using ruling span principals. PLS-CADD modeling will be done with the use 

of Method 1 structures for the steel monopoles and Method 4 structures for the wood H-frames, and the 

conductor will be modeled with the ruling span method within PLS-CADD. Structures will be designed 

for wind and weight spans within each ruling span. Weight spans will be considered under the weather 

cases summarized in Table 13-1. 

Table 13-1; Weight Span Weather Cases 

Load Case Temperature (°F) Ice (in) Wind (psf) Sag Condition 
NESC Rule 250B 0 0.5 4 Initial 
NESC Rule 250C 60 0 20.7 Initial 
NESC Rule 250D 15 1.0 20.7 Initial 

NG Heavy Ice 30 1.5 2 Initial 
 

13.2 Creep & Load 

Creep is permanent stretching of wire in response to application of tension over time. This permanent 

stretch results in lower tensions for wires in the after creep condition compared to the initial condition. 

For calculation of permanent stretch due to creep, the 60° F weather case will be used.   

Wires can also be permanently stretched due to short exposures to extreme load. Calculations done in the 

after load condition will include an adjustment for the permanent stretch caused by a short term exposure 

to the following weather cases: NESC Heavy (Rule 250B), NESC Ice & Wind (Rule 250D), and National 

Grid Heavy Ice. 
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14.0 DRAWINGS & DOCUMENTS 

The following drawings and documents shall be created for this project: 

 Engineering documentation for the Part 102 filing 1,3 

 Plan and profile drawings 1,2 

 Structure framing drawings 1,2 

 Structure staking and guying drawings 1,2 

 Steel pole design drawings with respective loading trees 1,2 

 Geotechnical Investigation Report for Transmission Line Structure Foundations 1,2 

 Foundation drawings 1,2 

 Fabrication and design drawings for steel pole structures 1,2 

 Vibration calculation report 1,2 

 Bill of materials 1,2 

 Construction Cost Estimate 2 

 Stringing and tension charts 1,2 

 Insulation details 1,2 

 Vibration dampers details 1,2 

 Grounding connection system drawings 1,2 

 Vibration damper drawings 1,2 

 Crossing drawings 1,2 

 RFP packages for the purchasing of materials 3 

 RFP packages for obtaining the construction contractor 3 

 PLS-CADD “.bak” file and report 3 

 PLS-Pole “.bak” files for wood and steel structures 3 

 Drawing list 3 

 Updated databases 3 

 As-built documentation 1,2 

 

1 – Provide signed and sealed by registered NYS Licensed Professional Engineer. 

2 – Provide hardcopy and electronic files. 

3 – Provide electronic files. 



 

 

 

Appendix D 
Site Plans - Plan & Profile and Typical 

Drawings 













 
National Grid Typical Structure 

Drawings 
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TOWN OF MARCY BUILDING PERMIT APPLICATION, APRIL 2016 
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Appendix E 
Surveyed Plans of the Right-of-Way 

 


















