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Chapter 1 -- Summary 

I .A PROJECT PURPOSE AND NEED. DESCRIPTION AND IDSTORY 

Western Area Power Administration (Western) proposes to uprate its existing 1 l5-kV Flatiron-Erie 
transmission line. The line is located in Larimer, Weld and Boulder Counties , Colorado, and passes 
through the City of Longmont. The line connects Flatiron Substation and several of the substations 
supplying Longmont. It is a single circuit 1 1 5-kV l ine, 3 1 .5 miles long, and was built in 1950-51 on 
a 75-foot wide right-of-way (ROW) using wood H-frame structures. 

Western proposes to build 27 new structures along the line, to replace or modify 45 of the existing 
structures and to remove 1 1  of them. Many of these additions and changes would involve structures 
that are approximately 5 to 15  feet taller than the existing ones. The existing conductors and ground 
wires would remain in place. The purpose of these actions would be to allow the power carrying 
capability of the l ine to be increased and to replace deteriorating/structural members . Western would 
be the sole participant in the proposed project. 

The project evolved from an earlier project, the Flatiron-Gunbarrel Transmission Line, that would 
have replaced most of the existing 1 15-kV Flatiron-Erie line with a double circuit 1 15/230-kV line. 
Partly because of public opposition to the project, Western conducted additional electrical systems 
planning studies and determined that it could be postponed, if various substation improvements and 
changes in procedure were made, and the Flatiron-Erie line was uprated. This led to the current 
proposed action. 

The Flatiron-Erie line is currently operating at a rating or load capacity that is lower than the load its 
conductors are capable of carrying. The line was derated to prevent potential problems associated 
with ground clearances that do not meet current National Electric Safety Code (NESC) guidel ines . 
The lowered rating wil l  cause it to overload when certain other local transmission facilities are out of 
service. The result of this could be loss of power to the City of Longmont. 

Limiting the amount of power that the Flatiron-Erie line carries was necessary to meet current NESC 
guidelines . As conductors carry more power, they become hotter; as they become hotter, they 
expand and sag closer to the ground. The NESC, in order to control the risk of electrical shocks, 
puts a limit on the clearance between power lines and the ground. For 1 15-kV l ines, such as the 
Flatiron-Erie line, this l imit is 22 feet. Western has found that in some locations, the existing 
Flatiron-Erie transmission l ine fails to meet the current NESC guidelines for minimum conductor to 
ground clearances. The existing clearances have been found to be as low as 20 feet during average 
loading periods in some locations, and would be even lower under heavy loading conditions . Spans 
that did not meet NESC clearance requirements for minimum and normal power flows, were raised 
prior to completion of this EIS because of the public safety hazard. 

The proposed action will allow the line to be operated at the design rating of its conductors, which 
will alleviate the risk of power outages to Longmont, and ensure sufficient electrical capacity for an 
estimated 1 0  years . 

Several public meetings have been held, both in connection with the earlier Flatiron-Gunbarrel project 
and with the Flatiron-Erie project. 
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1.B ALTERNATIVES. INCLUDING TIlE PROPOSED ACTION 

Numerous actions were considered as alternatives to the proposed action. These included: "no 
action," conservation of energy, alternative transmission technologies, alternative electrical 
transmission systems, alternative structure types and alternative methods of construction. From this 
wide range of alternatives, three primary alternatives were developed and given detailed and equal 
analysis in this EIS. 

1.C ANALYSIS OF STUDY AREA ENVIRONMENT AND DEVELOPMENT OF 
ALTERNATIVE ROUTES 

The components of the study area environment that might be substantially affected by (or might 
affect) transmission line construction and/or operation were inventoried and mapped. This 
information was used to help locate the primary project alternatives. 

The study area covers about 284 square miles and is centered on the existing Flatiron-Erie line. It 
contains, in the most general terms, three basic environmental situations. In the northwest is an area 
that is primarily undeveloped, though with scattered pockets of residential development. This area is 
moderately steep and rugged and contains several concentrations of earth and biological resources that 
are constraints to transmission line siting. In the center of the study area is the Longmont urban area 
with its concentration of land uses, primarily residential developments, that are major e;onstraints to 
transmission line siting. In the remainder of the study area are extensive agricultural lands 
interspersed with substantial areas of residential development, both representing siting constraints. 
The entire study area is crossed by a number of east-flowing streams whose valleys represent 
moderate barriers to a north-south transmission line because of the concentrations of earth, water and 
biological resource values there. A network of existing transmission lines crosses the study area, and 
this represents an important class of opportunity for the siting of a new transmission line. Figure 4.1 
illustrates the three characteristic situations in the study area. 

The inventory of the affected environment was organized into the following categories: 

• Earth Resources and Hazards 
• Water Resources 
• Biological Resources 
• Land Use (existing land use, existing utilities, planned land use) 
• Visual Resources 
• Cultural Resources 

The order in which the environmental resources are presented does not represent any relative value 
placed on them. 

Potential landslide areas, sensitive soil/slope conditions (where erosion potential is high and/or 
reclamation difficult), floodplains and subsidence areas were identified in the study area as 
components of the Earth Resources category. These components have the potential to affect or be 
adversely affected by a transmission line. 

The water resources that could potentially be affected by the project included ponds/reservoirs and 
major streams. 
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Numerous sensitive components of the biological environment occur in the study area. These include: 
wetlands; various areas designated as critical or valuable by government agencies (plant associations, 
rare plants, critical wildlife habitat, natural areas, rare fish habitat);, and certain habitats of various 
critical, sensitive or rare species (waterfowl, prairie doglblack-footed ferret, golden eagle, bald eagle, 
mule deer and elk, great blue heron, rare mouse species and rare insects). 

Most of the study area is occupied by developed land uses, many of which are sensitive to 
transmission line siting. These include residential areas and sites, schools, recreation/open space, 
cultivated land (occasionally with center-pivot irrigation rigs), airport flight clearance zones, and a 
telecommunication research area (from which transmission lines are excluded). Various other 
developed land uses occur in scattered locations all in some degree susceptible to potential impacts 
from transmission lines. 

Several existing electric transmission lines cross portions of the study area. These, together with the 
existing Flatiron-Erie line, are potential opportunities for the location of a new transmission line. 

Various local authorities have developed comprehensive plans for major portions of the study area. 
These planned land uses, while less sensitive than existing uses of the same types, in some cases have 
the potential to be adversely affected by a new transmission line. 

Cultural, primarily historic, resources are scattered throughout the study area. Some of these are 
sensitive to the siting of a new transmission line. 

Land uses and areas where the visual qualities of a new transmission line could be a problem are 
common throughout the study area. These include existing and planned residential and recreational 
land uses, as well as scenic areas and areas specially designated as visually sensitive. 

Each of the potentially sensitive components of the environment was assigned a value representing its 
constraint to our opportunity for transmission line siting. This information was then combined onto a 
single composite constraint/opportunity siting map (Figure 4.9), which was used to help determine the 
route of the three primary alternatives. 

The map revealed that there appears to be no environmentally reasonable way to site a new 
transmission line connecting the Longmont substations other than primarily along the existing 
Flatiron-Erie ROW, i.e., by using the siting opportunity that the existing ROW represents. There is 
no evident low constraint route around the City of Longmont (either on the east or west sides), and 
no evident environmentally acceptable way of siting connecting spurs from the periphery of the city to 
its substations. Therefore, although the network of alternative routes is simple and mostly focused on 
the existing ROW, the relatively extensive data inventory is valuable in demonstrating the inevitability 
of this siting approach. 

Three primary alternatives, formulated as explained above, were defined. 

The first primary alternative is Western's proposed action, the uprating of the existing Flatiron-Erie 
transmission line. This is Alternative B, the alternative that Western believes would best and most 
economically satisfy the project need. It is the environmentally preferred alternative. The second 
primary alternative would rebuild the existing Flatiron-Erie transmission line underground for 
6. 1 miles through Longmont and uprate the remainder of the existing transmission line. This is 
Alternative C. Alternatives B and C would make no change to the existing electrical systems. The 
third primary alternative would remove two segments of the existing Flatiron-Erie transmission line in 
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Longmont, supply Longmont's substations using other existing transmission lines and a segment of 
new overhead transmission line, up rate the remainder of the existing transmission line, and build a 
new substation south of Longmont. This is Alternative D. It would make substantial changes to the 
existing electrical system. 

t.D ASSESSMENT OF THE IMPACTS OF THE PRIMARY ALTERNATIVE ROUTES 

The methodology used to assess impacts proceeded in two basic steps. First, it defined the potential, 
theoretical impact levels (not actual quantities) for all possible project construction actions affecting all 
sensitive environmental components in the study area. This process recorded and took into 
consideration the project's range of construction actions (from new underground construction to 
relatively minor modifications to an existing structure) and the standard mitigation measures that had 
been committed to. Second, the methodology quantified the actual impacts for the proposed system 
of primary alternative routes; i.e., the actual quantities of effect of various levels (moderate adverse, 
or beneficial) on the environmental components crossed (or approached) by the three alternatives. 

I.E COMPARISON OF THE PRIMARY ALTERNATIVE ROUTES 

There are no significant adverse impacts from any of the primary alternatives. The alternatives were 
therefore compared using moderate adverse impacts and beneficial effects. 

The three primary alternatives are: 

• Alternative B. The Proposed Action. Uprate the exiting JJS-kV Flatiron-Erie 
transmission line on its existing ROW. 

• Alternative C. Rebuild the existing Flatiron-Erie transmission line underground 
through Longmont. Uprate the remainder of the line. 

• Alternative D .  Remove two segments of the existing Flatiron-Erie transmission line 
in Longmont. Uprate the remainder of the line. Supply Longmont's substations using 
other existing transmission lines and a segment of new overhead transmission line on 
new ROW. Build a new substation south of Longmont. 

There would be no impacts to earth resources from Alternatives B and D, and very small amounts of 
short-term moderate impacts from Alternative C. 

Alternatives B and D would have no substantial adverse impact on water resources. Alternative C 
would cause a small amount of short-term moderate impacts on water resources and, in addition, 
moderate long-term impacts on streams. 

Alternative B would cause relatively small amounts of short-term moderate impacts to biological 
resources (wetlands) from construction disturbance. Alternative C would cause slightly more of the 
same type of impacts; and Alternative D, very slightly more than C. However, C would also have 
short-term moderate impacts on two streams that are Colorado rare fish habitat and long-term 
moderate adverse impacts on the rare fish habitat. Alternative B would have the least, and C the 
most impact on this resource area. 
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Alternative B would cause moderate amounts of short-term moderate impacts to land uses. 
Alternative C would cause substantial amounts of short-term moderate impacts to land uses, but 
would also have substantial amounts of long-term beneficial effects from the removal of segments of 
the existing line and their replacement by underground construction. Alternative D would also cause 
substantial amounts of impacts on land uses, but it would also have long-term beneficial effects from 
the removal of segments of the line. Alternative B would have the least, and D the most impacts on 
existing land use. 

Cultural resources would not be subject to impacts higher than the low level from any of the primary 
alternatives. 

There would be no substantial adverse effects on visual resources from Alternative B. Alternative C 
would have small amounts of short and long-term moderate visual impacts, but substantial amounts of 
beneficial visual effects from the removal of segments of the existing line and their replacement by 
underground construction. Alternative D would cause moderate amounts of short and long-term 
moderate visual impacts and substantial amounts of long-term visual benefits. Alternative B would 
have the least and D the most impacts on visual resources. 

In summary, overall comparison of moderate adverse environmental impacts, (both long and short 
term), for each of the three primary alternatives, shows that Alternative B ranks the best for all 
environmental resource areas. Alternative B, therefore is the environmentally preferred alternative. 

The estimated cost of each alternative is: 

B $ 1 ,438,000 
C $ 1 1 , 1 68,000 
D $ 6,067,000 

l.F NO ACTION. ALTERNATIVE A 

Under the No Action Alternative, Western would not uprate the existing 1 15-kV line, but would only 
perform essential maintenance activities as needed. Structures and hardware would be repaired and/or 
replaced as required during regular maintenance operations and in response to emergency outages on 
the line. These repairs would have to be made with increasing frequency in the future as the line 
increases in age. 

Implementation of this alternative would preclude most of the impacts to the environment that would 
be associated with the other alternatives. Insignificant impacts would occur during maintenance 
activities. The impacts would be of the same type as described under the above ground alternatives. 
Since this alternative does not increase the rating of the Flatiron-Erie line, it was not considered a 
viable alternative. 

l.G CONSERVATION OF ENERGY AND RENEWABLE RESOURCES 
As related to the transmission of power, Western's Conservation and Renewable Energy Program 
(C&RE) encourages the development and implementation of energy efficiency measures. Western's 
c&RE Program has been applied effectively for more than a decade. However, the c&RE Program 
has not decreased or delayed the need for transmission line improvements. Therefore, Western has 
determined that expanded c&RE technology applications are not a reasonable alternative to 
construction of this project. 
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1 .H ALTERNATIVE TRANSMISSION TECHNOLOGIES 

Several alternative transmission technologies were evaluated, including: (1) conventional overhead 
alternating current (AC) transmission; (2) overhead direct current (DC) transmission; and (3) under­
ground construction. Western proposes to use conventional overhead AC transmission on the 
proposed action - the uprating of the line, and also in major portions of the proposed project 
alternatives. 

Overhead DC lines must include converter stations at either end of the line and at every point where 
it is interrupted to convert the DC current to AC for consumer use. Only with line segment lengths 
far greater than those proposed here, and transmission of much larger amounts of power, would the 
economic advantages of DC transmission offset the high cost of the converter stations. Direct current 
transmission is therefore not a viable alternative to the proposed project. 

Underground construction of a 1 IS-kV transmission line can cost five to ten times more per mile than 
a new 1 IS-kV transmission line installed overhead. Other disadvantages are the need for a continuous 
zone of disturbance along the right-of-way. The cable system must be installed in a continuous trench 
approximately 2 feet wide and 3 to S feet deep. At any given point where a transition is made from 
underground construction to overhead construction, a large overhead transmission line structure must 
be installed. If a high pressure oil-filled pipe type cable system is used, pumping and pressurizing 
facilities would be required at intervals of several miles along the underground line. Underground 
construction through Longmont is one of the primary alternatives studied for the proposed project. 

1.1 SYSTEMS ALTERNATIVES 

A transmission "system" refers to the electrical arrangement of and relationships between the circuits 
and substations by which power is supplied. Changes in routing or construction technology (e.g., 
overhead versus underground) do not themselves necessarily change a system. An essential 
characteristic of a transmission system is that each substation must be supplied by two circuits (ideally 
not on the same ROW) to maintain service during equipment outages. Electrical loads supplied from 
a substation having only one line feeding into it would be subject to frequent interruptions because of 
the lack of an alternative source to feed the substation. Any outage suffered on the single feed line 
would likewise interrupt power to any load fed from the substation. 

The proposed action of uprating the existing Flatiron-Erie transmission line (primary Alternative B) 
would involve no change to the existing system. The underground alternative (primary Alternative C) 
is being considered by Western in response to public comments. It consists of reconstruction of the 
Flatiron-Erie line underground through Longmont. It would involve no change to the existing 
system. An alternative system (primary Alternative D) was formulated, in response to public 
comment, to explore the feasibility of removing portions of the line from densely developed areas of 
Longmont. 

Six additional systems alternatives were considered and rejected from further study because they did 
not meet electrical criteria, would be very expensive, and would be associated with greater 
environmental impacts. 

1 .J AFFECTED ENVIRONMENT 

The project study area (Figure 1. 1 )  is located in north central Colorado and covers about 284 square 
miles. 

1 .6 



• 
• .J..EOlorado - I Ne;"Mex7co 

• 
I � • �=c===?='3c0 =::::::85° mi. 

Flatiron-Erie 
1 1 5kV 
Transmission Line 
Project 

Western Area Power 
Administration 

I 
----- . .......... oloraOO 

LARIMER CO. 
WELD CO. 

- -- -..-, 
• 

romino t 

Fort Coilina r-'1-----r..L--� 

-- - - ---

• 

\ 
• 

• 

_1.--

Location 
Map 

Figure 1.1 



Environmental resources were identified in the study area. Some resources were categorized as not 
requiring detailed study because the project would have no effect on them. These include Air 
Quality, Climate, Ground Water and Socioeconomics. 

Potential landslide areas present a moderate constraint to transmission line siting. They occur in the 
foothills west of Longmont near Rabbit Mountain and Carter Lake. Sensitive soil/slope conditions are 
concentrated in the northwestern portion of the study area around Carter Lake, generally on the low 
hills and hogbacks of the Piedmont physiographic province. 

Streams with mapped floodplains include: Little Thompson River and its tributary Dry Creek, St. 
Vrain Creek, Left Hand Creek, two more streams both called Dry Creek, Spring Gulch, Boulder 
Creek and Coal Creek. 

Subsidence areas are associated with historic underground mines near Erie. 

The area has many ponds and storage reservoirs of varying sizes. Carter Lake, located in the 
northwest portion of the study area, is the largest water body. Other large water bodies include 
Calkins Lake, Lonetree Reservoir, Welch Reservoir, Panama Reservoir, Ish Lake, Terry Lake, 
McIntosh Lake, Foothills Reservoir and a portion of Boulder Reservoir. Major streams include: 
Little Thompson and its major tributary Dry Creek, St. Vrain Creek and its tributaries Left Hand and 
Dry Creeks, and Boulder Creek and its tributary Coal Creek. 

Several wetland types, including cattail marshes, riparian woodlands, willow shrublands and 
sedge/rush/grass meadows are present along streams and around ponds and reservoirs. The major 
streams in the study area are generally characterized by narrow zones of wetland vegetation on the 
floodplains; flood-irrigated low areas along streams have enlarged the zone of natural wetlands 
vegetation. 

Five plant associations considered to be threatened by urban development and domestic livestock 
grazing are found within the study area. However, these communities are relatively common in 
Eastern Colorado. They include: (1) Ponderosa pine-mountain mahogany-big bluestem; (2) mountain 
mahogany-skunkbush-big bluestem; (3) inland saltgrass-alkali sacaton-western wheatgrass; (4) three­
square bulrush; and (5) broadleaf cattail. Six rare plants have been identified within the study area. 
These include the Bell twinpod, Andrew's spleenwort, forktip three awn, American groundnut, and 
showy prairie gentian. 

The study area contains eleven areas of designated critical wildlife habitat. Rabbit Mountain, 
northwest of Longmont, is the largest of these. Most of these areas are associated with wetlands 
habitats of seasonal importance to specific wildlife groups. Many of the reservoirs and ponds in the 
study area are used by ducks and Canada geese for nesting and rearing young. However, the 
magnitude of waterfowl production is low. 

Numerous prairie dog towns occur throughout the project area. Two small towns are located along 
the existing 115-k V transmission line right-of-way. Five golden eagle nest areas are located in the 
northwestern portion of the study area, in the vicinity of Rabbit Mountain and Carter Lake. Bald 
eagles are primarily winter visitors or winter residents in the study area. They do not nest in the 
study area. Two small great blue heron rookeries are located in cottonwoods flanking Calkins Lake 
and Panama Reservoir No.1. A large heronry occurs along Boulder Creek. 
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Winter range is habitat used by mule deer and elk during the winter for food, cover and local 
movement. These areas are very large, covering major portions of the study area and extending west 
through the foothills. 

Additional rare animals found in the study area include Preble's jumping mouse and the grasshopper 
mouse; the common shiner, bigmouth shiner, Johnny darter, and Iowa darter; and the miner bee. 

Residential areas are scattered throughout the study area. By far the largest area is in and around 
Longmont, where an area that is primarily housing extends about 4 1/2 miles north to south and about 
4 miles east to west. Retail/office land use is found in and on the periphery of Longmont and on the 
periphery of Boulder. Institutional land uses are found primarily in and around Longmont, but also in 
association with some of the smaller established communities. Industrial, heavy commercial and 
utilities land uses are concentrated around the southern part of Longmont, but also occur in scattered 
locations through all but the northwest portion of the study area. Several mining operations extract 
sand and gravel from deposits along the major streams in the study area, especially St. Vrain Creek 
and Boulder Creek. 

Recreation/open space land uses include golf courses; the periphery of Longmont and Boulder; and 
Lagerman Reservoir, Carter Lake and Rabbit Mountain. Agricultural land uses include agricultural 
structures, center pivot irrigation and cultivation, which is the most extensive agricultural use. 

There are four active airports/landing strips in the study area: Longmont Airport, Parkland Estates 
Airport, Tri-County Airport and a private airstrip. A large area southwest of Longmont and north of 
Boulder, centered on the Table Mountain antenna field, has been designated as a telecommunications 
research facility protection zone. There are three radio towers in the study area. Two are located 
east of Niwot and one north of Erie. 

Planned residential land uses of various densities are concentrated on the southern fringe of Loveland; 
around Longmont on its northeast, south and southwest sides; around Niwot; and southwest of Erie. 
Many of the units are large, a mile or more across. Most of the planned commercial land uses are 
around Longmont and near Niwot, and a large area southeast of Erie. Planned industrial land use 
areas are concentrated on the periphery of Longmont, on all sides except the northwest. Several very 
large areas of planned public recreation/open space are located near Rabbit Mountain, and on the 
periphery of Longmont. 

There are numerous historic and archaeological resources in the study area. Archaeological sites 
include the following types: stone ring sites, open camps, lithic scatter sites, stone alignments and 
burials. Historic sites primarily include buildings, cemeteries, ditches and railroads. 

The visual characteristics of the study area are highly varied. In the northwestern portion of the study 
area are scenic, natural landscapes. The heavily developed commercial and industrial urban areas of 
Longmont have retained relatively little evidence of the existing natural landscape, and are not 
generally considered visually positive. Many of the residential areas throughout the study area enjoy 
views of Longs Peak and other mountains in the Front Range. Visually sensitive viewers are located 
primarily at areas of recreational and residential land use, and along certain highways designated as 
visually sensitive "gateways" to Longmont. 
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I.K ENVIRONMENTAL CONSEOUENCES 

Over 50 environmental components grouped in eight categories were inventoried and used to help 
locate the system of alternatives. Of these, only 1 5  components are affected by some part of the 
system of alternatives at a level that influences the comparison of the routes; Le., at moderate adverse 
or beneficial levels. These effects may occur over the short-term construction period, or the long­
term life of the project. Beneficial effects arise from the absence of the project rather than the 
construction action of removing it; therefore, beneficial effects may be considered as long-term. 
Table 3.3 quantifies the adverse effects and benefits of the three primary alternatives. 

Table 3 .4, Comparison of Environmental Impacts/Benefits and Costs of Primary Alternatives, shows 
the summary impacts and benefits for each alternative for each environmental resource area. It also 
shows the cost as an additional evaluation factor for each alternative. The table also indicates for 
each evaluation factor the rank -- best (1), mid-range (2), or worst (3) -- for each alternative. 

There would be no substantial impacts to earth resources from Alternatives B and D. Very small 
amounts of short-term moderate impacts would occur to sensitive soil/slope conditions from 
Alternative C. 

There would be no substantial impacts to water resources from Alternative B and D. Alternative C 
would cause relatively small amounts of short-term moderate impacts to biological resources 
(wetlands) from construction disturbance. Alternative C would cause slightly more of the same type 
of impacts; and Alternative D, very slightly more than C. However, C would also have short and 
long-term, moderate adverse impacts on Colorado rare fish habitat from crossing of two streams by 
construction equipment, and from the risk of a spill of fluid from the underground portion of the 
alternative. 

Alternative B would cause moderate amounts of short-term moderate impacts to various land uses, 
including residences, a school, industry and recreation/open space. Alternative C would cause 
substantial amounts of short-term moderate impacts to the same land uses as Alternative B, but would 
also have substantial amounts of beneficial effects (mostly on the same land uses) from the removal of 
the existing line and its replacement by underground construction. Alternative D would also cause 
substantial amounts of impacts on the above land uses, plus agricultural uses, but would also have 
beneficial effects on developed land uses from the removal of segments of the line. 

Planned land use (as explained in Section 5) would not be directly subject to impacts. Some of its 
environmental components are addressed under visual resources. 

Cultural resources are not subject to impacts higher than the low level from any of the primary 
alternatives. 

There would be no substantial effects on visual resources from Alternative B. Alternative C would 
have small amounts of short and long-term moderate visual impacts, but substantial amounts of 
beneficial visual effects on residential and recreation/open space land uses from the removal of 
segments of the existing line. Alternative D would cause moderate amounts of short and long-term 
moderate visual impacts on existing and planned residential and recreational land uses, but also 
substantial amounts of long-term benefits. 
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At this time, it is not clear if exposure to E&M fields presents a health risk. The consensus opinion 
of the majority of researchers continues to center on the need for further research . Should science 
establish a significant risk to public health as a result of E&M field exposure, it is Western's 
expectation that the issue of E&M field standards, avoidance strategies, evaluation procedures, etc. , 
would be addressed in regulations after a careful, structured public debate that weights risk against 
cost. Uprating the existing Flatiron-Erie transmission line will serve Longmont's electrical capacity 
needs into the 21st century, thus allowing time for further research into the relationship between 
E&M fields and human health risk. A more detailed discussion of the health effects issue is included 
in Appendix C, Public Health and Safety. 

The preferred Alternative B is significantly less costly than Alternatives C and D, and still provides 
the same reliability and capacity benefits. Alternative C, Underground through Longmont, is 7.8 
times the cost of Alternative B;  and Alternative D, Remove and Reroute in Longmont and Build New 
Substation, is 4.2 times the cost of the preferred Alternative B. Although Alternatives C and D do 
reduce or eliminate the E&M fields through the residential areas of Longmont, the uncertainty 
surrounding the E&M fields issue at the present time cannot justify expenditure of large sums of 
money, degradation of reliability and service, or greatly increased operating costs. 

In summary, overall comparison of moderate adverse environmental impacts (both short and long­
term) for each of the three primary alternatives shows that Alternative B ranks the best for all 
environmental resource areas. Alternative B, therefore, is the environmentally preferred alternative. 
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Chapter 2 -- Introduction 

2.A PURPOSE AND NEED 

The Flatiron-Erie 1 15-kV transmission line was constructed during 1950-195 1 on wood pole, H-frame 
structures using 397.5 ACSR conductors. Originally designed for a conductor rating of 
109 megavolt-amperes (MV A), system studies and field measurements conducted by Western 
determined that the actual Flatiron-Erie transmission line ratings are significantly smaller. Based on 
National Electric Safety Code (NESC) conductor-to-ground clearance requirements, the Flatiron-Terry 
Street 1 15-kV section of the line was rated to approximately 67 MV A and the Terry Street-Erie 
1 15-kV line was rated to approximately 4 MV A. These ratings for the line will cause it to be 
overloaded for most day to day operations. 

As conductors carry more power, they become hotter; as they become hotter, they expand and sag 
closer to the ground. The NESC, in order to avoid the risk of electrical shocks, stipulates a 
minimum clearance between power lines and the ground. For 1 15-kV lines, such as the Flatiron-Erie 
line, this limit is 22 feet. Using field measurement techniques, Western has found that in some 
locations, the Flatiron-Erie transmission line fails to meet the current NESC requirements for 
minimum conductor to ground clearances. The existing conductor to ground clearances have been 
found to be as low as 20 feet during average loading periods in some locations, and would be even 
lower under heavy loading conditions. This situation is shown in Figure 2. 1 .  Spans that did not 
meet NESC clearance requirements for low or normal power flows, were raised prior to completion 
of this EIS, because of the public health hazard. Eight spans were raised in the spring and summer of 
199 1 .  This work allowed the line rating to go to 85 MV A for the Flatiron-Terry Street segment and 
10 MVA for the Terry Street-Erie segment of the line. Under the proposed action, those spans that 
do not meet the NESC clearance requirements for peak emergency power flows would be raised after 
completion of the EIS . 

To alleviate the overloading problems, Western has determined that the Flatiron to Longmont 
NorthwestIHarvard portion of the line must be up rated to operate at the original rating of 109 MVA 
and the Longmont NorthwestIHarvard to Erie segment of the line must be operated at 85 MV A. 
Western proposes to uprate the 3 1 .5-mile long Flatiron-Erie 1 15-kV transmission line by adding, 
replacing, modifying and removing 83 wood pole structures. The existing line has 216 structures. 
The height of some of the wood pole structures would be increased by 5 to 15 feet. Section 2.A.4 
(The Proposed Action) has a detailed description of these structure modifications. The voltage of the 
transmission line would remain at 1 15-kV, the existing conductor would remain in place, and the 
majority of the existing structure locations would remain the same. 

The second situation that requires the project action is the deteriorated condition of some of the 
elements of the line. The line is now over 40 years old and nearing the end of the typical service life 
for wooden structural elements. In the fall of 1990, Western carried out systematic tests to determine 
the structural conditions of all poles and other structural and functional elements of the line. The 
results of those tests revealed the need for replacement of approximately 25 wood poles which were 
found to be structurally unsound because of internal rot. Replacement of these poles with new 
structures will also be done along with the structure modifications needed to uprate the line. 
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2.B PROJECT DESCRIPTION 

Western Area Power Administration (Western) proposes to uprate its existing 1 15-kV Flatiron-Erie 
transmission line. The location of the project is shown on Figure 2.2. 

2.B.1 THE PROPOSED ACTION 

There are 2 16 existing structures along the Flatiron-Erie transmission line. The uprating of the line 
would include the following types of construction activity: 

• Build 27 new wood H-frame structures at new sites along the ROW. 

• Replace 20 existing structures at existing sites. The structure heights would be 
increased by 5 feet in 6 cases, 10 feet in 9 cases, and 15 feet in 5 cases. 

• Replace 22 existing structures with structures of the same height, in the same 
locations. 

• Raise the cross arm at 3 existing structures. 

• Remove complete structures at 1 1  sites . (These structures would be replaced by 
adjacent structures along the ROW, accounting for some of the 27 new structures 
listed above.) 

The proposed action is described and illustrated in detail on Figure 3 .9 in Section 3 .0. 1 .  

In addition, improved grounding features would be installed on all existing structures (except those 
being removed) and at all new and modified structures. The existing conductors and overhead ground 
wires would remain in place during all of the above construction operations. With changes in 
structure heights, the conductors might have to be resagged or reworked. The voltage of the line 
would remain at its present level of 1 15-kV. However, as explained in Section 2.B below, the power 
carrying capability of the line would be increased. The cost of the proposed action is estimated at 
$ 1 ,438,000. The action would extend the life of the line. 

The reasons for the production of an Environmental Impact Statement (EIS), rather than an 
Environmental Assessment (EA), for this relatively minor proposed action are explained in 
Section 2.B below. 

2.B.2 PROJECT SCHEDULE 

Western published a Notice of Intent to Prepare an EIS in the Federal Register on October 6, 1 989. 
A public scoping meeting was held on November 15, 1989, in Longmont, and preparation of the EIS 
began in January 1 990. A planning meeting, or public workshop, was held on December 1 8 ,  1 990, 
also in Longmont. The proposed schedule for the remaining major milestones leading to completion 
of the project is as follows: 

• Issue Draft EIS for review and comment by agencies and the public -- Summer 1993.  

• Public hearing -- Summer 1993.  
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• Final EIS Record of Decision - Spring 1994. 

• Selection of construction contractor - Fall 1995 . 

• Completion of construction -- Spring 1996. 

2.B.3 PROJECT PROPONENT 

Western would be the sole participant in the proposed project. 

Western, an agency of the U .S .  Department of Energy, is responsible for marketing federal electric 
power and for transmission service in 15 central and western states . Western markets power to 
532 customers consisting of cooperatives, municipalities, public utility districts, private utilities, 
federal and state agencies, and irrigation districts. The wholesale power customers, in turn, provide 
service to millions of retail customers in Arizona, California, Colorado, Iowa, Kansas, Minnesota, 
Montana, Nebraska, Nevada, New Mexico, North Dakota, South Dakota, Texas, Utah and Wyoming. 
Electric power marketed by Western is generated by the Bureau of Reclamation, the U .S .  Army 
Corps of Engineers, and the International Boundary and Water Commission. Together these agencies 
operate 48 hydropower generating plants in Western's marketing area. In Colorado, Western's 
Loveland Area Office markets 400 MW of generation capacity and has approximately 372 MW of 
load responsibility. 

2.C PROJECT BACKGROUND AND mSTORY 

Late in 1986, Western initiated the preparation of an Environmental Assessment (EA) for the 
Flatiron-Gunbarrel transmission line. This was a proposal to replace 23.5 miles of its existing 
Flatiron-Erie 1 15-kV transmission line with a 1 15/230-kV double-circuit line, from Flatiron 
Substation (Larimer County, Colorado) to the proposed Gunbarrel Substation located approximately 
six miles south of Longmont in Boulder County, Colorado. This proposal was known as Flatiron­
Gunbarrel 1 15/230-kV Transmission Line Project. It was a joint participation project sponsored by 
the following power suppliers: Western, Tri-State Generation and Transmission Association, Inc. 
(rri-State), Public Service Company of Colorado (PSCo), and Platte River Power Authority (pRPA) .  
Western was designated as the  project manager for this project. This environmental study proposed 
to locate the new double-circuit 1 15/230-kV l ine on the ROW of the existing 1 1 5-kV line using steel 
single pole structures. Various alternative ROW segments were also considered . The primary 
benefits of this project were replacement of most of the old overloaded Flatiron-Erie transmission l ine 
with a new, high-capacity double-circuit line, and provision for future load growth and transfer 
capability . Both circuits would initially be energized at 1 15-kV, but one of the circuits would be 
insulated for 230-kV for later conversion to 230-kV when needed . The preliminary EA for this 
project was completed in mid-1 988 . 

As the environmental studies were progressing, several public meetings were held. Many comments 
were received from the public, generally opposing the project. Opposition was based primarily on 
concerns about the possible health effects of the electromagnetic fields (EMF) generated by 
transmission lines, the visual effects of the larger line, and the impact of the line on land values . As 
a result of this public input, Western formulated a proposal that involved splitting the 1 15 and 230-kV 
circuits at a point north of Longmont, routing the 230-kV circuit around Longmont (either on the 
west or east side), and rejoining the 1 15-kV l ine on its existing ROW at a point south of the city. 
(Since the 1 15-kV circuit serves most of the Longmont substations, it could not be routed around the 
city.)  This proposal also considered underground construction for certain segments .of the l ine 
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through Longmont and close to the Longmont Airport. Recognizing the significant public concern 
with this project, Western decided to consider a full range of alternatives and to prepare an EIS. 
Work was suspended on the EA, and EIS studies were commenced. 

Simultaneously, in parallel with these expanded environmental studies, Western and the other project 
participants (Tri-State, PSCo and PRPA) conducted an in-depth electrical systems analysis of the 
project and all reasonable alternatives. A reevaluation of the projected need for the original proposal 
indicated that the projected electrical load growth and generation resource usage in the area did not 
require additional transmission circuits until the late 1990's or possibly early 2000's, if some minor 
power system improvements and operating procedures were implemented. 

Other considerations were the economic drawbacks of constructing the Flatiron-Gunbarrel 1 1 5/230-kV 
project at the present time. These were: 

• High initial cost for future benefits.  

• Western had recently completed inspection and testing of lines comparable in terms of 
age and structure type to the existing Flatiron-Erie 11 5-kV line. This testing had 
suggested that the line might have more useful life left than had been anticipated, and 
that its entire replacement might be premature. The line has subsequently been tested, 
and only 1 1  % of the poles need to be replaced because of deterioration. 

The conclusions of the electrical systems engineering studies were that the proposed 230-kV line 
between Flatiron and PSCo's transmission system could be postponed until the late 1990s or early 
2000s, provided some lesser power system improvements and operating procedures were 
implemented. These improvements and operating procedures were identified as (1) the addition of a 
second 230 to 115-kV transformer at PRPA's Longs Peak Substation (this has already been 
completed, and is not part of the proposed project), (2) uprating of the existing 115-kV Flatiron-Erie 
transmission line, and (3) removing the transmission interconnection with PSCo at Erie Switching 
Station. 

The installation of the second transformer at Longs Peak Substation provides more capacity to the 
I IS-kV transmission system that provides power to Longmont, and will prevent overloading the 
Flatiron to Erie 1 1S-kV line. In the summer of 1992, the Erie Switching Station and the transmission 
interconnection with PSCo at Erie Switching Station were removed, thus reducing power flows 
through the system. Replacing and adding certain structures with taller structures in the Flatiron to 
Erie line will uprate the line to meet safety code line to ground clearances under all power flow 
conditions. This additional capacity in the existing Flatiron-Erie transmission line is needed to cover 
the increased power flows experienced for brief periods of time during peak power flows and when 
other area transmission lines are out of service. 

Therefore, Western decided to suspend the Flatiron-Gunbarrel project and proceed with the current 
project -- the Flatiron-Erie I IS-kV uprate. However, because Western made a commitment to 
prepare an EIS for the Flatiron-Gunbarrel project, Western decided to prepare an EIS (rather than the 
briefer and simpler EA) for the Flatiron-Erie project, although the proposed action is relatively minor 
Oittle more than a major maintenance activity) and an EIS would not normally be expected. The EIS 
process will also provide better opportunities for the public to comment on the project. 

2 .4 



2.D REIATIONSIDP TO OTHER PROJECTS 

The project's relationship to existing regional transmission lines is shown on Figure 2.3.  The 
project's relationship to the existing transmission l ines in its immediate vicinity is shown in more 
detail on Figure 4.6 in Section 4.G. Its connections to these lines are as follows: 

• At Lyons Tap Switching Station (north of Longmont) , the project connects to an 
existing 1 I S-kV single circuit, Poudre Valley REA line that runs southwest to a large 
cement plant near Lyons. 

• At the Longmont NorthwestIHarvard Substations near the northwest edge of 
Longmont, the l ine connects to a 1 1S-kV single circuit, PRPA line that runs east to 
Meadow Substation, and continues east and north to PRPA's Longs Peak Substation. 

• At a point west of central Longmont, the line connects to a 1 1 S-kV double-circuit l ine 
which proceeds south to PRPA's Fordham Substation. 

• At Terry Street Substation, near the south edge of central Longmont, the l ine connects 
to a 1 1S-kV single circuit PRPA line that runs east and north to Longs Peak 
Substation. 

• South of Longmont, the l ine crosses (but does not connect to) a 1 1S/230-kV double­
circuit PSCo line running east and west. 

• Finally, near the Erie Switching Station site, the line connects to a l lS-kV single 
circuit Western line proceeding east. The Erie Switching Station and the transmission 
interconnection with PSCo have been removed to avoid large power flows through 
Western's Flatiron-Erie l ine. 

Two future projects may relate to this project. The proposed action would allow Western to continue 
to operate the uprated Flatiron-Erie l ine for about ten years . Beyond that period, the line would be 
retested for pole deterioration and further structural improvements would be made as necessary. 
After about the year 2000, a new 230-kV circuit connecting to the major regional generation resource 
to the north may be needed because of ongoing load growth, both locally in the Longmont area, and 
regionally. This could be combined with a rebuild of the Flatiron-Erie I I S-kV line, could be a 
separate project, or could be partially combined. If and when a new line is needed, it will be treated 
as a new project and will comply with NEPA regulations. 

2.E JURISDICTIONS WITII AU11IQRIZING ACTIONS 

Table 2 . 1  contains a summary of the federal and state government actions that will , or may be 
required to implement the project. 

2.F SCOPING PROCESS AND PUBLIC INVOLVEMENT 

2.F.1 PUBLIC INVOLVEMENT IN EARLIER VERSIONS OF THE PROJECT 

Several public meetings were held in connection with the earlier versions of the project; i .e.,  the 
Flatiron-Gunbarrel I IS/230-kV double circuit transmission l ine EA and EIS . The following is a 
listing of the concerns raised by the public at these meetings that can be reasonably -addressed in an 
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TABLE 2.1 
FEDERAL AND STATE GOVERNMENT AUlHORIZING ACTIONS 

PROJECT FEATURES 

Environmental Analysis 

Power Transmission System 

Power Transmission System 

Power Transmission System 
(including access) 

Rights-of-Way for Access 
Roads 

Power Transmission System, 
including access (waterbody 
and wetland crossings) 

Power Transmission System 

Transmission Systems (including 
access, field offices and staging 
areas) 

Transmission System 

Transmission System 
(all phases of construction) 

Access Roads, Transmission 
Line Rights-of-Way, Staging 
Areas 

NATURE OF ACTION 

Environmental Protection Agency -
Region VIII 

Review of EIS 

Spill Prevention Control and 
Countermeasures Plan, if appropriate 

Department of Energy 

Review of Flood:plainslW etlands 
Assessment 

Department of the Interior 
U .S. Fish & Wildlife Service 

Review of Biological Assessment. 
Section 7 consultation 

Bureau of Reclamation 

Grant right-of-way across land under the 
jurisdiction of the Bureau, if appropriate 

Department of Def�e 
U .S .  Army Corps of Engineers 

Issue Section 10 or Section 404 Permit, if 
required. 

Department of Transportation 
Federal Aviation Administration 

Issue air space permit. Provide airport­
related air space determination and air 
space obstruction clearance for project 
facilities relative to the following 
airports/airstrips: Longmont, Tri­
County, Parkland Estates Airstrip, 
Boulder County Municipal (near 
Valmont) 

State of Colorado 
Board of Land Commissioners 

Issue right-of-way across land under the 
jurisdiction of the Colorado Board of 
Land Commissioners 

Department of Highways 

Issue utility crossing permits for State 
and Federal crossings 

Department of Health 

Emission permit 

State Historical Society 

Cultural resources clearance 

AUTHORITY 

National Environmental Policy Act 
of 1969 

4OCFR l 12 

Executive Orders 1 1988 and 1 1 990 

Threatened and Endangered Species 
Act of 1 973 

Reclamation Project Act of 1939 
(53 Stat. 1 1 87) 

Clean Water Act of 1977 (86 Stat. 
8 1 6,884, 33U .S.C., 1 25 1 ,  1 344, as 
amended) 

Federal Aviation Act of 1958, 
Public Law 850746, 8/23/52 (72 
Stat. 749, 797; 49U .S.C. 1 347, 
1501 ; 1 4CFR77) 

Colorado Revised Statutes 
25-8-1 0 1  

Colorado Revised Statutes 
38-5-101 

Air Quality Control Commission 
Regulations 

Colorado Revised Statutes 
24-80. 1-101 through 108; 
24-65 . 1 -104(6), 24-65 .1-201 (C), 
24-65 . 1 -202(3), and 24-65 .1-302 



EA or EIS .  There were no concerns raised by government agencies at these meetings. Several 
general transmission line planning concerns had been brought to Western's attention by various 
agencies during planning for the earl ier versions of the project. These concerns have been addressed, 
wherever appropriate, in this document. 

The concerns are listed in approximate descending order of frequency of mention: 

• Consider the effects of EMF on human health and provide more information on EMF. 

• Build the project, either the 1 I5-kV alone or both circuits, underground, primarily to 
reduce EMF strength, but also to preserve visual quality. 

• Build a separate 230-kV line around Longmont to serve the Denver area. 

• Build both circuits around Longmont. 

• Build both circuits around Longmont and connect to the substations with radial l ines . 

• Build both circuits around Longmont and move the substations . 

• Consider the effects on land and property values . 

• Concern about visual/aesthetic effects, including views to the mountains. 

• Longmont has a height ordinance; tall structures are restricted. This should also 
apply to transmission lines . 

• Concern about the accuracy of Western's electromagnetic field strength measurements . 

• Concern about the effects on TV and radio reception. 

• Don't rebuild, just continue maintenance (Le., use the "no action" alternative). 

• Wildlife is given too much value versus people. 

• Reroute near the Gaynor Lake development. 

• Concern about shock hazard from induced currents in metal doors and windows near 
the project. 

• Concern about the risk to persons or property from breakage of conductors. 

• Concern about risks to persons from aircraft brought down by striking taller 
transmission line structures . 

• Concern about Western's acquisition policies and restrictions of use of the easement. 

• Concern about the risk of oil leaks from underground transmission l ines. 
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Western representatives responded to some of these concerns, especially in cases where they arose 
from misunderstanding. 

One area of misunderstanding concerns the relative costs of placing the 11 5-kV transmission line 
underground versus building it overhead. Some persons bel ieve that a direct comparison can be made 
between the additional costs to place a phone line or residential distribution line underground and the 
additional cost to place a high voltage transmission line underground . The cost differential between 
placing phone lines and lower voltage residential distribution lines underground rather than placing 
them overhead is approximately 3 to 1 .  However, there is a significant cost differential between 
placing high voltage electrical l ines underground rather than placing them overhead. This cost 
differential is estimated to be on the order of 10  to I .  The increased costs of underground 
construction result from higher material and installation costs, the need for advanced engineering 
design technologies, and the requirement for additional facilities such as pumping plants and special 
transition structures. 

The proposed 1 15-kV circuit cannot avoid Longmont since its primary purpose is to serve Longmont. 
Service to Longmont must occur either by way of the existing Longmont substations or at new 
Longmont substations . The 1 1 5-kV line can feasibly be routed to the existing substations along 
existing rights-of-way, since creation of new transmission line routes through existing urban areas 
would cause substantial new environmental impacts. The cost of new substations would be 
prohibitively high, and would then require service of individual homes and businesses in Longmont 
by multiple new distribution lines. These would themselves cause new environmental impacts. 

2.F.2 SCOPING MEETING, 
FLATIRON-ERIE 115-KV TRANSMISSION LINE PROJECT 

A public meeting was held in Longmont in November 1 989, at the beginning of the Flatiron-Erie EIS 
studies, to obtain public input on the scope of these studies. The meeting included presentations by 
Western on: 

• The previous Flatiron-Gunbarrel proposal, now abandoned. 

• Recent electrical systems planning activities . 

• The proposed Flatiron-Erie project. 

• The National Environmental Policy Act process and project schedule. 

• EMF issues. 

Questions and comments were then received. 

The following is a list of concerns raised by the public at the meeting (or subsequently sent to 
Western) . They are arranged in approximate descending order of frequency of mention: 

• Concern about perceived risks to human health from EMF. 

• Western should seek ways to lower the strength of the EMF created by the project 
and route the l ine away from people. 
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• There was skepticism about the accuracy of Western's EMF measurements . 

• Concern about effects on property values . 

• Route the line around Longmont. 

• Build the line underground. 

2.F.3 PLANNING MEETING, 
FLATIRON-ERIE llS-KV TRANSMISSION UNE PROJECT 

A public meeting was held in Longmont in December 1990, after completion of the environmental 
inventory and formulation of a range of project alternatives (No Action Alternative, Conservation 
Alternative, System Alternatives, and Routing Alternatives). The purpose of the meeting was to 
present a project update to the public and obtain any further input. The meeting included 
presentations by Western and EDAW, Inc. on: 

• History of the project and a description of it in its present form. 

• Environmental studies completed to date and future studies. 

• The project alternatives: 

Alternative A: "No Action. " 

Alternative B :  Up rate the existing I 15-kV line (Western's proposed action). 

Alternative C: Construct the line underground through Longmont (the other 
line segments would be identical to Alternative B). 

Alternative D:  Remove two existing line segments in Longmont. Service the 
Longmont substations via existing lines, including one newly constructed line 
(the other line segments would be identical to Alternative B) . 

Many members of the public then asked questions (answered by Western) or made comments . Other 
written comments were received at the time of the meeting or later. 

The following is a list of the public's concerns. They are arranged in approximate descending order 
of frequency of mention: 

• Concern about the possible health effects of EMF. Western should put a higher value 
on health and safety, even if costs increase. Western should provide more 
information on the field strengths generated by the project, especially how often and 
how long the different field strengths would occur. Western should identify the 
beneficiaries of the project action, i .e. ,  the users of the power. 

• Western should use higher ground clearance, larger conductors, equal line loading, 
and reverse phasing on the line to reduce EMF. 
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• What obligation does Western have to abide by the State Public Utility Commission's 
guidelines recommending "prudent avoidance" of EMF? 

• The line should be constructed underground in popUlated areas (usually because of 
EMF concerns, also because of the overhead line's effect on visual quality). Western 
should provide more detailed information on burial of the line, using as a precedent 
the actual costs for the recent underground line supplying the IBM plant at Boulder. 
Some owners of land along the line might provide zero cost ROW for an underground 
line. 

• Route the line around Longmont or in less popUlated areas (because of EMF 
concerns). Seriously consider Alternative D. Work to overcome the stated electrical 
system difficulties with Alternative D. 

• Concern about property values. 

• Concern about visual resources, particularly disruption of mountain views because of 
increased structure heights. 

• Wildlife is valued too highly versus people. 

• Concern about the effects on a person swimming at Gaynor Lake if a 
conductor fell in the water. 
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Chapter 3 -- Alternatives Including the Proposed Project 

Several project alternatives have been considered in response to the need for additional power 
carrying capab ility in the local transmission system, and the need to correct structural deterioration of 
the existing Flatiron-Erie transmission line. 

3.A ALTERNATIVE Ai "NO ACTION" 

Under the No Action Alternative, Western would not up rate the existing 1 1 5-kV line, b ut would only 
perform essential maintenance activities piecemeal . Structures and hardware would be repaired 
and/or replaced as required during regular maintenance operations and in response to emergency 
outages on the line. These repairs would have to be made with increasing frequency in the future as 
the line increases in age. 

Under this alternative, the present l imits on the power carrying capab ility of the existing Flatiron-Erie 
transmission line would remain in place. This would cause the overloaded condition of the local 
(Longmont area) transmission system to continue and to become worse with time as local loads 
continue to rise. Consequently, power outages and service curtailment could occur and become more 
frequent, especially in the Longmont area, during normal and peak load perio ds, and when other 
elements of the local transmission/switching systems were out of service. In several locations, the 
conductor to ground clearance would continue to be  in noncompliance with the National Electrical 
Safety Code (NESC). 

Implementation of this alternative would preclude most of the impacts to the environment that would 
be associated with the other alternatives . Minor impacts would be associated with the increasingly 
frequent and extensive repair and maintenance activities . However, if Western were to adopt the No 
Action Alternative, actions to uprate other elements of the local electrical transmission system would 
eventually be required . Otherwise, the Longmont area would not continue to receive electric service 
of adequate reliability and qUality. These other undefined actions, whether undertaken b y  Western or 
other utilities in the area, would have their own environmental impacts . 

For these reasons, no action is not the proposed alternative. 

3.B CONSERVATION OF ENERGY AND RENEWABLE ENERGY 

As related to the transmission of power, Western's Conservation and Renewable Energy Program 
(C&RE) encourages the development and implementation of energy efficiency measures such as: the 
reduction of power losses by reconstruction and upgrading of old or o verloaded transmission lines; 
the upgrading of generatio n equipment; the efficient use of existing generation facilities b y  the 
provision of interconnecting links; the application of renewable energy technology development with 
support from necessary transmission capacity which adjusts to irregularities in generation in local 
areas; the use of pilot energy conservation programs; the encouragement of energy conservation on 
the part of util ities (suppliers or distri butors) who benefit from Federal power, through various 
incentives; and the development and distri bution of C&RE pu blications for technology advancements . 

The applications of these measures are most energy and cost effective during new construction. 
Retrofits to projects generally cost more with less net benefits . Once an efficient C&RE technology 
has been applied, the benefits of the actions are immediately real ized and usually remain in effect for 
long periods. In the case of transmission lines, the benefits of transmission access and flexi bility for 
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C&RE offers a wide variety of applications, and the possibilities are generally enhanced for even 
greater efficiency or resource options. This may be especially true where renewable resources are 
developed in areas which are not in close proximity to populated areas, Le., where the resources 
exist. 

In conclusion, Western's C&RE program has been applied effectively for more than a decade. The 
C&RE program has not decreased or delayed the need for transmission line improvements. Western 's 
customer C&RE actions have found expanded alternatives to deferred investment in conventional 
generation facilities by virtue of their access to transmission options. Therefore, Western has 
determined that expanded C&RE technology applications are not a reasonable alternative to 
construction of this project. 

3.C ALTERNATIVE TRANSMISSION TECHNOLOGIES 

Transmission is the conveying of electrical power at very high voltages over relatively long distances, 
typically from a power plant or generating station where it was created to a substation from which it 
will be distributed, or between substations. Transmission should be distinguished from distribution, 
which is the conveying of electrical power at much lower voltages over relative short distances from a 
substation to its points of consumption. 

3.C.I CONVENTIONAL OVERHEAD ALTERNATING CURRENT (AC) TRANSMISSION 

Overhead, alternating current transmission lines are the standard means of transmitting electricity 
locally and within regions. The electricity is carried by three-phase circuits. The conductors are 
suspended from tall wood or metal structures so that each conductor is separated from the other 
conductors and the ground by specified distances. The intervening air both cools the conductor and 
insulates it electrically. The conductors are attached to ceramic or polymer-fiberglass insulators to 
isolate them electrically from the supporting structures. In regions where lightning strikes are 
frequent (e.g., Colorado), ground wires stretch between the tops of the structures, above the 
conductors, to intercept lightning and convey it to the ground. The existing Flatiron-Erie 
transmission line and all the transmission lines that connect to it use this technology. Western 
proposes to use it on the proposed action - the up rating of the line, and also in major portions of the 
proposed project alternatives. The physical elements of this type of transmission line and the 
operations required to construct and maintain it are described in Section 3 .G.2.a. 

3.C.2 OVERHEAD DIRECT CURRENT (DC) TRANSMISSION 

Direct current transmission systems have only two conductors per circuit instead of the three required 
by the alternating current (AC) systems in normal use. Therefore, the structures required are smaller 
and less expensive than the structures carrying an AC line of comparable capacity. Similarly, less 
conductor is required and a narrower right-of-way (ROW) will suffice. In addition, the power losses 
of a direct current (DC) line are less than the losses of an AC line of equivalent capacity, resulting in 
energy conservation and economic savings. However, DC lines must include converter stations at 
either end of the line and at every point where it is interrupted (i. e. , makes a connection to a 
substation) to convert the DC current to AC for consumer use. The cost of these conversion stations 
is extremely high. Therefore, most recent DC applications have been for lines that convey large 
amounts of power over extremely long distances (300 miles or more) without any intermediate 
connections. 
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Only with l ine segment lengths far greater than those proposed here, and transmission of much larger 
amounts of power, would the economic advantages of DC transmission offset the high cost of the 
convertor stations . 

Direct current transmission is therefore not a viable alternative to the proposed project. 

3.C.3 UNDERGROUND CONSTRUCTION 

As reported in Section 2.F, Western received comments from the public favoring the use of 
underground construction through Longmont. 

Underground construction is frequently used with distribution l ines. With these types of relatively 
low voltage lines, the problems of electrically insulating each phase conductor from the others and 
from its surroundings, and of d issipating the heat the conductors generate are not severe. With l ines 
of greater voltage, such as the 1 1 5-kV Flatiron-Erie l ine, the problems become severe. However, 
underground construction has been used for high voltage transmission, usually in densely developed 
(downtown) locations where the costs are outweighed by the costs and difficulties of getting above 
ground ROW. 

A major reason for the public interest in underground construction is the perception that it radically 
reduces the electric and magnetic fields (EMF) generated by the project, and thus reduces the 
possibility of risks to health from them. In reality, while electric fields are el iminated, the range of 
magnetic field strengths (measured approximately three feet above the ground) from different types of 
underground construction can vary from negligible to more than the field strength of the same line 
built overhead. (It should be noted that a person standing in the center of the ROW is closer to an 
underground line than to an overhead l ine.) Also, a consideration with many members of the public 
is the improvement in visual quality that would result from burying the existing l ine within the 
Longmont area. Other advantages of underground lines are the elimination of the impacts on bird 
populations from collisions with overhead ground wires . The ROW for an underground l ine can also 
be narrower than for an equivalent overhead line, thus reducing certain land use impacts. 

The primary disadvantage of underground transmission lines is their cost. A 1 15-kV underground 
line costs five to ten times more per mile (depending on type of underground construction used, and 
on soil and rock characteristics) than a new 1 1 5-kV overhead line. Other disadvantages are the need 
for a continuous zone of disturbance along the ROW, with potentially greater effects on soil, water, 
cultural resources and some biological resources. Large overhead transmission line structures are 
needed at any point where a transition is made from underground construction to overhead 
construction. Underground lines are expected to have a shorter service life than equivalent overhead 
lines; 25-30 years versus 40-50 years. 

The reliability of underground versus overhead lines may be considered comparable. Overhead lines, 
being subject to the weather (particularly ice storms), may experience relatively frequent failures . 
However, these failures can generally be repaired within a few hours. Failures of underground 
systems (which may be caused by accidental dig-ins or from mechanical failure) may be less frequent, 
but when they occur are far more severe. A failed underground line may be out of service for 
several weeks or longer, depending on the extent of damage. 
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There are three types of underground installations that may be considered feasible for an installation 
like the Flatiron-Erie I I S-kV l ine through Longmont: 

• High pressure oil-filled pipe type (HPOFPT) 
• Self-contained oil-filled (SCOF) 
• Solid dielectric 

The high pressure oil-filled pipe system carries the three insulated phase conductors of a circuit in a 
steel pipe filled with insulating and cooling fluid, a synthetic oil . Pumps and pumping stations are 
required to circulate the oil for cooling and to pressurize the oil . The high pressure oil-filled pipe 
system is the most popular of the various underground systems in the United States . A 1 988 study 
(Evaluation of Alternative Undergrounding Technologies, Flatiron-Gunbarrel 230/1 1 S-kV 
Transmission Line Project, Power Engineers, Inc. ,  1988) reports over 2,500 circuit miles in existence 
(78% of the total underground circuits) as opposed to only a few hundred miles for any other system. 
This type provides the greatest opportunity to reduce EMF. This reduction is the result of the close 
spacing of the phases of the circuit (a trefoil configuration is ideal) ,  which causes the fields from each 
phase to cancel each other. The EMFs are further canceled by fields induced in the steel pipe that 
contains the three cables. 

The reliabil ity of the HPOFPT system is substantially better than that of other underground systems, 
partly because of the resistance to damage from dig-ins afforded by the steel pipe. The cost of the 
HPOFPT system is in the middle of the range for underground systems. A disadvantage of this 
system is the possibility of oil spills in the case of failure, with the consequent risk of fire. 

The self-contained oil-filled system contains each phase in a separate, fluid-filled cable laid separately 
in a wide trench. In 1 988, less than 500 circuit miles of this system were in existence in the United 
States . It has so far proven less reliable than HPOFPT. The magnetic field reduction achieved is 
considerably less than HPOFPT and the system's cost is slightly greater. Repair times would be a 
little shorter than with HPOFPT. 

The solid dielectric system, while popular in Europe and Japan (especially for installation in dense 
urban situations, often in pre-existing ducts), has not been much used in the United States. About 
200 miles of solid dielectric cables were reported as being in use in the United States in 1 988. The 
system is installed in the bottom of a relatively wide trench, with the phases separated for heat 
dissipation. As a result of this, the EMF cancellation is not so effective as with HPOFPT. It should 
be noted, however, that some util ities are beginning to experiment with solid dielectric cables in a 
trefoil configuration to reduce field strengths .  The system is less rel iable than the two described 
above, possibly because it is relatively susceptible to damage during accidental dig-ins . It is sl ightly 
less expensive than HPOFPT, mainly because it does not need fluid and pump facilities . 

In response to public requests to put the l ine underground, Western evaluated an alternative that 
replaces the existing I I S-kV line for 6.1 miles through Longmont with underground construction. 
The vacated ROW of the existing line, with probable minor deviations (not identifiable prior to 
detailed engineering design), would become the location of the proposed underground line segment. 
Because of the public concern about EMF and the need for the greatest possible reliability, the 
HPOFPT system is preferred for this alternative. 

In underground HPOFPT construction, a trench about S feet deep is dug along the center of the 
ROW, and the pipe is laid in the trench and surrounded with special sand thermal fill .  The remainder 
of the trench is backfilled. Section 3 .G.4 explains underground construction in detail , and illustrates 
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a typical cross-section of a buried HPOFPT cable system (Figure 3 . 1 3) .  At points where the 
underground l ine connects to overhead lines, and at substations, the three phases are attached to a 
special termination structure, similar to a conventional overhead steel structure, but with a greater 
diameter and with substantial equipment on each arm. Figure 3 . 1 4  shows a typical termination 
structure that could be used when a transition is made from underground to overhead construction and 
vice versa. At intervals of several miles along the underground line, pumping and pressurizing 
facilities are required. These facilities include an oil storage tank and a dual pumping plant. A 
combination of pump and pressure relief valves are used to maintain system pressure, and the tanks 
are used to store excess oil . Redundant pumps are required to provide backup in the event of a pump 
failure. These pumping and pressurizing facilities are installed in existing substations when possible. 
The average size for a pumping facility is 40 feet in length, 10 feet in width, and 10 feet in height. 

In summary, underground construction has been used in densely developed (downtown) areas where 
construction and operation costs are less than the costs and difficulties of acquiring aboveground 
right-of-way. Of the three types of underground installations that may be considered as feasible 
alternatives of the Flatiron-Erie 1 15-kV line through Longmont, the HPOFPT system is preferred 
because of public concern about EMF and the need for the greatest possible system reliability . The 
physical elements of HPOFPT underground construction and the operations required to construct and 
maintain it are described in Sections 3 .G.3 and 3 .G.4 . .  

3.D ALTERNATIVE TRANSMISSION SYSTEMS 

A transmission "system" refers to the electrical arrangement of and relationships between the circuits 
and substations by which power is supplied. Changes in routing or construction technology (e.g . ,  
overhead versus underground) do not themselves necessarily change a system. An essential 
characteristic of a transmission system is that each substation must be supplied by at least two circuits 
(ideally not on the same ROW) to maintain service during equipment outages. System criteria also 
require that when one of the circuits is out of service, the voltage within the remainder of the system 
must not drop below 92 % or above 1 10 %  of the nominal voltage, and no transmission line should be 
required to carry more capacity than it is designed to carry, and no transformer should overload 
above 1 10% of its designed capacity rating. 

3.D.l SYSTEM ALTERNATIVE 1:  TIlE EXISTING AND PROPOSED SYSTEM, UPRATE 
EXISTING FLATIRON-ERIE LINE 

The existing system is illustrated on Figure 3. 1 .  The proposed action, uprating of the existing 
Flatiron-Erie transmission line (primary Alternative B), would involve no change to the existing 
system. The underground alternative (primary Alternative C) being considered by Western in 
response to public comments (reconstruction of the Flatiron-Erie line underground through Longmont) 
likewise would involve no change to the existing system. 

As Figure 3. 1 shows, each of the local substations would have power supplied by at least two 
separate circuits located on different ROW's. This configuration meets the reliability requirements 
for the system. The only exception to this rule is the Fordham Substation, which is supplied by a 
short spur line consisting of two circuits located on the same ROW. 
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3.D.2 SYSTEM ALTERNATIVE 2: REMOVE PORTIONS OF FLATIRON-ERIE UNE 
TIlROUGH LONGMONT, NEW SUBSTATION CONNECTING TO PSCO SYSTEM 

An alternative system is shown on Figure 3.2 (primary Alternative D). This was formulated, in 
response to public comment, to explore the feasibility of removing portions of the line from densely 
developed areas of Longmont. 

Under this alternative, an approximately 1 .5-mile 1 15-kV line segment from the Longmont 
NorthwestlHarvard Substation to the Fordham Tap, and an approximately 1 .7-mile segment of the 
existing Terry Street-Erie 1 1 5-kV line, south out of Terry Street Substation, would be removed. The 
double-circuit structures leaving the Fordham Substation to the north would be left intact, as would be 
the circuit from Fordham Tap to Terry Street Substation. The Flatiron to Longmont 
NorthwestlHarvard 1 15-kV line would be uprated to 109 MVA by raising and replacing various 
structures. A new substation with 1 15/230-kV ( 168 MVA) transformation would be constructed 
approximately 6 miles south of Longmont to interconnect with PSCo's 230-kV line between Niwot 
and Fort St. Vrain. Western's existing Terry Street-Erie 1 15-kV line would be connected into the 
new substation. Approximately 2.2 miles of new 1 15-kV line would be constructed from Fordham 
Substation to the existing Terry Street-Erie 1 15-kV l ine (the rationale for the location of this new line 
is explained in Section 3.G.5) . Approximately 4. 1 miles of existing 1 15-kV line (a portion of the 
existing Terry Street-Erie 1 15-kV line between the new Fordham 1 15-kV line and the new substation) 
would continue to be used and would be uprated to 109 MVA. The remaining 8.3 miles of 1 1 5-kV 
line between the new substation and Erie Switching Station (the remaining portion of the existing 
Terry Street-Erie 1 15-kV l ine) would be uprated to 85 MV A by raising and replacing various 
structures . 

The Flatiron-Erie l ine would cease to exist as a direct connection. Instead, the connection between 
Flatiron and Erie would be via Longmont Northwest/Harvard, Meadow, Longs Peak, Terry Street, 
Fordham and the new substation. East and northeast of Meadow Subdivision, the circuits into and 
out of Longs Peak are on the same ROW. One of the two recently constructed circuits from 
Fordham Substation to Fordham Tap would not be used. 

3.D.3 ALTERNATIVES CONSIDERED AND REJECTED 

3.D.3.a System Alternative 3: Remove Portions or Flatiron-Erie line ThroU&h Lon&mont. 
Build New Substation South or Lonemont. Build New Connection to Logs Peak 
Substation 

Under this system alternative (illustrated on Figure 3 .3), an approximately 1 .5-mile 1 1 5-kV line 
segment from the Longmont Northwest/Harvard Substations to Fordham Tap, and an approximately 
1 .7-mile segment of the existing Terry Street-Erie 1 15-kV line south out of the Terry Street 
Substation would be removed . The double-circuit structures leaving the Fordham Substation to the 
north would be left intact, as would be the circuit from Fordham Tap to Terry Street Substation. The 
Flatiron-Longmont Northwest/Harvard 1 1 5-kV line would be uprated to 109 MVA by raising and 
replacing various structures . 

A new 1 15-kV substation would be constructed on the Terry Street-Erie line approximately 3.6 miles 
south of the Terry Street Substation. Approximately 2. 2 miles of 1 15-kV l ine would be constructed 
from Fordham Substation to Western's existing Terry Street-Erie 1 15-kV l ine. The remaining 
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approximately 1 2.4 miles of 1 1 5-kV line out of the Erie Switching Station (remaining portion of the 
existing Terry Street-Erie 1 1 5-kV l ine) would be up rated to 85 MVA by raising and replacing various 
structures . 

A major element of this alternative would be a new line constructed from Longs Peak Substation to 
the new substation. Approximately 3.7 miles of the new line would be constructed to 230-kV 
standards from Longs Peak Substation to where the existing Platte River Power Authority's Longs 
Peak-Terry Street 1 15-kV line is strung on one side of double-circuit steel pole structures . The new 
line would use 3 . 1  miles of the unused portion of the double-circuit structures and would be insulated 
for 230-kV. After utilizing the existing double-circuit structures, the new l ine would continue on for 
approximately 6 miles, constructed at 230-kV standards, until it intersects Western's existing Terry 
Street-Erie 1 15-kV line. At this location, a new 1 15-kV substation would be constructed to terminate 
the Longs Peak line and the existing Terry Street-Erie 1 15-kV line. The Longs Peak line would be 
operated at 1 15-kV. 

This system alternative has several disadvantages. From a systems planning viewpoint, it would make 
redundant one of the two recently constructed circuits between Fordham Substation and Fordham Tap. 
Costs, compared to those of System Alternatives 1 and 2, would be extremely high s ince the 
alternative would require the construction of almost 10 miles of new transmission l ine on new ROW, 
as well as a new substation. 

A field reconnaissance of the new l ine east of Longmont and an examination of Figures 4.2 through 
4.9 (environmental inventory data maps) identified several environmental constraints . Along a 
northern segment (between Longs Peak Substation and the north end of Calkins Lake), there are 
residences in the area, some of which would probably be within close proximity to the line. To the 
south (between St. Vrain Creek and the new substation), new construction could probably avoid all 
residences by a reasonable margin, but would necessarily impact almost 5 miles of cultivated land. 
The line might cross or border a large area of public open space owned by Boulder County. This 
line segment would also be visible from areas south and east of Longmont. 

Because of these disadvantages, this system alternative was eliminated from further study. 

3.D.3.b System Alternative 4: Remove Portions or Flatiron-Erie Line Through Lon&mont. 
Build New Connection to Lafayette Substation 

This alternative is illustrated on Figure 3 .4. It is comparable to Alternative 2, except the new 
substation would be interconnected with PSCo's 1 15-kV Lafayette Substation and not PSCO's 230-kV 
line between Niwot and Fort St. Vrain. This alternative would require construction of an additional 
6 miles of 1 1 5-kV l ine between the new substation and PSCo's Lafayette Substation. A 1 1 5/230-kV 
transformer would not be required for this alternative. 

Alternative 4 fails to meet electrical criteria. Interconnecting Western's 1 15-kV line with PSCO's 
1 1 5-kV transmission system at Lafayette significantly overloads PSCo's 1 1 5-kV lines between 
Valmont and Lafayette. Since Alternative 4 fails to meet electrical criteria, it is not considered a 
viable alternative and therefore was eliminated from further study. 
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3.D.3.c System Alternative 5: Remove Portions of Flatiron-Erie Line Throu:h Loll&mont. 
Build New Substation South of LoIl&mont with New Connections to LoIl&s Peak and 
Lafayette Substations 

This alternative is illustrated on Figure 3.5 and is comparable to System Alternative 3 .  This 
alternative would have a new line constructed between Longs Peak Substation and the new substation 
as described for Alternative 3 .  In addition, it would require approximately 8 miles of new 1 1 5-kV 
line constructed between the new substation and PSCo's Lafayette Substation to interconnect with 
PSCo's 1 1 5-kV transmission system. 

Alternative 5 fails to meet electrical criteria. Interconnecting Western's 1 1 5-kV line with PSCo's 
1 1 5-kV transmission system at Lafayette would significantly overload PSCo's 1 15-kV lines between 
Val mont and Lafayette. Since Alternative 5 fails to meet electrical criteria, it is not considered a 
viable alternative and therefore was eliminated from further study. 

3.D.3.d System Alternative 6: Remove Portions of Flatiron-Erie Line Throu:h LoIl&mont 

This system alternative is comparable to Alternative 2, except that there is no connection to the PSCo 
system south of Longmont. The system is illustrated on Figure 3 .6. 

Under this alternative, an approximately 1 .5-mile 1 1 5-kV l ine segment from the Longmont 
Northwest/Harvard Substations to the Fordham Double-Circuit 1 15-kV l ine, and an approximately 
1 .7-mile segment of the existing Terry Street-Erie 1 15-kV line south out of Terry Street Substation 
would be removed. The double-circuit structures leaving the Fordham Substation to the north would 
be left intact as would be the circuit from Fordham Substation to Terry Street Substation. The 
Flatiron-Longmont Northwest/Harvard 1 15-kV l ine would be uprated to 1 09  MVA by raising and 
replacing various structures. Approximately 2.2 miles of 1 15-kV line would be constructed from 
Fordham Substation to the existing Terry Street-Erie 1 1 5-kV l ine. Approximately 1 2.5 miles of 
existing 1 15-kV line (portion of the existing Terry Street-Erie 1 1 5-kV line) between the new Fordham 
1 15-kV l ine and Erie Switching Station would continue to be used, and would be uprated to 85 MVA 
by raising and replacing various structures . 

Alternative 6 does not meet the electrical criteria that requires voltages to be maintained at a 
minimum of 92 % with any one l ine out of service. For Alternative 6, the voltage drops as low as 
70 % at Terry Street Substation and 72 % at Fordham Substation when the l ine from Terry Street to 
Longs Peak is out of service. Therefore, this alternative is considered unacceptable and was 
el iminated from further study. 

3.D.3.e System Alternative 7: Relocate the Flatiron-Erie Line Around LoIl&mont 

An alternative system that is not feasible electrically and does not reflect good system engineering 
practice is illustrated on Figure 3 . 7. It was initially formulated, in response to public comments, to 
examine the feasibil ity of el iminating almost all of the existing Flatiron-Erie transmission l ine through 
Longmont. As the figure shows, the alternative would reroute the Flatiron-Erie line around the city 
without connecting to any of the Longmont substations . Longmont would then be suppl ied from 
Longs Peak Substation via a system of very long l ines, all of which would have two circuits supplying 
each substation on the same ROW. The recently built Fordham Substation to Fordham Tap line 
would become redundant. The alternative would require building many circuit miles of new 
transmission l ine. 

3 .8 



To DIxon Creek 

To Leggett f----' 

Valmont 
Substation 

Flati ron-Erie 
1 1 5kV 
Transmission Line 
Project 

Westerri Area Power 
Administration 

To Boyd 

Meadow 
Substation To Del camino 1 15kV 

Longmont B Existing 
NorlhwHli Transmission Line 
Hervard 
Substations B Existing 

Flatlron-Erla 
Transmission Line 
Segments 

8 New 
Transmission Line 
Construction 

Fordham B Existing Substation 
Transmission Line 

Future Removed 
230kV) 

E!5 Not to Scale 

r:"I=======:!..,ff�==�=2�30�kV�==:::l� To Fori St. Vrain 

115kV To Fori Lupton 

Lafayette 
Substation 

(Future 230kV) 

115kV 

Erie 
SwItching 
Station 
(removed 
summer 1992) 

To Brighlon 

Lafayette 
Tap 

To Glenn 

Alternative 
Transmission 

System 
5 

Figure 3.5 



To Dixon Creek 

To Leggett t---" 

V.lmont 
Substation 

Flatiron-Erie 
1 1 5kV 
Transmission Line 
Project 

Western Area Power 
Administration 

Longmont 
North_II 
Harvard 
Substations 

Fordham 
SubStation 

Meadow 
Substation 

Longs Peak 
Substation 

115kV 

To Boyd 

To Del Camino 

B 
E3 

Existing 
Transmission Line 

Existing 
Flatiron-Erie 
Transmission Line 
Segmants 
New 
Transmission Line 
Construction 
Existing 
Transmission Line 
Removad 
Not to Scala 

New 
Substation 

r:;:::==���==:;,:!:::::==�=2�3�O�kV�==� To Fort St. Vrain 
115kV To Fort Lupton 

Lafayette 
Substation 

(FU1ure 230kV) 

115kV 

erie 
Switching 
Station 
(ramovad 
summar 1992) 

To Brighton 

Lafayette 
Tap 

To Glenn 

Alternative 
TransmiSSion 

System 
6 

Figu re 3 .6 



To Dixon Creek 

Rocky Mountain 
Cement Plant 

To Leggen 

Flatiron-Erie 
1 15kV 
Transmission Line 
Project 

Western Area Power 
Administration 

Hygiene 
Substation 

11SkV 

Longs Peak 
Substation 

Meadow 
Substation 

To Boyd 

To Del Cemlno 
1 1SkV 

Longmom •• 'r1;;;;;;;;��;;;;;;����� 
North_II 115kV B 

B 
Existing 
Transmission Une 

Harvard 
Substations 

FOrdham----J • • 
Tap 

: : 
•• • •• 

Fordham 
Substation 

> :: ..... � :: L..1"--"""",- � - " ....... 1iiii;;;;;;;;!!'I � - :: .... 
1 1 5kV 

1 15kV 

B 
D 

Existing 
Flatiron-Erie 
Transmission Une 
Segments 
New 
Transmission Una 
Construction 

Existing 
TranSmission Une 
Removed or 
Reclundant 
Not to Scale 

r.:============�$=======�=2=3�O�kV�===4 To Fort St. Vrain 
11 SkV To Fort Lupton 

(Future 230kV) 

Erla 
Switching 
Station 
(removed 
summer 1892) 

Alternative 
Transmission 

System 
7 

Figure 3.7 



Under Alternative 7, Longs Peak Substation would be the only power source for the City of 
Longmont. A major outage at Longs Peak Substation would cause the entire City of Longmont to be 
without power. The extremely high dollar costs and environmental impacts of thi� alternative, added 
to its unacceptable electrical system performance, make this alternative unacceptable and, therefore, it 
was eliminated without further study. 

3.D.3.r System Alternative 8: Relocate the L9n&mont Substations Outside the City 

Public comments on the project have included requests to move the existing substations outside the 
City of Longmont. In addition to new substations, this alternative would require additional 
transmission l ines . There would also be a need to build multiple new distribution l ines from the new 
remote substations back to the Longmont consumers. These distribution l ines would be longer than 
the existing distribution l ines, causing excessive power losses . 

Under Alternative 8, the costs and environmental impacts of relocating the substations and the new 
network of distribution l ines would be high. The costs of power losses in the long distribution lines 
would be high. It should be noted that distribution l ines also produce EMF, which, depending on the 
power flowing on the distribution l ine, could be higher than those produced by transmission lines. 
Because of additional capital costs of construction and problems with voltage regulation, this 
alternative was not considered viable and was eliminated without further study. 

3.E ALTERNATIVE STRUCTIlRE TYPES 

The proposed project is a single circuit 1 1S-kV transmission line. Wood H-frame and single pole 
tubular steel structures are the alternative types most technically and economically feasible for such a 
line. 

The proposed action is the uprating of the existing 1 1 S-kV transmission l ine, involving replacement 
and modifications of some of its existing wood H-frame structures . The only structure type that will 
preserve the technical and visual unity of the line is a wood-pole H -frame type, similar to the existing 
one. This is proposed. The structure type is illustrated on Figure 3 . 8  in Section 3 .G.2. The wood­
pole H-frame structure has the merits of being less taIl than most other types (since the conductors are 
arranged horizontally) and relatively inconspicuous due to its size and coloration. It is also similar to 
structures used on distribution lines in the area and, therefore, would not introduce an obvious new 
element into the landscape. 

For the required new structures that would provide the transition from underground to overhead 
construction, a specialized single pole steel structure is the common structure type used in this 
application. This structure is illustrated on Figure 3 . 1 4  in Section 3 .G.2 .  A tubular steel H-frame 
structure type could also be considered in this application, with the structure being galvanized and 
painted brown to more closely match the existing wood H-frame structures . By util izing a steel 
H-frame structure type, the transition structure would be shorter in design than the single pole steel 
structure. A wood H-frame structure design could probably be util ized, but there are several 
disadvantages to using this structure type. On a wood structure, the cables would have to be mounted 
on the outside of the pole and covered with a metal shield for protection, rather than installed inside 
the pole as is common when using steel poles. Designing a wood structure that would be flexible 
enough to handle ice and wind loading yet rigid enough to keep the movement from the cable-to­
terminator connections to a minimum could be a difficult task. Lattice steel structures are generally 
considered less suitable for use in urban/suburban situations, having a more complex, industrial type 
of appearance. 

. 
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Two alternative structure types are feasible for the new overhead portion of the alternative project 
action that replace some of the existing line through Longmont. These are the wood H-frame 
structure type, because of its advantages mentioned above, and the standard single steel pole 
structure. The single pole structure is taller (because the conductors are arranged vertically) and 
therefore more dominant visually, but because of its greater strength, allows longer spans and hence 
fewer structures in a given distance. The wood H-frame structure type is proposed in this situation. 
The single steel pole type is proposed as an alternative, and is illustrated on Figure 3 . 1 6  in 
Section 3 .G.2. 

3.F ALTERNATIVE METIlODS OF CONSTRUCTION 

Most conventional , overhead transmission lines are constructed in a relatively standardized way. This 
involves the movement of construction vehicles and equipment over the ground on a system of 
accessways that are either on or in reasonable proximity to the l ine ROW. However, access to the 
line ROW is required at every structure site. On terrain with less than 1 2  to 1 5  percent slope, 
construction vehicles and equipment can move overland without requiring the construction of an 
improved road. On steeper terrain, however, an accessway must be constructed by blading and 
grading. 

Conventional construction is the logical practice in areas where access already exists or on relatively 
gentle or moderately sloping terrain. One of these conditions exists along most of the proposed 
project alternatives. In the northern third of the project area, some of the terrain is moderately steep, 
but accessways are generally available. These are generally the ways that were used to construct the 
existing Flatiron-Erie transmission l ine and continue to be used to maintain the line. In the remainder 
of the project area, the terrain is gently sloping and existing established accessways are available. 
For these reasons, Western proposes to use conventional construction for all overhead portions of the 
proposed project alternatives. 

More unconventional construction methods, such as the use of a helicopter to transport crews and 
equipment into each structure site, are not warranted by the terrain or by the expected impacts to 
resources . These types of methods are employed only in inaccessible terrain or when conventional 
methods of site access is predicated by the presence of highly sensitive resources that would otherwise 
be adversely impacted. 

3.G DESCRIPTION OF TIlE PRIMARY PRO.JECT ALTERNATIVES 

In Sections 3 .A through 3 .F, a wide range of potential project alternatives has been briefly examined . 
These alternatives have been either rejected as infeasible, or defined as primary alternatives to be 
given detailed and equal analysis. In this section, three primary alternatives are described in detail .  

The first primary alternative i s  Western's proposed action, the uprating o f  the existing Flatiron-Erie 
transmission line. It is the environmentally preferred alternative, and the alternative that Western 
believes would best and most economically satisfy the project need . It is Alternative B (Alternative A 
was the rejected, "No Action" Alternative; see Section 3 .A) . 

The second primary alternative identified as Alternative C, would rebuild the existing Flatiron-Erie 
transmission l ine underground for 6. 1 miles through Longmont and uprate the remainder of the 
existing transmission line. Alternatives B and C would make no change to the existing electrical 
systems, as shown on Figure 3 . 1 .  
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The third primary alternative would remove two segments of the existing Flatiron-Erie transmission 
line in Longmont, supply Longmont's substations using other existing transmission lines and a 
segment of new overhead transmission line, uprate the remainder of the existing transmission l ine and 
build a new substation south of Longmont. This is Alternative D. It would make changes to the 
existing electrical system and would use the system illustrated on Figure 3.2. 

The three primary alternatives (among them) account for eight different types of construction actions, 
varying from major to minor operations. The actions also vary widely in the degree of change they 
represent between the existing and the proposed condition. It is impossible to assess the impacts of 
the proposed project alternatives without considering the construction action that would occur along 
each segment of each alternative. Therefore, the construction actions are illustrated in Figure 3 .8, 
Range of Construction Actions of the Proposed Project Alternatives . The construction actions are 
also indicated on the three figures in the following subsections that describe the primary alternatives 
(Figures 3 .9,  3 . 1 2  and 3 . 1 5) .  

Removing a structure from the ROW (in those locations where a new structure will not be built) is an 
action with minor short-term adverse impacts from disturbance during the process of removal , and 
minor long-term beneficial impacts from the absence of the structures. The net effects are so minor 
that they are ignored for the purposes of route comparison. There would be a total of 1 1  structures 
removed that would not be replaced. These 1 1  structures would be the same for all three primary 
alternatives. 

3.G.1 DESCRIPTION OF ALTERNATIVE B, THE PROPOSED ACTION: UPRATE 
EXISTING FLATIRON-ERIE TRANSMISSION LINE 

The proposed action alternative is shown on Figure 3 .9 .  The construction actions involved in this 
alternative would be: addition of wood H -frame structures on new sites on the existing ROW, 
replacement of existing structures on the same site, modification of structures and removal of existing 
structures. The construction actions would not be continuous along the ROW with this alternative, 
but would occur in relatively restricted areas (no more than 200 feet long) centered on the sites of the 
structures that would be built or modified . The conductors and ground wires would remain in place 
(though in some cases, they would be raised 5 to 15 feet). Little or no new access would be required 
for construction, operation and maintenance of the uprated line. 

All of the construction actions would occur on the existing ROW. 

Construction Action Types 2, 3, 4 and 5, as shown on Figure 3 . 8, would be part of this alternative. 
The locations where each of these actions occur are shown on Figure 3 .9. These actions (even 
Construction Action 2) would be relatively minor, and are typical of routine transmission line 
maintenance actions . 

Construction Action 2 would involve building a new wood H-frame structure at a new site on the 
existing ROW .  Of the construction actions associated with this alternative, 2 would involve the 
greatest amount of change relative to the existing condition. In the portion of the route north of 
Longmont, there would be 1 4  occurrences of this action; within the Longmont developed area, there 
would be no new structures at new sites; and between the south edge of Longmont and Erie Switching 
Station, 13  occurrences of the action are proposed, for a total of 27 between the Flatiron Substation 
and Erie Switching Station. 
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Construction Action 3 would replace structures at their present locations; increasing their height by 5,  
10  or 1 5  feet. North of Longmont, between the city and Flatiron Substation, there would be 
9 structures replaced. Four of these would be raised 5 feet, 4 raised 1 0  feet, and one raised 15  feet 
in height. Within the Longmont area, there would be 6 structures replaced; 3 would be raised 
10  feet, and 3 raised 15  feet. South of Longmont, 5 structures would be rebuilt and increased in 
height; 2 of them would be raised 5 feet, 2 raised 10 feet, and one raised 15 feet. Overall ,  between 
the Flatiron Substation and Erie Switching Station, 20 structures would be rebuilt in place; 6 raised 
5 feet, 9 raised 10  feet, and 5 raised 1 5  feet. 

Construction Action 4 would involve replacing an existing structure with a new one of the same 
height. Eight instances of the action would occur north of Longmont, two within the Longmont 
developed area, and 12  between the city and Erie Switching Station, for a total of 22. 

Construction Action 5 would raise the cross arm at an existing structure in 3 locations: one north of 
Longmont and 2 within the Longmont developed area. 

A total of 72 structures would be added or modified. 

The locations of these construction actions are shown on Figure 3 .9. There are two additional project 
actions that are too minor to be a factor in impact analysis and the comparison of alternatives . The 
first is the removal of 1 1  existing structures. The second is the upgrading of the electrical grounding 
at all structures . There are 216  existing structures along the Flatiron-Erie line. 

3.G.2 DESIGN, CONSTRUCTION, OPERATION AND MAINTENANCE OF 
ALTERNATIVE B, THE PROPOSED ACTION 

The following discussion of the design, construction, operation and maintenance of the proposed 
project is divided into five sections . The first of these describes project specifications and 
requirements, explaining the main elements of the proposed action primarily in terms of their size and 
area requirements . The second and third sections describe project construction and maintenance 
activities . The fourth section details standard committed mitigation measures; i.e, those aspects of the 
project's design, construction, operation and maintenance that have the potential to substantially 
influence its environmental impacts and that will be managed to mitigate some of those impacts . The 
impact analysis and route comparison assume that the standard committed mitigation measures have 
been appropriately and reasonably applied. The fifth section describes work at substations and taps. 

3.G.2.a Project Specifications and Requirements 

Electrical Design 

The proposed project would be operated at 1 15-kV and capable of carrying up to 109 MVA of power. 

Western designs, constructs, operates and maintains transmission l ines, taps and substations to meet 
or exceed the requirements of the National Electrical Safety Code (NESC), U.S .  Department of Labor 
Occupational Safety and Health Standards, and Western's Power System Safety Manual for maximum 
safety and protection of landowners, their property and the public. 

The electrical grounding of all permanent structures, such as fences, metal gates and metal lic 
structures whose electrical characteristics might be affected by the changed operation of the line, 
would be checked, and the grounding improved if necessary in accordance with NESC codes . 
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Right-of-Way Needs 

The ROW width required would be 75 feet. Western currently has a 75-foot ROW along the entire 
length of the existing Flatiron-Erie line. Within the ROW, Western has the right to locate (construct, 
operate, maintain and rebuild) transmission facilities and to restrict certain land uses that would be in 
conflict with the line. Construction of buildings would be the main activity that would continue to be 
restricted. Agriculture would not be restricted, except that there would be a limit to the height of 
equipment that could be safely operated beneath the transmission line. The width of a ROW and the 
restrictions within it are determined by electrical safety codes, and may vary with structure 
configuration, voltage, span length and conductor sag. 

Structural Elements 

Table 3 . 1  lists the dimensions of the various project elements and the areas that would be affected by, 
or required for, construction. Figure 3 . 1 0  shows the typical wood pole H-frame structure that exists 
al ong the Flatiron-Erie line and that would be modified, replaced or added. Figure 3 . 1 1  shows the 
type of wood structure that would be used at angles in the line. 

Construction Access 

Access for construction vehicles and equipment would be required at every structure site (800 foot 
average intervals). It is anticipated that all segments of Alternative B can be accessed by the existing 
accessways that are currently used to maintain the Flatiron-Erie transmission line. 

3.G.2.b Project Construction Activities 

The necessary operations to construct the various portions of the proposed action would vary, 
depending on the intensity of the actions (see Figure 3 .8) .  The following roughly sequential activities 
would be performed in turn by small crews progressing along a length of line. 

• Surveying 
• Minor clearing, blading and grading of accessways, if necessary 
• Clearing and grading for structure sites and material yards 
• Materials handling 
• Digging holes for structure placement 
• Structure assembly and erection 
• Removal of existing transmission structures 
• Resagging conductors 
• Cleanup 
• Seeding and other reclamation work 

The approximate work force at one time required to construct the project would be about 30. 

3.G.2.c Project Operation and Maintenance Activities 

There would be no substantial changes between the operation and maintenance activities used with the 
proposed action and those currently in use. 
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TABLE 3.1 

ALTERNATIVE B, PROPOSED ACTION 
PROJECT ELEMENT DIMENSIONS, CLEARANCES 

AND AREAS REQUIRED FOR CONSTRUCTION 

• Structure height 

- Range 
Average 

• Span between structures 

- Typical maximum 
- Average 

(Wood H-Frame Structures) 

• Number of structures per mile 
(average span) 

• Area removed from cultivation at 
structure base 

• Land disturbed at structure base 
during construction (maximum) 

• Material storage sites 

- Size 
- Number 

• Minimum ground clearance beneath 
conductors at maximum sag 

• 

General 
- Over road 

Maximum height of agricultural machinery 
(including antennae) 

40' - 80' 
60' 

1 ,200' 
800' 

6 - 7  

45 sq. ft. 

15 ,000 sq. ft. 

5 acres 
1 

22' 
22' 

15'  
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Although pe rmanent buildings could not be located within the R OW ,  any land use activi ty that did not 
interfere with the operation and maintenance of the line could continue. Normal farming act ivit ie s  
could cont inue if re asonable care w as  taken to prevent da mage to transmiss ion line structures from 
farm mach ine ry. 

The day-to -day operation of the line would be directed by system dispatchers in power control 
centers . These dispatchers would use Western 's com munication facilities to operate circuit brea ker s 
that control the transfer of power through the line. These circuit breakers would also operate 
automat ically (for e xa mple in the structural failure of a conductor) to ensure the inst antan eous sh ut o ff  
of power in the circuit of which that conductor is a component. 

The following are the maintenance operat ions that would be performed : 

• Aerial i nspect ion about three times per year , particularly a fter severe w ind , ice or 
lightning storms when seriously damaged conductors, in sulators and structures are 
usu ally detected. 

• Ground i nspection one time per year to detect equ ipment n eeding repair or replacement. 

• Routine mainten ance about once per year, or as n eeded, involving the inspection and 
repa ir of damaged structures, frayed or otherwise damaged conductors , and cracked or 
broken insulators. 

• Tree topping to maintain conductor clearance about once per year , or as needed. 

• Tr ansmission lines are sometimes damaged by storms, floods, vandalism or accidents, 
and require repair as soon as the damage is detected (which may be during the aerial or 
ground survey s or at the time it occurs). E mergency maintenance would involve prompt 
movement of crews to repair damage and replace any equipment. If crop damage would 
result from repair activities, Western representatives would meet with the owner/operator 
to arr ange for compensation. Emergency activities would be relatively in frequent and 
res tricted in most c ases to a small area. 

The proposed action , uprating of the exi sting line, could itself be considered largely a g rouping of 
maintenance activities. Therefore, the frequency of repair activ ities along the line could be e xpect ed 
to diminish for some years. 

3.G.2.d Standard/Committed Mitigation Measures 

The fol lowing is a description of the standard construction pract ices that would be p art of the 
constr uction , operation and maintenance of the proposed act ion that have been committed to by 
Western, and that would mitigate some of the impac ts that would othe rw ise occu r. They would be 
applied on a site-specific b asis following consultation with interested city and county agencies and 
inte rested private landowners. The impact assessment assume s that these m itigat ion me asures would 
be app lied and would be re asonably success ful in mitigat ing some impact s. 
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Seasonal Restrictions 

When possible, construction would be timed to avoid damage to or disturbance of: 

• Growing crops (except winter wheat) . Any damage to crops is compensated for by 
Western. 

• High flows in streams 

• Most critical seasons for wildlife (the bald eagle, although it is found in the study region 
primarily in winter, would not be measurably disturbed). 

Use of Existing Construction Accessways 

Western would use existing roads and accessways for construction and maintenance access wherever 
feasible; and if new access was required, would keep new accessways to a minimum. If project 
construction traffic caused excessive dust, impacting residences, recreation areas and other sensitive 
land uses, spraying with water would be done as necessary to mitigate the problem. 

Whenever possible, construction accessways would be arranged to cross streams and washes at right 
angles, and would normally cross without culverts, if this could be done without damage to the stream 
banks. If a stream was narrow with steep, high banks, then a culvert, adequately sized to carry the 
heaviest construction equipment to be used and large enough to carry the highest likely projected 
runoff, would be installed. 

After construction, access would be restricted on construction accessways. Western would install 
gates wherever an accessway ROW crossed an existing fence. Gates would be kept closed but not 
locked, unless locks were requested by landowners . If requested by the landowner, accessways not 
required for maintenance would be restored to the original contour and made impassable to vehicular 
traffic. This measure would limit potential increases in human use arising from increased 
accessibility. If any existing fences would be disturbed during construction, they would immediately 
be repaired or replaced with temporary fencing adequate to prevent straying of livestock. After 
completion of construction, they would be restored to their original condition. 

Right-of-Way Acquisition and Use Policies 

The proposed action would not require the acquisition of any new ROW, nor would it involve any 
change in current ROW use policies . 

Specific Siting of Project Elements Prior to Construction 

Before construction commences, a process of detailed siting of some of the transmission line's 
elements would be completed in consultation with affected landowners. The location of the existing 
structures along the Flatiron-Erie line is fixed. However, the location of some of the other project 
elements, including new overhead structures, construction access ways and materials storage sites, 
could be adjusted to a small degree, or in some cases, moved larger distances. Western would work 
with interested landowners to adjust the siting of project elements to the greatest feasible extent to 
reduce or eliminate potential impacts by avoiding or minimizing disturbance of sensitive 
environmental conditions, especially land uses. 
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Vegetation Removal 

Removal of vegetation for construction access and clearance around new structures would be 
selective; i .e. , the minimum necessary. Once construction is complete, vegetation would be allowed 
to grow back to essentially its existing condition. At the request of landowners, Western would apply 
herbicide around the bases of transmission line structures to prevent the growth of weeds. 

Reclamation or Disturbed Areas 

In all cases, the primary objective in applying reclamation measures would be the prevention of soil 
erosion and the stabilization of slopes and runoff channels. This would be achieved primarily by the 
establishment of plant cover of a density equal to or greater than that of the original cover adjacent to 
the specific disturbed area (ultimately consisting, wherever feasible, of the communities present before 
disturbance). Where required, areas that were disturbed during project construction would be 
reclaimed during and soon after construction by site-specific application of the mitigation measures 
described below. This would be done in consultation with appropriate governmental agencies and 
interested private landowners . 

TopsQiI Removal and Storage 

Before construction, in any areas where a significant amount of topsoil occurred, where construction 
activity would be likely to disturb the soil horizons, and where revegetation might be difficult, topsoil 
would be stripped and deposited in storage piles separate from other excavated material. 

Cleanup of Construction Materials 

All waste construction materials and debris from all construction areas, including storage and 
construction buildings with any foundation slabs and footings, would be collected, hauled away and 
disposed of at approved sites. 

Regrading of Disturbed Areas 

After construction, areas substantially disturbed by construction operations (including those areas from 
which topsoil, if present, was removed), would be graded, shaped and smoothed to contours close to 
the original or (if this was not feasible) to natural-appearing contours. Construction accessways 
necessary for maintenance access and, in some cases, level crane pads at structure sites would be 
retained. Construction accessways would be provided with water bars as necessary to prevent 
erosion. If requested by landowners, construction accessways would also be regraded to contours 
close to the original . In all cases, cut and fill slopes would be designed to be reclaimable and stable 
when reclaimed. 

Seeding 

All previously vegetated areas disturbed by project construction, and not needed for maintenance 
access, would be reseeded. Seeding would normally be with suitable and appropriate grass mixes. 
Steep areas or other areas where soil erosion might be difficult to control would be mulched. If 
necessary, in severe examples of these situations, fabrics or netting would be used. 
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Landscaped Areas 

Western would replace or pay for landscape features (plants, fences, etc .)  damaged or removed during 
construction. 

Special Treatment of Cultivated Land 

On cultivated land, deep ruts and scars caused during construction which might be hazardous to 
farming operations would be leveled, filled and graded, or otherwise eliminated. Areas of compacted 
or hard-packed soil would have the soil loosened by scarifying, harrowing, discing or other approved 
methods. Damage to ditches, terraces, tile drains, roads or other features of agricultural land would 
be corrected. The land and facilities would be restored as nearly as practicable to their original 
condition. 

3.G.2.e Project Work at Substations and Taps 

The proposed action would not require expansion of the facilities at any of the substation or taps to 
which the Flatiron-Erie line connects. There would be no work outside existing perimeter fences at 
any of these facil ities, except at Fordham Tap. 

3.G.3 DESCRIPTION OF ALTERNATIVE C. CONSTRUCT UNDERGROUND TIlROUGH 
WNGMONT 

This primary alternative would rebuild the existing Flatiron-Erie transmission l ine underground for 
6. 1 miles through Longmont, and uprate the remainder of the existing line. The alternative is shown 
on Figure 3 . 12 .  The uprating of the l ine segments north and south of Longmont would be identical to 
the uprating used on Alternative B.  The description of the construction actions in these segments is 
therefore not repeated here. 

There would be two construction action types involved in the underground segment of this 
alternative -- Actions 7 and 8 shown on Figure 3 .8 .  Construction Action 7 would consist of the 
removal of the existing overhead line from the ROW and its replacement with a buried, high pressure 
oil-filled pipe type (HPOFPT) line. This l ine would be located primarily in the center of the existing 
ROW, but might have to make small detours in places to avoid obstacles. This construction action, 
unlike those associated with the uprating of the existing overhead line, would be continuous along the 
route segment. 

Construction Action 8 would involve erection of a special ized steel structure to act as a transition 
between overhead and underground segments of the line. A structure would be required at each end 
of the underground segment, Fordham Tap, Longmont NorthwestIHarvard Substation and Terry 
Street Substation. HPOFPT underground construction would also require two sizeable 
pumping/pressurizing facilities -- one at Northwest/Harvard Substation and one at Terry Street 
Substation. The addition of pumping facilities at Longmont Northwest/Harvard Substation may 
require expansion outside the existing boundaries of the substation. 
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3.G.4 DESIGN, CONSTRUCTION, OPERATION AND MAINTENANCE OF 
ALTERNATIVE C 

The following discussion of the design, construction, operation and maintenance of Alternative C is 
divided into five sections. The first of these describes project specifications and requirements, 
explaining the main elements of the alternative primarily in terms of its size and area requirements . 
The second and third sections describe project construction and maintenance activities. The fourth 
section details committed mitigation measures; i .e, those aspects of the project's design, construction, 
operation and maintenance that have the potential to substantially influence its environmental impacts 
and that will be managed to mitigate some of those impacts. The impact analysis and route 
comparison assume that the committed mitigation measures have been appropriately and reasonably 
applied . The fifth section describes work at substations and taps. 

The design, construction, operation and maintenance of the above-ground portions of Alternative C 
would be identical to that of the corresponding portions of Alternative B, the Proposed Action. 

3.G.4.a Project Specifications and Requirements 

Electrical Design 

The electrical design of Alternative C would be identical to that of Alternative B,  the Proposed 
Action. 

Right-of-Way Needs 

The ROW width required would be 75 feet for the overhead portions of Alternative C, and 40 feet for 
the underground portion. Western currently has a 75-foot ROW along the entire length of the 
Flatiron-Erie l ine. The surplus 35 feet would be relinquished along the underground portion of the 
alternative. Within the ROW, Western currently has an easement providing the right to locate 
(construct, operate, maintain and rebuild) transmission facilities and to restrict certain land uses that 
would be in conflict with the line. It may be necessary to obtain additional easement rights to 
accomplish the underground portion of the transmission system, including adding certain specific 
limitations to penetration of the ground surface, such as trenching, fencing, and certain other activities 
not specifically prohibited by the original easement document. Construction of buildings is and would 
continue to be the main restricted activity. Agriculture is not and would not be restricted, except for 
a limit to the height of equipment that could safely be used. The width of a ROW and the restrictions 
within it are determined by electrical safety codes, and may vary with structure configuration, 
voltage, span length and conductor sag. 

Structural Elements 

Overhead Construction 

The above-ground portions of Alternative C would be identical to the corresponding portions of the 
Proposed Action, as described in Section 3 .G.2.a. 
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Underground Construction 

Figure 3 . 1 3  shows a typical cross-section of the underground transmission line trench. The 
underground construction type proposed and described here is the High Pressure Oil-Filled Pipe Type 
(HPOFPn. The cable would typically consist of: a conductor, conductor shield, laminated oil 
impregnated paper insulation, insulation shield, various protective wrappings, and skid wires. Three 
cables would be pulled into a steel pipe, coated on the inside with epoxy and on the outside with 
mastic. The outside coating would prevent environmental corrosion and electrically isolate the pipe. 
A cathodic system using sacrificial anodes would be used to protect against corrosion of the pipe from 
induced currents . The pipe would be surrounded with thermal fill (sand) and the trench backfilled .  
Sand i s  used as a backfill around the pipe to dissipate heat produced by the power flowing through the 
cables. The pipe would be filled with a nontoxic, synthetic insulating fluid, similar to medium 
viscosity machine oil . About two gallons per foot of pipe would be required . The fluid would be 
pressurized to 200 pounds per square inch. The pipe would be installed at a depth of approximately 
5 feet. This is below the depth of most services, and therefore, the risk of accidental dig-ins is 
reduced. 

Figure 3 . 14 shows a typical transition structure that could be used when a transition is made from 
underground to overhead construction and vice versa. At intervals of several miles along the 
underground l ine, pumping and pressurizing facil ities are required. These facil ities include an oil 
storage tank and a would be required at the points where underground construction makes a 
transition to overhead construction. In addition, the underground segment of Alternative C would 
require two pumping plants to maintain oil pressure. Each would occupy a building or containing 
structure about 4 1 '  x 10' x 1 1 '  high. Reservoirs included in these pumping stations would provide 
surge capacity to accommodate changes in oil volume resulting from thermal cycl ing, reserve oil in 
case of a leak, and space for a dry nitrogen blanket to prevent oil contamination. Each facil ity would 
include two pump systems, one as a backup. To accommodate the installation of these pumping 
facil ities in existing substations, it may be necessary to expand outside the existing boundaries of the 
substations. 

Construction Access 

Access for construction vehicles and equipment would be required at every structure site with the 
overhead portion of Alternative C, and continuously along the length of the underground segment of 
the alternative. Almost all of this alternative can be accessed by the existing accessways that are 
currently used to maintain the l ine. Any required new constructiOn/maintenance access way would 
generally be located within the transmission line ROW. However, if any new access was required in 
steep or rough terrain, it might be necessary to locate segments outside the ROW. In these cases, a 
separate ROW, generally 50 feet wide, would be acquired for the accessway. Accessways would 
have a 1 2-foot running surface created by the minimum necessary amount of blading and grading. 
Accessways would not generally have a constructed road bed. 

3.G.4.b Project Construction Activities 

Overhead Construction 

The necessary operations to construct the overhead portions of Alternative C would be identical to 
those for the corresponding portions of Alternative B. 
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Underground Construction 

The basic sequence of construction and installation activities for the underground portion of 
Alternative C would include the following: 

• Surveying 
• Soils evaluation 
• Excavation and pavement cutting 
• Pipe and manhole installation 
• Backfilling 
• Surface restoration (streets and sidewalks crossed) 
• Cable installation (pulling) 
• Splice and termination installation 
• Pumping facil ity installation 
• Filling, oil pressurizing 
• Testing 
• Cleanup 
• Seeding and other reclamation work 

A 4O-foot wide zone of disturbance along the ROW would be l ikely . The trench itself would be 2 to 
3-feet wide and approximately 5 feet deep. The excavated dirt would be stored on one side of the 
trench occupying up to 10  feet, and a space on the other side of the trench would be used for 
construction equipment access and short-term storage of materials. The pipe would be bored under 
any operating railroad crossed, but would normally be trenched across other l inear features such as 
streams or highways unless circumstances required boring. 

The construction activities that result in significant, continuous surface disturbance along the ROW 
would pass a given point in about five workdays. 

The transitional overhead to underground structures would be constructed using essentially the same 
sequence of activities as the conventional overhead construction, with the addition of installation of 
potheads and surge arresters by a small team of specialist workers . Manholes or vaults would be 
constructed at spl ices and at transitional structures. 

A total work force of up to 35 would be required. 

3.G.4.c Project Operation and Maintenance Activities 

Overhead Transmission Line 

The operation and maintenance activities for the above-ground portions of Alternative C would be 
identical to those proposed for Alternative B, and would not substantially change from those currently 
in use. They are described in Section 3 .G.2.c .  

Underground Transmission Line 

Operation of the underground segment of Alternative C would require l ittle if any operator 
intervention. The systems would be designed to operate automatically, and would include oil 
monitoring and alarm systems. 
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Other post-insta1lation tasks would be essentially maintenance related. These would include 
inspection, monitoring, testing and preventive maintenance of oil pumping systems, cathodic 
protection systems cables and accessories, and replacing or repairing defective cables, accessories or 
oil system components. 

Location of a cable fault can be a difficult and time-consuming process. No one fault-locating method 
would be capable of pinpointing the exact location of faults under the differing conditions encountered 
in the field. After the fault was located, oil-freeze techniques would be used to isolate the splice 
location. A splice would then be insta1led and the pipe section sleeved, flushed with oil and vacuum 
filled with oil. A manhole would usually be insta1led at the splice location. The outage time to locate 
and repair a fault would be about three weeks or longer. 

3.G.4.d Standard Committed Miti&ation Measures 

The standard construction practices that would be part of Alternative C's design, construction, 
operation and maintenance, and have been committed to by Western, would be identical to those used 
with Alternative B, as described in Section 3 .G.2.d. 

Vegetation Removal 

With the underground segment of Alternative C, landscaping would be permitted on the ROW. 
However, in the case of a cable fault, such landscaping might have to be removed. 

3.G.4.e Project Work at Substations and Taps 

Alternative C would require connections (not involving substantial changes) at Lyons Tap and 
Hygiene Substations. It would require substantial work at HarvardlNorthwest and Terry Street 
Substations and at Fordham Tap. 

Along with the transition structures at Fordham Tap (Construction Action Type 8), pumping facilities 
would be insta1led at Longmont Northwest and Terry Street Substations. The addition of pumping 
facilities at Longmont Northwest/Harvard Substation may require expansion outside the existing 
boundaries of the substation. 

3.G.S. DESCRIPTION OF ALTERNATIVE D. REMOVE AND REROUfE PORTIONS OF 
EXISTING LINE 

This primary alternative would remove two segments of the existing Flatiron-Erie transmission line in 
Longmont, supply Longmont's substations using other existing transmission lines and a new overhead 
transmission line, and up rate the remainder of the existing Flatiron-Erie line. It would also include a 
new substation about 4.4 miles south of the south edge of Longmont at the point where a major east­
west PSCo line crosses the Flatiron-Erie line. The alternative is shown on Figure 3 . 15 .  

Two route options (shown on Figure 3. 1 5) were considered for the required new connection between 
Fordham Substation and the Flatiron-Erie line south of Longmont. An air and ground site 
reconnaissance of the area and an examination of Figures 4.2 through 4.9 (the environmenta1 
inventory data maps), were conducted in order to identify the best of these route options for inclusion 
in Alternative D. 
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The northern route options proceeds south and east from Fordham Substation for about one-half mile, 
crossing cultivated land. It then crosses the Boulder/Longmont Diagonal Highway at a point just 
south of a concentration of office and industrial land uses. However, the highway at this point (and 
for several miles to the southwest) has been categorized as visually sensitive by Boulder County. The 
route option then proceeds east on the south side of Pike Road (which forms the Longmont Municipal 
Service Area boundary) for just over a mile. In this segment, it is located primarily along the edge of 
a cultivated area. At the point where it approaches the existing Flatiron-Erie l ine, it angles southeast 
for a short distance to avoid a farmyard . An area a few hundred feet south of the east end of this 
route option contains residences under construction. The total length of new transmission l ine is 
about 2.2 miles with this option. 

A second route option was considered that proceeds south from Fordham Substation for a distance of 
about 2 1/2 miles, crossing first about 3/4 mile of cultivated land and then the Boulder/Longmont 
Diagonal Highway (at a point where it is considered visually sensitive), then over 1 1 /4 additional 
miles of cultivated land. It then turns east and crosses just under 1 1 /2 miles of cultivated land before 
rejoining the existing Flatiron-Erie ROW . This option, in comparison to the Pike Road option 
described above, requires the construction of approximately an additional 2. 1 miles of new 
transmission l ine on new ROW . Its one advantage is that it allows the removal of the existing line 
past Gaynor Lake where a few residences are relatively close to the ROW edge. Otherwise, in terms 
of cost and environmental impact, it is far inferior to the Pike Road option. The northern or Pike 
Road option was made part of Alternative D and the south option eliminated from further study. 

The uprating of the line segments north and south of Longmont would be identical to the uprating 
used on Alternative B.  The description of the construction actions in these segments is therefore not 
repeated here. 

There would be four construction actions involved in the Longmont segment of this alternative. 
These are Action Types 1 ,  3, 4 and 6, as shown on Figure 3 .8 .  Action 1 would be construction of a 
new above-ground transmission l ine between Fordham Substation and a point on the existing Flatiron­
Erie l ine at the south edge of the Longmont developed area. This new transmission l ine segment 
would be very similar in specifications and appearance to the uprated Flatiron-Erie l ine (although it 
might alternatively be constructed using steel single pole structures) . Construction Action 3 would be 
a single occurrence (within the Longmont developed area) of the replacement of an existing structure 
on the l ine with a new structure, 15 feet taller. Construction Action 4 would also be a single 
occurrence (within Longmont) of the replacement of one pole at an existing structure. Construction 
Action 6 would be the removal of segments of the existing Flatiron-Erie l ine from their ROW. 

The new substation would be constructed on cultivated land directly adjacent to the Flatiron-Erie 
ROW at the point where it crosses the east-west PSCo transmission l ine. 

3.G.6 DESIGN, CONSTRUCTION, OPERATION AND MAINTENANCE OF 
ALTERNATIVE D 

The following discussion of the design, construction, operation and maintenance of Alternative D is 
divided into five sections. The first of these describes project specifications and requirements, and 
explains the main elements of the alternative, primarily in terms of its size and area requirements . 
The second and third sections describe project construction and maintenance activities. The fourth 
section details committed mitigation measures; i .e, those aspects of the project's design, construction, 
operation and maintenance that have the potential to substantially influence its environmental impacts 
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and that will be managed to mitigate some of those impacts . The impact analysis and route 
comparison assume that the committed mitigation measures have been appropriately and reasonably 
applied. The fifth section describes work at substations and taps. 

3.G.6.a Project Specifications and Requirements 

Electrical Design 

The electrical design of Alternative D would be identical to that of Alternative B, the Proposed 
Action. 

Right-of-Way Needs 

The ROW width required would be 75 feet for all portions of Alternative D. Western currently has a 
75-foot ROW along the entire length of the existing Flatiron-Erie l ine, and would acquire such a 
ROW where new transmission l ine would be built (Action Type 1 ,  see Figure 3 . 8) .  Within the 
ROW, Western currently has or would acquire an easement providing the right to locate (construct, 
operate, maintain and rebuild) transmission facilities and to restrict certain land uses that would be in 
conflict with the line. Construction of buildings is and would continue to be the main restricted 
activity. Agriculture is not and would not be restricted, except for a limit to the height of equipment 
that could safely be used . The width of a ROW and the restrictions within it are determined by 
electrical safety codes, and may vary with structure configuration, voltage, span length and conductor 
sag. 

Structural Elements 

Those portions of Alternative D that would be located on existing ROW would be identical to the 
corresponding portions of the Proposed Action, as described in Section 3 .G.2.a and illustrated on 
Figure 3 .9 .  The portion that would be on new ROW (Action Type 1)  might use wood H-frame 
structures, in which case the structural elements used would also be identical to those used in 
Alternative B. However, as an alternative, steel single pole structures might be used for this portion 
of the alternative. The characteristics of the l ine, if steel poles were used, are described on 
Table 3 .2. The steel pole structure is illustrated on Figure 3 . 16.  It should be noted that irrespective 
of the structure type used on the new ROW portion of Alternative D, a one-acre conductor stringing 
site would be required. 

Construction Access 

Access for construction vehicles and equipment would be required at every structure site that is on 
existing ROW (800 foot average intervals). Almost all segments of the alternative can be accessed by 
existing accessways. The new overhead l ine segment in Alternative D (Action Type 1 )  would require 
the establishment of new access ways. 

Any required new construction/maintenance accessway would generally be located within the 
transmission l ine ROW. However, if any new access was required in steep or rough terrain, it might 
be necessary to locate segments outside the ROW. In these cases, a separate ROW, generally 50 feet 
wide, would be acquired for the accessway. Accessways would have a 12-foot running surface 
created by the minimum necessary amount of blading and grading. Accessways would not generally 
have a constructed road bed. 
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TABLE 3.2 

ALTERNATIVE D 
PROJECT ELEMENI' DIMENSIONS, CLEARANCES 

AND AREAS REQUIRED FOR CONSTRUCTION 

• Structure height 

- Range 
Average 

• Span between structures 

- Typical maximum 
- Average 

(Steel Single Pole Structure: 
may be used as an alternative 
structure type on new ROW) 

• Number of structures per mile 
(average span) 

• Area removed from cultivation at 
structure base 

• Land disturbed at structure base 
during construction (maximum) 

• Conductor stringing sites 

Size 
Number 

• Material storage sites 

Size 
- Number 

• Minimum ground clearance beneath 
conductors at maximum sag 

General 
- Over road 

• Maximum height of agricultural machinery 
(including antennae) 

75' - 125' 
105' 

1 ,375' 
1 ,200' 

4 - 5  

10  sq. ft. 

15,000 sq. ft. 

1 acre 
1 

5 acres 
1 

22' 
22' 

15'  



85' 

(Average) 
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3.G.6.b Project Construction Activities 

Project construction activities for the portions of Alternative D that would be located on existing 
ROW would be identical to those described for Alternative B, the Proposed Action. Construction 
activities for the portion of the alternative that would be on new ROW would also be identical , except 
that two additional activities would be necessary: selected topping and clearing of vegetation in the 
ROW (where necessary) , and conductor and ground wire stringing (from a wire handling site) . 

The approximate work force at one time required to construct the project would be about 30. 

3.G.6.c Project Operation and Maintenance Activities 

The operation and maintenance activities for Alternative D would be identical to those proposed for 
Alternative B, and would not change substantially from those currently in use. They are described in 
Section 3 .G.2.c.  

3.G.6.d Standard Committed Mitieation Measures 

The standard construction practices that would be part of Alternative D's design, construction, 
operation and maintenance, and have been committed to by Western, would be identical to those used 
with the Proposed Action, Alternative B, as described in Section 3 .D.2.d.  

Right-of-Way Acquisition and Use Policies 

A portion of Alternative D would require the acquisition of new ROW. Western does not propose to 
buy any ROW outright. Instead, it would buy an easement; i .e. ,  the right to construct, operate and 
maintain a transmission l ine there. If the line was ever abandoned, all land rights would revert to the 
owner. 

All new land rights would be acquired in accordance with the Uniform Relocation Assistance and 
Real Property Acquisition Pol icies Act of 1970 (Public Law 9 1 -646) and other applicable laws and 
regulations governing federal acquisition of property rights . Landowners would be paid fair market 
value for the rights acquired for their property. In addition, the easements held or acquired would 
provide for separate payment to the property owner for damages to property caused by the 
construction, operation and maintenance of the transmission line. Every effort would be made to 
acquire the necessary rights by direct purchase through negotiated agreement; however, if these 
efforts should fail, eminent domain (condemnation) proceedings would be instituted in Federal District 
Court to obtain the rights . Once these proceedings have been instituted, title to the required rights 
passes to the United States and compensation to the landowner is determined by the court at a later 
date. Any land temporarily required outside the ROW during the construction phase of the project 
(for materials storage, etc.) would be specifically arranged with affected private landowners. 

3.G.6.e Project Work at Substations and Taps 

Alternative D would not require expansion of the facil ities at any of the existing substations or taps to 
which the Flatiron-Erie line connects . There would be no work outside the existing perimeter fences 
at any of these facilities . However, this primary alternative would require a new substation south of 
Longmont, located where the Flatiron-Erie transmission line crosses an east-west PSCo line. It would 
occupy about 4 acres of what is currently cultivated land in the northwest corner of the intersection of 
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these lines. The land for the substation would be purchased with a fee .  In appearance, it would be a 
" low profile" facility, and would be constructed over a period of about one year using a work force 
of about 20. 

3.G.7 COMPARISON OF PRIMARY ALTERNATIVES 

In Sections 3 .G. l through 3 .G.6, three primary alternatives are described and mapped on Figures 3 .9, 
3 . 1 2 and 3 . 15.  The three alternatives are: 

• Alternative B .  The Proposed Action. Uprate the existing 1 15-kV Flatiron-Erie 
transmission line on its existing ROW. 

• Alternative C. Rebuild 6. 1 miles of the existing Flatiron-Erie transmission line 
underground through Longmont (on its existing ROW), uprate the remainder of the 
overhead transmission l ine. 

• Alternative D. Remove two segments of the existing Flatiron-Erie transmission line in 
Longmont, uprate the remainder of the overhead transmission l ine. Supply Longmont's 
substations using other existing transmission l ines and about 2.2 miles of new overhead 
transmission l ine on new ROW. Build a new substation south of Longmont. 

The process that was used to identify the routes of these three alternatives is explained in Chapter 4, 
and in Section B of the Environmental Support Document. The environmental effects of these 
alternatives on each of the environmental components were determined as explained in Chapter 5 and 
in Section C of the Environmental Support Document. 

There are no significant adverse impacts caused by any of the primary alternatives. Moderate adverse 
impacts, and beneficial effects were therefore used to compare the alternatives. In accordance with 
NEPA Implementation Regulations, minor or Jow impacts were not a primary factor in the 
comparison. The following material compares the impacts of the routes using the information 
generated in the analysis process reported in Chapter 5 .  

The estimated cost of each alternative is: 

• 
• 
• 

Alternative B, Uprate Existing Line: 
Alternative C, Underground Through Longmont: 
Alternative D, Remove & Reroute in Longmont, 
Build New Substation: 

$ 1 ,438,000 
$1 1 , 168,000 

$ 6,067,000 

Over 50 environmental components grouped in eight categories were inventoried (Figures 4.2 through 
4.8) and used to help locate the system of alternatives . Of these, only fifteen components are affected 
by some part of the system of alternatives at a level that influences the comparison of the routes; i .e. , 
at moderate adverse or beneficial levels .  These effects may occur over the short-term construction 
period, or the long-term life of the project. Beneficial effects arise from the absence of the project 
rather than the construction action of removing it; therefore beneficial effects may be considered as 
long-term. Table 3 . 3  quantifies the adverse effects and benefits of the three primary alternatives. 
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TABLE 3.3 

QUANTIFICATION OF ENVIRONMENTAL IMPACTS 
AND BENEFITS OF PRIMARY 

ALTERNATIVES 

ALTERNATIVE 

B C D 

Environmental 
Resource Environmental 

Component 

Type of 
Impact! 
Effect 

Uprate 
Existing 
Line 

Remove & 
Reroute in 

Underground Longmont, 
Through Build New 

Area 

Earth 
Resources 

Water 
Resources 

Biological 
Resources 

Existing 
Land Use 

Visual 
Resources 

Sensitive 
Soil/Slope 
Conditions 

Major River 
or Creek 

Wetland 
(potential) 

Colorado 
Rare Fish 
Habitat 

Residential 
Area or Site 

Retail/Office 
Development 

Institutional 
Development: 
School 

Industrial! 
Heavy 
Commercial! 
Utilities 

Public 
Recreation/ 
Open Space 

Agricultural 
Structure/ 
Farmyard/ 
Feedlot! 
Greenhouses 

Cultivation 

Existing 
Residential 
Land Use 

Planned 
Residential 
Land Use 

Existing 
Recreational! 
Open Space 
Land Use 

Planned 
Recreational! 
Open Space 
Land Use 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 

Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

Short-Term Moderate 
Long-Term Moderate 
Beneficial 

12,0001 

1 400 1 
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Table 3 .4, Comparison of Environmental Impacts/Benefits and Costs of Primary Alternatives, shows 
the summary impacts and benefits for each alternative for each environmental resource area. It also 
shows the cost as an additional evaluation factor for each alternative. The table also indicates for 
each evaluation factor the rank -- best ( 1 ), mid-range (2), or worst (3) -- for each alternative. 

It should be noted that, in this process, there is no weighing of one environmental resource area 
against another. For example, a given quantity of a moderate short-term impact on wildlife is not 
compared against that quantity of a moderate short-term impact on existing land use (people). Each 
environmental resource area is considered separately in the comparison of routes. Similarly, benefits 
are not considered to cancel out impacts. When routes are being compared, their impacts on the 
various environmental resource areas, their benefits to some of these resource areas, and their dollar 
costs are all considered separately. 

There would be no substantial impacts to earth resources from Alternatives B and D. Very small 
amounts of short-term moderate impacts would occur to sensitive soil/slope conditions from 
Alternative C. 

There would be no substantial impacts to water resources from Alternatives B and D. Alternative C 
would cause small amounts of moderate adverse impacts. Alternative C would have, in addition, 
moderate long-term impacts on water resources, such as MacIntosh Lake, from the risks of a fluid 
leak from the underground portion of the alternative. 

Alternative B would cause relatively small amounts of short-term moderate impacts to biological 
resources (wetlands) from construction disturbance. Alternative C would cause slightly more of the 
same type of impacts; and Alternative D, very slightly more than C. However, C would also have 
short and long-term, moderate adverse impacts on Colorado rare fish habitat from crossing of two 
streams by construction equipment, and from the risk of a spill of fluid from the underground portion 
of the alternative. 

Alternative B would cause moderate amounts of short-term moderate impacts to various land uses, 
including residences, a school, industry and recreation/open space. Alternative C would cause 
substantial amounts of short-term moderate impacts to the same land uses as Alternative B, but would 
also have substantial amounts of beneficial effects (mostly on the same land uses) from the removal of 
the existing line and its replacement by underground construction. Alternative 0 would also cause 
substantial amounts of impacts on the above land uses, plus agricultural uses, but would also have 
beneficial effects on developed land uses from the removal of segments of the line. 

Planned land use (as explained in Section S.F) would not be directly subject to impacts. Some of its 
environmental components are addressed under visual resources. 

Cultural resources are not subject to impacts higher than the low level from any of the primary 
alternatives. 

There would be no substantial effects on visual resources from Alternative B. Alternative C would 
have small amounts of short and long-term moderate visual impacts, but substantial amounts of 
beneficial visual effects on residential and recreational/open space land uses from the removal of 
segments of the existing line. Alternative 0 would cause moderate amounts of short and long-term 
moderate visual impacts on existing and planned residential and recreational land uses, but also 
substantial amounts of long-term benefits. 
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At this time it is not clear if exposure to E&M Fields presents a health risk. The consensus opinion 
of the majority of researchers continues to center on the need for further research . Should science 
establish a significant risk to public health as a result of E&M field exposure, it is Western's 
expectation that the issue of E&M Field standards, avoidance strategies, evaluation procedures, etc. , 
would be addressed in regulations after a careful, structured public debate that weights risk against 
cost. Uprating the existing Flatiron-Erie transmission line will serve Longmont's electrical capacity 
needs into the 2 1 st century thus allowing much needed time for further research into the relationship 
between E&M Fields and human health risk. A more detailed discussion of the health effects issue is 
included in Appendix C, Public Health and Safety. 

The preferred Alternative B is significantly less costly than Alternatives C and D, provides the same 
reliabil ity and capacity benefits as Alternative A, and provides better reliability than Alternative D. 
Under Alternative 0 ,  reliability to Longmont Northwest and Terry Street Substations would be 
reduced because one existing transmission line into each substation would be removed . Alternative C, 
Underground through Longmont, is 7.8 times the cost of Alternative B and Alternative D, Remove 
and Reroute in Longmont and Build New Substation, is 4.2 times the cost of the preferred Alternative 
B. Although Alternatives C and D do reduce or eliminate the E&M Fields through the residential 
areas of Longmont, the uncertainty surrounding the E&M Field issue at the present time cannot 
justify expenditure of large sums of money, degradation of reliability and service, or greatly increased 
operating costs. 

In summary, overall comparison of moderate adverse environmental impacts (both short and long­
term) for each of the three primary alternatives, shows that Alternative B ranks the best for all 
environmental resource areas. Alternative B, therefore, is the environmentally preferred alternative. 
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Chapter 4 -- The Affected Environment 

In this chapter, the components of the study area environment that might be substantially affected by 
(or might affect) transmission l ine construction and/or operation are described and located on a series 
of data maps. This information was used to help locate the project alternatives . The process is 
described in Section B of the Environmental Support Document that supplements this EIS .  

4.A STUDy AREA DEFINITION AND DESCRIPI10N 

The study area covers about 284 square miles. Its northern boundary is located just north of Carter 
Lake and it extends approximately 25 miles to the south. The eastern boundary is located generally 
about 3 miles west of 1-25. The study area typically extends 10 to 12 miles to the west, extending 
into the fringes of the foothills. The area centers on the existing Flatiron-Erie transmission l ine. This 
passes through the City of Longmont near the center of the study area and close to the community of 
Erie near its southern end . 

The study area contains, in the most general terms, three basic environmental situations. In the 
northwest is an area that is primarily undeveloped, though with scattered pockets of residential 
development. This area is moderately steep and rugged and contains several concentrations of earth 
and biological resources that are constraints to transmission line s iting. In the center of the study area 
is the Longmont urban area with its concentration of land uses, primarily residential developments, 
that are major constraints to transmission line siting. In the remainder of the study area are extensive 
agricultural lands interspersed with substantial areas of residential development, both representing 
siting constraints . The entire study area is crossed by a number of east-flowing streams whose valleys 
represent moderate barriers to a north-south transmission l ine because of the concentrations of earth, 
water and biological resource values there. A network of existing transmission l ines crosses the study 
area, and this represents an important class of opportunity for the siting of a new transmission l ine. 
Figure 4. 1 illustrates the three characteristic situations in the study area. 

4.B ENVIRONMENTAL CATEGORIES AND COMPONENTS 
The description of the affected environment is organized into the following categories : 

• Earth Resources and Hazards 
• Water Resources 
• Biological Resources 
• Land Use (existing land use, existing utilities, planned land use) 
• Visual Resources 
• Cultural Resources 

The order in which the environmental resources are presented within this chapter does not represent 
any relative value placed on them. For the purpose of developing the alternative routes, each 
category is given the same general value. For the purpose of impact assessment (see Chapter 5 and 
Section 3 .G.3.b), categories are not evaluated against each other . The impacts on each category are 
kept separate in the analysis and comparison. 

The environmental data were mapped at a scale of I "  = 3 ,000' . The base map used is derived from 
the USGS 1 :50,000 scale topographic "County" Series maps, dated 1978 and 1980. These are the 
most recent of the alternative potential sources for a base map that were available. 

'
The mapping, as 
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it appears in this EIS, is reduced to a scale of approximately I "  = 9,500'. The agencies that were 
consulted in collecting the data are l isted in Section 6A. The publ ications and other sources that were 
used to inventory the data are l isted in Section B of the Environmental Support Document that 
supplements this EIS. 

Limited field checking was also performed, especially for the biological and land use components of 
the environment. 

4.B.1  ISSUES IDENTIFIED AS NOT SIGNIFICANT AND NOT REQUIRING DETAILED 
STUDY 

Other environmental resource areas that were considered, but are not described in detail in this 
analysis, include the following: 

• Air Quality -- The project would have very minor, local, short-term effects on air 
quality, l imited primarily to short-term emissions from construction vehicles and 
fugitive dust generated by construction activities. The transmission l ine would have 
no measurable effect on ozone levels. 

• Climate - The project would have no effect on climate. 

• Ground Water -- The project would have no effect on ground water. 

• Socioeconomics -- The construction of the project would have no measurable effect on 
population, employment or other socioeconomic factors in the region. The 
socioeconomic effects of the project on local communities would be production of 
income. Due to the small work force and the fixed availability of public services, the 
income effects of the work force would likely be more evident than possible impacts 
on public services. Income would be generated in basically three areas: income 
generated by the contractor for materials purchased in the local economy; income 
generated by the construction work force and Western staff in the form of lodging, 
food, retail sales and gas; and wages paid to construction work force and Western 
staff. 

4.C EARm RESOURCES AND HAZARDS 

4.C.1 POTENTIAL LANDSLIDE AREAS 

These areas consist of outcrops of the Dakota Group geologic formation. This contains sandstones, 
siltstones and shales that are subject to landslides and rocksl ides . The potential landslide areas are 
associated with low, north-south trending ridges and hogbacks. Generally, only the east sides of these 
ridges have exposures of the Dakota Group, the unstable material . These potential landslide areas 
present a moderate constraint to transmission l ine siting. They occur (Figure 4.2) in the foothills 
west of Longmont near Rabbit Mountain and Carter Lake. 
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4.C.2 SENSITIVE SOn./SLOPE CONDITIONS 

This mapping unit includes those soils with a high erosion potential due to steep slopes, shallow soil 
depth or other physical characteristics, plus those soils where reclamation would be difficult due to a 
high concentration of salts or strong alkal inity. Erosive areas and those soils with a low reclamation 
potential were mapped as a single unit, and are identified on Figure 4.2. The unit is considered a 
moderate constraint to transmission l ine siting. 

Sensitive soil/slope conditions are concentrated in the northwestern portion of the study area around 
Carter Lake, generally on the low hills and hogbacks of the Piedmont physiographic province. 
Smaller patches of the mapping unit, however, occur throughout the study area. 

4.C.3 FLOODPLAINS 

The tOO-year floodplain has been mapped for all the major and some of the minor streams of the 
study area (Figure 4.2).  Streams with mapped floodplains, l isted from north to south, include: Little 
Thompson River and its tributary Dry Creek, St. Vrain Creek, Left Hand Creek, two more streams 
both called Dry Creek, Spring Gulch, Boulder Creek and Coal Creek. (Federal Emergency 
Management Agency, Flood Insurance Rate Maps, Boulder, Weld and Larimer Counties .) 

The width of the 100-year floodplain of the generally east-flowing streams is variable, and in places is 
related to channelization, roads and other urban landscape modifications. St. Vrain Creek has a 
floodplain width up to 4,800 feet just east of 107th Street near Longmont. The width of the Boulder 
Creek floodplain near its confluence with Coal Creek is over 6,600 feet. Many of the broad 
floodplains have elevated inclusions that are not flooded by 100-year storm events. Channelization 
has resulted in the confinement of the 100-year storm events to the stream channel for portions of 
Left Hand Creek and the northernmost Dry Creek tributary of St. Vrain Creek. Other floodplains are 
naturally narrow. 

Unlike most types of development, transmission l ines (whether overhead or underground) are 
relatively immune to floods. They would not typically be harmed by any but the most severe flood, 
and would be unlikely to substantially affect flood stage. Therefore, floodplains have a low constraint 
value for transmission line siting. 

4.C.4 SUBSIDENCE AREAS 

The subsidence areas are associated with historic underground mines near Erie. The subsidence areas 
west of Erie are 20 to tOO acres in size; however, those east of Erie are much larger -- up to 
9,000 feet wide and over 15 ,000 feet long (Figure 4.2). 

Subsidence areas have the potential to upset the structural stability of a transmission l ine and require 
additional maintenance work. They have been assigned a moderate constraint value. 

4.D WATER RESOURCES 

4.D.l PONDS AND RESERVOIRS 

The agricultural portions of the study area are characterized by a complex network of irrigation 
ditches and storage reservoirs. Major irrigation ditches divert water from the large streams and direct 
it to the storage reservoirs. Small ponds maintained only by local surface runoff are also present. 
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The area has hundreds of ponds and storage reservoirs of varying sizes . Carter Lake, located in the 
northwest portion of the study area, is the largest water body. Other large water bodies include 
Calkins Lake, Lonetree Reservoir, Welch Reservoir, Panama Reservoir, Ish Lake, Terry Lake, 
McIntosh Lake, Foothills Reservoir and a portion of Boulder Reservoir. 

Figure 4.3 illustrates the streams, ponds and reservoirs of the study area. The ponds and reservoirs 
have been mapped in two categories: those over and those under 40 acres in size. Water bodies over 
40 acres are considered to be generally not spannable by an overhead transmission l ine, and are 
therefore given a very high constraint value. Water bodies under 40 acres in size should generally be 
spannable and have a less severe constraint value. Because of the potential for resource damage 
during construction, however, the constraint value is considered high . 

4.D.2 MAJOR RIVERS AND STREAMS 

The study area is characterized by numerous east-flowing perennial streams, some with tributaries and 
some feeding water storage reservoirs up to 1 ,000 acres in size. Major streams, l isted from north to 
south, include: Little Thompson River and its major tributary Dry Creek, St. Vrain Creek and its 
tributaries Left Hand and Dry Creeks, and Boulder Creek with its tributary Coal Creek. Numerous 
small ephemeral streams are tributary to these larger streams. The major streams have a moderate 
constraint value for transmission l ine siting. 

4.E BIOLOGICAL RESOURCES 

Important biological resources with the potential to be affected by transmission l ine construction and 
operation are distributed throughout the project area, but are concentrated in the vicinity of Rabbit 
Mountain and along Boulder and St. Vrain Creeks . They also occur to a lesser extent along other 
streams and around water bodies . 

Following is a description of the important biological resources of the study area as illustrated on 
Figure 4.4: 

4.E.l MAJOR POTENTIAL WETLANDS 

Several wetland types, including cattail marshes, riparian woodlands, willow shrublands and 
sedge/rush/grass meadows are present along streams and around ponds and reservoirs. However, 
most of the communities are too small to be identified by type and local ity, i .e . ,  they are so small that 
they would not be legible at the mapping scales appropriate to a regional study. Therefore, wetlands 
were mapped under a general category that included all wetlands types . The major streams in the 
study area are generally characterized by narrow zones of wetland vegetation on the floodplains; 
flood-irrigated low areas along streams have enlarged the zone of natural wetlands vegetation. Many 
of the reservoirs in the study area have zones of emergent wetland vegetation. The location of 
wetland areas is shown on Figure 4.4. Wetlands have a high constraint value for transmission l ine 
siting. 

4.E.2 CRITICAL PLANT ASSOCIATIONS 

The Colorado Natural Area Program and the Boulder County Comprehensive Plan have identified five 
plant associations considered to be threatened by urban development and domestic l ivestock grazing 
within the study area. However, these communities are relatively common in Eastern Colorado . 
They include: ( 1 )  Ponderosa pine-mountain mahogany-big bluestem; (2) mountain mahogany-
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skunlcbrush-big bluestem; (3) inland saltgrass-a1kali sacaton-western wheatgrass; (4) three-square 
bulrush; and (5) broadleaf cattail . The first two plant associations of concern occur in one location -­

a ridge west of Rabbit Mountain. The third plant association of concern is located about two miles 
north of Niwot just east of 75th Street. The three-square bulrush association occurs along Boulder 
Creek, west of its junction with Coal Creek and near Bohn Lake. The broadleaf cattail association is 
at Lagerman Reservoir about two miles northwest of Niwot. These are shown on Figure 4.4. 
Because these are plant associations that are not rare in the region, and because of the relatively small 
amount of disturbance that transmission line construction would cause, the siting constraint value for 
critical plant associations is moderate. 

4.E.3 RARE PLANTS 

One plant listed as threatened on the federal species list is known to occur within the study area. A 
survey conducted in 1 992 found the Ute Ladies' Tress Orchid (Spiranthes diluvialis) at two locations 
on St. Vrain Creek at a site west of the City of Longmont. Bell Twinpod (physaria bellii), a federal 
candidate species, occurs at the White Rocks State Designated Natural Area and on the ridges about 
two miles southeast of Carter Lake, near Lon Hagler Reservoir, north of Rabbit Mountain, and near 
the Hygiene Hogback Natural Area. 

In addition, the Colorado Natural Area Program and the Boulder County Comprehensive Plan have 
identified and mapped the location of four herbaceous plants in the study area that are considered to 
be locally rare. They include Andrew's spleenwort (Asplenium andrewsii), forktip three awn 
(Aristida basiramea), American groundnut (Apios americana), and showy prairie gentian (Eustoma 
grandiflorum). Populations of the first three species occur at White Rocks State Designated Natural 
Area (Boulder County Comprehensive Plan). A population of the showy prairie gentian occurs just 
west of White Rocks . These plant species (shown on Figure 4.4) have a high constraint value for 
transmission line siting. 

4.E.4 DESIGNATED CRITICAL WILDLIFE HABITAT 

This is habitat identified in the Boulder County Comprehensive Plan as important to wildl ife. As 
shown on Figure 4.4, the study area contains eleven areas of critical wildlife habitat. Rabbit 
Mountain, northwest of Longmont, is the largest of these. Others, on a general north to south basis, 
include St. Vrain Creek and corridor, Lagerman Reservoir, Left Hand Canyon Cottonwood Groves, 
Gaynor Lakes, Panama Reservoir, B-J Acres Ranch, White Rocks, the Cottonwood Grove and the 
Heron Rookery along Boulder Creek, and portions of Walden and Sawhill Ponds. Most of these 
areas are associated with wetlands habitats of seasonal importance to specific wildlife groups. They 
may also support many diverse wildlife groups. Critical wildlife habitat designated by Boulder 
County has a high constraint value for transmission line siting. 

4.E.S WATERFOWL PRODUCTION & STOPOVER AREAS 

Many of the reservoirs and ponds in the study area are used by ducks and Canada geese for nesting 
and rearing of young. However, the magnitude of waterfowl production is low, usually less than ten 
broods per reservoir, and populations average less than 50 birds per water body. 

Most of the reservoirs and ponds of the study area are also used by waterfowl as resting habitat 
during spring and fal l  migrations, although the importance of individual water bodies varies. 
Reservoirs and other water bodies used as waterfowl production and stopover areas are common 
throughout the study area, and are mapped on Figure 4.4. They have a moderate constraint value for 
transmission line siting. 
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4.E.6 PRAIRIE DOG TOWNS 

Prairie dog towns, active between 1 987 and 199 1 ,  were mapped because of their potential to support 
black-footed ferrets and breeding and wintering raptors . Prairie dog populations are extremely 
dynamic, recently characterized along the Front Range by rapid colonization of new areas followed by 
bubonic plague and decimation. No observations or other indications of black-footed ferret presence 
have been documented within the study area, or within Colorado, in recent years. As shown on 
Figure 4.4, several large prairie dog towns are located in the Rabbit Mountain/Dowe Flats area. Two 
towns (probably too small to support a population of ferrets) are located along the existing 1 15-kV 
ROW. As explained in the Biological Assessment (Appendix E to this document), procedures are in 
place to protect the black-footed ferrets . Prior to construction, any areas that would be disturbed by 
project construction would be surveyed, probably from the air, to check for currently active prairie 
dog towns. If any were found, the U.S .  Fish and Wildlife Service would be consulted to determine 
the need to survey for black-footed ferrets and to determine subsequent procedures in the very 
unlikely event that ferrets were found to be present. Therefore, existing prairie dog towns have been 
assigned a low constraint value for transmission l ine siting. 

4.E.7 GOLDEN EAGLE NEST AREAS 

Golden eagle nest areas and a surrounding buffer zone were mapped because the nests of these large 
raptors are protected by federal law and the species is of high conservation concern. Five golden 
eagle nest areas are located in the northwestern portion of the study area, in the vicinity of Rabbit 
Mountain and Carter Lake (Figure 4.4).  Some of these nest sites are currently active, while others 
are inactive alternate sites . Construction of the project would not take place in any nest areas 
centered on active nests during the critical breeding season. Therefore, their constraint value is rated 
moderate. 

4.E.8 BALD EAGLE USE 

Figure 4.4 illustrates the areas frequently used by the bald eagle, a state and federally endangered 
species. Bald eagles are primarily winter visitors or winter residents in the study area. They do not 
nest in the study area. Their use of specific habitats varies between winters , and is related to 
fluctuations in the number and distribution of prairie dogs, rabbits and hares, and wintering 
waterfowl . Several areas utilized by wintering bald eagles occur in the study area. St. Vrain River 
and Boulder Creek are used as flight corridors and for hunting winter waterfowl . The upland areas, 
from Dowe Flats and adjacent areas south to Foothills Reservoir, are associated with active prairie 
dog towns, important winter prey. Many of the larger reservoirs and streams also represent feeding 
areas. A bald eagle roost site is located near Coot Lake approximately two miles southwest of Niwot. 
Another roost area is located north of the St. Vrain River near Dowe Flats. The siting constraint 
value assigned to the various bald eagle use areas varies depending on the susceptibil ity of the birds to 
disturbance. Winter concentration areas, roost sites and feeding areas are high constraints . The 
riparian flight corridor is a moderate constraint. 

4.E.9 HERONRIES 

The study area has three heron rookeries as shown on Figure 4.4. Two small great blue heron 
rookeries are located in cottonwoods flanking Calkins Lake and Panama Reservoir No. 1 .  One to 
five nests have been active here in each of these areas in the past 40 years. A large heronry occurs in 
a mature cottonwood stand along Boulder Creek between 95th Street and U .S .  287. The rookery is 
used by 70-80 pairs of herons (as well as other water birds) and has been stable for .the last 
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30-35 years. These areas are considered critical wildlife habitat according to the Boulder County 
Comprehensive Plan. A buffer zone has been defined around them and given a high constraint value 
for transmission l ine siting. 

4.E.I0 MULE DEER & ELK WINTER RANGE 

Winter range is habitat used by mule deer and elk during the winter for food, cover and local 
movement. The study area contains a convoluted mule deer winter range extending from the west 
central portion of the study area, northeast across Rabbit Mountain, and north to Lon Hagler 
Reservoir. A fringe of elk winter range extends along the western border of the study area, from 
Foothills Reservoir north to Flatiron Mountain near Carter Lake. Figure 4.4 shows the location of 
these winter ranges . These areas are very large, covering major portions of the study area and 
extending west through the foothills . Therefore, the percentage of the areas that would potentially be 
disturbed by a transmission l ine would be very smal l .  In addition, the disturbance would be 
temporary and would be eliminated after reclamation. Therefore, the areas have a low constraint 
value for transmission line siting. 

4.E.ll NATURAL AREAS 

The natural area mapping unit includes Boulder County and State Natural Areas and State Wildlife 
Areas. Boulder County Natural Landmark sites have also been designated by the County, but these 
are considered to reflect primarily visual concerns and are addressed in Section 4.K, Visual 
Resources. From north to south, the natural areas include Lon Hagler State Wildl ife Area, Blue 
Mountain-Little Thompson Fault State Designated Natural Area, Hygiene Hogback Boulder Canyon 
Natural Area, White Rocks State Designated Natural Area, and the Heron Rookery State Registered 
Natural Area along Boulder Creek. They are shown on Figure 4.4 and have a high constraint value. 

4.E.12 RARE SMALL MAMMAL WCATIONS 

The distribution of Preble's jumping mouse, a subspecies of the meadow jumping mouse, is poorly 
defined in Colorado . This mouse, a federal candidate species, was collected once from a vacant field 
east of Niwot. The grasshopper mouse has been found near Swede Lakes in Boulder County. The 
locations where these species were found are shown on Figure 4.4. Although the data on these 
species suggest that the probability of adverse effect is low, in order to reflect local concerns, the 
areas are given a moderate constraint value for transmission l ine siting. 

4.E.13 COWRADO RARE FISH HABITAT 

The common shiner, bigmouth shiner, Johnny darter and Iowa darter are all fish species common in 
other parts of their North American distribution. Populations in Colorado represent marginal 
distributions and are considered locally rare by the Colorado Division of Wildl ife.  These species 
have recently been collected at several sites within the study area; however, stream reaches upstream 
and downstream of these sites also represent suitable habitat. Therefore, all portions of Boulder 
Creek, the St. Vrain River and their tributaries in the study area have been mapped as potential 
habitat on Figure 4.4. The creeks would all be spanned by the project. Some temporary disturbance 
would result from construction vehicles and equipment crossing the streams (and from trenching with 
underground construction), but this would occur in winter at times of low flow. Downstream 
sedimentation would therefore be minimal . Disturbed banks would be reclaimed after construction. 
Therefore, these streams are given a moderate constraint value. 
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4.E.14 RARE INSECT 

Miner bees nest in colonies composed of individual burrows dug into near vertical Laramie Sandstone 
outcrops and cliffs .  Because their distribution is closely associated with these geologic features, 
which are uncommon in the study area, the bee is relatively rare. In the study area, the miner bee is 
known only from the White Rocks area along Boulder Creek, as shown on Figure 4.4. Being near 
vertical , the habitat would almost certainly be spanned by any potential transmission line, and would 
not be a potential location for construction accessways. Because of this and in order to reflect local 
concerns, the habitat has a moderate constraint value for transmission line siting. 

4.F EXISTING LAND USE 

Almost all of the study area, with the exception of its northwest portion, is occupied by land uses that 
are (in varying degree) sensitive to the construction and operation of a transmission l ine. The 
following is a description of the important sensitive land uses in the study area, as illustrated on 
Figure 4.5 

Land use constraint values assume that in developed (built up) areas, all routes will  follow land use 
edges, property boundaries, roads or other ROW's. The values assume that no route would be defined 
that would require removal of a major building. 

The visual sensitivity of existing land uses was a factor in assigning constraint values. 

4.F.l RESIDENTIAL LAND USES 

Residential areas and isolated residences are mapped (primarily from aerial photography) on 
Figure 4.5. Residential areas, i .e. , relatively large contiguous areas of housing, are scattered 
throughout the study area. For example, residential areas occur in Berthoud, along the Little 
Thompson River, in Niwot, southeast of Boulder Reservoir, in Leyner and in Erie. By far the largest 
area, however, is in and around Longmont where an area that is primarily housing extends about 
4 1 12 miles north to south and about 4 miles east to west. Isolated residences are found in an 
irregular scatter over the entire study area, though with fewer in the northwest portion of the area. 
Residential is one of the most sensitive land uses relative to transmission l ine siting and has been 
assigned a high constraint value. 

4.F.2 RETAD.../OFFICE LAND USE 

This land use is found in and on the periphery of Longmont and on the periphery of Boulder. As 
shown on Figure 4.5, it also occurs in small areas in association with some of the older, smaller 
communities in the study area, particularly Berthoud and Hygiene. This land use has a moderate 
constraint value for transmission l ine siting. 

4.F.3 INSTITUTIONAL LAND USES 

Institutional land uses are mapped on Figure 4.5 in two categories : schools and other (hospitals,  local 
government facilities, etc.) .  These land uses are found primarily in and around Longmont, but also 
in association with some of the smaller establ ished communities, such as :  Campion, Berthoud, 
Hygiene, Erie and Niwot. The constraint values appl ied are high for schools and moderate for 
others . 
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4.F.4 INDUSTRIAL, IlEA VY COMMERCIAL AND UTILITIES LAND USES 

These uses are concentrated around the southern part of Longmont but also occur in scattered 
locations, through all but the northwest portion of the study area. They appear on Figure 4.5. These 
isolated occurrences are frequently gravel processing plants, municipal service facilities (water 
treatment, etc .) and automobile wrecking operations. The heavy commercial category of land use is 
not always easily separable from office, but consists of those types of development judged to have a 
more industrial type of appearance and to be less sensitive to their visual environment. The land uses 
have a low constraint value. 

4.F.S EXTRACTIVE LAND USE 

There are several operations extracting sand and gravel from deposits along the major streams in the 
study area, especially St. Vrain Creek and Boulder Creek. There is also limestone mining for cement 
manufacture south of St. Vrain Creek near the west edge of the study area, and in one location 
southeast of Carter Lake near the existing Flatiron-Erie transmission line. This land use (as shown on 
Figure 4.5) has a moderate constraint value for transmission line siting because of the potential for a 
new transmission l ine to prevent the extraction of the resource in the vicinity of the ROW. 

4.F.6 RECREATION AND OPEN SPACE 

Recreational/open space land uses are shown in two categories : public and private (see Figure 4.5). 
The private areas are generally golf courses. The largest units of recreation/open space land use are 
grouped in two locations : the periphery of Longmont and the periphery of Boulder. In addition, 
Lagerman Reservoir, Carter Lake and Rabbit Mountain are important large recreation areas. Public 
and agency perception is generally that transmission lines are incompatible with recreational/open 
space uses. Their constraint value is therefore high . 

4.F.7 AGRICULTURAL LAND USES 

Agricultural land uses (as shown in Figure 4.5) are rare in the northwest portion of the study area but 
common elsewhere, generally increasing in the proportion of land covered as one progresses from 
northwest to southeast. Three types of this use are identified. The first type consists of agricultural 
structures, including farmyards, feed lots and greenhouses . These are usually found in association 
with one or more residences which are, however, mapped separately. Agricultural structures have a 
moderate constraint value for transmission line siting. 

Center pivot irrigation is also mapped (no moving irrigation rigs of other types were identified), and 
is given a very high constraint value because the usabil ity of a center pivot rig would be seriously 
compromised if any part of its radius was crossed by a new transmission line. Ten instances of this 
land use were identified. 

The great majority of agricultural land use in the study area is cultivation. This information was 
obtained from aerial photography and includes all land that appeared to be either cultivated or 
irrigated. The boundaries of this use are necessarily at times uncertain, however, because the extent 
of cultivation and irrigation varies from year to year. This category appears to include almost all 
occurrences of prime agricultural land (that has not been covered by development) . Because of the 
inconvenience of cultivating around transmission line structure bases and because of the small amount 
of land removed from use, cultivation is given a moderate constraint rating. 
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4.F.8 AIR TRANSPORTATION USES 

Active airports/landing strips are mapped on Figure 4.5. There are four of these in the study area: 
Longmont Airport west of the city, an airstrip north of the Longmont/Boulder diagonal highway; 
Parkland Estates Airport (just outside the study area northeast of Erie) , and Tri-County Airport south 
of Erie. These areas have a moderate constraint value. All of them, however, are overlaid (wholly 
or mostly) by the Flight Clearance Zones for taIl structures required by Federal Aviation 
Administration regulations (under 14 CFR, Chapter 1 ,  Part 77, Objects Affecting Navigable 
Airspace) . These zones have been calculated for 85-foot taIl structures to reflect the probable greatest 
height of the proposed project (when using wood H-frarne structures). These exclusion zones have 
been given a very high constraint value. 

4.F.9 TELECOMMUNICATIONS FACILITY PROTECTION ZONE 

A large area southwest of Longmont and north of Boulder, centered on the Table Mountain antenna 
field, has been designated as a telecommunications research facility protection zone. This zone (as 
shown on Figure 4.5) was set up under the Telecommunications Research Facil ity Protection Act of 
1967. The objective of the act is to prevent the generation of certain types of electrical fields that 
would interfere with the research at the facility . These types of fields are generated by transmission 
l ines, which are therefore excluded from the vicinity of the research facil ities . The protection zone 
has a very h igh constraint value. 

4.F.I0 RADIO TOWER SITES 

There are three radio towers in the study area. Two are located east of Niwot and one north of Erie. 
These have a high constraint value for transmission line siting. 

4.G EXISTING ELECTRICAL UIlLITIES 

All major (69-kV and over) electric transmission lines, insofar as they represent pre-existing 
corridors, are potential opportunities for the location of new transmission lines . They appear on 
Figure 4.6, along with all major switchyards and substations . The existing Flatiron-Erie 1 15-kV 
single circuit transmission line runs northwest and southeast through the heart of the study area. 
Western's proposed action is the uprating of this l ine, and the study area was designed to 
accommodate any feasible alternative to it. 

Seven substations/switch yards are located along the Flatiron-Erie l ine. At its north end is Flatiron 
Switchyard, an origin point for four additional 1 1 5-kV lines that run north and west. About three 
miles northwest of Longmont, closely grouped, are Lyons Tap (the point of origin of a west-running 
1 15-kV line) and Hygiene Substation. At the northwest edge of Longmont are Northwest Substation, 
and immediately adjacent, Harvard Substation. From this location, a 1 15-kV line proceeds east to 
Meadow Substation (in Longmont), and then east and north to Longs Peak Substation. Farther south 
on the Flatiron-Erie line is Fordham Tap, from which a l ine runs south to Fordham Substation.  In 
south-central Longmont on the Flatiron-Erie line is Terry Street Substation. From here, a 1 15-kV 
line runs east and then north to Longs Peak Substation. Between Terry Street and its termination at 
Erie Switching Station, adjacent to 1-25, the Flatiron-Erie line does not connect to any substation. 
However, it does cross an east-west running 1 15/230-kV two circuit transmission line, the western 
segment of which connects to Niwot Substation.  From Erie Switching Station, a 1 15-kV line runs 
east and another south. There is a separate major element of the local transmission system within the 

4 . 10  



. ./., - - -

Flati ron-Erie 
1 1 5kV 
Transmission Line 
Project 
Western Area Power 
Adm inistrat ion 

• 

1 1 5 kV 1 Circuit T.L. 

230 kV 1 Circuit T.L. 

1 1 5/ 1 1 5  kV 2 Circuit T.L. 

1 1 5/230 kV 2 Circuit T.L. 
(with 230 kV circuit vacant) 

1 1 5/230 kV 2 Circuit T.L. 

Existing SWitchyard and 
Substation or Tap 

County Boundary 

Existing Electric 
Util ities 
69kV and Abov e 
Figure 4.6 





study area. This is a 230-kV l ine that runs north from Longs Peak Substation. Near Campion, it 
combines with a 1 15-kV line proceeding from Lonetree Substation to the west, to form a two circuit 
1 151230-kV line that runs north . 

4.H PLANNED LAND USE 

Portions of the study area are occupied by areas planned by various local authorities for future land 
uses that are (in varying degrees) sensitive to the construction and operation of a transmission line. 
The following is a description of the important planned land uses in the study area, as illustrated on 
Figure 4.7. Planned land uses are not mapped where there are already extensive areas of relatively 
intense, existing development. The visual sensitivity of planned land uses was considered in assigning 
constraint values. Planned land use constraint values are generally lower than the corresponding 
values for existing areas of the same uses because of the element of uncertainty that the uses will 
actually occur as planned, and the opportunities to design future development around a transmission 
line to minimize adverse effects. 

4.H.l PLANNED RESIDENTIAL LAND USES 

Planned residential land uses of various densities are concentrated on the southern fringe of Loveland; 
around Longmont on its northeast, south and southwest sides; around Niwot; and southwest of Erie. 
Many of the units of these planned uses are large, a mile or more across.  Other scattered areas of 
planned residential uses occur in rural southern Larimer County, and west and southwest of Niwot 
along the Boulder-Longmont diagonal h ighway. These planned land uses are shown on Figure 4.7, 
and have been assigned moderate constraint values for transmission line siting. 

4.H.2 PLANNED COMMERCIAL LAND USE 

A few small areas of future commercial land use are planned in the study area and are shown on 
Figure 4.7. Most of these are inclusions in the planned land uses around Longmont and near Niwot. 
One large area of commercial land use is planned southeast of the community of Erie. Future 
commercial land use has a low constraint value for transmission l ine siting. 

4.H.3 PLANNED INSTITVTIONAL LAND USE 

Planned institutional land uses in the study area are mostly small inclusions in the area proposed for 
future development around Longmont (see Figure 4.7). However, some of the planning efforts in the 
study area are relatively broad and general in scope. It is probable that many planned residential 
areas would include pockets of institutional development. Planned institutional land use has a 
moderate constraint value for transmission l ine siting. 

4.H.4 PLANNED INDUSTRIAL LAND USE 

Sizeable portions of the study area (often a mile across) have been planned for future industrial use, 
as shown on Figure 4.7. These areas are concentrated on the periphery of Longmont, on all sides 
except the northwest. There are also planned industrial areas near the southern edge of Loveland, at 
the north edge of Berthoud, along the Boulder-Longmont diagonal highway, and adjacent to two 1-25 
interchanges in the southeast corner of the study area. Planned industrial land use has a low 
constraint value for transmission line siting. A similar planned use (also with the low constraint 
value) is airport expansion. Areas of this type are planned at Longmont Airport. 
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4.H.S PLANNED PUBLIC RECREATION/OPEN SPACE 

Very large areas of this future use have been planned (as shown on Figure 4.7). Two of these are 
appended to the existing open space on Rabbit Mountain .  Several are on the periphery of Longmont, 
in places as a network of open spaces interspersed amongst future housing areas, elsewhere as bands 
of open space along Left Hand and St. Vrain Creeks. Several large areas of planned open space 
surround Niwot, particularly Gunbarrel Hill to its southeast. Two open space areas are planned along 
Boulder Creek: one northeast of Valmont Reservoir, the other a larger area northwest of Erie . Areas 
north and south of Erie, along Coal Creek and west of the community, are also planned for open 
space. These areas are given a moderate constraint value for transmission l ine siting. 

4.1 CULTURAL RESOURCES 

This analysis of the existing cultural environment addresses recorded cultural sites . Additional 
cultural (especially archaeological) sites, never discovered or at least never recorded in agency files, 
may exist. 

There are numerous historic and archaeological resources in the study area. Archaeological sites 
include the following types : stone ring sites, open camps, lithic scatter sites, stone alignments, and 
burials .  Historic sites primarily include the following types: buildings, cemeteries, ditches and 
railroads. 

The relative resource values of the recorded cultural sites in the study area vary widely. Values range 
from high constraint for s ites on the National Register of Historic Places (NRHP), to low constraint 
for sites officially evaluated as not eligible for the NRHP. 

Data on recorded cultural sites are made available by the State Historic Preservation Office only on 
the condition that the specific locations of sites must not be made public. This is to prevent 
vandalism and illicit excavation of sites . Therefore, the cultural resources map that was prepared to 
help develop a system of alternative routes for the project does not appear in this EIS. 

4.1.1 CULTURAL SITES OR AREAS ON OR OFFICIALLY ELIGffiLE FOR THE NRHP 

There are 12 sites/areas in this category within the study area. All are historic rather than 
archaeological sites. They include several churches, other buildings, a railroad and a canal . They 
have been assigned a high constraint value for the s iting of transmission lines, primarily because of 
the potential for physical disturbance of a site by construction. The sites are widely scattered through 
the study area, but become more numerous as one moves south, with three in Longmont. 

4.1.2 CULTURAL SITES OR AREAS POTENTIALLY ELIGmLE FOR THE NRHP 

These are 1 3  s ites/areas in this category: one is in Longmont, one east, and another southeast of the 
city. The remainder are clustered near the southern end of the study area. They are considered a 
moderate constraint to transmission line siting. 

4.1.3 CULTURAL SITES OR AREAS PROBABLY INELIGmLE FOR THE NRHP 

There are 106 sites/areas in this category that are recorded in the study area. They have a low 
constraint value for transmission l ine siting. 
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4.J VISUAL RESOURCES 

The visual characteristics of the study area are highly varied. In the northwestern portion of the area 
are scenic, natural dominated landscapes . These include the relatively steep, rugged, north-south 
trending ridges and valleys to the northwest, west and southwest of Carter Lake; the upper valleys of 
the Little Thompson River; and St. Vrain Creek, Rabbit Mountain, and three isolated areas of steeper 
topography (Hygiene Hogback, Haystack Mountain and Whiterocks) rising from the more level 
terrain of the southwestern portion of the study area. Haystack Mountain is outside the study area 
boundary, but is included in the analysis because visual resources can be affected at a distance. 

The heavily developed commercial and industrial urban areas of Longmont have retained relatively 
little evidence of the existing natural landscape, and are not generally considered visually positive. 
However, most of the well established landscaped residential areas of the city, as well as the other 
smaller communities in the study area, are considered positive visual resources . The remainder of the 
study area is a mixture of natural features and man-made influences. The majority of this area is 
agrarian in character, with pleasant views of cultivated lands and the Front Range. Many areas of 
scattered new development of various types, however, are at best neutral in visual qual ity . 

Many of the residential areas throughout the study area enjoy views of Longs Peak and other 
mountains in the Front Range. This mountain view is a major feature in the landscape and is highly 
valued by many residents of the area. A number of reservoirs also add visual interest to the 
landscape. 

Visually sensitive viewers are located primarily at areas of recreational and residential land use 
(including isolated residences), as shown on Figure 4.5, Existing Land Use, and Figure 4.7, Planned 
Land Use. They are also located along certain highways that have been designated by Boulder 
County and/or the City of Longmont as visually sensitive "gateways" to Longmont. 

Considerations of visual quality contributed to the development of the system of alternative routes in 
two ways. First, the constraint values applied to existing and planned land uses included a visual 
component, and the designated visually sensitive highways were considered as constraints to siting 
transmission lines . Second, scenic landscapes where a transmission l ine would tend to have an 
adverse visual effect and where viewers would tend to be visually sensitive, were considered as 
constraints to transmission l ine siting. 

Figure 4.8  shows the visual resources in the study area. (The visually sensitive land uses shown on 
Figures 4.5 and 4.7 are not repeated on this map.)  Boulder County has designated Rabbit Mountain, 
and an area north and west of it, as a scenic area. This has a high constraint value for transmission 
line siting. Boulder County has also designated four Natural Landmarks in (or close to) the study 
area: Rabbit Mountain (largely enclosed within the Rabbit Mountain scenic area), Table Top 
Mountain, Hygiene Hogback, Haystack Mountain and Whiterocks . These also have a high constraint 
value. 

Scenic condition landscape was defined as part of this study from a consideration of topography, 
vegetation and the absence of visually disruptive development. This type of landscape has a moderate 
constraint value. 

Lastly, designated visually sensitive highway corridors were also given the moderate constraint value 
for transmission l ine siting. 
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4.K DEVELOPMENT OF A SYSTEM OF ALTERNATIVE ROUI'ES 

Sections 4.C through 4.1 describe the environment of the study area in terms of its constraints to and 
opportunities for transmission line siting. Table 4. 1 ,  below, summarizes the constraint and 
opportunity values that are explained in the above sections . Figure 4.9,  below, graphically represents 
these constraint and opportunity values, and shows the alternative routes that were defined. The 
alternative routes ar� shown as 1 ,5OO-foot wide corridors, to allow for some flexibility in detailed 
siting of the project prior to construction. The centerl ines of these corridors were the basis for 
quantification of the impacts that are described in Chapter 5 .  

The basis for the constraint and opportunity values used in Chapter 4 is  explained in the 
Environmental Support Document that supplements this EIS and is located at the end of this 
document. 

The basic purpose of the project is to improve the electrical transmission system that feeds the 
substations in the Longmont area. The composite constraint/opportunity map reveals that there is no 
environmentally reasonable way to do this other than primarily along the existing Flatiron-Erie ROW, 
i .e . ,  by using the siting opportunity that the existing ROW's represents . There is no evident low 
constraint route around the City of Longmont (either on the east or west sides), and no 
environmentally acceptable way of siting connecting spurs from the periphery of the city to its 
substations. Therefore, although the network of alternative routes is simple and mostly focused on 
the existing ROW, the relatively extensive data inventory is valuable in demonstrating the inevitabil ity 
of this siting approach. 
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TABLE 4.1 

DEVELOPMENT OF A SYSTEM OF ALTERNATIVE ROlITES: 
SUMMARY CONSTRAINT/OPPORTUNITY VALUES 

FOR TRANSMISSION LINE SITING' 

VALUE 
ENVIRONMENTAL RESOURCE 
CATEGORIES & COMPONENTS CONSTRAINT 

Very Higb Higb Low to 
(e:xclusioD) (avoidance) Moderate NODe 

EARTH RESOURCES 

Potential Landslide Area3 - - • -

Sensitive SoiliSlope ConditionS2.4 - - • -

floodplain - - - • 

Subsidence Area - - • -

WATER RESOURCES 

Pond, Reservoir (large) • - - -

Pond, Reservoir (small, spannableY - • - -

Perennial Stream1 - - • -

BIOLOGICAL RESOURCES 

Wetland (potential )2.4.' - • - -

Critical Plant Association2.4 - - • -

Rare Plants4., - • - -

Critical Wildlife Habitat: Boulder - • - -

County Designations4.' 

Waterfowl Production &. Stopover - - • -

Area4.s 

Prairie Dog Town (potential - - - • 
black-footed ferret habitatt-' 

Golden Eagle Nest � - - • -

Bald Eagle Winter Concentration Area - • - -

Bald Eagle Winter Riparian Right - - - • 
Corridor 

Bald Eagle Roost Site - • - -

Bald Eagle Feeding Area - • - -

Heronry' - • - -

Mule Deer Winter Range4 - - - • 

Elk Winter Range4 - - - • 

Natural Area (State or Boulder County - • - -

designationt 

Grasshopper Mouse or Meadow - - • -

Jumping Mouse Habi�" 

POTENTIAL 
OPPORTUNITIES 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-



Table 4.1 (continued) 

VALUE 
ENVIRONMENTAL RESOURCE 
CATEGORIES & COMPONENTS CONSTRAINT POTENTIAL 

OPPORTUNlTIES 

Very Higb Higb Low to 
(exclusion) (avoidance) Moderate None 

Colorado Rare Fish Habitat 
(actual or potential)'"' - - • - -
Rare Insect: Miner Bee'·� - - • - -

EXISTING LAND USE6.7 

Residential Area - • - - -
Residence - • - - -
RetailIOffice - - • - -

Institutional : School - • - - -

Institutional : Other - - • - -
Industrial/Heavy /CommerciallUtilities - - - • -

EXlraction - - • - -

Publicly Owned Recreation/Open Space - • - - -

Private and Semi-Public - • - - -
Recreation/Open Space 

Agricultural StructurelFarmyardl - - • - -
Feed LotIPlant Nursery/Greenhouses 

Center Pivot or Other Moving Rig • - - - -
Irrigation 

Cultivation - - • - -
Existing & Future Flight Clearance • - - - -
Zone at Airport/Landing Strip 

Industrial/Commercial Type - - • - -
Development Associated with 
Airport/Landing Strip (excluding flight 
clearance zone) 

Area Subject 10 Telecommunication • - - - -
Research Facility Protection Act 

Radio Tower - • - - -
EXISTING ELECTRICAL UTILITIES -
l lS-kV 1 Circuit T.L. - - - - • 
23O-kV 1 Circuit T.L. - - - - • 
l l Sl l lS-kV 2 Circuit T.L. - - - - • 
l l S/230-kV 2 Circuit T.L. - - - - • 
(w/230-kV Circuit vacant) 

1 1 S/230-kV 2 Circuit T.L. - - - - • 
Road, Railroad, Other ROW, Land Use - - - - • 
Edge 

Existing Substation or Tap - - - - -



Table 4.1 (continued) 

VALUE 
ENVIRONMENTAL RESOURCE 
CATEGORIES & COMPONENTS CONSTRAINT POTENTIAL 

OPPORTUNITIES 

Very High High Low to 
(exclusion) (avoidance) Moderate None 

PLANNED LAND USE 

Residential, 1 Dwelling Unitl - - - - -
Less than 1 Acre 

Residential, 1 Dwelling Unitll-S Acres - - • - -

Residential, 1 Dwelling UnitlS-l0 Acres - - • - -

Residential, 1 Dwelling Unitll0+ Acres - - • - -

Commercial - - - • -

Institutional - - • - -

Industrial - - - • -

Public Recreation/Open Space - - • - -

Airport Expansion - - - • -

City Boundary - - - - -

Proposed Arterial or Expressway - - - - -
(portions that do not follow existing road 
alignments) 

CULTURAL RESOURCES 

Historic Site! Area on or Officially - • - - -
Eligible for the NRHp2 

Cultural Site! Area Field Assessed as - - • - -
Eligible for the NRHP, Official Status 
Pending2 

Cultural Site!Area with no, or - - - • -
Incomplete, Field Assessment and/or 
Official Evaluation2 
or 
Cultural Site! Area Field Assessed and/or 
Officially Evaluated as not Eligible for 
the NRHp2 

VISUAL RESOURCES 

Scenic Area (Boulder Cty. Designation) - • - - -

Natural Landmark - • - - -
(Boulder County Designation) 

Scenic Landscape - - • - -

Visually Sensitive Highway Corridor - - • - -
(Boulder County and!or City of 
Longmont Designation) 

Notes: 

1 .  Includes underground construction in major urban residential areas. 

2. Crossings of linear features and small areal features are often of concern for specific tower location rather than corridor 
siting. 

3. Landslide deposit areas are extensive. The probability of any one portion moving during the life of the project is estimated, 
on the basis of site observation, to be low. Geotechnical survey work along the ROW prior to construction may indicate 
specific areas of instability that would be avoided. 



Table 4.1 (continued) 

4. Effective reclamation work is assumed. 

5. Values assume that construction would be restricted in critical wildlife breeding seasons and in seasons of high water table 
from irrigation, as appropriate. 

6. In developed (built up) areas, all routes would follow land use edges, property boundaries, roads, or other ROWs. Constraint 
values assume that no route would be defined that would require removal of a major building or that would substantially 
restrict an existing developed land use. 

7. The visual sensitivity of Existing and Planned Land Uses is considered in assigning constraint values. 
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Chapter 5 -- Environmental Consequences 

SA. INTRODUCTION 

In this chapter, the environmental effects of constructing and operating each of the three primary 
alternatives are described. As explained in Chapter 3, these include Alternative B, the Proposed 
Action; Alternative C, Underground Through Longmont; and Alternative D, Remove and Relocate 
Portions of Existing Line and Build a New Substation. 

The following are three basic assumptions about the impact assessment process : 

• All the impacts that are quantified and used to compare routes are incremental . The 
assessment measures the difference (adverse or beneficial) between the existing 
conditions and conditions as they would be after implementation of the proposed 
project. Figure 3.4, Range of Construction Actions of the Proposed Project 
Alternatives, is the basis for judging this difference between conditions before versus 
after the project. 

• Since none of the three primary alternatives results in any significant impacts, those 
effects judged to be moderate and beneficial are the means of comparing routes. Low 
impacts, while they may be briefly described, are not factors in the analysis. 

• All impacts discussed and used to compare routes are "post-mitigation;"  Le. , they 
assume reasonable application of the mitigation measures l isted in Section 3.G.2.d. , 
3 .G.3.d and 3 .G.4.d, and described in this chapter. 

The methodology used to assess impacts proceeds in two basic steps. First, it defines the potential , 
theoretical impact levels (not actual quantities) for all possible combinations of project construction 
action and environmental component. Although many environmental components are never crossed 
or approached by any of the project alternatives, this "check list" methodology facil itates the process 
of defining the impact levels by providing a frame of reference for each judgment. It also allows for 
efficient consideration of new alternatives, if necessary. Second, the methodology quantifies the 
actual impacts for the proposed system of primary alternative routes; Le., the actual quantities of 
effect of various levels (significant and moderate adverse, and beneficial) on the environmental 
components crossed (or approached) by the three alternatives. The "frame of reference" impact levels 
are presented in detail in Section C of the Environmental Support Document that supplements this 
EIS . The actual impacts of the routes are presented in this chapter. 

For reference, the actual steps that were used to define all possible, potential impact levels are 
outlined below: 

• Define all project construction action types (see Figure 3 .8) and indicate them on a 
map of each of the project alternatives (Figures 3 .9, 3 . 12 and 3 . 15).  

• For each resource category in the study area (e.g. , biological resources, existing land 
use), formulate a l ist of the types and causes of potential impact that the project might 
induce. 
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• For each resource category, describe the mitigation measures that will be 
appropriately applied as part of the project action (al l impacts are post-mitigation) . 

• For each resource category, list the criteria to be used to determine the significance 
level of impacts . (For example, it was concluded that impacts to existing urban land 
uses would be considered "significant" if construction and/or operation of the line 
would disrupt an existing activity to the extent that the activity could not practical ly 
continue.) Criteria are standards used for judging the significance of specific levels of 
impacts , however caused . They have no relationship to a project action. 

• For each environmental component, as potentially affected by each project 
construction action (keeping in mind types and causes of impacts, mitigation measures 
and significance criteria), define a resulting impact level -- significant, moderate, low 
to none or beneficial . Do this for short-term and long-term impacts . Short-term 
impacts are those affecting a resource during the period of construction of the project. 
They derive from the activities required to construct the line or from the disturbance 
caused by these activities, and diminish after construction is completed . After two 
years, impacts classified as short term are not readily detectable when compared to the 
pre-existing baseline condition. Long-term impacts are those affecting a resource 
during the entire l ife of the project. They derive from the presence of the line and 
necessary accessways, the action of passing electricity through its conductors, or from 
the periodic or emergency maintenance operations it required. 

• Tabulate results. 

With this information in hand, the actual anticipated impacts (levels and quantities) of the project 
alternatives can be easily determined . 

S.B EARm RESOURCES 

Impacts on earth resources for each of the three primary alternatives are described in this section. 
The methodology used to determine potential impact levels is explained in detail in Section C of the 
Environmental Support Document that supplements this EIS. Potentially impacted earth resources are 
shown on Figure 4.2 

Impacts to earth resources would be associated primarily with land disturbance during construction. 
Potential effects could include initiation of mass earth movement; increased erosion; potential , very 
minor raising of flood stage; and damage to the l ine from subsidence. Mitigation measures applied 
would reduce or eliminate almost al l of these effects . These measures would include careful siting of 
project elements, careful design and control of construction activities, and reclamation of disturbed 
areas . Potential impacts to soil/slope conditions would be considered significant if reclamation would 
not control erosion within two years. Impacts to other earth resources would be significant if there 
were substantial increases in hazards. 

S.B.1 ALTERNATIVE B. TIlE PROPOSED ACTION: UPRATE EXISTING FLATIRON­
ERIE TRANSMISSION LINE 

Figure 3 .9 shows the proposed action. The construction actions included in this alternative are 
Numbers 2, 3 ,  4 and 5, as explained on Figure 3 .8 .  These are all relatively minor actions. Each 
occurrence of each action is mapped on Figure 3 .9 .  The actions would all take placoe on the right-of-
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way (ROW) of the existing Flatiron-Erie transmission line. Therefore, l ittle or no new construction 
access would be required. The construction actions include building new structures at new and 
existing sites on the ROW, and replacing various elements of existing structures . The conductors and 
overhead ground wires would remain in place. Disturbance would not be continuous along the ROW, 
but would be restricted to an area centered on the structures being built, replaced or modified . The 
maximum extent of each of these disturbed areas is estimated at 1 5,000 square feet (a 200-foot long 
segment of the 75-foot wide ROW). 

There would be no significant and no moderate impacts to earth resources from Alternative B, the 
Proposed Action. The level of adverse effects on (or from) potential landslide areas, sensitive 
soil/slope conditions, floodplains and subsidence areas would all be low to none. 

North of the Longmont urban area, the proposed action would cause surface disturbance of potential 
landslide areas along about 400 feet of ROW (two structures).  Little or no blading or grading of 
accessways would be required here; therefore, it would be extremely unlikely that any earth 
movement would be initiated . North of Longmont, the project would also disturb sensitive soil/slope 
conditions along a maximum of 3,200 feet of ROW (construction at 16 structures).  The small amount 
of disturbance from new access road construction and reclamation after construction would ensure that 
any erosion would be minor and short term. 

Within the Longmont urban area, three structures in the floodplain of St. Vrain Creek would be 
worked on, but this would involve no change from existing conditions relative to floodplains. 

South of Longmont, there would be disturbance at three structures, Le. , along up to 600 feet of ROW 
with sensitive soil/slope conditions. Reclamation work here would ensure that erosion would be 
minor and short term. In this area, there would also be work at three structures in floodplains -- one 
on Boulder Creek and two on Coal Creek. This would involve no substantial change in the 
relationship of the project to these floodplains. Near the south end of the study area, construction 
activity would take place at four structures in subsidence areas. This work would not change the 
potential effects of subsidence areas on the project. 

Overall ,  about 73 structures along the existing l ine are proposed for construction work. Assuming a 
conservative figure of 1 5,000 square feet of construction disturbance at each structure, the total area 
at structures temporarily disturbed and reclaimed would be at most 25 acres . 

This alternative has no impacts on earth resources that contribute to route comparison (significant or 
moderate impacts, or beneficial effects). 

S.B.2 ALTERNATIVE C. CONSTRUCT TRANSMISSION LINE UNDERGROUND 
TIlROUGH WNGMONT 

Figure 3 . 1 2 shows this proposed project alternative. North and south of Longmont, this alternative is 
identical to Alternative B. Within Longmont, however, it includes two more major construction 
actions. These are Construction Action 7, remove the existing transmission line and build a new 
transmission line underground; and Construction Action 8, build a new overhead to underground 
transition structure. These construction actions are explained on Figure 3 . 8  and mapped on 
Figure 3 . 12.  Disturbance would take place continuously along the ROW with Action 7, and on a 
200-foot long ROW segment with Action 8. The actions, however, would all take place on the 
existing Flatiron-Erie transmission l ine ROW. 
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North and south of the Longmont urban area, this project alternative is identical to Alternative B. 
Therefore, l ike Alternative B in these segments, it is not associated with any significant or moderate 
adverse impacts to earth resources. 

Within the Longmont area, underground construction would cross 500 feet of sensitive soil/slope 
conditions . Because of the greater level of construction disturbance from the underground l ine, it is 
estimated that moderate short-term adverse impacts would result in this area. After one or two 
growing seasons, reclamation would reduce these impacts to the low level , or eliminate them. 

The total impacts on earth resources that contribute to route comparison (significant, moderate or 
beneficial) amount to 500 feet of moderate short-term effects on sensitive soil/slope conditions. 

S.B.3 ALTERNATIVE D. REMOVE AND REWCATE THROUGH PARTS OF 
WNGMONT 

Figure 3 . 15 shows this proposed project alternative. North and south of Longmont, it is identical to 
Alternative B .  Within Longmont, however, it includes two different construction actions . These are 
Construction Action 6, remove the existing transmission line and leave the ROW vacant; and 
Construction Action 1 ,  a relatively major action, build a new overhead transmission line on a new 
ROW. These construction actions are explained on Figure 3 . 8  and mapped on Figure 3 . 1 5 .  
Disturbance i s  considered as being continuous along the ROW with Action 1 .  

Since this project alternative is identical to Alternative B outside Longmont, in these segments, it is 
not associated with any significant or moderate impacts to earth resources . Within the Longmont 
area, there would also be no significant or moderate impacts to earth resources from this alternative. 
About 500 feet of the existing line that crosses sensitive soil/slope conditions would be removed , but 
the adverse short-term effects of doing this would be minor. Two structures in floodplains would be 
modified, but this would not in any way change the project's relationship to floodplains. About 
2,400 feet of the new l ine segment required by this alternative would be located along the edge of a 
floodplain (involving one to two structures in the floodplain). This would have no measurable effect 
on flood stage and no floodplain related impacts. 

This alternative has no impacts on earth resources that contribute to route comparison (significant 
adverse, moderate adverse, or beneficial impacts). 

S.C WATER RESOURCES 

Impacts on water resources for each of the three primary project alternatives are described in this 
section. The methodology used to determine impact levels is explained in detail in Section C of the 
Environmental Support Document that supplements this EIS . Potentially impacted water resources are 
shown on Figure 4.3 .  

Impacts to water resources would be caused primarily by sedimentation from construction 
disturbance, and the risk of a spill of the cool ing/insulating fluid used in underground transmission 
lines. Mitigation would involve control of construction activities . Impacts to water resources would 
be considered significant if federal or state water qual ity standards were violated. 
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S.C.l ALTERNATIVE B. THE PROPOSED ACTION: UPRATE EXISTING FLATIRON­
ERIE TRANSMISSION LINE 

Figure 3 .9  shows Alternative B, the Proposed Action. The construction actions that make up this 
alternative are Numbers 2, 3 , 4 and 5 (all relatively minor actions), as shown on Figure 3 .8 .  Each 
occurrence of each action is mapped on Figure 3 .9.  The actions would all take place within the ROW 
of the existing Flatiron-Erie transmission line; therefore, l ittle or no new construction access would be 
required. The construction actions include building new structures at new and existing sites on the 
ROW, and replacing various elements of existing structures . The conductors and overhead ground 
wires would remain in place. Disturbance would not be continuous along the ROW, but would be 
restricted to an area centered on the structures being built, replaced or modified. The maximum 
extent of each of these disturbed areas is estimated at 15 ,000 square feet (a maximum 200-foot long 
segment of the 75-foot wide ROW). 

There would be no substantial adverse impacts to water resources from Alternative B, the Proposed 
Action.  The disturbance zone at the structures being built or modified never closely approaches a 
major water body . Construction equipment would not likely be driven across any of the six major 
streams along the existing transmission l ine, but would use existing roads and accessways to get to the 
site of new or modified structures. 

S.C.2 ALTERNATIVE C. CONSTRUCT TRANSMISSION LINE UNDERGROUND 
THROUGH WNGMONT 

Figure 3 . 12 shows this primary alternative. North and south of Longmont, this alternative is identical 
to Alternative B.  Within Longmont, however, it includes two additional major construction actions. 
These are Construction Action 7, remove the existing transmission line and build a new transmission 
l ine underground; and Construction Action 8, build a new overhead to underground transition 
structure. These construction actions are explained on Figure 3 . 8  and mapped on Figure 3 . 12. They 
would take place on the existing Flatiron-Erie transmission line ROW. Disturbance would be 
continuous along the ROW with Action 7, and over a maximum 200-foot long ROW segment with 
Action 8 .  

North and south of the Longmont urban area, this project alternative is identical to Alternative B .  
Therefore, like Alternative B in these segments, it would be have no adverse effects on water 
resources. 

Within the Longmont area, underground construction would cross two water bodies: 5t. Vrain Creek 
and Left Hand Creek, and would closely approach Mcintosh Lake. Each of the stream crossings 
would cause moderate short-term impacts to water resources from increased sedimentation. 

Rough estimates can be made of the probabil ity of a leak of the cooling/insulating fluid used with the 
HPOFPT system, affecting these three water bodies. Reliabil ity data for HPOFPT underground 
transmission lines indicate 0.24 leakslbreaks annually per 100 miles of pipe (power Engineers, Inc. 
1 988). It is assumed that leaked fluid would not l ikely travel more than about 200 feet before being 
detected and the problem rectified.  Just under a mile of the underground line is within 200 feet of 
one or other of the three water bodies mentioned. Given the above assumptions, the probabil ity of an 
adverse effect would be less than .0024 annual ly (about 1 in 4(0), or 0. 12  (about 1 in 8) over a 
50-year life of the project. The effects of a large quantity of fluid in any of the water bodies would 
clearly be significant. However, the amount of fluid that would be released in a failure of an 
HPOFPT system would vary widely depending on the type of failure. A leak resulting from 
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corrosion would likely be slow, and would normally be detected and contained before large amounts 
of fluid had escaped . A leak from a dig-in would generally release more fluid, but it would typically 
be contained in the hole or trench that was the cause of the dig-in. Only in the case of a complete 
severing of a line, for example by severe seismic action (a very unlikely event) , would large 
quantities (several thousands of gallons) of fluid would be released into the environment. (Leslie 
Bel l ,  Power Engineers, Personal Communication, 199 1 . ) 

The above consideration results in an estimate of a moderate long-term impact on water resources 
from Alternative C. 

The impacts of this alternative on water resources that contribute to route comparison amount to 
moderate adverse, short-term impacts at crossings of two water bodies; and moderate long-term 
impacts to one water body. 

S.C.3 ALTERNATIVE D. REMOVE AND REWCATE TIlROUGH PARTS OF 
LONGMONT 

Figure 3. 1 5  shows primary Alternative D. North and south of Longmont, it is identical to 
Alternative B. Within Longmont, however, it includes two different construction actions. These are 
Construction Action 6, remove the existing transmission l ine and leave the ROW vacant; and 
Construction Action 1 ,  a relatively major action, build a new overhead transmission line on a new 
ROW. These construction actions are explained on Figure 3.8 and mapped on Figure 3 . 1 5 .  

Since this project alternative i s  identical to Alternative B outside Longmont, in these segments it 
would cause no substantial impacts to water resources . The new overhead line segment would cross 
Left Hand Creek. However, the creek would be spanned and there would be no movement of 
construction equipment through the stream bed. Construction activity would not take place in or near 
other water bodies in this area. Therefore, within the Longmont urban area, there would likewise be 
no substantial effect on streams. 

S.D BIOWGICAL RESOURCES 

Impacts to biological resources for each of the three primary project alternatives are described in this 
section. The methodology used to determine impact levels is explained in detail in Section C of the 
Environmental Support Document that supplements this EIS. Potential ly impacted biological 
resources are shown on Figure 4.4. 

Impacts to biological resources would be associated primarily with disturbance of plant communities 
and wildl ife populations by construction disturbance and activity. Increased mortality of birds has the 
potential to occur due to collisions with elements of the transmission line. Mitigation of these 
potential impacts would consist of careful siting of project elements, timing of construction to avoid 
critical seasons, surveys to determine any need for avoidance of specific areas at specific times, 
provision of visibil ity markers on the overhead ground wires at critical areas, and restriction of access 
along the ROW to control ongoing disturbance by the public. Impacts to biological resources would 
be considered significant if the requirements of the U .S .  Army Corps of Engineers relative to 
wetlands were not met; more than 1 % of any rare/critical habitat in the study area was lost; the 
endangered black-footed ferret was in any way adversely affected; major increases in avian mortality 
was reasonably l ikely; or if mule deer, elk, bald eagles, golden eagles or herons were stressed in their 
most critical periods. 
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S.D.1 ALTERNATIVE B. TIlE PROPOSED ACTION: UPRATE EXISTING FLATIRON­
ERIE TRANSMISSION LINE 

Figure 3.9 shows Alternative B, the Proposed Action. The construction actions that make up this 
alternative are Numbers 2, 3, 4 and 5 (all relatively minor actions),  as shown on Figure 3 .8 .  Each 
occurrence of each action is mapped on Figure 3 .9 .  The actions would all take place within the ROW 
of the existing Flatiron-Erie transmission line; therefore, l ittle or no new construction access would be 
required. The construction actions include building new structures at new sites and at existing sites 
on the ROW, and replacing various elements of existing structures . The conductors and overhead 
ground wires would remain in place. Disturbance would not be continuous along the ROW, but 
would be restricted to an area centered on the structures being built, replaced or modified. The 
maximum extent of each of these disturbed areas is estimated at 15 ,000 square feet (a 200-foot long 
segment of the 75-foot wide ROW). 

There would be no s ignificant adverse impacts to biological resources from Alternative B .  There 
would be a number of instances of moderate short-term adverse impacts to wetlands from construction 
activities. All other effects on biological resources would be (at most) low .  

In the route segment north of the Longmont urban area, i n  Chimney Hollow, west of Carter Lake, 
about 600 feet of the ROW that is located in wetlands would be disturbed by construction activities. 
This would result in moderate short-term impacts. About half a mile north of the northern edge of 
the Longmont developed area, at McIntosh Lake, there would be construction near a waterfowl 
production area; the impacts of this would be low . There would be no substantial change in the strike 
hazard to waterfowl .  

North and south of the crossing of the Little Thompson River, two recently active prairie dog towns 
(probably too small to support populations of black-footed ferrets) would be disturbed by 
construction, over a total distance of about 600 feet of ROW (45,000 square feet maximum). 
Mitigation would include observation prior to construction to determine if the towns were stiII active. 
If so, the U.S .  Fish and Wildl ife Service would be consulted to determine whether surveys for the 
black-footed ferret would be necessary. In the extremely unl ikely event that ferrets were found to be 
present, Western would work with the U.S.  Fish and Wildlife Service to develop a specific mitigation 
plan. 

West of Carter Lake, there would be construction activity near a golden eagle nest site. As part of 
the proposed mitigation, the nest site would be surveyed. If it is found to be active prior to 
construction, major activity would be avoided during the critical season. 

Within Longmont, there would be construction activity within a bald eagle riparian flight corridor. 
Uprating the line would not increase wire strike hazards, and would not substantially decrease hunting 
opportunities during the construction period, again resulting in only low impacts . 

South of the Longmont area, in two locations along Boulder Creek, construction would occur within 
wetlands over a maximum of 400 feet of ROW . This would cause moderate short-term impacts . One 
of these wetland areas is also a waterfowl production area; impacts to this resource would be low. 
Another waterfowl production area, at Gaynor Lake, would be impacted at the low level by adjacent 
construction. Also in the valley of Boulder Creek, construction activity would occur in a bald eagle 
riparian flight corridor; the impact on this would be low . 
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The proposed alternative is not located within the actual or potential habitat of any endangered species 
other than the bald eagle and black-footed ferret. Additional information on endangered species is 
presented in Appendix E, Biological Assessment. 

As with most 1 1 5-kV l ines, the design of the Flatiron-Erie l ine eliminates the threat of electrocution 
to eagles or other raptors because the distance between any two conductors, and between any perch 
site and any single conductor, is sufficiently large. 

It is estimated that about 28 new or modified structures would be located in natural vegetation, and 
about 15 ,000 square feet maximum would be disturbed at each structure site. Construction of the 
project therefore would result in the disturbance of a maximum of approximately 10 acres of natural 
vegetation, primarily within short grass prairie and foothill plant communities. These areas would be 
restored to their approximate existing condition within two years of construction, thus resulting in 
only minor short-term impact. 

The impacts from this alternative on biological resources that contribute to route comparison 
(significant adverse, moderate adverse and beneficial impacts) amount to 1 ,000 feet of moderate 
short-term impacts on wetlands .  

S.D.2 ALTERNATIVE C. CONSTRUCT TRANSMISSION LINE UNDERGROUND 
TIlROUGH LONGMONT 

Figure 3 . 1 2 shows this primary alternative. North and south of Longmont, this alternative is identical 
to Alternative B. Within Longmont, however, it includes two additional major construction actions . 
These are Construction Action 7, remove the existing transmission l ine and build a new transmission 
l ine underground; and Construction Action 8, build a new overhead to underground transition 
structure. These construction actions are explained on Figure 3 . 8  and mapped on Figure 3 . 12.  
Disturbance would take place continuously along the ROW with Action 7, and on a maximum 
200-foot long ROW segment with Action 8 .  

North and south of the Longmont urban area, this project alternative is identical to Alternative B .  
Therefore, like Alternative B in these segments, i t  would not cause any significant adverse impacts to 
biological resources . Construction in about 1 ,000 feet of the ROW would cause moderate short-term 
impacts to wetlands . 

Within the Longmont area, underground construction would also cause moderate short-term impacts 
to wetlands. About 200 feet of ROW would cross wetlands along St. Vrain Creek. The project's 
crossing of St. Vrain Creek and Left Hand Creek would cause moderate short-term impacts to 
Colorado rare fish habitat. There would be a moderate short-term impact at these two locations 
because of increased sedimentation during construction, and moderate long-term impact to the 
resources because of the risk of oil spills from the buried line. Other biological impacts from 
underground construction in the Longmont area are all low. They include 7,700 feet of construction 
in a bald eagle riparian flight corridor, and 2,000 feet of construction within 400 feet of a waterfowl 
production/stopover area. The project also parallels, but would not substantially affect a long strip of 
wetland along St. Vrain Creek. 

Construction of the project would result in the disturbance of a maximum of approximately 10 acres 
of natural vegetation, primarily within short grass prairie and foothill plant communities . These areas 
would be restored to their approximate existing condition within two years of construction, thus 
resulting in only minor short-term impact. 
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The impacts from this alternative on biological resources that contribute to route comparison 
(significant adverse, moderate adverse, and beneficial impacts) amount to 1 ,200 feet of short-term 
moderate impacts to wetlands, two occurrences of short-term moderate, and one occurrence of long­
term moderate impacts to Colorado rare fish habitat. 

S.D.3 ALTERNATIVE D. REMOVE AND REROUTE THROUGH PARTS OF LONGMONT, 
BUILD NEW SUBSTATION 

Figure 3 . 1 5  shows this primary alternative. North and south of Longmont, it is identical to 
Alternative B .  Within Longmont, however, it includes two different construction actions. These are 
Construction Action 6, remove the existing transmission line and leave the ROW vacant; and 
Construction Action 1 ,  a relatively major action, build a new overhead transmission line on a new 
ROW. These construction actions are explained on Figure 3 . 8  and mapped on Figure 3 . 1 5 .  
Disturbance is considered as being continuous along the ROW with Action 1 .  

This project alternative is identical to Alternative B outside of the Longmont developed area. 
Therefore, in these route segments, its impacts would be the same as those of Alternative B; i .e . , 
1 ,000 feet of moderate short-term impacts to wetlands. 

Within the Longmont developed area, the new line segment would cause 300 feet of moderate short­
term impacts to wetlands. This same new line segment would cross 400 feet of a prairie dog town, 

where resulting impacts would be low, and a stream that is Colorado rare fish habitat. Here, because 
of the defined mitigation, impacts would also be low. 

Construction of the project would result in the disturbance of a maximum of approximately 10 acres 
of natural vegetation, primarily within short grass prairie and foothill plant communities . These areas 
would be restored to their approximate existing condition within two years of construction, thus 
resulting in only minor short-term impact. 

The total impacts from this alternative on biological resources that contribute to route comparison 
(significant adverse, moderate adverse, or beneficial impacts) amount to 1 ,300 feet of moderate short­
term impacts to wetlands.  

S.E EXISTING LAND USE 

Impacts to existing land use for each of the three primary alternatives are described in this section. 
The methodology used to determine impact levels is explained in detail in Section C of the 
Environmental Support Document that supplements this EIS . Potentially impacted land uses are 
shown on Figure 4.5.  

There could be several types of potential impacts to existing land use. ROW restrictions would l imit 
the uses that landowners could make of the ROW (most importantly ,  buildings could not be placed in 
the ROW). Cultivation could be hindered by transmission l ine structures in fields, and a very small 
area of land could be removed from use. Construction activities could cause crop damage in some 
seasons. Noise, dust and traffic from construction activity could affect developed uses. Noise and 
other electrical phenomena could affect residential and other developed land uses. There could be a 
risk of fire in the case of an oil spill from the underground line. Air traffic could potentially be 
endangered by a line (on new ROW) sited through flight clearance zones near airports and air strips.  
However, the potential risk to aircraft from striking tall structures outside of such zones is so remote 
that it is not considered in route comparison. Mitigation of land use impacts would· consist of careful 
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design and management of construction activities, including seasonal restrictions; reclamation of 
disturbed areas; compensation for damage; mitigation (by design or grounding) of electric phenomena 
(shock, radiorrV interference, noise); and restriction of access on new ROW to control increased 
public use. Impacts to a land use would be considered significant if the use could not continue or 
would be substantially restricted; any major building would have to be removed; or more than 1 % of 
the cultivated land in the study area would be taken out of use. 

Appendix C provides a discussion of the possible effects of the electrical properties of transmission 
lines and the latest information on their possible effects on public health and safety. The discussion 
includes effects such as the potential for electric shock hazards and induced voltages and currents, and 
includes a discussion of the potential long-term health effects . This section also provides definitions 
for electric and magnetic fields (E&M Fields), corona and various other related electrical parameters. 
These parameters are discussed in detail as they relate to the safety and health aspects of the proposed 
project. Estimated values for these parameters are given for the specific project alternatives. 

S.E.l ALTERNATIVE B. THE PROPOSED ACTION: UPRATE EXISTING FLATIRON­
ERIE TRANSMISSION LINE 

Figure 3 .9  shows Alternative B, the Proposed Action.  The construction actions that make up this 
alternative are Numbers 2, 3, 4 and 5 (all relatively minor actions), as shown on Figure 3 . 8 .  Each 
occurrence of each action is mapped on Figure 3 .9 .  The actions would all take place within the ROW 
of the existing Flatiron-Erie transmission line; therefore, l ittle or no new construction access would be 
required. The construction actions include building new structures at new sites and at existing sites 
on the ROW, and replacing various elements of existing structures. The conductors and overhead 
ground wires would remain in place. Disturbance would not be continuous along the ROW, but 
would be restricted to an area centered on the structures being built, replaced or modified . The 
maximum extent of each of these disturbed areas is estimated at 1 5,000 square feet (a 200-foot long 
segment of the 75-foot wide ROW). 

There would be no significant adverse impacts to existing land uses from Alternative B .  There would 
be a number of instances of moderate short-term impacts to residential , recreational, industrial and 
institutional land uses from construction disturbance. All other impacts to existing land uses would be 
(at most) low. 

In the route segment north of the Longmont urban area, there would be 600 feet of ROW subject to 
construction disturbance which would cause moderate short-term impacts to residences and residential 
areas . The long-term impacts to these residences would be low to none, since all the changes are in 
the existing ROW. This major segment of Alternative B would also impact 200 feet of public 
recreation area in the same way; Le. , moderate short-term impacts and low long-term impacts . Also, 
north of the Longmont area, Alternative B affects 1 ,600 feet of cultivation. The short-term impacts 
to this land use would be no higher than low because of the proposed mitigation measures, especially 
winter construction. Long-term impacts to cultivation would be low, because all project actions are 
on the existing transmission l ine ROW . 

Within the Longmont urban area, 1 ,200 feet of ROW in residential areas would be subject to 
construction disturbance. This disturbance would cause moderate short-term land use impacts to 
residential land uses. Long-term impacts here would be low . Also, in Longmont, construction 
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disturbance along the ROW would affect industrial development for 800 feet, institutional (school) 
land use for 200 feet, and public recreation/open space for 200 feet. All these instances of 
disturbance would cause moderate short-term impacts . The long-term effects in all cases would be 
low to none because of the minor changes from the existing conditions. 

South of Longmont, there would be a single instance of disturbance affecting a residential area. 
About 200 feet of ROW disturbance would cause moderate short-term impacts . The long-term 
impacts to this residential area would be low . In this area, there would be 'relatively extensive 
amounts of cultivation affected; 7,600 feet of ROW would be disturbed in cultivated areas resulting in 
low short-term impacts (primarily because of the proposed seasonal restrictions), and low long-term 
impacts because of the minor nature of the changes brought about by the project. 

The impacts from Alternative B on existing land uses that potentially contribute to route comparison 
(moderate adverse, or beneficial impacts) amount to moderate short-term impacts as follows: 
residential , 2,000 feet; industrial , 800 feet; public recreation, 400 feet; and institutional , 200 feet. 

S.E.2 ALTERNATIVE C. CONSTRUCT TRANSMISSION LINE UNDERGROUND 
THROUGH WNGMONT 

Figure 3 . 1 2  shows this proposed project alternative. North and south of Longmont, this alternative is 
identical to Alternative B. Within Longmont, however, it includes two additional major construction 
actions. These are Construction Action 7, remove the existing transmission l ine and build a new 
transmission l ine underground; and Construction Action 8, build a new overhead to underground 
transition structure. These construction actions are explained on Figure 3 .8  and mapped on 
Figure 3 . 12.  Disturbance would take place continuously along the ROW with Action 7, and on 
maximum 200-foot long ROW segments with Action 8 .  

North and south of the Longmont urban area, this alternative is  identical to Alternative B .  Therefore, 
in these segments , it would not cause any significant adverse impacts to existing land uses, but would 
cause the following quantities of moderate short-term impacts: residential areas/residences, 
1 ,000 feet; public recreation, 200 feet. 

Within the Longmont area, underground construction would affect a number of different land uses in 
essentially the same way. The disturbance during construction would cause moderate short-term 
impacts . However, the narrower ROW, in some ways. Less restrictive uses of the ROW, and 
reductions in established corona and field effects would have a long-term beneficial effect. The 
quantities of both short-term adverse impact (from construction disturbances) and long-term beneficial 
effect (from the absence of the former overhead line), would be as follows: 

• Residential : 12,000 feet 
• Industrial : 7,300 feet 
• Public Recreation/Open Space: 1 ,900 feet 
• Retail/Office: 800 feet 
• Institutional (School): 600 feet 

The total impacts and effects from this alternative that contribute to route comparison (significant 
adverse, moderate adverse, or beneficial) amount to the following: 

• Residential : 13 ,000 feet short-term moderate; 12,000 feet long-term beneficial 
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• Industrial : 7,300 feet short-term moderate; 7,300 feet long-term beneficial 

• Public Recreation: 2, 100 feet short-term moderate; 1 , 900 feet long-term beneficial 

• Retail/Office: 800 feet short-term moderate; 800 feet long-term beneficial 

• Institutional (School) :  600 feet short-term moderate; 600 feet long-term beneficial 

S.E.3 ALTERNATIVE D. REMOVE AND REROUTE THROUGH PARTS OF WNGMONT 

Figure 3 . 1 5  shows this proposed project alternative. North and south of Longmont, it is identical to 
Alternative B .  Within Longmont, however, it includes two different construction actions . These are 
Construction Action 6, remove the existing transmission l ine and leave the ROW vacant; and 
Construction Action 1 ,  a relatively major action, build a new overhead transmission line on a new 
ROW. These construction actions are explained on Figure 3 . 8  and mapped on Figure 3 . 1 5 .  
Disturbance i s  considered as being continuous along the ROW with Action 1 .  

Outside the Longmont urban area, this alternative is identical to Alternative B .  Therefore, in these 
major route segments, it would not cause any significant adverse impacts to existing land uses. It 
would cause the following quantities of moderate short-term impacts : residential areas/residences, 
1 ,000 feet; public recreation/open space, 200 feet. 

Within the Longmont area, Alternative D would cause a variety of short-term moderate adverse 
impacts from construction disturbance, and long-term beneficial effects in the same areas arising from 
the action of removing the existing l ine and its subsequent long-term absence. These effects would 
apply as follows: 

• Residential : 9,900 feet 
• Retail/Office: 800 feet 
• Institutional (School): 600 feet 
• Industrial : 2,300 feet 
• Public Recreation/Open Space: 1 ,900 feet 

The alternative would also cause some moderate and low adverse impacts along the segment of new 
overhead line that is part of the alternative. These impacts would include 800 feet of moderate short­
term and moderate long-term effects on a farmyard type operation, and 7,700 feet of low short-term 
and moderate long-term adverse effects on cultivation. 

About 4 acres of cultivated land would be purchased for the new substation that is part of this 
alternative. This is considered to be a moderate long-term adverse impact to cultivation. 

The total impacts from this alternative on existing land uses that contribute to route comparison 
(significant adverse, moderate adverse, or beneficial impacts) amount to the fol lowing: 

• 

• 

• 

Residential : 1 0,900 feet short-term moderate adverse; 9,900 feet long-term beneficial 

Retail/Office: 800 feet short-term moderate adverse; 800 feet long-term beneficial 

Institutional (School): 600 feet short-term moderate adverse; 600 feet long-term 
beneficial 
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• Industrial : 2,300 feet short-term moderate adverse; 2,300 feet 
long-term beneficial 

• Public Recreation/Open Space: 2, 100 feet short-term moderate adverse; 1 ,900 feet 
long-term beneficial 

• Agricultural Structure/Farmyard/Feedlot: 800 feet short-term moderate adverse; 
gOO feet long-term beneficial . 

• Cultivated Land: 7,700 feet long-term moderate adverse; 4 acres loss, moderate long­
term adverse impact. 

S.F PLANNED LAND USE 

The potential impacts of the proposed project on planned land use in the study area would be (in all 
cases) lower than the impacts for the equivalent existing land use, and in no case higher than low. 
This is because of the uncertainties that often exist as to the reality of specific planned uses. It is also 
because of the opportunity that exists to accommodate a future land use to a project. 

Planned land use is shown on Figure 4.7. There would be no impacts to planned land use (exclusive 
of visual impacts) from any of the three proposed project alternatives that would contribute to (oute 
comparison; i .e. , no significant adverse impacts, moderate adverse impacts, or beneficial impacts. 
All impact levels would be no higher than low. 

The main value of the planned land use mapping was in its contribution to development of the system 
of alternative routes (see Chapter 4, Table 4. 1 and Figure 4 .9).  Planned land uses also contribute to 
assessing visual impacts (see Section S.H). Another use of the planned land use inventory was to 
screen for any specific, major, imminent future development that could be substantially affected by 
the proposed project (no such project was identified). 

S.G CULTURAL RESOURCES 

Impacts to cultural resources for each of the three primary project alternatives are described in this 
section. The methodology that is used to determine impact levels is explained in detail in Section C 
of the Environmental Support Document that supplements this EIS . A map showing all recorded 
cultural resources in the study area was prepared, but does not appear in this EIS . The information 
on recorded cultural resources was supplied by the State Historic Preservation Office, only on the 
condition that the information be kept confidential to avoid vandal ism and ill icit excavation of cultural 
s ites . 

Potential impacts to cultural resources would be associated primarily with physical disturbance during 
construction or disturbance of cultural artifacts by construction personnel, or by the public after 
construction because of improved access . Mitigation would consist primarily of a Class III survey of 
all previously undisturbed areas that the project might disturb, and consultation with the State Historic 
Preservation Office to determine any specific mitigation necessary. Construction activity would also 
be monitored and supervisory personnel instructed in the proper procedures for cultural resource 
protection. Impacts to cultural resources would be considered significant if the integrity of a site on 
or eligible for the NRHP was affected . 
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S.G.l ALTERNATIVE B. TIlE PROPOSED ACTION: UPRATE EXISTING FLATIRON­
ERIE TRANSMISSION UNE 

Figure 3 . 9  shows Alternative B, the Proposed Action. The construction actions that make up this 
alternative are Numbers 2, 3 ,  4 and 5 (all relatively minor actions), as shown on Figure 3 .8 .  Each 
occurrence of each action is mapped on Figure 3 .9 .  The actions would all take place within the ROW 
of the existing Flatiron-Erie transmission l ine; therefore, l ittle or no new construction access would be 
required . The construction actions include building new structures at new sites and at existing sites 
on the ROW, and replacing various elements of existing structures . The conductors and overhead 
ground wires would remain in place. Disturbance would not be continuous along the ROW, but 
would be restricted to an area centered on the structures being built, replaced or modified. The 
maximum extent of each of these disturbed areas is estimated at 15,000 square feet (a 200-foot long 
segment of the 75-foot wide ROW). 

The extensive mitigation measures proposed, particularly consultation prior to construction with the 
State Historic Preservation Office regarding any important cultural resources that might be affected, 
would reduce all potential impacts to the low level. 

North of the Longmont urban area and within Longmont, there are no recorded cultural resources that 
would be affected by Alternative B.  

South of Longmont, there are four cultural sites/areas that could potentially be affected by 
Alternative B. Two of these are close to existing transmission line structures that would be modified. 
Both of these sites are probably not eligible for the NRHP. The third is a historic district, field­
assessed as eligible for the NRHP. The action here would involve a new structure on a new site (but 
on the existing ROW), and rebuilding of an existing structure. The fourth cultural site is a historic 
canal, officially eligible for the NRHP. Near it, one transmission l ine structure would be rebuilt . 

The proposed action in this area would restrict disturbance to the already disturbed ROW, and would 
not change the overal l appearance of the project. This, plus the mitigation measures proposed , would 
keep impacts at or below the low level . 

Alternative B would have no impacts on cultural resources that would contribute to route comparison. 

S.G.2 ALTERNATIVE C. CONSTRUCT TRANSMISSION UNE UNDERGROUND 
TIlROUGH LONGMONT 

Figure 3 . 1 2 shows this proposed project alternative. North and south of Longmont, this alternative is 
identical to Alternative B. Within Longmont, however, it includes two additional major construction 
actions. These are Construction Action 7, remove the existing transmission l ine and build a new 
transmission l ine underground; and Construction Action 8,  build a new overhead to underground 
transition structure. These construction actions are explained on Figure 3 . 8  and mapped on 
Figure 3 . 12 .  Disturbance would take place continuously along the ROW with Action 7, and on a 
200-foot long ROW segment with Action 8 .  

North and south of the Longmont urban area, this alternative is identical to Alternative B. Therefore, 
in these route segments, it would not cause any s ignificant or moderate impacts to cultural resources. 
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Within Longmont, because of the greater disturbance involved in underground construction, 
Alternative C would have increased quantities of impacts . None of these would exceed the low level 
however. Underground construction would cross two historic railroads (both with NRHP eligibil ity 
assessment incomplete, or assessed as not el igible), and would parallel one of these for 5,500 feet. 
Because operating railroads would be crossed by boring, and because of the mitigation measures 
proposed, impacts would be low . 

Alternative C would have no impacts on cultural resources high enough to contribute to route 
comparison. All impacts would be low to none. 

S.G.3 ALTERNATIVE D. REMOVE AND REROUTE THROUGH PARTS OF WNGMONT 

Figure 3 . 15 shows this proposed project alternative. North and south of Longmont, it is identical to 
Alternative B. Within Longmont, however, it includes two additional construction actions. These are 
Construction Action 6, remove the existing transmission l ine and leave the ROW vacant; and 
Construction Action 1 ,  a relatively major action, build a new overhead transmission line on a new 
ROW. These construction actions are explained on Figure 3 .8  and mapped on Figure 3 . 1 5 .  
Disturbance is considered as being continuous along the ROW with Action 1 .  

Alternative D has impacts on cultural resources identical to those of Alternative B; i .e. , all impacts 
would be low to none. No impacts would be severe enough to contribute to route comparison. 

S.H VISUAL RESOURCES 

Impacts to visual resources for each of the three primary project alternatives are described in this 
section. The methodology used to determine impact levels is explained in detail in Section C of the 
Environmental Support Document that supplements this EIS. Potentially impacted sensitive visual 
conditions are shown on three separate environmental data maps: 

• Visual Resources (Figure 4. 8), showing special visually sensitive environmental 
components. 

• Existing Land Use (Figure 4.5), showing existing residential and recreational/open 
space uses as the locations of visually sensitive viewers. 

• Planned Land Use (Figure 4.7), showing planned residential and recreational/open 
space uses as the locations of future visually sensitive viewers. 

Visual impacts are primarily long term, and would arise from the presence of the project where it 
could be perceived as intrusive by visually sensitive viewers. Visual impacts could also occur if the 
project was placed in highly scenic locations. There is l ittle mitigation that is feasible for the visual 
impacts of a transmission l ine. Normal , good, orderly design would minimize its adverse visual 
effects. Impacts to visual resources would be considered significant if the visual changes caused by 
the project would be dominant, as seen from visually sensitive viewpoints . The visual impacts of the 
primary alternatives are quantified and compared by measuring the distance of each project action 
type through or across visually sensitive land uses (residential , recreational, scenic areas and visually 
sensitive highway corridors). Thus, the effects on valued views from these areas, including views to 
the mountains, are the basis for the comparison of routes. 
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S.H.I ALTERNATIVE B. TIlE PROPOSED ACTION: UPRATE EXISTING FLATIRON­
ERIE TRANSMISSION LINE 

Figure 3 .9  shows Alternative B, the Proposed Action. The construction actions that make up this 
alternative are Numbers 2, 3, 4 and 5 (all relatively minor actions), as shown on Figure 3 .8 .  Each 
occurrence of each action is mapped on Figure 3 .9 .  The actions would all take place within the ROW 
of the existing Flatiron-Erie transmission l ine; therefore, little or no new construction access would be 
required. The construction actions include building new structures at new sites and at existing sites 
on the ROW, and replacing various elements of existing structures. The conductors and overhead 
ground wires would remain in place. Disturbance would not be continuous along the ROW, but 
would be restricted to an area centered on the structures being built, replaced or modified . The 
maximum extent of each of these disturbed areas is estimated at 15 ,000 square feet (a 200-foot long 
segment of the 75-foot wide ROW). 

There would be no significant or moderate impacts to visual resources from Alternative B. All 
impacts to visual resources would be at most low . 

North of the Longmont urban area, six structures would affect existing residential uses and one 
structure would affect existing public recreation/open space. The impact levels would be low to none 
because of the minor nature of the changes between existing and proposed visual conditions. Project 
changes would occur at 10  structures located in scenic condition landscapes, and two in a Boulder 
County designated natural landmark. Again, because of the minor nature of the project changes, all 
visual resources here would be low to none. 

Within Longmont, seven structures would affect existing residential land uses and one structure would 
affect existing public recreation/open space. Impacts to visual resources at these locations would be 
at most low . 

South of Longmont, four widely scattered existing residences would be affected at the low to none 
level . 

Alternative B, in total, would not cause any impacts to visual resources that would contribute to the 
comparison of alternatives; Le. ,  significant or moderate adverse impacts, or beneficial effects. 

S.H.2 ALTERNATIVE C. CONSTRUCT TRANSMISSION LINE UNDERGROUND 
THROUGH WNGMONT 

Figure 3 . 1 2  shows this proposed project alternative. North and south of Longmont, this alternative is 
identical to Alternative B. Within Longmont, however, it includes two additional major construction 
actions. These are Construction Action 7, remove the existing transmission l ine and build a new 
transmission line underground; and Construction Action 8, build a new overhead to underground 
transition structure. These construction actions are explained on Figure 3 . 8  and mapped on 
Figure 3 . 12 .  Disturbance would take place continuously along the ROW with Action 7, and on a 
200-foot long ROW segment with Action 8 .  

North and south of the Longmont urban area, this alternative is identical to Alternative B. Therefore, 
in these route segments, the alternative would not cause any significant or moderate impacts. 
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Within the Longmont area, Alternative C uses underground construction with (at five locations) 
substantial overhead/underground transition structures. In this route segment, 12,400 feet of existing 
residential land use would have long-term beneficial visual effects from removal of the existing 
overhead line; 1 ,900 feet of existing recreation/open space land use would also experience long-term 
beneficial effects. Small amounts (an estimated 600 feet) of existing residential land uses would be 
subject to short-term moderate and long-term moderate adverse impacts to visual resources from the 
overhead to underground transition structures . 

About 6,600 feet of planned residential land use would be crossed by or adjacent to underground 
segments of the line. However, future land uses are not considered to be subject to measurable 
benefits from present actions. 

The total visual impacts from this alternative that contribute to route comparison (significant adverse, 
moderate adverse, and beneficial effects) amount to: 

• Existing Residential : 600 feet of short-term moderate impact; 600 feet of long-term 
moderate impacts; 12 ,400 feet of long-term beneficial effect 

• Existing Recreation/Open Space: 1 ,900 feet of long-term beneficial effect 

S.H.3 ALTERNATIVE D. REMOVE AND REROUTE TIlROUGH PARTS OF WNGMONT 

Figure 3 . 15 shows this proposed project alternative. North and south of Longmont, it is identical to 
Alternative B.  Within Longmont, however, it includes two different construction actions. These are 
Construction Action 6, remove the existing transmission line and leave the ROW vacant; and 
Construction Action 1 ,  a relatively major action, build a new overhead transmission l ine on a new 
ROW. These construction actions are explained on Figure 3 .8  and mapped on Figure 3 . 1 5 .  
Disturbance i s  considered as being continuous along the ROW with Action 1 .  

Outside of the Longmont urban area, this alternative is identical to Alternative B. In these route 
segments, it has no significant or moderate adverse visual impacts. 

Within Longmont, this alternative would have substantial beneficial effects in the segments where the 
existing line would be removed; 1 0,800 feet of existing residential development and 1 ,900 feet of 
existing recreation/open space would experience long-term benefits . Along the south edge of 
Longmont, existing land uses would be adversely affected by the proposed segment of new overhead 
l ine; 1 ,500 feet of existing residential use would be subject to moderate short-term and moderate 
long-term adverse effects. In this location, planned land uses would also be affected. There would 
be moderate adverse long-term effects on 1,000 feet of planned residential development. 

The total impacts from Alternative D on visual resources that would contribute to route comparison 
(significant adverse, moderate adverse, and beneficial effects) would be: 

• Existing Residential : 1 0,800 feet long-term beneficial ; 1 ,500 feet short-term moderate 
adverse; and 1 ,500 feet long-term moderate adverse 

• Existing Recreation/Open Space: 1 ,900 feet long-term beneficial 

• Planned Residential : 1 ,000 feet long-term moderate adverse effects 
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• Planned Recreation/Open Space: 1 ,700 feet long-term moderate adverse 

5.1 ELECTRICAL REQUIREMENTS 

Appendix C provides a discussion of the possible effects of the electrical properties of transmission 
lines on public health and safety. The discussion includes some of the more obvious effects , such as 
electric shocks and induced voltages and current, and includes a discussion of the potential long-term 
health effects. This section also provides definitions for Electric and Magnetic Fields, corona, and 
various other related electrical parameters . These parameters are discussed in detail as they relate to 
the safety and health aspects of the proposed project. Estimated values for these parameters are given 
for the specific project alternatives. 

Potential electrical effects associated with transmission l ines include ozone generation, radio and 
television interference, audible noise, electric and magnetic field interference, and safety concerns . 
The first three of these potential effects are caused by corona, which is the electrical breakdown of air 
into charged particles created by the electrical field at the surface of the conductors. 

Corona effects are generally associated with transmission l ines operating at voltages of 34S-kV or 
above. For the proposed action (existing 1 15-kV line), corona effects would be negl igible; ozone 
generation would be undetectable; and radio and television interference is not expected to be a 
problem. However, mitigative techniques do exist, and , if any problem occurred , Western would 
take corrective action. Noise may be noticeable directly under a l ine during foul weather. However, 
line noise would remain very low and would probably be masked by background storm noise during 
inclement weather. Audible noise (AN) is not expected to be an annoyance. 

The proposed project would be designed and constructed to meet or exceed all appl icable 
requirements of the NESC. Western will correct any induced shocks on fences or buildings 
associated with the line. However, persons working near the l ines should exercise caution not to 
contact the conductors with long, metall ic objects (e.g . ,  irrigation pipe). Such contact would produce 
a lethal electric shock. 

Much attention has focused recently on reports of health effects associated with electric and magnetic 
fields. This possible association between power l ine electric and magnetic fields (E&M fields) and 
human health has created a public concern that exposure to E&M fields may cause a variety of 
adverse human health effects. In the last 20 years, scientists have conducted a number of studies to 
try to determine the relationship, if any exists, of E&M fields to plant, animal and human health . 
Some of the studies suggest that under certain circumstances, even relatively week E&M fields can 
produce biologic changes . However, it is yet to be discovered whether these biologic changes 
represent a health risk. Although a substantial amount of research on the subject has been done; and 
in fact is still in progress, the body of research on health effects is still prel iminary and inconclusive. 

Although the consensus opinion of the majority of researchers (including DOE) regarding the 
existence of a link between magnetic and electric field exposure and health effects continues to center 
on the need for research, there are a few well known and credible epidemiologists who have taken the 
position that adequate evidence does indeed exist by which to conclude the presence of a cause and 
effect relationship. Recognizing that this diversity of opinion exists, Appendix C concludes that 
health effects cannot be considered as proven, and it is not clear whether biological effects can lead to 
health effects. If health effects exist, epidemiology indicates that they are likely to be small .  Study 
results have not indicated a cause for immediate alarm. Because of our limited knowledge of the 
exposure parameters involved and the non-linearity of the dose/effect relationship, there is currently 
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no scientific basis for regulatory action or mitigation. Therefore, the E&M fields associated with the 
proposed transmission l ine project are not anticipated to cause adverse impacts on property values nor 
adversely effect publ ic health and safety . A more detailed discussion of the health effects issue is 
included in Appendix C, Public Health and Safety. 

5.J ADDmONAL IMPACT CONSIDERATIONS 

5.J.l IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

Resources committed to the proposed project would be material and nonmaterial , including financial . 
"Irreversible and irretrievable commitment of resources" is interpreted here to include resources that 
are committed throughout the l ife of the project. It is assumed that those resources used, consumed, 
degraded or destroyed during construction, operation or maintenance of the project would not be 
retrieved or replaced for the life of the project or beyond. Irreversible or irretrievable commitments 
of resources for the proposed project are summarized on Table 5 . 1 .  

5..1.2 SHORT-TERM USES VERSUS LONG-TERM PRODUCTIVITY 

A project may have characteristics that require it to be analyzed as a trade-off between a proposed 
short-term use of the environment and the maintenance of long-term productivity. The National 
Environmental Policy Act requires that every EIS address the issue. A typical project where such a 
trade-off could be of prime importance might involve, for example, extraction of a mineral resource 
(a short-term use) from beneath an area of productive farmland (a long-term productive system). 
Environmental systems that are productive in the long term (i.e. , self-sustaining) are here assumed to 
include natural geologic, hydrologic, biologic and agricultural systems. A typical transmission line 
project would have a very minor effect on long-term productivity. 

As shown in Section 3 .G.3,  Alternative B of the proposed project, the uprating of an existing 
transmission line, would have no effect at all on long-term productivity; Alternative C would have (at 
most) a minute effect on long-term productivity. This would be related to its very small amount of 
long-term impacts on water and biological resources. It would have no effect on agriculture. 
Alternative D would have no long-term effect on earth, water or biological systems, but would take 
an extremely small amount of agricultural land out of production. 

5.J.3 CUMULATIVE IMPACTS 

Much of the project is located in an urban fringe area, parts of which are experiencing (and are l ikely 
to continue to experience) moderately rapid growth. This ongoing urbanization will undoubtedly 
cause substantial future impacts to the earth, water, biological , cultural and visual resources of the 
study area. The project itself would constitute an extremely small fraction of these anticipated future 
area impacts. Other proposed transmission l ines in the area (described in Section 2.D) would likely 
have more impacts than the Flatiron-Erie 1 1 5-kV transmission l ine, since some of their length would 
be on new ROW. However, their impacts would almost certainly still be seen as very minor in the 
context of the developing study area. Transmission l ines have not generally been considered to 
facilitate or induce urban growth. 
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Resource 
Category 

Earth Resources 

Water Resources 

Biological Resources: 
Wetlands 

Rare Plant Communities 

Wildlife Habitat 

Wildlife 

Birds 

Developed Land Uses 

Agricultural Land Uses 

Land Use Plans 

TABLE 5.1 

IRREVERSIBLE AND IRRETRIEVABLE 
COMMITMENT OF RESOURCES 

Type of Potential 
Resource Commitment 

Soil loss from erosion in areas 
disturbed by construction. 

Sedimentation from construction of 
underground line across stream, risk 
of water pollution from oil spill from 
underground line. 

Construction disturbance. 

Construction disturbance. 

Loss from conversion of land to 
project uses. 

Disturbance by construction activity. 

Collision mortality. 

Land occupied. 

Land occupied. Cultivation 
restricted. 

Land occupied. Future development 
options affected. 

Irreversible 
and hTetrievable? 

No. Effects would be minor and 
primarily for the construction period 
only. 

No. Sedimentation would be minor 
and restricted to construction period. 
Fluid spiJI potentially affecting water 
quality would probably involve 
relatively small amounts of fluid, and 
is estimated to have about a I in 8 
chance of occurrence in a 50-year 
project life. 

No. Disturbance would be temporary 
and very minor in extent. 

No. None affected. 

No. Land occupied by the project 
would be very minor. 

No. Most sensitive wildlife 
seasonally avoided. Other disturbance 
very minor. 

None from Alternative B. Overall 
improvement from Alternative C and 
to a lesser extent D. 

No. Existing conditions unchanged 
with Alternative B. Net minor 
decrease in amount of land occupied 
with Alternative C and to a lesser 
extent D. 

No. Existing effects on agriCUlture 
unchanged with Alternatives B and C. 
Minor increase in agriCUltural land 
occupied and restricted with 
Alternative D. 

No. Existing conditions unchanged 
with Alternative B. Net minor 
decrease in amount of land occupied 
with Alternative C, and to a lesser 

extent D. 



Resource 
Category 

Cultural Resources 

Visual Resources 

Construction Materials 

Energy 

TABLE 5.1 (continued) 

Type of Potential 
Resource Commibnent 

Disturbance of valuable sites. 

Lowering of scenic quality. 

Materials used. 

Expenditure of energy. 

Irreversible 
and hTetrievable? 
No. No disturbance anticipated. 

No. Existing conditions unchanged 
with Alternative B. Net minor 
improvements with Alternatives C and 
D. 

Yes. Partially salvageable after 
ultimate abandonment of the project. 

Yes. Fossil fuels irretrievably lost 
during construction and maintenance. 
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Chapter 6. Consultation and Coordination 

6.A 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

LIST OF AGENCIES CONTACTED 

Advisory Council on Historic Preservation 
Golden, Colorado 
Claudia Nisley, Chief, Western Division of Project Review 

Boulder County 
Department of Parks and Open Space 
Dave Hallock, Rich Koopman 

Boulder County 
Department of Planning 
Rob Hellmick, Pete Fogg 

City of Boulder 
Open Space Department 
Delani Wheeler 

City of Boulder 
Parks and Recreation Department 
Kate Burnhardt 

City of Boulder 
Planning Department 
Andy Knudtsen, Joe Mantione 

City of Longmont 
Parks and Recreation Department 
Gene Kraning 

City of Longmont 
Planning Department 
Karen Griffith, Freda Greenberg 

City of Loveland 
Department of Parks and Recreation 
Gary Havener 

City of Loveland 
Department of Planning 
Larry Gamble 

Colorado Archaeological Society, Lyons Chapter 
Boulder, Colorado 
Sharon Pay 
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• Colorado Division of Parks and Outdoor Recreation 
Colorado Natural Areas Program 
Denver, Colorado 
Janet Coles, Researcher II 

• Colorado Division of Wildl ife 
Denver, Colorado 
Dave Weber, Wildlife Biologist 

• Colorado Division of Wildl ife 
Fort Collins, Colorado 
Don Bogart, Environmental Biologist 
Frances Pusateri,  NE WRIS Biologist 
Gerald Craig 

• Colorado Office of Archaeology and Historic Preservation 
Colorado Historical Society 
Mary Sullivan 

• Larimer County 
Parks and Recreation 
K-Lynn Cameron 

• Larimer County 
Planning Department 
Jerry White, Jill Bennet 

• Larimer County 
Public Works Department 
Ed Woodward 

• Longmont Airport Manager 
Reid Walker 

• Mountain Ute Tribe 
Towac, Colorado 
Tribal Council Chairman 

• National Oceanic and Atmospheric Administration 
U.S .  Department of Commerce 
Teresa Maraia 

• Northern Arapahoe Tribe 
Fort Washakie, Wyoming 
Tribal Council Chairman 

• Southern Cheyenne Tribe 
Anadarko, Oklahoma 
Tribal Council Chairman 
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• State Historic Preservation Office 
Denver, Colorado 
Barbara Sudler, State Historic Preservation Officer 

• Town of Berthoud 
Public Works Department 
Earl Sterkel 

• Town of Erie 
Town Administrator 
Scott Hahn 

• U .S .  Fish and Wildl ife Service 
Denver, Colorado 
Perry Olsen, Regional Director 

• U .S .  Fish and Wildlife Service 
Golden, Colorado 
Bill Noonan, Project Leader, Endangered Species Office 
Leroy Carlson, Colorado State Supervisor 
Bill Noonan, Fish and Wildlife Biologist 

• U.S .  Forest Service, Routt National Forest 
Steamboat Springs, Colorado 
Robert Nycamp, Archaeologist 

• Weld County 
Department of Planning Services 
Rod All ison, Brian Bingle 

Note: Some of the agencies l isted here were first contacted during studies for an earlier version of 
the project; i.e. , the Flatiron-Gunbarrel EA and EIS studies . Sometimes, several contacts 
were made over a period between late 1 986 and January 199 1 .  

6.B UST OF AGENCIES. ORGANIZATION AND PERSONS TO WHOM COPIES OF 
TIlE EIS ARE SENT 

(List will appear in Public Draft EIS and subsequent versions) 

6.C PUBUC HEARINGS 

(Transcript will appear in Preliminary Final EIS and Final EIS) 

6 .3  



6.D LIST OF PREPARERS 

NAME 

Western Area Power 
Administration 

Stacy Padget 

Ken Ogilvie 

Bill Melander 

Rodney Jones 

Ben Phillips 

J.F. Sato 
and Associates 

Germaine 
Reyes-French 

EDAW, Inc. 

Tom Keith 

Michael Bowie 

Britt Ripley 

Kurt Loptien 

EDUCA TIONIEXPERIENCE 

B.S . ,  Electrical Engineering 
8 years professional experience 

B .S . ,  Electrical Engineering 
24 years professional experience 

B .S . ,  Wildlife Management 
34 years professional experience 

M.S.E. ,  Environmental Engineering 
20 years professional experience 

M.A. ,  Public Administration; 
B .A. ,  Biology 
1 3  years professional experience 

B .S . ,  Zoology/Entomology 
16 years professional experience 

M.S . ,  Regional Planning 
1 2  years in environmental manage­
ment & planning with industry & 
consulting firms 

Master of Landscape Architecture 
1 8  years as environmental planner 
& landscape architect with con­
sulting firms 

Bachelor of Landscape Architecture 
7 years as landscape architect & 
planner with consulting firms 

Bachelor of Fine Arts . 
7 years as graphics production 
specialist with local government 
and consulting firms. 
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EIS RESPONSIBILITY 

Project Engineer 

EMF Coordination 

Review /Coordination 

Review /Coordination 

Cultural Resources 
Review 

Project Management, 
Review /Coordination 

Principal-in-Charge, 
EIS Production 

Project Manager, 
EIS Production 

Planner 
EIS Production 

Graphics Production 



Western Resource 
Development 
Corporation 

David Johnson 

Rick Thompson 

James Walsh 

Cathy Frank 

Western Cultural 
Resources 
Management 

Tom Lennon 

Chuck Wheeler 

B .S . ,  Mathematics; 
M.A.  Environmental Toxicology 
1 8  years as professional biologist 
& planner 

B .S . ,  Wildlife; M.A. ,  Zoology 
1 3  years as professional biologist 

B .S . ,  Geology; M.S . ,  Geology 
1 8  years as professional soil 
scientist 

B.A. ,  Biology 
3 years as professional biologist 

B.A. ,  American History; 
M.A. ,  Anthropology; M.A. ,  Corporate 
Communication; Ph.D. ,  Anthropology 
14 years in cultural resources 
management 

B.A.,  Anthropology 
1 2  years in cultural resources 
management 

6.5 

Earth Resources 
Vegetation Resources 

Wildlife Resources 

Earth Resources 

Vegetation and 
Wildl ife Resources 

Cultural Resources 

Cultural Resources 
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Appendix B. Glossary, Acronyms and Abbreviations 

ACSR: Aluminum conductor steel reinforced . 

Alternating current (a.c.): An electric current that reverses its direction of flow at regular intervals 
and has alternately positive and negative values. The standard for 
transmission l ines of the Flatiron-Erie type. 

Ampere (A): 

Circuit: 

Circuit breaker: 

Conductor: 

Current: 

Direct current (d.c.): 

Easement: 

Electric field: 

Endangered species: 

Gauss: 

Ground:  

The unit of  measurement of  electric current. It is proportional to the 
quantity of electrons flowing through a conductor past a given point in 
one second . 

A system of conductors (three with alternating current l ines) through 
which electric current flows. 

Generally, any switching device that is capable of interrupting an 
electrical circuit under overload or short-circuit conditions, as well as 
under normal load conditions. 

A wire cable strung between transmission structures through which the 
electric current flows. 

A measure of the flow of electrons through a conductor. In general , it is 
expressed in amperes . Current is analogous to flow rate in a water 
system. 

A unidirectional current having a magnitude that does not vary, or that 
varies only sl ightly.  

The right or privilege obtained to construct, maintain and operate 
transmission facil ities within a right-of-way. 

An electric field is created in a vicinity of transmission l ines by the 
electric charges on the conductors. This field decreases rapidly and non­
uniformJy from the conductor surface to the ground surface and to objects 
in the area. It is influenced and shaped by the objects in the area. The 
strength of an electric field at a point is defined as the force that would 
occur on a unit electric charge at that point. Field strength is expressed 
in a voltage per distance ratio, such as kilovolts/meter (leV /m). 

Any species which is in danger of extinction throughout al l or a 
significant portion of its range. 

A unit of measurement of magnetic field intensity . The Gauss indicates 
the number of l ines of magnetic force (attraction) per unit area. For 
transmission lines, this is a large unit and often the milIigauss is used . 

Any conducting connection made between an energized, electrical circuit 
and the earth (zero voltage potential ) .  
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Insulator: A low conductive support for a conductor, typically of glass, porcelain or 
polymer-fiberglass. It prevents the normal flow of current from the 
conductor to earth or another conductor. 

Kilowatt (kW): The electrical unit of power which equals 1 ,000 watts. 

Load: The amount of electric power del ivered to a given point on a system. 

Magnetic field: Region of magnetic influence or attraction -- similar to the effect near a 
magnet. The field that is formed around the conductors of a transmission 
l ine is caused by the current flowing in the conductors. 

Overhead ground wires: Grounded wires placed in close proximity to an energized transmission 
l ine. Overhead ground wires are used to protect the transmission line 
from l ightning. 

Phase: One wire of a 3-wire alternating current circuit. 

Riparian: Pertaining to, l iving or situated on, the banks of rivers and streams . 

Single circuit: The placing of one single electrical circuit (consisting of three phases) 
along a row of towers. In tower design, any tower capable of supporting 
only one circuit. 

Substation: An assemblage of equipment designed for switching, changing or 
regulating the voltage of electricity. 

Threatened SpecifS: Any species which is l ikely to become an endangered species within the 
foreseeable future throughout all or a significant portion of its range. 

Volt: The unit of electromotive force or electric pressure analogous to water 
pressure in pounds per square inch . It is the electromotive force which, 
if steadily applied to a circuit have a resistance of one ohm, wil l produce 
a current of one ampere. 
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Appendix  c .  
Publ i c  Heal th and Safety 

Western Area Power Admi ni strati on (Western) i s  commi tted to programs and 
pol i ci es that ensure a safe and heal thy envi ronment .  Safety and heal th 
are not an obscure set of rul es or a col l ecti on of general i zed 
standards . At Western safety and heal th  are an essenti al part of the 
worki ng cul ture and are demonstrated dai l y  by each empl oyee and 
contractor as i ntegrated acti ons i n  everyday work practi ces . Safety i s  
a way of l i fe at Western , a cond it ion o f  empl oyment. Western i s  
commi tted t o  programs that ensure an equi tabl e di stri but i on of a publ i c  
resource , el ectri c energy, to the peopl e of the Western Uni ted States i n  
a safe,  effi ci ent, rel i abl e,  and envi ronmental ly  heal thful manner . 

Thi s appendix  provi des a di scussi on of the possi bl e effects of the 
el ectri cal properties of transmi ssi on l i nes and the l atest i nformati on 
on thei r possi bl e  effects on publ i c  heal th and safety . The di scuss i on 
i ncl udes effects such as the potenti al for el ectri c shock hazards and 
i nduced vol tages and currents , and i ncl udes a di scussi on of the 
potenti al l ong-term heal th effects .  Thi s secti on al so provi des 
defi n i t i ons for el ectri c and magneti c fi el ds (ElM Fi el ds) , corona, and 
vari ous other rel ated el ectri cal parameters . These parameters are 
d i scussed i n  detai l as they rel ate to the safety and heal th aspects of 
the proposed project . Estimated val ues for these parameters are gi ven 
for the speci fi c project al ternati ves . 

C . l  TRANSMISSION LINE SAFETY PROVISIONS 

Powerl i nes , as wi th res i denti al el ectri cal wl rl ng,  can cause seri ous 
el ectri c shocks i f  certai n precauti ons are not taken . These precauti ons 
i ncl ude bui l d i ng the l i nes to mi nimi ze the shock hazard . Al l of 
Western ' s  l i nes are desi gned and constructed i n  accordance wi th the 
Nati onal El ectri cal Safety Code (NESC) standards . NESC speci fi es the 
mi n imum al l owabl e di stance between the l i nes and the ground or other 
objects . These requi rements basi cal ly  determi ne the edge of the 
ri ght-of-way ( ROW) and the hei ght of the l i ne, i . e . , the cl osest poi nt 
to the l i ne that houses, other bui l di ngs , and vehi cl es are al l owed, to 
l imi t el ectri cal effects to acceptabl e l evel s .  

Peopl e must al so take certai n  precauti ons when worki ng or pl ayi ng near 
powerl i nes . It  i s  extremely  i mportant that a person not bri ng anythi ng ,  
such as a tel evi s i on (TV) antenna or i rri gati on pi pe, too cl ose to the 
l i nes . Western provi des a free bookl et that descri bes safety 
precauti ons for peopl e who l i ve or work near transmiss ion l i nes . It i s  
ent itl ed ,  -L ivi ng and Worki ng Around H i gh Vol tage Power Li nes · and i s  
avai l abl e from the Lovel and Area Offi ce . To obtai n a copy cal l 
(303) 490-7200 . 

Transmi ssi on l i nes can al so i nduce vol tages i nto objects near the l i nes . 
Thi s effect can l ead to nui sance shocks i f  a vol tage i s  i nduced on 
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somethi ng l i ke wi re fenci ng whi ch i s  on wood posts . and therefore. 
i nsul ated from ground . Usual ly. however. thi s  becomes a probl em onl y 
with l i nes of vol tages above 230-ki l ovol t ( kY) . Shoul d probl ems devel op 
wi th ei ther hi gh- or l ow-vol tage l i nes . they can be corrected by simpl e 
groundi ng techni ques . For al l of Western ' s  l i nes . groundi ng of certai n 
objects near the l i nes i s  a rout ine part of the i n i ti al constructi on 
process . 

C . 2  POTENTIAL HAZARDS 

The fol l owi ng sect ions d i scuss speci fi c  potenti al safety hazards and 
rel ated act ivi ti es that are of parti cul ar concern . 

C . 2 . 1  Di rect El ectri cal Contact . The greatest hazard from a 
transmi ssi on l i ne i s  di rect el ectri cal contact wi th the 
conductors . In  fact. contact i s  more l i kely wi th l ower vol tage 
transmi ssi on l i nes . because of thei r l ower cl earance 
requi rements . Physi cal contact between a grounded object and 
the hi gh vol tage conductors is not necessary for el ectri cal 
contact to be made because under certai n  ci rcumstances arci ng 
can occur across an ai r gap. especi al l y  i f  an object is brought 
too cl ose to the l i ne or i f  dust or smoke provi des a conducti ve 
path . 

The fol l owi ng precauti ons i nd i cate the care that must be taken 
near a h i gh vol tage l i ne to avo id  di rect el ectri cal contact . 
Extreme cauti on must be used when operati ng tal l equi pment . such 
as cranes or dri l l i ng equi pment . near the l i ne .  Irri gat ion 
pi pes and systems cannot be ti pped up near the l i ne .  Trees near 
the transmi ssi on l i ne shou l d  not be fel l ed onto the conductors . 
Ki tes shoul d not be fl own near transmi ssi on l i nes and only  
nonmetal l i c stri ng and ki tes shoul d be  used . The wi nd shoul d 
carry the ki te away from the transmi ss i on l i ne.  Towers shoul d 
not be cl imbed . 

I f  there i s  adequate cl earance to the conductors of a 
transmi ssion l i ne .  then normal agri cul tural and other act ivi t i es 
can be carri ed on safely. Vehi cl es and l arge equi pment up to 15 
feet in hei ght ( i ncl udi ng antennas. etc . )  can normal ly travel 
safely under al l Western l i nes . Li nes owned by other uti l i t i es 
may have di fferent hei ght l imi tati ons . If  there i s  any doubt 
whatsoever. contact Western or your l ocal uti l i ty to revi ew the 
s i tuati on before proceedi ng .  

C . 2 . 2  Irrigat i on .  Both fixed and mobi l e  i rrigati on systems can be 
operated safely near transmi ssi on l i nes . However . certai n 
precauti ons are necessary to mi nimi ze the hazards i nvol ved . The 
hazards associ ated wi th i rrigati on near transmi ssi on l i nes fal l 
i nto three categori es : di rect contact . i nduced shocks. and 
transferred potent i al s .  Wi th appropri ate precauti ons al l can be 
mi nimi zed as a source of danger. 



Di rect contact i s  the most dangerous and . unfortunately.  the 
most l i kely to occur wi thout speci al precautions . Irri gat ion 
pi pes are often l ong enough to reach withi n fl ashover di stance 
of the conductors . Therefore. pi pes shoul d never be ti pped up 
to remove di rt or smal l animal s when i n  proximi ty to an overhead 
l i ne . Equi pment used to i nstal l i rri gation systems can be ta1 1 i  
therefore. precauti ons shoul d be taken to mai ntai n adequate 
el ectri cal cl earance duri ng i nstal l ati on .  When movi ng a high 
pressure system wi th l ong booms . such as a Vermeer mobi l e  
system. speci al precauti ons shoul d be taken to i nsure that i t  
does not t i p .  

Steady streams o f  water contacti ng the energi zed conductors can 
provi de a di rect path to ground for l eakage current or a 
fl ashover. Therefore. precauti ons shoul d be taken to prevent 
steady water streams from stri ki ng the conductors . I f  thi s does 
happen . one shoul d avoi d contacti ng or bei ng near the i rri gati on 
system. Thus . when a steady stream of water reaches a 
conductor. the water shoul d be turned off at i ts source before 
attempti ng to correct the probl em .  Nozzl e ri sers i n  the 
vi ci ni ty of transmi ssi on l i nes s houl d be equi pped wi th spoi l ers 
or automati c shutoffs . Hi gh vol ume. high pressure systems have 
the potenti al to send a steady stream consi derabl e di stances . 
Safe operati ng di stances for thi s type of equi pment are based on 
several factors . i ncl udi ng nozzl e di ameter and l i ne vol tage . 
Informati on i s  avai l abl e to determi ne safe di stances for thi s  
type of equi pment (67 . 70) . 

Both el ectri c-fiel d and magneti c-fi el d coupl i ng can occur on 
i rri gati on systems . The former i s  eas i ly reduced or el imi nated 
by unl oadi ng and handl i ng pi pes away from the transmi ssi on l i ne 
and by attachi ng onl y  short l engths of pi pe to a grounded header 
or ri ser .  Potenti al ly  hazardous .  magneti cal ly  i nduced vol tages 
can occur i n  l ong i rri gati on pi pel i nes and mai ntenance of l ong 
pi pes such as pivot systems shoul d be done wi th the pi pe 
perpendi cul ar to the transmi ssi on l i ne . In the event thi s 
ori entati on cannot be achi eved . then the system shoul d be 
grounded at each end . If  the pi pe i s  cut i nto secti ons . then 
each sect ion shoul d al so be grounded . 

To avoi d the poss ibi l i ty of a transferred potenti al from the 
power system to the i rri gati on system duri ng an el ectri cal 
faul t .  buri ed porti ons of the i rri gati on system. or any 
pi pel i ne.  shoul d not be too cl ose to the tower or the tower 
groundi ng system. 

In summary. i rri gati on near transmi ssi on l i nes can be hazardous 
i f  certain precauti ons are not taken .  Cooperati on between the 
l andowner and the operator of the l i ne is essenti al for safe 
operat ion .  
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C . 2 . 3  Refuel i ng. In a h i gh el ectri c fi el d i t  is theoret i cal ly 
possi bl e  for a spark di scharge from the i nduced vol tage on a 
l arge vehi cl e  to i gn ite gasol i ne vapor during refuel i ng .  
However, the probabi l i ty for exactly the ri ght cond it i ons to 
occur for i gni ti on is extremel y  smal l .  Accordi ng to resul ts 
obtai ned from studi es conducted by Johns Hopki ns Uni versi ty. the 
i gni t i on of fuel under a transm iss i on l i ne woul d requi re that an 
i nd iv i dual be stand i ng on damp earth or vegetati on and that the 
vehi cl e to be refuel ed must be exposed to the maximum i ntensi ty 
of the el ectri c fi el d .  The veh i cl e  must al so be i nsul ated . 
Fi nal ly,  the ai r-fuel mixture must approach optimal fl ash-poi nt 
condi t ions . Therefore. the number of preci se cond i t i ons to be 
met to achi eve fuel i gniti on reduces the l i kel i hood of the 
occurrence . The report poi nts out that -even i f  spark energi es 
were suffi ci ent to i gni te fuel , then the person maki ng the 
attempt woul d l i kely experi ence uncomfortabl e sparks , whi ch 
wou ld  serve as a heal thy warni ng of a potenti al l y  hazardous 
s i tuat ion- (71) . For the exi st i ng l i ne the maximum el ectri c 
fi el d  i s  l ow enough that i t  i s  very doubtful the ri ght 
condi t i ons coul d ever be achi eved . 

Because of the theoreti cal poss i bi l i ty of i gni t ion ,  some 
uti l i ti es recommend that refuel i ng not be done near transmi ssi on 
l i nes unl ess necessary (61 . 62) . In the event refuel i ng must be 
done under a l i ne , proper groundi ng procedures are recommended . 

C . 2 .4 Fi res . Large fi res near transmi ssi on l i nes represent a 
potent i al el ectri cal hazard . The hot gases and smoke can create 
a conductive path to ground . If  a fl ashover occurs al ong thi s  
path, then peopl e near the fi re coul d possi bly  experi ence 
dangerous shocks . Fl ashovers al so cause outages and jeopard i ze 
the rel i abi l i ty of the transmi ss i on system.  

Because of the hazards associ ated wi th fi res , storage of 
fl ammabl es . construct i on of fl ammabl e structures , and other 
acti vi t ies wh i ch have the potenti al to cause or provi de fuel for 
fi res on Western 1 s  ri ght-of-way (ROW) are prohibi ted . 

C . 2 . 5  Expl os i ves . Use of expl os i ves on or near the ROW can be 
affected by el ectri cal i nterference from the power l i ne to the 
c ircui ts used for detonati on .  There i s  al so a potenti al for 
damage to the transmi ssi on system. 

C . 2 . 6  Lightni ng. Transmi ssi on l i ne structures , wi res , and other tal l 
objects are the most l i kely poi nts to be hit  by l i ghtn i ng duri ng 
a thunderstorm. Western 1 s  transmi ssi on l i nes are des i gned wi th 
overhead ground wi res and grounded structures to protect the 
system from l i ghtni ng .  When the overhead ground wi re or 
structure i s  h it ,  the l i ghtn i ng stri ke i s  conducted to ground at 
the structure . Si nce i t  i s  hazardous to be i n  the area where 
l i ghtni ng enters the ground , i t  i s  advi sabl e to stay away from 



the transmi ss i on l i ne structures (and al l tal l objects such as 
trees) duri ng el ectri cal storms . 

C . 3  POWER TRANSMISSION FACILITES AND PUBLIC CONCERN 
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C . 3 . I  Introducti on 

The fol l owi ng secti ons summari ze the vast amount of i nformati on 
that has been publ i shed regard i ng the asserti on that exposure to 
60 hertz (Hz) ElM Fi el ds may cause a vari ety of adverse human 
heal th effects .  Med i a  coverage regard i ng this poss i bl e  
associ ati on has created a general publ i c  concern . The i nterest 
shown and concerns expressed duri ng publ i c  scopi ng meeti ngs and 
at publ i c  heari ngs and i n  publ i c  comment l etters have encouraged 
Western to address thi s i ssue i n  depth . 

Fi rst, we defi ne and descri be the vari ous el ectri cal parameters 
associ ated wi th power transmi ssi on faci l i ti es whi ch are known 
and whose characteri sti cs are predi ctabl e usi ng the l aws of 
phys i cs and engineeri ng . For thi s project these parameters are 
summari zed i n  the tabl es of the fol l owi ng sect i on .  Then we 
d i scuss the more abstract and unknown features associ ated wi th 
the human heal th i ssue . These d i scussi ons and the associ ated 
reference sources do not present every sci enti fi c assessment and 
popul ar press arti cl e  publ i shed on the subject . These 
d iscuss i ons present the major eval uations of the i ssue and the 
publ i cati ons that form the core of our present knowl edge and 
understandi ng of the ElM Fi el d i ssue. The sci enti fi c panel s and 
government agenci es that have eval uated the ElM Fi el d questi on 
(See Secti on C . 6 . I) have revi ewed and cons i dered vi rtual l y  al l 
publ i cati ons , stud i es ,  evi dence, assessments , poi nts of vi ew, 
and opi ni ons on the i ssue . These sect ions summari ze the revi ews 
that have taken pl ace and the concl usi ons that have been reached 
to date. 

C . 3 .2  Project Speci fi c  Analysi s Tabl es 

Both current and vol tage are requi red to transmi t el ectri cal 
energy over a transmi ssi on l i ne .  The current i s  a fl ow of 
el ectrons measured i n  amperes or amps (A) and i s  the source of a 
magneti c fi el d .  The vol tage (the force that dri ves the current) 
i s  expressed i n  uni ts of vol ts (V) or ki l ovol ts (kV) and i s  the 
source of an el ectri c fi el d .  

S i nce power i n  the Uni ted States i s  transmi tted by current and 
voltage that changes thei r strength and di rect i on wi th a 
frequency of 60 Hz, or cycl es per second , the frequency of the 
magneti c and el ectri c fi el ds produced is al so 60 Hz . The fi el ds 
extend out from the conductors and decrease rapid ly  i n  i ntensi ty 
as di stance from the transmi ssi on l i ne i ncreases . These fi el ds 
are an i mportant consi derati on associ ated wi th the desi gn of 
transmi ssi on l i nes . Fi rst , the el ectri c fi el d at the surface of 



the conductors i s  responsi bl e  for the phenomenon known as corona 
(corona i s  d i scussed i n  greater detai l i n  Sect i on C .4 . 1) . 
Corona i s  the el ectri cal breakdown of the ai r very near an 
el ectri cal ly  energi zed object i nto charged parti cl es whi ch can 
resul t i n  audi bl e noi se (AN) . el ectromagneti c  i nterference. and 
the producti on of vari ous oxi dants . Second. the el ectri c and 
magneti c  fi el ds near ground l evel are respons i bl e  for i nduced 
currents and vol tages . 

Analys i s  of the speci fi c  el ectri cal characteri st i cs and 
parameters of the proposed Fl at i ron-Eri e Transmi ssi on Li ne 
Project was conducted for each primary al ternati ve confi gurati on 
and are shown i n  Tabl es C-l .  C-2 . and C-3 (see secti ons C . 4 . 1 . 7 .  
C .4 .2 .4 .  and C . 5 . 2) . Tabl es C-l .  C-2. and C-3 show the vari ous 
val ues for aud i bl e  noi se. radi o and tel evi si on i nterference. 
ozone l evel s .  and the magneti c and el ectri c fi el ds for each 
primary al ternative configurati on for the Fl ati ron-Eri e 
Transmi ss ion Li ne Project . These primary al ternati ves are 
descri bed i n  secti on 3 . G  of the EIS . 

Fi gure C-l i s  a compari son of magneti c  fi el ds for overhead and 
underground transmi ssi on l i nes . Fi gure C- l i s  not i ntended to 
refl ect projected fi el d val ues for the Fl ati ron-Eri e Project . 
but i s  i ntended to demonstrate the rel ative magneti c  fi el d 
l evel s associ ated wi th hypotheti cal overhead and two types of 
underground l i nes each carryi ng a l oad current of 700 amps . As 
exhibi ted . underground transmi ss i on does not necessari ly 
mi ti gate magnetic  fi el ds . However. the underground 
hi gh-pressure oi l -fi l l ed pi pe-type transmi ssi on cabl e proposed 
i n  al ternati ve ·C· woul d s i gni fi cantly reduce the magnet i c  
fi el d .  
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ALTERNATIVE 

AND 

LIN E  SEG M ENTS 

TABLE C-l 
Cal cul ated Load Condi ti ons for the Fl at i ron-Eri e 

Transmi s s i on Li ne Project 

VOLTAGE STRUCTURE CONDUCTOR LOADING(MW/AMPS) 

(kV) TYPE (Kcmil) MAXIMUM PEAK AVERAG E 

(OUTAGE) LOAD LOAD 

(Note 1 )  

MINIMUM 

LOAD 

--------------(Note 3)--------------

AL TERNATIVE B: 

(PROPOSED ACTION) 

FLATIRON-lYONS-HYGI ENE 115 WOOD H 397 . 5  93 . 0/457.8 71. 4/355 46. 0/228.6  32. 6/162.2 

HYGIENE-lONGMONT NW 115 WOOD H 397 . 5  63.6/318.4 42 . 7/214.4 27 .5/137 .8 19.5/97.8  

lONGMONT NW-FORDHAM 115 WOOD H 397 . 5  38.4/217.2 17 . 0/86 . 4  11 . 0/55 . 6  7 . 8/39 .5 

FORDHAM-TERRY 115 WOOD H 397 . 5  24.0/120.9 2.3/14.8 1 . 5/9.5 1 . 1/6 . 8  

TERRY-ERIE 115 l1OOO H 397 . 5  11 . 6/74. 4  5. 9/43.8 3 . 8/28 . 2  2. 7/20. 0 

ALTERNATIVE C: 
(NOTE 2) 

FLATIRON-lYONS-HYGIENE 115 WOOD H 397 . 5  93 . 0/457 .8 71 .4/355 46 . 0/228.6 32 . 6/162 .2 

HYGI ENE-lONGMONT NW 115 l1OOO H/UG 397 . 5/ 63 . 6/318.4 42.7/214.4 27 .5/137 .8 19. 5/97 . 8  
HPOFPT 

lONGMONT NW-FORDHAM 115 U6 HPOFPT 38.4/217 .2 17 . 0/86 . 4  1 1 . 0/55 . 6  7 . 8/39 . 5  

FORDHAM-TERRY 115 U6 HPOFPT 24. 0/120.9 2 . 3/14 . 8  1 . 519 .5  1 . 1/6 . 8  

TERRY-ERIE 115 l1OOO H HPOFPT/ 1 1 . 6/74.4 5 . 9/43 . 8  3 . 8/28. 2  2 . 7/20.0 
397 . 5  

ALTERNATIVE D 

FLATIRON-lYONS-HYGIENE 115 WOOD H  397 . 5  90 . 7/447 .4 69 . 8/347 . 9  45. 0/224 . 1  3 1 . 9/159 .0 

HYGIENE-lONGMONT NW 115 WOOD H  397 . 5  61 . 5/306.9 41 . 2/206. 8  26. 5/133 . 2  18 . 8/94 . 5  

FORDHAM-TERRY 115 WOOD H  397 . 5 86 .6/436 .5 27 . 6/138.9 17 .8/89 .5 12. 6/63 .5  

FORDHAM-NEWSUB 115 WOOD H/ 397 . 5/795 71.5/364 .3 12.8/74 .4 8 . 2/47 . 9  5. 9/34 .0 
SGL. STEEL 

NEWSUB-ERIE 115 WOOD H 397 . 5  26 . 9/157 . 0  13 .4/87 . 5  8. 6/56 .4 6. 1/40. 0  

1 )  The maximum flow is given for worst case system outage condition with the overall area's system stressed at ns MW. 
2) Alternative C (underground through Longmont) is assumed to have the same loading conditions as Altemative B. 
3) Each loading condition was used to calculate the electric and magnetic fields for the associated line section and altemative 

(See Table C-3, C-3.1 Maximum, C.-3.2 Peak, C-3.3 Average, C-3.4 Minimum). 

UG = underground 
HPOFPT = High pressure oil-filled pipe type underground construction. 
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AlTEINATlYE YOlta, • •  • ov 
AID Itnovo ts IItdth 

LIRE SEIiNENT (ltY) (feet) 

Al ternathe 8: 

FLATIRON-lYONS-HYGIENE 115 75 

HYGIENE-lONGMONT-NIl 115 75 

lONGMONT NIl-FORDHAM 115 75 

FORDHAM-TERRY 115 75 

TERRY-ERIE 115 75 

TABLE C-2 
Calculated Corona Effects for the Flatiron-Erie 

Transmission Line Project 

Ayer... w.t- Ay.r ••• F.tr- Ay...... w.t- Ay ...... F.tr-
we.th.r Audtbl. ...th.r Audt bl. ..ath.r ladto ... ther I.dto 
Rot •• • t Ed •• of Rot •• • t E:f. of Interf.r.nc. (II) Int.rf.r.nc. (II) 
..... d.ctb.ls .OV. dect b  • •  .t Edge of .OV. at Ed.. of .OV. 
A-wetghted (dlA) A-.. tght.d (dlA) d.ctbel s .boy. d.ctb.1 I abOY. 

1 .tcroyolt per 1 .t croyolt per 
_ter (daDY/.) ..t.r (daDY/.) 

25.2 0.22 43. 6  26.6 

See Note 1 

T.l.yhton Maxt ... Increment.l 
Int.rf.r.nc. (TVI) Ozon.-l.vel l .t 
.t Ed •• of lOW. liround l.y.l . part • 
d.ctb.ls .boy. ,er btll ton (ppb) 
1 .tcroyolt per (Not. 3) 
_t.r (daDY/.) 

5 . 1  0.0182 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ALTERNATIVE C 

FLATIRON-lYONS-HYGIENE 115 75 

HYGIENE-lONGMONT-NIl 115 75 

lONGMONT NIl-FORDHAM 115 75 See Note 1.2 

FORDHAM-TERRY 115 75 

TERRY-ERIE 115 75 

- - - - - - --- - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - --- - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ALTERNATIVE D :  

FLATIRON-lYONS-HYGIENE 115 75 

HYGIENE-lONGMONT-Nil 115 75 

FORDHAM-TERRY 115 75 

FORDHAM-NEil SUB 115 75 

�- �,-.etn vo.age, me COIOfliI8lfe 
2 COlOna eneds for the underground portion of Alternative C would be negUgIlte. 
3 Calculation assumes a 1 .0 I11>h perpendicular wind and a 0.05 IncMlr rain. 

See Note 1 
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TABLE c-3 

CALCULATED FIELD EFFECTS FOR THE FLATIRON-ERIE 

TRANSMISSION LINE PROJECT 

C-3.1 MAXIMUM LOAD CONDITION FROM TABLE C-1 

MAXIMUM (OUTAGE) 

ALTERNATIVE B: 
FlATIRON-L YONS-HYGIENE 

HYGIENE-l.ONGMONT NW 

lONGMONT NW-FORDHAM 

FORDHAM-TERRY 

TERRY-ERIE 

ALTERNATIVE C: 
FlATIRON-lYONS-HYGIENE 

HYGIENE-l.ONGMONT NW 

lONGMONT NW-FORDHAM 

FORDHAM-TERRY 

TERRY-ERIE 

ALTERNATIVE 0: 
FlATIRON-L YONS-HYGIENE 

HYGiENE-l.ONGMONT NW 

FORDHAM-TERRY 

FORDHAM-NEWSUB (Note"2) 

NEWSUB-ERIE 

ELECTRIC 
FIELD 
(MU within ROW) 

kVlm 

1.69 

1.59 

1.SS 

1.51 

1 .51 

1 .69 

1.59 

(Note 1) 

(NoIe l) 

1.51 

1.69 

1.59 

1.63 

1.59 

1.SS 

ELECTRIC 
FIELD 
(at edg. of ROW) 

kVlm 

0.86 

0.85 

0.84 

0.84 

0.84 

0.86 

0.85 

(Note 1) 

(Note 1) 

0.84 

0.86 

0.85 

0.86 

0.85 

0.84 

IIAClINmc 
FIELD 
lIu wIIIIln ROW 

mG 
125.4 

82.8 

55.1 

30.1 

18.6 

125.4 

82.6 

(Note 1) 

(Note 1) 

18.6 

122.3 

80 
119.3 

94.5 

40 

C-3.3 AVERAGE LOAD CONDITION FROM TABLE C-1 

AVERAGE 

ALTERNATIVE B: 
FlATIRON-lYONS-HYGIENE 

HYGIENE-lONGMONT NW 

lONGMONT NW-FORDHAM 

FORDHAM-TERRY 

TERRY-ERIE 

ALTERNATIVE C: 
FlATIRON-lYONS-HYGIENE 

HYGiENE-l.ONGMONT NW 

lONGMONT NW-FORDHAM 

FORDHAM·TERRY 

TERRY-ERIE 

ALTERNATIVE 0: 
FlATIRON-lYONs-HYGIENE 

HYGIENE-lONGMONT NW 

FORDHAM-TERRY 

FORDHAM-NEWSUB (Note 2) 

NEWSUB-ERIE 

ELECTRIC 
FIELD 
(llax within ROW) 

kVIm 

1.SS 

1.51 

1 .51 

1 .51 

1.51 

1.SS 

1.51 

(Note 1) 

(Note 1) 

1 .51 

1 .SS 

1.51 

1 .51 

1 .51 

1.51 

ELECTRIC 
FIELD 
(at edg. of ROW) 

kVIm 

0.84 

0.84 

0.84 

0.84 

0.84 

0.84 

0.84 

(Note 1) 

(Note 1) 

0.84 

0.84 

0.84 

0.84 

0.84 

0.84 

IIACliNETlC 
FIELD 
lIax wIIIIln ROW 

mG 

57.9 

34.3 

13.9 

25 

7 

57.9 

34.3 

(Note 1) 

(Note 1) 

7 

5&.9 
33 

21.9 

11 .9 

13.9 

IIAGNETIC 
FIELD 
(at edg. of ROW) 

mG 
42 

28.6 

19.3 

10.7 

6.6 

42 
28.6 

(Note 1) 

(NoIe l) 

6.6 

41 

27.6 

40 
32.7 

14 

IIACliNETlC 
FIELD 
(at edg. of ROW) 

mG 
20.3 

12.2 

4.9 

0.9 

2.5 

20.3 

12.2 

(Note 1) 

(NoIe l) 

2.5 

19.9 

11 .7 

7.8 

4.2 

4.9 

C-3.2 PEAK LOAD CONDITION FROM TABLE C-1 

f!!! 

ALTERNATIVE B: 
FlATIRON-L YONS-HYGIENE 

HYGIENE-l.ONGUONT NW 

lONGMONT NW-FOADHAM 

FORDHAM-TERRY 

TERRY-ERIE 

ALTERNATIVE C: 
FlATIRON-lYONS-HYGIENE 

HYGIENE-l.ONGMONT NW 

lONGMONT NW-FORDHAM 

FORDHAM-TERRY 

TERRY-ERIE 

ALTERNATIVE D: 
FlATIRON-lYONS-HYGIENE 

HYGIENE-lONGUONT NW 

FORDHAM-TERRY 

FORDHAM-NEWSUB (Note 2) 

NEWSUB-ERIE 

. ELECTRIC 
FIELD 
(llu WIthin ROW) 

kVlm 

1.59 

1.SS 

1.51 

1.51 

1.51 

1.59 

1.SS 

(Nole l)  

(Nole 1)  

1.51 

1 .59 

1 .SS 

1 .51 

1 .51 

1.51 

ELECTRIC 
FIELD 
(at edg. of ROW) 

kVIm 

0.85 

0.84 

0.84 

0.84 

0.84 

0.85 

0.84 

(NOIe 1) 

(NoIe 1) 

0.84 

0.85 

0.84 

0.84 

0.84 

0.84 

MAGNETIC 
FIELD 
lIu wtthln ROW 

mG 

92.2 

55.1 

21 .4 

3.7 

10.7 

92.2 

55.1 

(Note 1) 

(Note 1) 

10.7 

90.1 

52.6 

34.5 

18.8 

21.9 

C-3.4 MINIMUM LOAD CONDITION FROM TABLE C-1 

!!!!!!!!!!! 

ALTERNATIVE B: 
FlATIRON-lYONS-HYGIENE 

HYGiENE-lONGMONT NW 

LONGMONT NW-FORDHAM 

FORDHAM-TERRY 

TERRY-ERIE 

ALTERNATIVE C: 
FlATIRON-lYONS-HYGIENE 

HYGIENE-l.ONGMONT NW 

lONGMONT NW-FORDHAM 

FORDHAM-TERRY 

TERRY-ERIE 

ALTERNATIVE 0: 
FlATIRON-lYONS-HYGIENE 

HYGIENE-lONGMONT NW 

FORDHAM-TERRY 

FOROHAM-NEWSUB (Note 2) 
NEWSUB-ERIE 

ELECTRIC 
FIELD 
(lID wllllin ROW) 

kVIm 

1 .SS 

1.51 

1 .51 

1.51 

1 .51 

1 .SS 

1.51 

(NoIe l) 

(Note 1) 

1.51 

1 .SS 

1.51 

1.S� 

1.51 

1 .51 

ELECTRIC 
FIELD 
(at edg. of ROW) 

kVlm 

0.84 

0.84 

0.84 

0.84 

0.84 

0.84 

0.84 

(Note 1) 

(Note 1) 

0.84 

0.84 

0.84 

0.84 

0.84 

0.84 

IIAGNETIC 
FIELD 
lIu wIIIIln ROW 

mG 

41.2 

24.4 

9.9 
1.7 

5 

41.2 

24.4 

(Note 1) 

(NoIe l) 

5 

40 
24.3 

15.9 

8.5 

9.9 

IIAGNETIC 
FIELD 
(at edg. of ROW) 

mG 
31.9 

19.3 

7.6 

1.3 

3.8 

31.9 

19.3 

(Note 1) 

(Note 1) 

3.8 

31.2 

18.4 

12.3 

U 
7.8 

IIAGNETIC 
FIELD 
(at edg. of ROW) 

mG 

14.4 

8.7 

35 

0.6 

1.8 

14.4 

8.7 

(Note 1) 

(Note 1) 

1.8 

14 

8.6 

5.7 

3 

3.5 

1) ALTERNATE C: THE MAGNETIC FIELDS ASSOCIATED WITH HIGH PRESSURE PIPE TYPE CABLE IS NEGUGIBLE. 
(SEE FIG. Col) AND THE ELECTRIC FIELD IS ZERO ABOVE GROUND. 

2) ALTERNATE D: THE WOOD H-FRAME TYPE STRUCTURE WILL PROOUCE THE HIGHEST MAGNETIC AND ELECTRIC 
FIELDS. BOTH AT CENTER UNE AND AT THE EDGE OF ROW 
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FIGURE C-1 

COMPARISON OF MAGNETIC FIELD FOR TRANSMISSION LINES 
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C .4  ELECTRIC FIELD EFFECTS - LINE CHARACTERISTICS 

C . 4 . 1  CORONA 

C .4 . 1 . 1  DEFINITION AND DESCRIPTION 

One of the el ectri cal phenomena associ ated wi th al l 
energi zed devi ces , i ncl udi ng hi gh vol tage transmi ssi on 
l i nes , i s  corona .  Thi s i s  the phys i cal mani festat ion of 
energy l oss and can transform energy i nto very smal l 
amounts of l i ght , sound, radi o  noi se, chemi cal reacti on,  
and heat . Because power l oss is  uneconomi cal , corona has 
been studi ed s i nce the earl y part of thi s century.  
Consequently,  it  i s  wel l understood by engi neers , and 
steps to mi nimi ze corona are major factors in l i ne 
design .  Corona can be control l ed through desi gn 
practi ces , and i t  i s  usual l y  not a probl em for 
transmi ssi on l i nes rated at 230-kV and l ower. 

Corona i s  caused by the vol tage gradi ent (el ectri cal 
pressure) at the surface of a conductor.  When the stress 
i s  great enough ,  it can exceed the i nsul ati ng capabi l i ty 
of the surroundi ng ai r, and some el ectrons can be forced 
off the wi re,  somethi ng l i ke a garden hose l eaki ng at 
weak poi nts because the pressure i s  too h igh . The 
el ectrons can then col l i de wi th ai r mol ecul es up to a 
fracti on of an i nch away. The ai r mol ecul es become 
i oni zed (pos i t i vely or negatively charged) . Ioni zed ai r 
mol ecul es may then join  other i oni zed oxygen atoms to 
form ozone, whi ch i n  turn can produce n i trogen oxi de; or 
the ai r mol ecul es may re-stabi l i ze by capturi ng an 
el ectron and returning to an uncharged state . Thi s 
return to the normal condi t i on rel eases energy i n  the 
form of l i ght and el ectromagneti c  radi ati on (rad io  
noi se) . 

There are many vari abl es that contri bute to the presence 
and degree of corona: l i ne vol tage, number and d i ameter 
of conductors , ni cks and scratches on the conductor 
surface, and weather, to name a few. Foul weather 
affects the i nsul ati ng properti es of the surroundi ng ai r 
and al so l eaves water dropl ets on the l i ne whi ch serve to 
concentrate el ectri cal stress and make i t  eas i er for 
corona activity to occur. In the same way, scratches and 
defects on the conductor surface and even the sharper 
curvature of a smal l er cabl e can l ead to corona . Corona 
does not only occur on powerl i nes , i t  can happen anywhere 
el ectri c ity i s  usedi such as i n  appl i ances and el ectri cal 
machi nery, or i n  nature . 

Sai nt El mo 1 s  fi re i s  the best known exampl e of natural 
corona . It i s  caused by the el ectri c charge between 
overhead cl ouds and the earth acti ng through the mast of 
a sai l i ng shi p .  I t  usual ly  happens at a peri od of h i gh 
el ectri cal activity, such as duri ng a thunderstorm. 
Natural corona can occur on ai rpl anes where fri cti on 
between the movi ng pl ane and ai r mol ecul es can bui l d  up a 
stati c charge . It can occur natural l y  i n ,  for exampl e,  
mountai n  tops near cl ouds , dust storms , tornadoes , and 
around the tops of erupti ng vol canoes . 

1 1  
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When corona occurs on transmi ssion l i nes i t  i s  usual ly  on 
h i gh vol tage l i nes of 345-kV and above. and then mostly 
duri ng foul weather. The effects are l ocal and are a 
nui sance rather than a seri ous probl em or a hazard . For 
exampl e. al though rad i o  noi se i n  the AM range can be 
generated by corona di scharge. i t  i s  usual ly  of such 
smal l i ntens i ty that i t  shoul d not be a s i gni fi cant 
probl em outsi de of the ROW. The same i s  true of 
tel evi s i on i nterference and audi bl e noi se.  These topi cs 
wi l l  be deal t with i n  l ater secti ons . 

Power l oss due to corona i s  an important factor i n  
transmi ssi on l i ne ' des i gn .  However. corona on l i nes bel ow 
345-kV has general ly  not been a major probl em wi th proper 
des ign .  Corona can be mi nimi zed by us i ng l arger di ameter 
or mul t i pl e  conductors . but at the cost of more and 
heavi er conductor materi al . It i s  economi cal ly and 
physi cal ly  impracti cal to des i gn total ly  corona-free 
power l i nes . but experi ence and research have produced 
des ign techni ques that can reduce corona and i ts effects 
to l ow l evel s .  It shoul d be expected that the proposed 
project woul d have l i ttl e or no corona act ivi ty under 
most operati ng condi t i ons . and some corona acti vi ty 
duri ng foul weather cond it i ons . 

C . 4 . 1 . 2  AUDIBLE NOISE 

Duri ng corona activi ty. el ectri c transmi ssi on l i nes 
(mai nly 345-kV and above) generate a smal l amount of 
sound energy . Thi s  audi bl e noi se from the l i ne can 
barely be heard i n  fai r  weather cond it i ons on the hi gher 
vol tage l i nes (345-kY and above) and usual ly not at al l 
on l i nes of 115-kY .  Duri ng foul weather. water drops 
col l ect on the conductor and i ncrease corona acti vity so 
that a crackl i ng or hummi ng sound may be heard near the 
l i ne .  Thi s  noi se i s  caused by smal l el ectri cal 
d i scharges from the water drops . 

The sound i s  not hazardous and does not i ndi cate an 
abnormal operati ng cond i t i on .  Rather. the sound i s  due 
to corona on the l i ne .  The audi bl e noi se woul d di sappear 
when the conductors become dry.  Background noi se caused 
by fal l i ng rai n  usual ly  "masks · or covers audi bl e noi sei 
but in certai n  cond i t i ons . noi se may be detectabl e near 
the ROW duri ng a peri od of rai n or fog . 

Audi bl e  noi se decreases wi th di stance away from the l i ne .  
Noi se l evel s on most 115-kY l i nes have not been a 
probl em. and audi bl e noi se i s  almost never reported for 
l i nes of thi s vol tage . Tabl e C-4 compares some common 
l evel s wi th cal cul ated val ues for the proposed project . 



Envi ronmental Cond i ti ons 

Carri er Deck Jet Operat ion 

Di scotheque 

Al ann Cl ock 

Ai r Condi ti oner at 20 feet 

Typi cal Offi ce 

Li brary 

Soft Whi sper 

TABLE C-4 
COMMON NOISE LEVELS 

dBA (Deci bel s) 

140 

120 

80 

60 

50 

40 

Response 

Pai nful l y  Loud 

Maximum Vocal Effect 

Annoyi ng 

I ntrusi ve 

Qui et 

Very Qui et 
Proposed Project-Wet Weather (ROW edge) 

30 

25 . 2  
Broadcast Studi o 

Proposed Project-Fa i r Weather (ROW edge) 
20 Just Aud i bl e 

0 .22 
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Sound i s  phys i cal ly  measured i n  deci bel s (dB) , but the 
human ear detects di fferent l oudness l evel s at di fferent 
pi tches (frequencies) . Therefore, an adj usted ·A" scal e 
has been devel oped , and noi se (unwanted sound) i s  a lmost 
always measured i n  dBA. Because the deci bel scal e i s  
l ogari thmi c ,  a di fference of 20 dB i nd i cates a factor of 
10 i n  percei ved l oudness . In  other words , an automobi l e  
horn at 3 feet (about 110 dBA) i s  10 t imes as l oud as the 
i ns i de of a New York subway trai n (90 dBA) , whi ch i n  turn 
i s  10 times as l oud as average street corner traffi c 
(70 dBA) , etc . 

The audi bl e noi se l evel s at the proposed proj ect ' s  ROW 
edge that are reported i n  Tabl e C-4 woul d be far bel ow 
52 dBA, an audi bl e noi se l evel reported by the El ectri c 
Power Research Insti tute as causi ng - no compl ai nts·  (6) , 
and al so wel l bel ow the s imi l ar noi se l evel bel ow whi ch 
the EPA bel i eves no effects on publ i c  heal th and wel fare 
wi l l  occur (7) . Resi dences and bui l di ngs adjacent to the 
ROW woul d be exposed to these l ow l evel s .  

The state of Col orado has adopted regul ati ons whi ch 
proh ib it  noi se l evel s i n  resi denti al , commerci al , l i ght 
i ndustri al and i ndustri al areas whi ch exceed certai n  
l evel s at a di stance of 25 feet or more from the property 
l i ne .  For exampl e,  duri ng the 36  hour i nterval from 
7 a .m .  to the next 7 p .m .  the maximum al l owabl e l evel i n  
a resi denti al area i s  55 dBA.  Noi se from the Fl ati ron­
Eri e Li ne wi l l  be wel l bel ow the appl i cabl e Col orado 
regul ati ons . 

C . 4 . 1 . 3 RADIO AND TELEVISION I NTERFERENCE 

Al though overhead transmi ss i on l i nes general ly  do not 
i nterfere wi th normal rad i o  or tel evi s i on recepti on, 
there are two potenti al sources of i nterference from 
transmi ssi on l i nes - corona and gap di scharges . Corona 
may affect AM radi os ,  whi l e  gap di scharge can affect 
tel evi s i on,  as wel l as radi o recepti on . 

As descri bed i n  Sect ion C . 4 . 1 . 1 ,  corona acti vi ty woul d be 
mi nimi zed due to proper des ign and i s  therefore unl i kely 
to be a source of i nterference . However, i f  a person 
stands under a 345-kV or l arger l i ne i n  a rai n storm wi th 
an AM radi o,  they wi l l  most probably detect stati c 
i nterference from the transmi ss i on l i ne .  Thi s  l evel of 
stati c i nterference i s  much l ower on 1 15-kV l i nes . 
Corona generated i nterference decreases wi th di stance , 
and beyond the ROW edge i t  decreases to very l ow val ues . 
For the proposed 115-kV l i ne,  the cal cul ated radi o noi se 
l evel at the ROW edge for fai r weather i s  shown i n  Tabl e 
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C-2 and i s  about 26 . 6  dBDV/m and for wet weather i s  about 
43 . 6  dBDV/m (decibel s above 1 mi crovol t per meter 
reference val ue) . Thi s  l evel woul d meet the Federal 
Communi cati ons Commi ssi on gui del i nes for sati sfactory 
servi ce (6) . The des i gn of the 11S-kV l i ne i s  such that 
TV i nterference l evel s wi l l  be very l ow. 

Gap d i scharges are a very di fferent probl em.  They are 
due to el ectri cal d ischarges between broken or poorly 
fi tti ng hardware ( i . e . , i nsul ators , cl amps , brackets) .  
Hardware i s  designed and i nstal l ed to be problem-free, 
but gunshot damage, wi nd moti on ,  corrosi on damage, etc . ,  
sometimes can create a gap di scharge condit i on .  When 
thi s condit i on devel ops , i ntermi ttent gaps at connecti on 
pOi nts between hardware i tems al l ow smal l el ectri cal 
di scharges to occur across the gaps . Thi s phenomenon i s  
not l imi ted to transmi ssi on l i nes and can often be found 
on l ow vol tage di stri buti on l i nes . The di scharges act as 
smal l -transmi tters · at frequenci es that may be recei ved 
on some radi o and TV recei vers . Gap di scharge sources 
woul d be l ocated and repai red by trai ned Western 
personnel . 

The severi ty of any i nterference depends upon the 
strength and qual i ty of the transmi tted rad i o  or TV 
si gnal , the qual i ty of the radi o or TV set and antenna 
system, and the di stance between the set and i nterference 
source. It  i s  often the case that rad io  and TV sets are 
i nfl uenced more by i nterference sources i n  the home 
i tsel f than by transmi ssi on l i nes because of the 
proximi ty of these sources . The l arge majori ty of 
i nterference compl ai nts are found to be attri butabl e to 
sources other than transmi ssi on l i nes , e . g . , poor s ignal , 
poor antenna ,  heati ng pad , door bel l ,  sewi ng machi ne, 
freezer, i gni t i on system,  aquari um thermostat , 
appl i ances , fl uorescent l i ghts , etc . (a) . 
The frequency content of corona d ischarge i nterference 
does fal l wi thi n the range of AM radi o recei vers , but the 
i nterference i ntensity al so decreases wi th di stance so 
that i t  shoul d normal ly  not be noti ceabl e beyond the ROW 
edge. Of course, thi s al so depends on the S i gnal 
strength of the stati on . An automobi l e  passi ng under 
some transmi ss ion l i nes i n  foul weather may pi ck up 
i nterference {stati c} on an AM radi o whi l e  beneath the 
l i ne .  {Sometimes thi s al so occurs i n  fai r weather, but 
i t  i s  due to gap d i scharge on poorly fi tti ng or damaged 
hardware. }  The upper l imi t or frequency range affected 
by the corona phenomenon i s  normal ly too l ow to i nfl uence 
FM recei vers or CB rad i os .  



------------------ - -- - -

Typi cal transmi ssi on l i ne engi neeri ng practi ce i s  to 
des i gn al l transmi ssi on l i nes to be as free from corona 
and other sources of i nterference as possi bl e .  Radi o 
i nterference compl ai nts woul d be recorded and 
i nvesti gated when necessary by Western , and correcti ve 
measures taken as requi red . Western has a formal 
procedure for eval uati ng and respondi ng to i nterference 
compl ai nts , and thi s procedure woul d be impl emented for 
any compl ai nts recei ved on the proposed project. 
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C .4 . 1 . 4  Vi si bl e Light . Corona can be diml y  v i s i bl e  as a bl ui sh 
gl ow or as bl uish  pl umes . On the proposed l i ne, corona 
on the conductors woul d be observabl e only under the 
darkest and/or rai ni est cond iti ons , when the corona i s  
most i ntense, and probabl y woul d be vi s i bl e  only wi th the 
ai d of bi nocul ars . Wi thout a peri od of adaptati on for 
the eyes , and wi thout i ntenti onal ly  l ooki ng for the 
corona ,  i t  woul d probabl y not be noti ceabl e .  

C . 4 . 1 . 5 .  Photochemi cal Oxi dants . When corona i s  present, the ai r 
surroundi ng the conductors i s  i oni zed and chemi cal 
reacti ons may take pl ace produci ng extremely  smal l 
amounts of ozone and other oxi dants . Measurements i n  the 
l aboratory and near transmi ssi on l i nes have shown that 
the amount of oxi dants produced by operati ng transmi ss i on 
l i nes i s  usual ly not measurabl e and of no envi ronmental 
consequence . 

C . 4 . 1 . 6  OZONE 

Ozone (03) i s  another poss i bl e  by-product of the hi gher 
vol tage transmi ssi on l i nes that has rai sed some concern . 
As menti oned before ,  charged ai r mol ecul es can combi ne 
wi th each other. Ozone can be formed thi s way, by 
combi ni ng three oxygen atoms . It i s  a paradox that the 
15-mi 1 e  hi gh ozone l ayer shi el ds l i fe from ul travi ol et 
radi at i on ,  and yet ozone can be harmful to l i fe upon 
contact due to i ts powerful oxi d iz ing effect . The 
concern has been that transmi ss i on l i nes can potenti al ly  
produce a harmful amount of  ozone . Research has reveal ed 
that ozone has not been a probl em, even for very l arge 
l i nes up to 765-kV . The amounts of ozone generated are 
extremely smal l compared to natural ly occurri ng 
background l evel s .  

Ozone generati on by el ectri c ity i s  very i neffi ci ent ; 
commerci al generators of ozone can onl y convert about 
4 to 8 percent of thei r el ectri cal i nput to ozone . 
Generati on by transmi ss i on l i nes i s  even more i neffi ci ent 
because l i nes are desi gned to mi nimi ze energy l oss and 
corona activ ity. There are several other manmade sources 
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of  ozone: wel d i ng operati ons . hi gh vol tage spectrographi c 
equi pment , copyi ng machi nes . and even a i r  fresheners . By 
far the l argest ozone probl em i s  caused by the act ion of 
sunl i ght on i ndustri al and automobi l e  pol l ution .  

The  quantity of  ozone produced by the l argest 765-kV 
transmi ssi on l i ne can be almost impossi bl e  to measure 
because i t  i s  so smal l .  As far as heal th i s  concerned , 
the important parameter i s  concentrat ion .  Concentrati on 
i s  determi ned by the amount of mi xi ng between the newly 
formed ozone and the ai r surround i ng the conductor . It  
is  a funct ion of the amount of ozone bei ng generated . 
l ocal weather conditi ons , wi nd speed and d i rection ,  l ocal 
a i r  turbul ence, and the natural ozone decay rate . 

Estimat i ng ozone concentrati on i s  a compl ex probl em but 
i t  can be handl ed adequatel y by modern ai r pol l uti on 
model s .  Ozone concentrati on i s  usual l y  measured i n  terms 
of parts of ozone per bi l l i on parts of a i r (ppb) . 
Ambient ozone i s  ozone that i s  al ready i n  the a i r from 
other sources . such as d i spersi on from the natural ozone 
l ayer, automobi l e  emi ssi ons reacti ng wi th sunl i ght , and 
el ectri cal storms . Ambi ent ozone may a l so be depl eted by 
d i spers ion back to the upper atmosphere, spontaneous 
decay, and contact wi th oxi d i zabl e materi al s .  Ambi ent 
ozone l evel s i n  rural areas are typi cal l y  around 10 to 
30 ppb at ni ght and may peak duri ng the day at around 
100 ppb . In urban areas , concentrati ons greater than 100 
ppb are common . Ci ti es l i ke Los Angel es may peak at 
500 ppb . The Nati onal Ambi ent Ai r Qual i ty Standard for 
Oxi dants (of whi ch ozone i s  usual ly 90 to 95 percent) i s  
120 ppb . not to be exceeded as a peak concentrati on on 
more than one day a year . Under ·worst case· condi ti ons 
a h i gh-vol tage power l i ne wi l l  sti l l  onl y  contri bute a 
very smal l percentage to the total ambi ent ozone 
concentrations . 

One important factor i s  an eval uati on of the ozone l evel 
i ncrease that cou l d  be expected i n  the vi ci ni ty of a 
transmi ssi on l i ne .  A theoreti cal ·worst case" woul d be 
provi ded by the fol l owi ng condi t ions : heavy rai ns .  l i ght 
wi nds bl owi ng exactly paral l el to the l i ne,  and 10 or 
more conti nuous hours of these conditi ons . Cl ose to the 
proposed project, cal cul ated ozone l evel s woul d be wel l 
bel ow 0 . 1  ppb as shown i n  Tabl e C-2 . Concentrati ons 
bel ow about 1 . 0  ppb are i mpossi bl e  to measure wi th todays 
most sens i ti ve i nstrumentati on .  

Ni trogen oxi des can al so be generated by transmi ssi on 
l i nes but on a much smal l er scal e than ozone, and 
therefore the probl em i s  even l ess s i gni fi cant . 



Therefore, both ozone and ni trogen oxi de are not a 
probl em wi th 115-kV transmi ss i on l i nes . because l evel s 
are so smal l as to be undetectabl e .  

C . 4 . 1 . 7  Project Speci fi c Effects 

1 8  

I n  summary. the corona generated l evel s of audi bl e noi se. 
radi o and tel evi s ion i nterference. and ozone produced by 
the proposed transmi ss i on l i ne project are expected to be 
wel l bel ow accepted standards or of such smal l amounts as 
to be consi dered negl i g i bl e . The cal cul ated val ues for 
audi bl e noi se .  radi o and tel evi s i on i nterference. and 
ozone for each al ternative confi gurati on associ ated wi th 
the Fl ati ron-Eri e Transmi ssi on Li ne project are presented 
i n  Tabl e C-2 . 

C . 4 . 2  ELECTRIC FIELDS 

C . 4 . 2 . 1  DEFINITION AND DESCRIPTION 

El ectri c fi el ds ari se from the vol tage (el ectri cal 
pressure) on an object . Any object wi th an el ectri c 
charge on i t  has a vol tage (or el ectri c potenti al )  at i ts 
surface, caused by the accumul ati on of more el ectrons on 
that surface as compared to another object or surface . 
The vol tage effect i s  not l imi ted to the surface but 
exi sts i n  the space surroundi ng the obj ect . The change 
i n  thi s  vol tage over a di stance i s  known as the el ectri c 
fi el d .  The uni ts descri bi ng an el ectri c fi el d are vol ts 
per meter (VIm) or ki l ovol ts per meter (kV/m) . A fi el d 
measured i n  vol ts per meter expresses the d i fference i n  
el ectri cal potenti al or vol tage between two poi nts that 
are one meter apart . The el ectri c fi el d becomes stronger 
near a charged object and decreases rapi dly wi th d i stance 
away from the object . 

El ectri c fi el ds are a very common phenomenon . Stati c 
el ectri c (or DC) fi el ds can resul t from taki ng off a 
sweater or wal ki ng across a carpet . Body vol tages have 
been measured as hi gh as 16,000 vol ts due to wal ki ng on a 
carpet (9) . The earth creates a natural stati c fi el d i n  
fai r  weather of about 150 VIm (0 . 15 kV/m) at ground l evel 
due to the 300 to 400.000 vol t potenti al between the 
i onosphere and the earth (10, 11) . Thi s  means that a 
6-foot tal l person woul d have a stati c potenti al of about 
275 vol ts between the top of the head and the bottom of 
the feet . 

The normal fai r  weather potenti al gradi ent of the earth 
vari es from month to month,  reachi ng a maximum of about 
20 percent above normal i n  January. when the earth i s  
cl osest to the sun , and fal l i ng to about 20 percent bel ow 



normal by July, when the earth i s  farthest from the sun . 
Much stronger stati c el ectri c potenti al s  can exi st 
underneath cl ouds , where the el ectri c potenti al wi th 
respect to earth can reach 10 to 100 mi l l i on vol ts . 
Natural stat ic  el ectri c fi el ds under cl ouds and i n  dust 
storms can reach static  fi el d l evel s as h i gh as 3 to 
10kV/m (II , 12) . 

1 9  

Almost al l househol d appl i ances and other devi ces that 
operate on el ectri City create el ectri c fi el ds . The 
el ectri c fi el d i s  due to the vol tage on the appl i ance and 
the fiel d decreases rap i dly  with di stance away from the 
dev ice .  The fi el d due to pOi nt source househol d 
appl i ances general ly  attenuate more rapi dly with di stance 
than fi el ds from l i ne sources , such as power l i nes . 
Appl i ances need not be operated to create an el ectri c 
fi el d ,  but j ust pl ugged i nto an el ectri cal outl et . 
Typi cal val ues measured 12 i nches away from some common 
appl i ances (13) are shown i n  Tabl e C-S . 

Sometimes, a person hol di ng a fl uorescent l i ght tube 
di rectly  underneath a transmi ssi on l i ne (on a dark ni ght) 
can demonstrate the presence of an el ectri c fiel d when 
the tube gl ows dimly .  However, thi s same phenomenon wi l l  
occur near many tel evi s i on sets , near an automobi l e  
i gni t ion system, and near some CB radi os .  Thi s 
phenomenon i s  unl i kely for l i nes bel ow 34S-kV due to 
thei r l ower el ectri c fi el d l evel s .  



TABLE C-5 
Typi cal El ectri c Fi el d Val ues for Househol d Appl i ances 

(at 12 i nches) 

Appl i ance El ectri c Fi el d (kV/m) 

El ectri c Bl anket 0 . 251 

Broi l er 0 . 03 

Stereo 0 . 09 

Refri gerator 0 . 06 

I ron 0 . 06 

Hand Mixer 0 . 05 

Phonograph 0 . 04 

Coffee Pot 0 . 03 

11-10kV/m i n  the reg i on adj acent to the bl anket wi res (14) 

t 

20 
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C .4 . 2 . 2  CARDIAC PACEMAKERS 

One el ectri c fi el d concern for hi gh vol tage transmi ssi on 
l i nes has been the poss i bi l i ty of i nterference wi th 
cardi ac pacemakers . However, pacemaker i nterference from 
the proposed project woul d be an improbabl e event . The 
el ectri c fi el ds at the ROW edge associ ated wi th the 
proposed project (Tabl e C-3) are bel ow l evel s that are 
reported as capabl e of affecti ng pacemaker operati on 
(about 2-9 kY/m) and woul d therefore pose no hazards for 
pacemaker wearers (15 . 16) . 

There are two general types of pacemakers : asynchronous 
and synchronous . The asynchronous pacemaker pul ses at a 
predetermi ned rate . It  i s  practi cal l y  i mmune to 
i nterference s i nce it has no sens ing ci rcui try and i s  not 
excepti onal ly  compl ex . The synchronous pacemaker only 
pul ses when i ts sensi ng ci rcui try determi nes paci ng i s  
necessary. Interference may resul t from a transmi ssi on 
l i ne el ectri c fiel d caus i ng a spuri ous s i gnal on the 
pacemaker ' s  sensi ng ci rcui try . However, when these 
pacemakers detect a spuri ous S i gnal , such as a 60 Hz 
si gnal . they are programmed to revert to an asynchronous 
or fixed paCi ng mode of operati on .  

Prol onged asynchronous paCi ng i s  not cons i dered a 
probl em; some pacemakers are desi gned to operate that 
way. A common procedure when testi ng i mpl anted 
synchronous pacemakers for battery strength , etc . , i s  to 
put the pacemaker i nto the asychronous mode.  So. whi l e  
transmi ssi on l i ne el ectri c fi el ds coul d i nterfere with 
the normal operati on of some pacemakers , the resul t of 
the i nterference woul d be of short durat ion and not 
cons i dered harmful . 

C . 4 . 2 . 3  ELECTRIC FI ELD INDUCTION 

El ectri c fi el ds can i nduce a charge on nearby obj ects and 
cause a smal l el ectri cal current to fl ow. For a grounded 
person (standi ng i n  wet grass) , thi s current wi l l  be 
about 0 . 016 mi l l i amperes (rnA) (0. 000016 amps) (one 
thousandth of an ampere i s  equal to one mi l l i ampere) for 
each kY/m of el ectri c fi el d strength . For the proposed 
project , the maximum i nduced current at the peak val ue of 
el ectri c fi el d (1 . 69 kY/m) woul d be about 0 . 027 rnA. To 
put thi s i n  perspecti ve,  most househol d appl i ances have a 
smal l amount of el ectr iC ity that can l eak  through the 
appl i ance i nsul ati on and fl ow i nto the body of the 
operator (thi s i s  cal l ed l eakage current) .  Thi s l eakage 
current can i ncrease as the i nsul ati on ages i n  
appl i ances . The maximum amount of l eakage current for 
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portabl e househol d appl i ances al l owed by the Ameri can 
Nati onal Standards Insti tute (ANS I )  i s  0 . 5  rnA, and for 
fi xed or bui l t  i n  appl i ances , the al l owabl e i ncreases to 
0 . 75 rnA (17) . In  other words, i t  woul d take a 
transmi ssi on l i ne el ectri c fi el d of about 32 kV/m (much 
hi gher than that generated by the proposed project) to 
i nduce a current i n  the body of a person greater than 
that al l owed by househol d appl i ance safety standards . 

The medi an threshol d of percepti on ( i . e . , that humans can 
start to detect) for el ectri c fi el ds i s  about 7 kV/m and 
for el ectri c currents i s  about 1 . 0  rnA (6) . The el ectri c 
fi el d val ues for the proposed project are bel ow these 
percepti on threshol d l evel s .  

El ectri c charge i nduct i on on objects adj acent to the 
proposed project woul d be mi nimi zed by groundi ng 
practi ces , where necessary.  Groundi ng of  certai n objects 
near the l i ne i s  a routi ne part of the i n i ti al 
constructi on process . Charges usual l y  do not devel op on 
bui l d i ngs s i nce they are general ly grounded through 
pl umbi ng ,  el ectri c servi ce connect i ons , metal sheeting ,  
or frame. Most fences very near t o  a l i ne wi l l  normal ly  
have l i ttl e or  no  noti ceabl e charges i nduced s i nce fences 
are often grounded by metal posts , as wel l as by contact 
wi th vegetat ion (pl ant ti ssue i n  i ts normal , heal thy 
green state i s  composed of nearly 85 percent water, 
i ndi cati ng i t  to be qui te a good el ectri cal conductor) . 
Western woul d eval uate groundi ng requi rements on a 
s i te-speci fi c  bas i s  and impl ement correcti ve measures 
where necessary to ensure publ i c  safety . I n  general , 
i nduced vol tages on fences and structures woul d be 
reduced to very l ow l evel s by s i te-speci fi c groundi ng 
measures . 

Vehi cl es do not usual ly  bui l d  up noti ceabl e el ectri c 
charges i n  the v ic in ity of transmi ssi on l i nes because 
most modern ti res contai n carbon bl ack, a substance used 
i n  thei r manufacture that makes the t i re abl e to conduct 
el ectri c charges to ground . However, as a general safety 
measure,  most uti l i ti es recommend that no refuel i ng of 
vehi cl es be done wi thi n the ROW of 345-kV and l arger 
transmi ss i on l i nes . Many typi cal farmi ng operati ons such 
as di sci ng or pl owi ng automati cal ly  ground farm equi pment 
to earth . 

Metal i rri gati on systems near transmi ssi on l i nes pose a 
potenti al shock hazard . Cauti on must be exerci sed when 
handl i ng l engths of metal l i c  p ipe near any type of 
overhead conductors . The pi pe shoul d be kept i n  a 
hori zontal pos i t ion to avoi d approachi ng or contacti ng 



the conductors . Most i rri gati on equi pment i s  natural l y  
grounded due to contact wi th soi l and i nduced charge 
effects can be mi nimi zed by provi di ng contact wi th the 
earth.  
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Another area of poss ibl e concern i s  the proper 
functi on i ng of el ectroni c  equi pment used i n  modern 
farmi ng machi nery when operated i n  proximi ty to high 
vol tage power l i nes . Thi s  has apparently not been a 
probl em due to shiel di ng of the el ectroni cs and the fact 
that equi pment manufacturers understand the nature of the 
envi ronment where the equi pment i s  operated (i . e . , 
sometimes near power1 i nes) . 

C .4 .2 .4  PROJECT SPECI FIC EFFECTS 

El ectri c fi el d val ues were cal cul ated for the proposed 
project usi ng the various al ternati ve confi gurati ons (see 
Tabl es C-l and C-3) . The most i mportant parameters for 
determi n i ng the ground l evel el ectri c fiel d of a 
transmi ssi on l i ne are conductor hei ght above ground, l i ne 
geometry, and l i ne vol tage. Because of practi cal 
consi derati ons , measured val ues of the el ectri c fi el d 
can , and do, devi ate from cal cul ated val ues . It i s  
therefore common practi ce to cal cul ate the el ectri c 
fi el ds  for a l i ne under a speci fi c extreme conditi on .  

The NESC states the cond i t i on for eval uati ng 
e1 e6tri c-fi e1 d-i nduced currents i s  wi th the conductors at 
176 F and at a fi nal unl oaded sag . The computed 
el ectri c-fi el d profi l es at one meter (3 .3  feet) above 
ground for typi cal 700 foot spans at h igh and l ow 
conductor cl earances for l i ne l oadi ngs of 10, 70, and 109 
MW are shown i n  Fi gures C-2 , C-3 and C-4 respectively for 
the preferred al ternati ve (Al ternati ve B) . 
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FIGURE C-2 
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FIGURE C-4 

F"LATlRON - ERIE 1 1 5KV  TRANSMISSION LINE 
CAlCULATED ELECTRlC fIELDS 
F"OR 700 fOOT SPAN LENGTH 
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Fi gure C-5 provi des a pi ctori al representati on of what i s  
ment by the terms -High Poi nt- and - Low Poi nt- i n  the 
fi el d cal cul ati on fi gures . Hi gh poi nt i s  the i nsul ator 
to ground hei ght at the structure and l ow poi nt i s  the 
conductor to ground height at maximum conductor sag .  
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Fi el d val ues cal cul ated for the proposed project woul d  
vary from a h i gh of approximately 1 . 7  kV/m di rectly under 
the conductor at mi dspan to about 0 .8  kV/m at the ROW 
edge . On ROWs where the proposed project woul d  be the 
only l i ne i n  servi ce. the 0 .8  kV/m fi el d woul d be 
expected at both ROW edges . Where exi sti ng l i nes are i n  
servi ce . el ectri c fi el d val ues at ROW edges adjacent to 
exi sti ng l i nes woul d  be expected to be l ower than 
0 .8  kV/m. 

The maximum fi el d strength for the el ectri c fi el d val ues 
occurs wi thi n a rel ati vely smal l area of the ROW (about 
5 percent of the total area) near the l ocati on where the 
conductors sag cl osest to the ground . Add iti onal 
attenuati on of fi el ds woul d be real i zed as d i stance from 
the ROW edge i s  i ncreased . 

El ectri c fi el ds are general ly  measured at a pOi nt one 
meter (3 . 3  feet) above the ground. and at ri ght angl es to 
the conductors at mi d-span (the poi nt cl osest to the 
overhead conductor. and furthest from the structures) to 
establ i sh a cross secti on or maximum l ateral profi l e  
measurement of the fi el d .  The hi ghest readi ngs wi l l  be 
obtai ned under the outs i de conductors of the l i ne.  wi th 
the el ectri c fi el d readi ngs fal l i ng off to ei ther s i de i n  
rel ati on to the di stance from the conductor. Actual 
measured readi ngs may be much l ower than expected 
however. due to the shi el di ng effects of nearby 
vegetati on or objects as d i scussed earl i er. 

Fi gure C-6 shows the resul ts of el ectri c fi el d 
measurements for the exi sti ng Fl ati ron-Eri e  115-kV 
transmi ss i on l i ne i n  Longmont . The measurements were 
made on Apri l 14. 1988. i n  the peri od 5 : 20 p .m.  to 5 : 47 
p.m.  at mi d-span on the fi rst ful l  span north of Hi ghway 
119 . El ectri c fiel d l ateral profi l es were measured 
starti ng underneath the center phase usi ng the EFM Model 
113 Meter ( ·Denometer·) . Tab le  C-6 presents the actual 
measured val ues on whi ch Fi gure C-6 i s  based . 
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Tabl e C-6 

Exi sti ng 1 15-kV Transmi ssi on Li ne 

Measured El ectri c Fi el d Val ues 

(Fi rst Ful l Span North of H i ghway 119 ,  Longmont , Col orado, Apri l 14, 1988) 

DISTANCE 

FROM 

CENTERLINE 

(FEET) 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 
90 

100 

MEASURED 

ELECTRIC 

FI ELD 

(kV!M) 

0 . 180 
0 .400 
0 .590 
0 . 710 
0 . 740 
0 . 720 
0 . 640 
0 . 560 
0 . 480 
0 . 410 
0 . 340 
0 . 240 
0 . 175 
0 . 130 
0 .095 
0 . 075 
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Most states have not establ i shed maximum el ectri c fi el d 
l evel s withi n the ROW or at the ROW edge, nor have 
Federal standards been establ i shed . Tabl e C-7 gi ves a 
summary of exi sti ng and proposed state standards and 
gui del i nes for transmi ss i on l i ne el ectri c fi el d strength 
l imi ts .  
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Tabl e C-7 Summary of Exi sti ng and Proposed State Standards and Gui del i nes for 
Transmi ssion Li ne El ectri c Fi el d Strength Limi ts 1/ 

60-Hz ELECTRIC 
FIELD LIMIT. kVlM 

Wi thi n 
AGENCY JURISDICTION Right-of-way 

Fl ori da Department 69 kV and 8 � 230 kV) 
of Envi ronmenta 1 above, i ncl udi ng 10 500 kV) 

Regul ati on substati ons 

Mi nnesota 200 kV and above 8 
Envi ronmental 
Qual i ty Board 

Montana Board of Above 69 kV, 7 J! 
Natural Resources except for l i nes 
and Conservation 230 kV and bel ow 

that are 10 mi l es 
or l ess Y 

New Jersey (No formal 
Commi ss i on on transmi ss i on l i ne 

Radi ati on routi ng process) 
Protecti on 

New York State 125 kV and above 11 .8  
Publ i c Servi ce and 1 mi l e  or 7 or 11 y 

Conmi ss i on l onger, or 
100-125 kV and 10 
mi l es or l onger 

North Dakota 115 kV and above 9 
Publ i c  Servi ce 

Conmi ssi on 

Oregon Energy Above 230 kV , more 9 
Faci l i ty S i t i ng than 10 mi l es ,  and 

Counci 1 routed through two 
or more pol i ti cal 

subdi vi s ions Y 
Bonnev i l l e  Power Al l vol tage 9 

1/ . 
2/ .  
3/ . 
4/ .  
5/ . §./ .  

Admi ni strati on cl asses owned by sY 
Gui del i nes Bonnevi l l e  3 .S!' 

2. s!' 

Appl i ed on a case-by-case bas is  unl ess otherwi se noted . 
Landowner may wave l imi t .  
Excl us i ons/exemptions not speci fi ed .  
At highway crossi ngs . 
Maximum for shoppi ng center parki ng l ot .  
Maximum for commerci al /i ndustri al parki ng l ot .  
kV/m = ki l ovol ts per meter 

At Edge of 
Ri ght-of-way 

2 

1 Y 

3 

1 . 6  

5 

COff.1ENTS 

Codi fi ed regul ati on , 
adopted after a 

publ i c  rul emaki ng 
heari ng i n  1989 

Codi fied regul ati on 
adopted after a 

publ i c  rul emaki ng 
heari ng i n  1984 

Use only as a 
gui del i ne for 

eval uati ng 
compl ai nts 

El ectri c fi el d 
1 imi ts are 

i nterim pol i ci es 

Cod ifi ed regul ati on , 
adopted after a 
publ i c  rul emaki ng 
heari ng i n  1980 



If  the l i nes were constructed wi th underground cabl es , no 
el ectri c fi el ds caused d i rectly by the transmi ssi on l i nes 
woul d be detected at ground l evel . Other impacts 
associ ated wi th pl aci ng transmi ssi on l i nes underground 
are di scussed i n  the mai n  body of the EIS i n  Secti on 
3 . G.4 .  

C .4 . 3  EFFECTS ON  VEGETATION AND LIVESTOCK 

El ectri c fi el d l evel s associ ated wi th the proposed project woul d 
not have an adverse effect on crops , gardens , or natural vegetati on 
beneath the l i ne due to l ow el ectri c fi el d val ues ( 18) . No adverse 
effects have been reveal ed on agri cul ture ,  l i vestock or wi l dl i fe ,  
wi th the possi bl e  excepti on of  honeybees . 

C . 4.3 . 1  Honevbees 

Effects of transmiss ion l i ne fi el ds on honeybees have 
been studi ed extensively (Wal l enstei n ,  1973 ; Rogers et 
al . ,  1982; Greenberg et al . ,  1981 ; Greenberg and 
Bi ndokas , 1980 ; Greenberg et al . ,  1984) . When hi ves are 
pl aced i n  el ectri c fi el ds of 2 to 4 kV!m behavi oral 
effects can occur i n  honeybees . Fi el ds of 7 to 12 kV!m 
can resul t i n  a vari ety of probl ems , i ncl udi ng mortal i ty .  
Intensi ve studi es of the nature of  the probl em and i ts 
causati on have demonstrated that bees are not harmed by 
el ectri c fi el ds per se of 10, 50, or even 100 kV!m even 
when exposed for 800 hours . Hence, foragi ng and other 
activiti es are not l i kely to be affected . However, when 
honeybee hi ves are pl aced i n  strong el ectri c fi el ds,  
currents and vol tages are i nduced in  the hi ve whi ch are 
dependent on fi el d  strength,  h ive characteri sti cs , and 
moi sture cond iti ons . I f  the fi el d i s  hi gh enough , there 
i s  a si gni fi cant vol tage di fference across the d imens i ons 
of a bee l s  body. Thi s Astep potent i al - resul ts i n  a 
shock to the bee when i t  takes a step . These shocks , and 
not the el ectri c fi el d per se, are a source of i rri tati on 
for bees and can cause physi ol ogi cal damage, i ncl udi ng 
death (Greenberg et al . ,  1984) . Not surpri s i ngly,  honey 
producti on fal l s  off and other acti vi t i es become errati c .  
Fortunately,  there are two s impl e sol uti ons t o  the 
probl em. One i s  to avoi d keepi ng bees i n  hi gh fi el d 
regi ons on transmi ssion l i ne ri ghts-of-way,  and the other 
i s  to pl ace grounded metal cages or screens over the 
hi ves (shi el d the hi ves) . 

The fact that no behavi oral effects have been seen i n  
shi el ded hi ves under operati ng transmi ssi on l i nes 
i ndi cates that 60-Hz magneti c fi el ds are not suffi ci ent 
to cause the shock cond i t i ons that exi st from el ectri c 
fi el d i nduct i on .  These effects were attri butabl e to 
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shocks the bees recei ved wi thi n the h ive .  rather than to 
any subtl e effects of the el ectri c fi el ds (19 . 20) . 

Beekeepers wi th hi ves l ocated on the fi nal ri ght-of-way 
of the proposed l i ne wi l l  be advi sed of the poss ibl e 
adverse effects to bees and compensated fai rly  to assi st 
i n  rel ocat ion of hi ves . The maximum fiel ds for the 
proposed l i ne 1 . 69 kV\m. does not exceed the threshol d 
l evel s  where effects on bees have been observed . 
Therefore. there shoul d not be any impact to the 
honeybees or to honey producti on from the proposed l i ne .  

C . 4 . 3 . 2  Crops 

H i gh el ectri c fi el ds (15 kV/m) have been observed to 
i nduce corona on the uppermost parts of pl ants (47 .48) . 
The i nduced corona causes mi nor damage to l eaf t ips .  
Studi es of the effects of el ectri c fi el ds on crops and 
other pl ants have been conducted under control l ed 
greenhouse condit ions and under transmi ss i on l i nes . 

The most extens i ve analys i s  on effects of 60-Hz el ectri c 
fi el ds on l i vi ng pl ants has been done by McKee and 
coworkers at the Pennsyl van i a  State Uni versi ty (47) . In  
i ni ti al studi es .  several thousand pl ants from 85 
d i fferent speci es were exposed to fi el ds from 0 to 50 
kV/m i n  a very control l ed greenhouse envi ronment . 
-DamageD  to pl ants was associ ated with sharp . or poi nted . 
l eaf ti ps and amounted to sel f-l imi ti ng corona damage to 
a few mi l l imeters of these poi nted pl ant parts . Ti p 
damage began for some speci es at fi el ds of 15 to 20 kV/m . 
The damage was l ess than that seen due to routi ne dryi ng 
under normal fiel d cond i t i ons and . even at 50 kV/m. never 
threatened the overal l growth . vi abi l i ty.  yi el d .  or 
reproducti on of exposed pl ants . 

In  fol l owup studi es .  McKee (18) exposed fi ve types of 
pl ants - al fal fa.  tal l fescue . sweetcorn . and two types 
of wheat - to 60-Hz el ectri c fi el ds for extended peri ods . 

Pl ants were extensi vel y analyzed for chemi cal el ement 
content and for an extremely  wi de speci es-speci fi c array 
of si ze and mass parameters . There were - no 
stati sti cal ly s i gni fi cant effects on seed germi nati on . 
seedl i ng growth . pl ant growth . phenol ogy. fl oweri ng . seed 
set .  bi omass production .  pl ant hei ght. l eaf area. pl ant 
survival . and nodul ati on . n  The only consi stent effect 
that resul ted from exposure was the expected occasi onal 
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damage to a few mi l l imeters of the termi nal ti p of pl ant 
parts exposed to fi el ds of 30 kV/m or greater. 

Studi es of peas and barl ey conducted over several years 
under a BPA 1200-kV test l i ne i nd i cated no consi stent 
adverse effects attri butabl e to exposure to about 12 kV/m 
(48) . In  thi s same study, coni fers growi ng cl ose to a 
1200-kV test l i ne exhi bi ted corona at the ti ps of needl es 
and corona damage to the growi ng t ips of some trees 
cl osest to the l i ne .  Ri ght-of-way management practi ces 
normal ly  l imi t tree growth i n  the immedi ate vi c in ity of 
the conductors , and there i s  no suggesti on that forest 
growth or timber producti on adj acent to power l i nes woul d 
be affected by el ectromagneti c  fi el ds . 

El ectri c fi el ds up to 12 kV/m under operati ng l i nes and 
up to 16 kV/m under a test l i ne had no noti ceabl e effects 
on growth or producti vi ty of corn and other crops 
commonly grown i n  Indi ana (49 , 50) . However, some crops 
growi ng i n  the maximum fi el d area exhi bi ted mi nor damage 
from i nduced l eaf-ti p corona . 

In  summary,  the effects of 60-Hz el ectri c fi el ds on 
pl ants i s  l imi ted to corona damage at sharp termi nal 
pl ant parts . Thi s effect i s  too l imi ted to be noti ceabl e 
under fi el d condi t ions found under operati ng transmi ss i on 
l i nes and does not resul t i n  crop damage .  The el ectri c 
fi el ds associ ated wi th the proposed l i ne are wel l bel ow 
l evel s where the l eaf-ti p corona phenomenon has been 
observed . No damage or harm to crops wi l l  occur due to 
the fi el ds under the proposed l i ne .  

C . 4 . 3 . 3  Li vestock 

Numerous studi es have i nvesti gated the performance of 
l i vestock i n  the el ectri cal envi ronment of hi gh vol tage 
ac transmi ssi on l i nes . Over a 2-year peri od , Amstutz and 
Mi l l er (63) studi ed l i vestock, i ncl udi ng beef and dai ry 
catt le ,  on 11  farms l ocated near a 765-kV ac transmi ss i on 
l i ne i n  Indi ana . Typi cal maximum el ectri c fi el ds were 
8 .5  kV/m wi th l evel s up to 12 kV/m. Magneti c fl ux 
dens i t i es of . 056 G (56 mG) were measured wi th hi gher 
val ues expected duri ng peri ods of hi gher current fl ow. 
Short-ci rcui t currents for cows were 0 . 1  to 0 . 2  rnA i n  a 6 
to 8 kV/m fi el d .  Cows seemed to react to i nduced 
currents of about 0 . 7  - 0 . 8  rnA from an i nsul ated feed 
trough .  The authors concl uded that "nei ther heal th ,  
behavi or, nor performance were affected by the el ectri c 
and magnetic  fiel ds created by the 765-kV l i ne . -



37 

Wi l l i ams and Bei l er (64) i nvesti gated 55 dai ry farms 
l ocated withi n 1/2 mi l e  of 765 kV l i nes i n  Ohi o .  Herd 
performance was eval uated from mi l k  producti on records . 
farm records . and i ntervi ews for a s i x-year peri od - 3 
years before l i ne energi zat i on and 3 years after. Mi l k  
producti on di d not appear to be affected by the presence 
of the 765-kV l i nes . After the l i nes had been 
constructed . the i nci dence of cal f mortal i ty and bi rth 
defects per farm increased . However. the i nvesti gators 
fel t these changes may have been due to l arger hard si zes 
after the l i ne was constructed . to changes i n  fann 
management and to bi as i n  report ing .  Farmers i nvol ved i n  
the study di d not bel i eve there was any s i gni fi cant 
change i n  the perfonnance of thei r herds fol l owi ng l i ne 
energizati on .  The study i nd i cated that there were no 
obvious effects of the 765-kV transmi ssi on l i ne .  The 
data suggested that the l argest factors i n  herd 
perfonnance were fann management . qual i ty of feed and .  on 
occas ion .  change i n  ownershi p .  

A Swedish  study of 106 farms . l ocated under 400-kV ac 
transmi ssi on l i nes . found that herds exposed to 400-kV 
l i nes for more than 15 days per year d i d  not have 
decreased ferti l i ty rel ati ve to other herds (65) . There 
was al so no rel ati onshi p between exposure and the number 
of cows sl aughtered on each farm because of reduced 
ferti l i ty .  Al l herds used arti fi ci al i nsemi nat i on .  
Exposure days for each herd were estimated from the 
percent of pasture occupi ed by the transmi ssi on l i ne and 
the number of days animal s were i n  the pasture . No fi el d 
measurements were made i n  th is  study. but the maximum 
el ectri c fi el d strength measured under 400-kV l i nes on 
11  fanns in Sweden was 5 kV/m (66) . 

In  another Swedi sh  study to obtai n fert i l i ty i nformat i on .  
researchers pl aced 58 cows i n  pens crossed by a 400-kV .  
50-Hz transmi ss i on l i ne (72) . Another 58 cows were 
mai ntai ned i n  control areas away from the l i ne .  Duri ng 
the 120-day exposure peri od . the el ectri c fiel d averaged 
4kV/m. and the average magneti c fi el d was 20 mG .  
Breedi ng was done wi th arti fi ci al i nsemi nati on . None of 
the ferti l i ty parameters stud i ed were affected by 
exposure to the 400-kV l i ne .  These i ncl uded the estrous 
cycl e.  number of i nsemi nati ons per pregnancy. and 
concepti on rates . 

In  a behavi oral study conducted underneath the BPA 
1200-kV prototype ac l i ne i n  Oregon for 5 years (1977-
1981) . cattl e showed no rel uctance to graze or dri nk 
beneath the l i ne (67) . The maximum el ectri c fi el d was 12 
kV/m. A refi ned stati sti cal analys i S of the 1980-81 data 



i nd i cated the cattl e spent somewhat more t ime near the 
l i ne when i t  was deenergi zed (48) . Thi s  may or may not 
i ndi cate a transi ent effect of audi bl e noi se and/or the 
el ectri c fi el d .  
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Exposure of swi ne to a 345-kV ac transmi ssi on l i ne i n  
Iowa resul ted i n  no observabl e effects i n  exposed animal s 
rel ati ve to control ani mal s (68,  69) . Body wei ght,  
carcass qual i ty,  behavi or, feed i ntake,  pregnancy rate, 
frequency of bi rth defects , bi rth wei ght or wei ght gai n 
of young were i nvesti gated . El ectri c fi el d exposures 
ranged from 3 . 5  to 4 . 1  kV/m. Magneti c fi el d was not 
measured . 

There are no i ndi cati ons that exposures to the fi el ds 
beneath operati ng transmi ss i on l i nes affect l i vestock 
behavi or or product ivi ty. However, both ac and dc 
currents can cause defi ni te behavi oral responses i n  dai ry 
and beef cattl e .  For thi s reason metal water and feed 
troughs , l i ke al l conduct i ng objects under the proposed 
l i ne .  shoul d be grounded to el imi nate the possi bi l i ty of 
nui sance shocks . 

Al though not a transmi ssi on l i ne fi el d effect , 
mi croshocks to l i vestock from so-cal l ed ·stray· or 
neutra1 -to-earth vol tages have gi ven ri se to probl ems of 
animal heal th and product i on (41 ) . Vol tages between a 
grounded-neutral system and true earth can produce l ow 
l evel current shocks i n  and around barns . These shocks 
can affect l i vestock, parti cul arly dai ry cows , whi ch can 
apparently perceive a vol tage as l ow as 0 . 75 to 1 V 
across parts of the body. The resul ts of these l ow l evel 
shocks can be a si gni fi cant l oss i n  producti on .  

Neutra1 -to-earth vol tages have been observed from both 
on-farm and off-farm sources . The sources are general ly  
rel ated to  current fl ow in  the primary d i stri buti on and 
farmstead neutral systems and not to fi el d i nduct i on from 
transmi ssi on l i nes . S imi l arly, the mi ti gati on of 
neutra1 -to-earth vol tages i nvol ves modi fi cati ons to the 
primary neutral system, the farmstead neutral system,  the 
farmstead el ectri cal l oad , or the conduct i ng surfaces i n  
the affected area (41) . Mi ti gat i on i s  done on a case-by­
case bas i s .  The effects of ·stray· vol tages are 
consi dered an el ectri cal d i stri but ion system probl em and 
not a transmi ss i on l i ne probl em.  



C . 5  MAGNETIC FI ELD EFFECTS - LINE CHARACTERISTICS 

C . 5 . 1  DEFIN ITION AND DESCRI PTION 
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An el ectri c current fl owi ng i n  any conductor (e . g . ,  el ectri c 
equi pment , househol d appl i ance, power l i ne) creates a magneti c 
fi el d .  Several di fferent uni ts are commonly used to report the 
strength of magneti c fi el ds . One of the most common uni ts i s  the 
Gauss ,  whi ch i s  a measure of the magneti c  fl ux densi ty (i ntensi ty 
of magneti c  fi el d attracti on per uni t  area) . The Gauss i s  a 
fai rl y  l arge uni t so magneti c fi el d strength i s  often reported i n  
thousandths of a Gauss or -mi l l i - Gauss (abbrevi ati on mG) . One 
Gauss = 1000 mG and 1 mG = O . OOlG . Thi s report uses mG to report 
magneti c  fi el d strength . As a reference, the earth has a natural 
stat i c  magneti c fi el d of about 550 mG i n  northern Col orado . 
Another natural source of hi gh i ntensi ty magneti c fi el ds i s  
l i ghtni ng .  

The magneti c fi el d near el ectri c transmi ss i on l i nes i s  rel ati vely 
l ow i n  compari son wi th measurements near many househol d appl i ances 
and other equi pment .  The magneti c  fi el d near a poi nt source, such 
as an appl i ance , decreases rapi dl y wi th d i stance away from the 
devi ce. The magneti c fi el d al so decreases wi th di stance away from 
l i near sources , such as powerl i nes , but not as rapi dl y as wi th 
appl i ances . Si nce the magneti c fi el d  i s  caused by the fl ow of an 
el ectri c current , a devi ce must be turned on to create a magneti c 
fi el d .  

The magneti c fi el d of a l arge number of typi cal househol d 
appl i ances was recently measured by I ITRI for the u . S .  Navy (21) 
and by Enertech Consul tants (22) for EPRI . Typi cal val ues are 
given on Tabl e C-8 i n  uni ts of mi l l i Gauss (mG) or thousandths of a 
Gauss .  
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TABLE C-8 

Magneti c  Fi el d From Househol d Appl i ances 

Summary of Domesti c Appl i ance Magneti c Fi el d Measurements 
Magneti c  Fi el d - mi l l i Gauss (1 mG = 0 . 001 G) 

Al!l!l i ance T�l!e T�l!i cal Range Maximum Val ue 

Range 1-80 175-625 

Refri gerator 1-8 12-187 

Mi crowave Oven 3-40 65-812 

Can Opener 30-225 288-2750 

Oven 1-8 14-67 

Toaster 2-6 9 

Coffee Maker 1-2 4-25 
Freezer 1-3 4-6 

Mi xer 2-11 16-387 

Cl othes Dryer 1-24 45-93 
Di shwasher 1-15 28-712 

Garbage Di sposal 1-5 8-33 

Cei l i ng Fan 1-11 125. 
El ectri c Bl anket 3-50 65 
Waterbed Heater 1-9 20-27 
Bl ow Dryer 1-75 112-2125 
Computer 1-25 49-1875 
Typewri ter 1-23 38 
Make-up Mi rror 1-29 44-125 
Shaver 50-300 500-6875 
Aquari um 1-40 50-2000 
Sewi ng Machi ne 1-23 26-1125 
El ectri c Dri 1 1  56-194 300-1500 
Ci rcul ar Saw 19-48 84-562 

Source (22) 
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PROJECT SPECI FIC EFFECTS 

Magneti c  fiel d val ues were cal cul ated for the proposed project 
usi ng the vari ous al ternati ve configurati ons (see Tabl es C-l and 
C-3) . The l i ne current l oadi ngs used to make these cal cul ati ons 
are presented i n  Tabl e C-2 . Magneti c  fi el d  strengths are 
di rectl y  rel ated to. among other factors . the amount of current 
i n  the conductor; the greater the current fl ow. the h i gher the 
magneti c fiel d .  Therefore. unl i ke el ectri c fi el ds . magnet ic  
fi el ds can vary s i gni fi cantl y over t ime.  fl uctuati ng with system 
l oads . 

Magneti c  fiel ds associ ated with transmi ssi on l i nes behave 
s imi l arly to el ectri c fi el ds i n  that they are most i ntense very 
near the conductors and fal l away rel at ively qui ckl y as the 
di stance from the conductor i ncreases . The part ial cancel l ation 
effect of adj acent conductors al so occurs wi th magneti c fi el ds .  
as i t  does wi th el ectri c fi el ds . However. where el ectri c fi el ds 
are rather eas i l y  shi el ded. magneti c  fi el ds penetrate structures 
and soi l wi th l i ttl e decrease of fi el d strength .  Physi cal 
di stance thus becomes a very i mportant factor i n  l imi t ing 
magnet i c  fi el d exposure. 

The actual l evel of magneti c  fi el d wi l l  vary wi th current 
l oadi ng .  conductor temperature . and ground cl earance . The 
cal cul ated 60 Hz magneti c fi el d profi l es at one meter (3 . 3-feet) 
above ground for typi cal 700 foot spans at h igh  and l ow conductor 
cl earances for l i ne l oadi ngs of 10. 70. and 109 MW are shown i n  
Fi gures C-7 . C-8. and C-9 respecti vely for the preferred 
al ternati ve (Al ternat ive B) . 
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F I GURE C-8 
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F I GURE C-9 

FLATIRON - ERIE " SKY TRANSMISSION LINE 

CAl CULATED MAGNETIC FIElDS 
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Maximum magneti c fiel d val ues cal cul ated for the proposed 
project under peak l i ne l oadi ng (7 1 . 4MW. Bl C-3 .2) wou ld  
vary from a h igh  of approximately 92 mG di rectly under 
the conductors near mi dspan to approximatel y 32 mG at the 
ROW edge . Additi onal attenuati on of fi el ds woul d  be 
real i zed as di stance from the ROW edge i s  i ncreased . 
Most states have not establ i s hed maximum magnetic  fi el d 
l evel s wi thi n the ROW or at the ROW edge . nor have 
Federal standards been establ i shed . 

Fl ori da has establ i shed regul ati ons that set magneti c 
fi el d l imi ts as fol l ows : 

• 150 mi l l i gauss at edge of ri ght-of-way for 230 kV 
l i ne or smal l er 

• 200 mi l l i gauss for 500 kV l i ne 

• 250 mi l l i gauss for 500 kV doubl e ci rcui t l i ne 

To date , New York i s  the only other state to establ i sh 
magnet ic  fi el d l imi ts . New York ' s  l imi ts are not 
regul ati ons , but are i nterim pol i ci es and set a maximum 
l imi t of 200 mG at the edge of the ROW for l i nes 125 kV 
and above and 1 mi l e  or l onger. or l i nes of 100-125 kV 
and 10 mi l es or 1 0nger. For unusual s i tuati ons . the 
proposed 115-kV l i ne coul d operate under an emergency 
l oadi ng that woul d temporari ly  i ncrease magneti c fi el d 
val ues at the ROW edge to about 42 mG ,  dependi ng on l i ne 
confi gurati on and l ocat i on .  Under emergency (outage) 
condi t ions, the maximum val ue on the ROW. under the 
conductors near mi dspan , woul d then be about 125 mG (TBl.  
C-3 . 1) . For transmi ssi on l i nes , these cond i t i ons are 
usual l y  rare and of short duration .  Fi gure C-10 shows 
the resul ts of magneti c fi el d measurements for the 
exi sti ng Fl ati ron-Eri e 1 15-kV transmi ss i on l i ne i n  
longmont . The measurements were made o n  Apri l 14, 1988. 
i n  the peri od 5 : 20 p.m.  -5:47 p.m.  at mi d-span on the 
fi rst ful l span north of H ighway 119 .  Magneti c fi el d 
l ateral profi l es were measured starti ng underneath the 
center phase usi ng the EFM Model 1 13 Meter 
( ftDenometer·) . Another profi l e  was measured wi th the 
Moni tor I ndustri es Model 42 ( · leepermeter· ) . Tabl e C-9 
presents the actual measured val ues on whi ch Fi gure C-10 
i s  based . 
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Tabl e C-9 

Exi sti ng 1 15-kY Transmi ss i on Li ne 
Measured Magneti c Fi el d Val ues 

{Fi rst Ful l Span North of H ighway #119,  Longmont , Col orado , Apri l 14, 1988} 

DISTANCE 
FROM 

CENTERLINE 
{ FEET} 

o 
5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

60 

70 

80 

90 

100 

MEASURED MAGNETIC FI ELD 

EFM-MODEL 1 13 
(DENOMETER) 

mG 

4 .75 

4 .38 

4 .00 

3 .50 

3 . 25 

2 .88 

2 . 50 

2 . 25 

1 . 88 

1 . 56 

1 . 44 

1 . 06 

0 . 075 

0 . 563 

0 . 375 

0 . 250 

MONITOR 
I NDUSTRIES 

( LEEPERMETER) 
mG 

4 .5  

4 .4  

4 .0  

3 .8 

3 . 3  

2 .85 

2 .4  

2 . 0  

1 . 7  

1 . 45 

1 . 20 

0 . 90 

0 . 68 

0 .55 

0 .45 

0 .35 

47 



Measurements are general l y  taken at ri ght angl es to the 
conductor at mi d-span , one meter above the ground . 
Measurements di rectly  under the l i ne at mi d-span woul d be 
expected to be maximum val ues for the transmiss ion l i ne due 
to the proximi ty of the conductors . 
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Magnet i c  fi el d measurements were al so made near two Longmont 
resi dences l ocated near the transmi ssi on l i ne. Measurement 
profi l es were made perpendi cul ar to the transmi ssi on l i ne i n  
the street i n  front of one house, and up the dri veway to the 
second house . The magnet i c  fi el ds i n  the street ranged from 
6 . 9  mG di rectly under the l i ne to 1 . 0  mG and l ess 80 feet 
from the l i ne. A buri ed el ectri c di stri buti on l i ne was 
l ocated under the s i dewal k i n  front of the home i the magnet i c  
fi el d readi ng di rectly over th is  buri ed l i ne was 5 . 6  mG at a 
hei ght of one meter above the ground . It i s  suspected that 
the magneti c fi el ds from the buri ed di stri but ion l i ne had 
some affect on the magneti c  fi el d  readi ngs from the overhead 
transmi ssi on l i ne .  The fi el ds coul d e ither somewhat enhance 
or parti al ly cancel each other, dependi ng on thei r 
ori entation wi th  respect to one another and el ectri cal 
phasi ng.  

The magneti c fi el ds in  the dri veway of the second home ranged 
from 6 . 5  mG near the l i ne to 3 . 1  mG near the house 60 feet 
away. No contri buti ng magnet i c  fi el ds from di stri but i on 
l i nes were ident i fi ed .  

Magneti c fi el d  measurements were made i ns i de both homes . In  
the fi rst home, l ocated 62 feet from the nearest conductor, 
magneti c  fi el ds i n  upstai rs rooms faci ng the l i ne ranged from 
1 . 9  to 2 . 7  mG ,  wi th no apparent el ectri cal devi ces operati ng 
i n  the rooms . In  one room, measurements were taken about 
2 feet from an operati ng TV , and a 5 mG readi ng was recorded . 
In  the other home , magneti c fi el ds of 1 . 2  mG were recorded i n  
the basement area, and a fi el d of 8 mG was measured near the 
furnace fan motor . On the pati o ,  a magneti c fi el d of 1 . 5 mG 
was present . 

If  the l i nes were constructed wi th underground cabl es , the 
magneti c fi el d strength at the edge of the ROW woul d be 
greatly reduced , as compared to the overhead l i nes at the 
same l ocat ion .  Thi s reducti on woul d be due primari ly  to the 
cl ose proximity of the three phases of the underground 
ci rcu its ,  whi ch causes the magneti c fi el ds from the phases to 
cancel each other more effect ively .  Refer to Tabl es C-l and 
C-3 and Fi gure C-l for compari sons of overhead and 
underground l i ne constructi on .  Other impacts associ ated wi th 
pl aci ng transmi ss i on l i nes underground are d iscussed in the 
mai n  body of the EIS in Secti on 3 . G .4  
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C . 6  HUMAN HEALTH ISSUES 

Much research has been conducted i n  response to questi ons that have been 
rai sed over the past two decades as to whether exposure to el ectri c and 
magneti c fi el ds i n  the extremely-l ow-frequency (ELF) range (l ess than 
300 Hz) may produce adverse heal th effects . Parti cul ar i nterest has been 
expressed i n  el ectromagneti c fi el ds of power frequency. whi ch are 60 Hz 
i n  North Ameri ca and 50 Hz i n  Europe. Duri ng thi s peri od . research has 
addressed a wi de range of possi bl e  adverse bi ol ogi cal and heal th effects 
that are rel evant to assess i ng whether exposure to el ectri c and magneti C 
fi el ds presents a heal th  ri s k  to the general popul ati on or to speci fi c 
occupati onal groups . 

From 1977 to 1990 . ei ght hi ghly qual i fi ed i ndependent sci enti fi c  panel s 
and agenci es eval uated the rel evant sci enti fi c l i terature to consi der 
whether exposure to el ectri c and magneti c  fi el ds . at or near power 
frequenci es . i s  associ ated wi th effects on human heal th.  Each group 
revi ewed both the l aboratory and epi demi ol ogi c studi es avai l abl e .  
Summari es of these major revi ews are presented bel ow i n  Secti on C . 6 . 1 .  A 
d i scuss ion of potenti al heal th ri sks posed by ElM Fi el d exposure based on 
an assessment of the i nformation that i s  avai l abl e as of August 1992 i s  
presented i n  the subsequent sect ion .  As was stated i n  the i ntroducti on 
to the heal th i ssue secti on (Secti on C . 3) . the fol l owi ng d i scussi ons do 
not speci fi cal ly  reference every publ i cati on on ElM Fi el d heal th i ssues . 
However. the i ndependent panel and agency revi ewers and DOE have 
cons i dered the avai l abl e evi dence as wel l as di fferi ng (and sometimes 
contradi ctory) i nterpretati ons of the heal th impl i cati ons of the evi dence 
i n  reachi ng the concl usi ons that are presented . 

C . 6 . 1  INDEPENDENT PANEL AND AGENCY REVI EWS OF THE ELECTRIC AND MAGNETIC 
FIELD HEALTH ISSUE 

Si nce the mi d-1970s . several i ndependent panel s of sci enti sts have 
been convened i n  this  country and abroad to revi ew the heal th and 
sci enti fi c l i terature on el ectri c and magneti C fi el ds . and to offer 
eval uati ons regardi ng potenti al adverse heal th effects of such 
fi el ds . The speci fi c i ssues that prompted the formati on of these 
panel s vari ed and i ncl uded concerns about AC transmi ssi on l i nes . an 
extremel y l ow frequency (ELF) naval communi cati on system. and the 
generi c questi on of exposure to ELF el ectri c and magneti C fi el ds 
regardl ess of the source . None of the panel s has had an 
adversari al i nterest i n  the outcome of i ts del i berat ions . and each 
panel has been mul ti di sci pl i nary. composed of i ndi vi dual s from the 
bi ol ogi cal . physi cal . and heal th sci ences . In each case. the 
purpose was to provi de techni cal support and i nput to a publ i c  
organi zati on or agency faced wi th the probl em of determi ni ng 
whether fi el d exposures create unacceptabl e ri s ks to human heal th . 
safety. and wel fare . In  several cases . the panel s consi dered the 
i ssues rel ated to cancer. whi l e  i n  others they d id  not . These 
panel and agency proceedi ngs are bri efly reviewed bel ow. 



50 

C . 6. 1 . 1  AC TRANSMISS ION : THE FLORIDA COMMISSION .  

I n  1983 , the Fl ori da l eg is l ature gave the Fl ori da 
Department of Envi ronmental Regul ati on (OER) the 
authori ty to promul gate rul es that coul d l imi t el ectri c 
and magneti c  fi el d l evel s from overhead transmi ss i on 
l i nes . The DER establ i s hed the Fl ori da El ectri c and 
Magnet ic  Fi el ds Sci ence Advi sory Commi ss i on ,  a group of 
s ix  qual i fi ed sci enti fi c experts , to conduct an 
i ndependent assessment of the b iol ogi cal and heal th 
l i terature rel evant to questi ons of potent i al human 
ri s ks from exposure to 60-Hz el ectri c and magneti c 
fi el ds produced by AC transmi ssi on l i nes . In addi tion, 
the Commi ss i on was charged wi th recommendi ng regul atory 
gui del i nes , i f  deemed necessary.  The Fl ori da Commi ssi on 
opted not to eval uate the questi on of carci nogenes i s ,  
perhaps refl ect i ng a tac it  assumpti on about the qual i ty 
of the avai l abl e data . 

The Fl ori da Commi ssi on rel eased i ts report (23) i n  
March 1985 , and speci fi cal l y  d id  not recommend 
regul atory control of el ectri c or magneti c  fi el ds i n  i ts 
concl usi on :  

aThe Commi ss i on unanimously  bel i eves that the 
sci ent i fi c  evidence now avai l abl e supports the 
concl usi on that i t  i s  unl i kely that human exposures 
to 60-Hz el ectri c and magneti c  fi el ds from high  
vol tage transmi ssi on l i nes can l ead to publ i c  heal th 
probl ems . Al though the commi ssion bel i eves that such 
probl ems are unl i kely, but (si c) ambi guit ies in the 
currently avai l abl e scienti fi c  knowl edge precl ude the 
concl us i on that there i s  no chance that a publ i c  
heal th probl em exi sts . Thus , the Commi ssion bel i eves 
that : 

• From time to time the State shoul d monitor new 
devel opments i n  th is  area. However, once an 
i ni ti al deci s i on has been made i n  Fl ori da that 
publ i c  heal th probl ems are unl i kely, reopeni ng the 
area for further consi derati on woul d not be 
justi fi ed unl ess a s i gni fi cant new body of 
experimental evi dence becomes avai l abl e . -

As a resul t of the Commi ss i on ' s  fi ndi ngs , the DER 
adopted an approach to cons ider deci s i ons on new 
transmi ss i on projects on an i ndivi dual case basi s .  
Thus , i n  August 1985, when faced wi th a certi fi cati on 
deci s i on for Fl ori da Power Corporati on ' s  (FPC) 
proposed 500-kY Lake Tarpon-Kathl een transmi ssi on 
l i ne, the OER speci fi ed the cond i t i on of a 190-foot 
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wi de ROW al ong the l i ne ' s  route . Thi s deci si on took 
i nto account uncertai nt i es about heal th effects . the 
potenti al anxi ety of abutters . and the fact that 
190 feet i s  a normal ROW wi dth for 500-kV l i nes 
wi thi n the state . In  January 1986 . a Fl ori da heari ng 
exami ner rejected DER ' s requi rement for thi s 
condi t ion .  stati ng that no evi dence of adverse heal th 
effects was presented . and the DER ' s  preference was 
-not contai ned i n  a DER exi sti ng or proposed rul e and 
no standard for magneti c  fi el ds or other evi dence of 
known adverse heal th effects from magneti c fi el ds was 
offered duri ng the course of thi s proceedi ng . ­
Shortly thereafter,  i n  March 1986, the Fl ori da Si t ing 
Board . whi ch consi sts of the Governor and hi s cabi net 
deni ed FPC ' s  bi d for certi fi cat ion of the l i ne,  not 
on the bas i s of heal th effects per set but because 
the DER had not promul gated rul es l imi t ing fi el d 
strength . 

At thi s poi nt. the DER embarked on an effort to 
comply wi th the Si t i ng Boards requi rement for a fi el d 
standard . and appoi nted a sci enti fi c  advi sory panel 
from wi thi n the state to consi der the 
state-of-the-science and recommend standards that 
woul d protect the publ i c  heal th . By September 1987 . 
the panel had prepared i ts recommendat i ons . 
Ironi cal ly .  shortly after the panel ' s  recommendati ons 
were avai l abl e.  the Fi rst Di stri ct Court of Appeal 
for the State of Fl ori da overturned the S it ing 
Board ' s  order to deny certifi cati on for the Lake 
Tarpon-Kathl een l i ne . Apparently ,  the DER ' s  pol i cy 
of proceedi ng on an i nd iv idual case bas i s  was 
appropri ate .  However, by this t ime the i n i t i ative 
for setti ng a standard i n  Fl ori da had gathered 
suffi ci ent momentum. and the Fl ori da Envi ronmental 
Regul ati on Commi sSi on, empowered to set standards . 
consi dered the sci enti fi c  panel ' s  recommendat ions . 

On March 1 .  1989. the Commi ssi on fi l ed standards for 
regul ati ng the strength of el ectri c and magneti c 
fi el ds produced by uti l i ty transmi ssi on and 
di stri buti on l i nes and equi pment . Thus . the State of 
Fl ori da became the fi rst governmental authori ty i n  
the worl d to set standards for both  types of fi el ds 
(42) . Exi sti ng l i nes wi l l  be al l owed to operate as 
they are currently i nstal l ed .  New l i nes must meet 
the fol l owi ng standards : 

• For 230-kV Li nes or Smal l er. 8 kV/m maximum 
el ectri c fiel d wi thi n the ROW. 2 kV/m maximum 
el ectri c fi el d at the edge of the ROW. and 150 mG 
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maximum magneti c  fi el d at the edge of the ROW • 

• For 500-kV Li nes . 10 kV/m maximum el ectri c fi el d 
wi thi n the ROW, 2 kV/m maximum el ectri c fi el d at 
the edge of the ROW, and 200 mG maximum magneti c  
fi el d at the edge of the ROW • 

• For Doubl e Ci rcu i t  500-kV Li nes . El ectri c fi el d 
standards the same as for s i ngl e ci rcui t 500-kV 
l i nes and 250 mG maximum magneti c fi el d at the 
edge of the ROW. 

It  i s  important to note, that al though Fl ori da has 
promul gated edge-of-ROW magnet i c  fi el d standards , 
these standards are not based di rectly on any known 
heal th ri s k  i nformati on ,  but rather are desi gned so 
that future transmi ssi on l i nes wi l l  not produce 
edge-of-ROW fi el ds hi gher than any l i nes i n  operati on 
at the time of enactment . The Fl ori da regul ati ons , 
therefore, assure the mai ntenance of the status quo 
whi l e  further research i nto possi bl e  E&M Fi el d heal th 
effects i s  ongoi ng . 

Member uti l i t i es of the Fl ori da El ectri c Power 
Coordi nat ing Group ,  whi ch accounts for about 
99 percent of the state ' s  transmiss i on l i nes , have 
sai d that the rul es are achi evabl e and have not 
pl anned to chal l enge them (42) . The fi el d strengths 
for Western ' s  proposed project woul d be bel ow al l of 
the Fl ori da standards . 

. 

Under a Uni ted Nat ions mandate , the WHO Envi ronmental 
Heal th Cri teri a Program was i n i ti ated i n  1973 to assess 
the effects of envi ronmental chemi cal s and physi cal 
factors and to i ssue cri teri a documents . WHO i ssued a 
heal th cri teri a document i n  1984 concerned primari ly  wi th 
ELF el ectri c fi el ds , and i n  1987 i ssued a document 
focused only  on ELF magneti c  fi el ds . Unl i ke the other 
panel revi ews discussed here, the WHO documents d id  not 
apply to a speci fi c source or ki nd of exposure, but 
rather deal t wi th the effects of el ectri c and magneti c 
fi el ds from a generi c standpoi nt . 



The 1984 document on el ectri c fi el ds concl uded : 

BAdverse human heal th effects from exposure to ELF 
el ectri c fi el d l evel s normal ly  encountered i n  the 
envi ronment or the workpl ace have not been 
establ i shed . ·  (Page 88) 

and 

·Wh i l st i t  woul d be prudent i n  the present state of 
sci ent ifi c  knowl edge not to make unqual i fi ed 
statements about the safety of i ntermi ttent exposure 
to el ectri c fi el ds .  there i s  no need to l imi t access 
to regi ons where the fi el d strength i s  bel ow about 
10 kV/m. Even at thi s fi el d strength .  some 
i nd ivi dual s may experi ence uncomfortabl e secondary 
phenomena such as spark di scharge . shocks . or 
stimul ati on of the tacti l e  sense . ·  (Page 2) 

The 1984 WHO document bri efly cons i dered the epi demi ol ogi c 
l i terature on cancer then avai l abl e.  concl udi ng :  
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·The epi demi ol ogi cal studi es suggesti ng a rel ati onsh ip  
between chi l dhood or adul t cancer and res i dence i n  houses 
at vari ous di stances from hi gh current fl ow due to 
external el ectri cal wi ri ng confi gurat ions . can only be 
cons i dered as prel imi nary because of the many cri ti ci sms 
that have been l evel ed at the studi es . - (Page 87) 

The pri ncipal eval uati ons of the 1987 WHO document (Criteri on 
#69) on non-carci nogeni c  effects of magneti c fi el ds were 
expressed i n  terms of the l evel s of magneti cal ly- i nduced 
currents that may be associ ated with adverse effects . The 
current densi ty quant i ty. 8 1  mA/nf- that appears i n  the excerpt 
that fol l ows corresponds to a 60-Hz magneti c  fi el d exposure 
l evel of about 3 Gauss (3.000 mG) . whi ch i s  about 94 times 
greater than the maximum fi el d that woul d be encountered at the 
edge of the proposed project ' s  ROW. duri ng normal l oadi ng 
(peak) . and about 71  times greater than duri ng emergency 
l oadi ng condit i ons (See Tabl e C-3) . The WHO report states : 

· It can be assumed that a current dens i ty of l ess than 
1 mA/nf. i nduced by an external magneti c fi el d shoul d not 
produce adverse neurol ogi cal or behavi oral effects , si nce 
natural l y  fl owi ng currents i n  the brai n are of the same 
order of magni tude, - (Page 121) 

and 

- For human exposure to time-varyi ng magneti c  fi el ds . i t  
seems reasonabl e to assume that a heal th ri s k  assessment 
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can be made on the basi s of s i gni fi cant perturbati ons of 
bi ol ogi cal functi ons caused by el ectri c currents i nduced 
by the fi el ds . Avai l abl e data suggest that. when current 
dens iti es l ess than 10 mA/nr [equi val ent to about 30 G' at 
60 Hz] are i nduced i n  ti ssues and extracel l ul ar fl ui ds .  
the i nducti on of  adverse heal th effects is  unl i kely.  
However. the possi bi l i ty of some perturbi ng effects 
occurri ng fol l owi ng l ong-term exposure cannot be 
excl uded . - (Page 126) 

The 1987 WHO document considered the epi demi ol ogi c l i terature. 
whi ch i ncl uded several studi es publ i shed si nce 1984. and 
acknowl edged the exi stence of both negati ve and posi tive 
reports . Wi th reference to the pos i ti ve reports . the WHO 
document offered the fol l owi ng opi n ion :  

C . 6 . 1 . 3  

-These associ ati ons cannot be sati sfactori ly  expl ai ned by 
the avai l abl e theoreti cal bas i s  for carci nogenes i s  by ELF 
el ectromagneti c fi el ds . The prel imi nary nature of the 
epi demiol ogi cal evi dence . and the rel ati vely smal l 
i ncrement i n  reported i nci dence . suggest that .  al though 
these epi demi ol ogi cal data cannot be di smi ssed. there 
must be consi derabl e further study before they can be 
accepted . - (Page 22) 

The U . S .  Navy has twi ce commi ssi oned revi ews of the 
b i ol ogi cal and heal th sci ence l i terature perti nent to the 
fi el ds produced by i ts proposed ELF antenna system. 
formerly known as Project Sangui ne and then as Project 
Seafarer. The antenna system i s  desi gned for l and-based 
communi cat ion wi th the Uni ted States submari ne fl eet . and 
operates at 76 ± 4 Hz . In 1977. an NAS Commi ttee (26) 
produced a report . and i n  1985 the AIBS (27) revi ewed the 
l i terature publ i shed si nce 1977 . In the i nterval between 
the two revi ews . the antenna was redesi gned (for 
engi neeri ng reasons) from i ts ori gi nal underground 
confi gurati on to an overhead desi gn; i t  i s  now cal l ed 
Project ELF . 

Al though the antennas transmi t at 76 ± 4 Hz. the 1977 and 
1985 assessments both consi dered studi es performed at 
other ELF frequenci es . i ncl udi ng 60 Hz . as hi ghly 
rel evant to thei r objecti ves . Thi s fol l ows from the fact 
that the physi cal mechani sms of el ectri c and magneti c 
fi el d i nteracti ons that i nduce el ectri c currents and 
fi el ds wi thi n exposed subjects appear to be s imi l ar over 
the ELF range (l ess than 300 Hz) . The research performed 
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at 60 Hz to i nvesti gate AC transmi ssion l i ne envi ronments 
served i n  many i nstances as s i gni fi cant source materi al 
for both the NAS and AIBS panel j udgments concerni ng the 
ELF antennas ' fi el ds . It i s  appropri ate , therefore, to 
consi der the two expert eval uati ons of the Navy antenna 
system as hi ghly rel evant to the heal th questi ons 
concerni ng 60-Hz AC transmi ss i on .  Nei ther the NAS nor 
AIBS revi ews expl i citly consi dered issues concerned wi th 
cancer. The NAS revi ew was publ i shed pri or to more 
recent stud ies on cancer, whi ch are d iscussed on the 
fol l owi ng pages (for Wertheimer-Leeper, Savi tz , and 
Peters) . The AIBS deci si on not to cons i der questions of 
carci nogenesi s  may have refl ected the i nadequacy of the 
data-base on cancer that exi sted at the time thei r revi ew 
was conducted . 

The NAS concl uded i n  1977:  

-A number of concerns rai sed over the years that Seafarer 
ELF fi el ds mi ght consti tute a source of dangerous--even 
catastrophi c--envi ronmenta1 contami nati on have been 
rai sed and found i nval i d  and unwarranted . The 
Commi ttees ' cons i dered opi ni on i s  that such fi el ds wi l l  
not cause a s i gni fi cant and adverse bi ol ogi c di sturbance, 
except i n  the event of el ectri c shock, whi ch i s  of 
seri ous concern . In fact , apart from the possi bl e  resul t 
of el ectri c shock, the Commi ttee cannot i dent ify wi th 
certai nty any speci fi c bi 01 ogi c effects that wi 1 1  
defi ni tely resul t from exposure to the proposed Seafarer 
fi el ds . -

In  the preface to the 1985 report, the AIBS Proj ect Di rector, 
Donal d R. Beem, Ph .D . , concl uded as fol l ows : 

-The AIBS Commi ttee members are i n  agreement wi th the 
concl us i ons of the 1977 Academy report , and based on 
thei r fi ndi ng i n  thi s study , the Commi ttee bel i eves that 
i t  i s  sti l l  unl i kely that exposure of l i vi ng systems to 
ELF el ectri c and magneti c  fi el ds i n  the range of those 
associ ated wi th the Navy ' s  ELF Communi cati ons System can 
l ead to adverse publ i c  heal th effects or to adverse 
effects on pl ants or ani mal s .  However, because of 
certai n ambi gui ties i n  the sci enti fi c l i terature , the 
Committee recommends that the Navy conti nue to moni tor 
the l i terature and respond appropri atel y to any 
si gni fi cant new i nformati on . -

C . 6 . 1 . 4  THE NEW YORK STATE POWER LINES PROJECT (28) . 

The New York State Power Li nes Project (PLP) cons i sted of 
17 separate bi ol ogi cal and heal th i nvest i gati ons 
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concerned wi th the el ectri c and magneti c fi el ds that 
transmi ss i on l i nes produce . The PLP was conducted under 
a 1978 order from the New York Publ i c  Servi ce Commi ssi on 
to the uti l i ti es wi thi n  the state to support a $5 mi l l i on 
el ectri c and magneti c  fi el d b iol ogi cal effects research 
program. The order resul ted from publ i c  heari ngs 
concerni ng the heal th and safety aspects of two proposed 
765-kV AC transmi ssi on l i nes . An i ndependent Sci enti fi c 
Advisory Panel devel oped the research program and 
moni tored and revi ewed the studi es .  

The PLP was i ni ti ated i n  1982 . and the research projects 
i ncl uded i n  the program were chosen speci fi cal ly  to 
address hi gh pri ori ty sci enti fi c questi ons regardi ng the 
el ectri cal envi ronment produced by 765-kV transmi ssion 
l i nes . Fol l owi ng a careful consi derati on of the 
sci enti fi c l i terature. thi s  broadly-based program 
supported research projects i n  the fol l owi ng areas : 
reproducti on and devel opment i cancer. i ncl udi ng both 
l aboratory studi es and two epi demi ol ogi c studi es (one of 
chi l dhood cancer and the other of adu l t  cancer) i cel l 
bi ol ogYi and neurobiol ogy and behavior.  I n  almost every 
l aboratory study, the experiments used el ectri c and 
magneti c  fiel ds at l east as l arge i n  strength as those 
found i n  a 765-kV ROW, whi ch general ly  exceed those found 
i n  associ at ion wi th l ower transmi ssi on vol tages . Al so. 
the exposure time that the animal s ,  ti ssues , or cel l s  
tested recei ved were very l ong i n  durati on (chroni c  
exposures) . Typi cal l y, peopl e spend rel ati vely l i ttl e 
t ime wi thi n ROWs . and the cumul ati ve exposures i n  the 
l aboratory far exceeded those that peopl e typi cal l y  
receive (29) . The PLP studi es showed that el ectri c and 
magneti c fi elds do not affect genetic  materi al , whi ch 
i ndi cates that magneti c  fi el ds would  not cause cancer 
through mechani sms rel ated to genetic  or chromosomal 
mutati on .  Al so, i n  mul ti -generati onal experiments usi ng 
rodents ( i . e . , successive generati ons of animal s mated 
and reared throughout the exposure peri od) , el ectri c and 
magnet i c  fi el d exposure produced no effects on 
reproducti on .  ferti l i ty, l i tter s i ze.  fetal mortal i ty,  or 
generation t ime .  Al though several of the PLP studi es 
reported bi ochemi cal changes , as wel l as effects on cel l 
functi on and whol e animal behavi or. nei ther the 
i nvesti gators nor the Sci ent i fi c  Advi sory Panel concl uded 
that these observati ons were i ndi cative of an adverse 
effect of fi el d exposure on publ i c  heal th .  

The major concern of  the panel was wi th the  resul ts of 
the epi demi ol ogi c study of chi l dhood cancer conducted by 
Sav itz i n  Denver (30) , whi ch reported a poss i bl e  
associ ation between el ectri c uti l i ty wi ri ng 
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confi gurati ons and cancer. and thus suggested a magneti c 
fi el d effect (31) . Thi s  study was i ntended as a 
repl i cati on of a study publ i s hed by Wertheimer and Leeper 
(32) . The l atter had presented data that descri bed an 
associ ati on between the i nci dence of chi l dhood cancer 
(i ncl udi ng l eu kemi a) and the type of uti l i ty wi ri ng 
normal l y  found outsi de homes (these are al most enti rely 
di stri buti on rather than transmi ssi on l i nes) . These wi re 
code cl assi fi cati ons (not to be confused with bui l di ng 
codes) were ori gi nal ly  devel oped by researchers 
Wertheimer and Leeper as a noni ntrus i ve surrogate method 
of estimati ng i ndoor magneti c  fi el ds i n  thei r 1979 study 
of chi l dhood cancer i n  Denver. Based on accepted 
pri nci pl es of how magneti c fi el ds l evel s are rel ated to 
the l evel s of current i n  a conductor and the d istance 
from the conductor. the code cl ass i fi cati ons take i nto 
account the number of l i nes present. the thi ckness of the 
conductors , how far out on a di stri but i on ci rcui t a house 
i s  l ocated. and how far the house si ts from the l i ne .  
Thus the outdoor wi res were coded accordi ng to  thei r 
apparent current-carryi ng-capaci ty and d istance from the 
home . The wi ri ng confi gurat ion or codi ng for each home 
was assi gned as a surrogate for the magneti c  fi el d 
strength predi cted for each home; however. actual i n-home 
measurements were not conducted . The i mpl i cati on that 
Wertheimer and Leeper drew from thei r data was that the 
si ze of the magneti c fi el d produced by the uti l i ty wi ri ng 
was associ ated wi th di sease rate. 

Unl i ke the Wertheimer and Leeper study , however. the 
Savi tz study i ncl uded measurements of magneti c  fi el ds 
i ns i de the homes of the study subj ects . When measured 
magneti c fi el ds were used as the i ndex of exposure. the 
associ ati ons wi th di sease were weak to nonexi stent . and 
none was stati sti cal ly  si gni fi cant . Sav i tz di d fi nd . 
however. that magneti c fi el d strength i n  the home was 
weakly correl ated wi th wi ri ng confi gurat i on .  and disease 
was sl i ghtly but stati sti cal ly  si gni fi cantly associ ated 
wi th uti l i ty wi ri ng confi guration .  

Study resul ts are often expressed i n  terms of  the 
probabi l i ty of observi ng the resul ts i f  they were due to 
random chance . A commonly  used conventi on i s  that , when 
thi s probabi l i ty (or p-val ue) i s  l ess than 5 percent 
(often wri tten p<0 .05) . the observed fi ndi ngs are 
·stati sti cal ly  s i gni fi cant . - If  a study reports a 
p-val ue of 0 . 05 .  this means that 5 times out of a hundred 
a resul t at l east as l arge as that reported woul d have 
occurred sol ely due to random chance . The sel ecti on of 
5 percent as a cutoff val ue for si gni fi cance i s  
arbi trary. and some i nvesti gators sel ect 1 percent as a 



more stri ngent cri teri on for s i gn ifi cance . I n  thi s  
d i scussi on,  the reader shoul d assume that the term 
·s igni fi cance · refers to the 5 percent val ue .  
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It  i s  very i mportant for the reader to  understand that a 
·stati sti cal l y  s i gni fi cant associ at i on·  as shown i n  the 
Savi tz study does not prove causati on .  The Sci enti fi c  
Advisory Panel was careful to poi nt out that a causal 
rel ati onshi p between magnet i c  fiel ds and cancer had not 
been demonstrated, and that causal i ty was only a 
hypothesi s .  The' basi s  for thi s opi ni on at the time was : 
1)  we sti l l  have only  one wel l -desi gned [posi ti ve] study 
[the Savi tz study] , 2) there are unresol ved questi ons in  
the Savi tz study,  and 3) there i s  no basi c mechani sm 
known to expl ai n a causal rel ati onshi p .  (As an asi de to 
this  PLP di scuss ion,  there are now only two wel l -des igned 
[positi ve] studi es ,  the Savi tz and the Peters (45) Study. 
Both of whi ch have rai sed many as yet unsol ved questi ons 
and neither study has demonstrated a mechani sm to expl ai n 
how ElM Fi el ds coul d i nfl uence human cel l s . )  

The other epi demi ol ogi c study i n  the PLP exami ned the 
rel ati onship between both wi re codes and measured 
magneti c fi el ds wi th adu l t  l eukemi a i n  the Seatt le ,  
Washi ngton area (33, 34) . In  thi s  study,  nei ther wi ri ng 
codes nor measured magneti c fi el ds were found to be 
associ ated wi th the i nci dence of l eukemi a .  Other 
epi demi ol ogi c studi es have been conducted i n  communi ty 
setti ngs and the resul ts have been mixed; some have 
fai l ed to detect an associ at ion between proximity to 
magneti c fiel d sources and cancer (35 , 36,  37,  38) , wh i l e  
others have reported pos it ive associ ati ons (39 ,  40) . The 
resul ts of the PLP showed that , under careful ly  
control l ed l aboratory conditi ons , fi el d strengths 
characteri sti c of 765-kV AC transmi ssi on l i nes do not 
produce effects on the general heal th or vi tal i ty of 
exposed subj ects , or produce cel l ul ar effects i ndi cati ve 
of transformati on to a cancerous state ; the effects that 
were observed fai l ed to suggest that fiel d exposures from 
transmi ssi on l i nes were associ ated wi th adverse effects 
on heal th .  Nei ther of the two epi demi ol ogy stud ies 
produced data l i nking measured magneti c fi el ds wi th 
cancer, but one produced an associ ati on wi th an exposure 
surrogate,  namely wi ri ng codes . 

I n  July 1987 , the Publ i c  Servi ce Commi ss i on (PSC) of the 
State of New York appoi nted a Power Li nes Project 
Eval uati on Task Force to eval uate the Sci enti fi c  Adv isory 
Panel ' s  fi nal report and devel op recommendati ons for the 
PSC to cons i der. The Task Force in i ts report to the PSC 
( i ssued i n  January 1988) stated : 
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-Al though bi ol ogi cal effects were noted i n  the 
research ,  the research fi ndi ngs themsel ves do not 
read i l y  transl ate i nto concrete regul atory 
recommendati ons for establ i sh i ng a magnet ic  fiel d 
standard because the research reveal ed no evi dence 
that magnetic  fi el ds pose a heal th hazard - (p. 28, NYS 
Publ i c  Service Commi ss i on ,  1988) . 

Nonethel ess , i t  recommended acti ons that woul d be i n  the 
publ i c  i nterest .  Incl uded among the recommendati ons was 
that the uti l i ti es shoul d survey al l fi el ds associ ated 
wi th power del i very i n  the state and consi der means to 
reduce fiel d l evel s .  Another was that -the Chai rman and 
Commi ss i oners shoul d encourage the Nati onal Associ ati on 
of Regul atory Uti l i ty Commi ssi oners to establ i sh a 
commi ttee to spearhead a joi nt state research effort 
s imi l ar to the New York State Power Li nes Project . 1I 

The Task  Force al so recommended an i nterim magneti c fi el d 
standard accordi ng to the phi l osophy that, - an i nterim 
magneti c fi el d standard s houl d ensure that magneti c 
fi el ds at the edge of future transmi ss ion l i ne 
ri ghts-of-way are no greater than the fi el ds typi cal of 
the many exi sti ng 345-kV l i nes operati ng through the 
state . - The Task Force further stated , - I f  a magneti c 
fi el d l imi t i s  adopted , i t  s houl d be made cl ear that 
magneti c fi el ds have not been shown to be hazardous and 
that the purpose of the l imi t i s  to ensure that exposures 
to magneti c fi el ds in future transmi s s i on l i ne deSi gns 
woul d be no greater than those whi ch soci ety has 
impl i ci tly accepted for the 345-kV l i nes operating for 
many years throughout New York State. -

In  February,  1988, the PSC approved the Task Force report 
and recommendati ons . Fol l owi ng the compl eti on of a 
state-wi de survey of 345-kV l i nes , the PSC proposed an 
edge of ROW magneti c fi el d l imi t of 200 mGt wi nter normal 
conductor rat1 ng , for future transmi s s i on faci l i ti es over 
1 mi l e  l ong operati ng at 125-kV or above , or over 
10 mi l es l ong operati ng at 100 to 125-kV . 

C . 6 . 1 . 5  THE OFFICE OF TECHNOLOGY ASSESSMENT (OTA) REPORT (43) . 

A background paper on -The B iol ogi cal Effects of Power 
Frequency El ectri c and Magnet ic  Fi el ds - was prepared i n  
1989 by a group from Carnegie  Mel l on Uni vers i ty for the 
U . S .  Congress (43) . The OTA report d i scusses the present 
i nformati on on the heal th effects of extremely-l ow­
frequency el ectri c and magneti c f1 el ds .  It al so 
descri bes vari ous research programs i n  progress and 



provi des i nformation on regul atory act iv i ty,  i ncl udi ng 
exi sti ng and proposed fi el d exposure standards . 
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The Carnegi e  Mel l on group prepared the OTA report as a 
compendi um of the avai l abl e sci ence rather than a 
cri ti cal review. At i ts concl us i on ,  the OTA report 
cons i ders vari ous approaches to deal wi th the i ssue of 
el ectri c and magneti c  fi el ds . It  does pOi nt out that 
there are no fi rm pol i cy statements i t  can make because 
the sci ence i s  not compl ete enough to support them. To 
say any more woul d go beyond sc i ence and i nvol ve 
j udgments and val ues . Neverthel ess ,  i t  does present a 
general framework to thi nk about the avai l abl e approaches 
for regul ators . The three general pol i cy opti ons are : 
1)  Do Nothi ng ,  2) Prudent Avoidance , and 3) Aggress ive 
Regul ati on . 

The OTA report seems to di rect the reader toward the 
prudent avoi dance opt ion .  Prudent avoi dance i s  taki ng 
modest steps to l imi t or reduce exposure that can be done 
wi th smal l i nvestments of money and effort . Exampl es 
g iven of prudent avoi dance i ncl ude: 1)  modest engi neeri ng 
des ign changes that reduce fi el d l evel s and 2) acti ons 
that make exposure comparabl e,  such as maki ng fi el d 
l evel s from new transmi ss i on l i nes s imi l ar to those 
l evel s for exi sti ng l i nes . The report does not recommend 
doi ng anythi ng drasti c or expens ive unti l research 
provi des a cl earer pi cture of whether there i s  any ri sk  
and , if  there i s ,  how bi g it  i s .  It al so gi ves exampl es 
of excess i ve steps that , i n  the opi ni on of the authors , 
go beyond prudence and are , "At the l east they woul d be 
fool i s hl y  expensi ve,  at the worst, si gns of seri ous 
paranoi a . " (43) 

C . 6 . 1 . 6  THE U . S .  ENVIRONMENTAL PROTECTION AGENCY (EPA) DRAFT 
REPORT (44) . 

In  December 1990, the EPA rel eased a Revi ew Draft Report 
enti tl ed " Eval uati on of the Potenti al Carci nogeni c ity of 
El ectromagnetic  Fi el ds " (EPA/600/6-90/005B) . The report , 
dated October 1990, revi ews and eval uates the avai l abl e 
l i terature on the potenti al carci nogeni ci ty of 
el ectromagneti c  fi el ds i ncl udi ng extremely l ow frequency 
magneti c  fi el ds such as those produced by power l i nes . 
Though wi dely reported and quoted i n  both the pri nt and 
el ectroni c  medi a ,  EPA has i ssued thi s report as a 
prel imi nary draft only, and cauti ons agai nst c itati on ,  
quotat i on ,  or  characteri zat i on of  the report as  formal 
agency pol i cy.  Si nce thi s i s  the second draft of thi s 
document to contai n substanti al ly  the same i nformati on ,  
and publ i c  fami l i ari ty wi th i ts i ssuance and fi ndi ngs i s  



rel ati vely hi gh.  the report i s  bri efl y summari zed bel ow. 
The reader i s  cauti oned . however. that thi s i s  a Draft 
report . i ssued for comment . 

The EPA report revi ewed avai l abl e l i terature pertai ni ng 
to human epi demi ol ogi c studi es rel ati ng to 
carci nogenes i s .  chroni c exposure animal studi es .  and i n  
vi tro studi es . The purpose of the document was to 
- eval uate the l i kel i hood that exposure to noni oni zi ng 
el ectromagneti c  radi at ion poses a ri sk  or i s  a ri sk  
factor for the devel opment of  cancer in  humans . -
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Wi th respect to human epi demi ol ogi c studi es . the EPA 
found that the strongest l i nk between exposure to 60 Hz 
magneti c  fi el ds and human cancer comes from chi l dhood 
cancer studi es . In  exami n i ng seven case-control studi es 
of chi l dhood cancer. EPA found consi stent . modest 
el evati ons of cancer ri sk  for l eukemi a .  cancer of the 
central nervous system. and lymphoma i n  chi l dren whose 
exposure to magneti c fi el ds has been estimated by the 
types of wi res near thei r homes (wi ri ng codes are 
d iscussed i n  Section C . 6 . 1 .4) or where magneti c  fi el d 
measurements i ndi cated fi el ds of 2 mG or hi gher. 
However . measured dose response rel ati onshi ps were found 
to be contradi ctory and coul d not be substanti ated . 
Parti cul arly. EPA ci tes studi es by Wertheimer and Leeper 
(32) and Savi tz (30) . as presenti ng the fewest 
di ffi cult ies wi th respect to bi as . confoundi ng. or other 
methodol ogi cal probl ems . These studi es estimate a 
potenti al one and one hal f to threefol d i ncrease i n  
cancer ri sk from el evated magneti c fi el d exposure as 
defi ned by wi ri ng codes . 

Studi es of res i denti al adul t exposure to magneti c  fi el ds . 
EPA concl udes . provide somewhat mixed evi dence of a ri sk 
of l eukemi a. and can nei ther be rel i abl y used to assert 
or deny a possi bl e associ ati on .  One adul t cancer study. 
however. does support an associ ati on between wi ri ng codes 
and central nervous system cancer and lymphoma . 
Addi ti onal ly. EPA found weak evi dence of an associ ati on 
between l eukemi a and cancer of the central nervous system 
and empl oyment i n  certai n jobs characteri zed by h igh  
potenti al magnetic  fi el d exposure . EPA d i d  cauti on .  
however. that mi scl assi fi cati on o f  j ob functi on or other 
bi ases appears to be a di sti nct poss i bi l i ty i n  
occupati onal studi es . 

EPA further stated that whi l e  no l i fetime animal 
carci nogen studi es of extremely l ow frequency el ectri c 
and magnet ic  fi el ds have been reported i n  the l i terature . 
evi dence from a l arge number of biol ogi cal test systems 
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shows that such fiel ds i nduce bi ol ogi cal effects that are 
consi stent wi th several poss i bl e  mechani sms of 
carci nogenes i s .  However, none of these processes has 
been experimental ly l i nked to tumors i n  ei ther animal s or 
humans , and the methods by whi ch el ectri c or magneti c  
fi el ds may cause these events are not known. 
Addi ti onal ly,  the report poi nts out : 

Most of the effects have been observed at fi el d 
strengths that are many t imes h i gher than the ambi ent 
fi el ds whi ch are the putati ve cause of the chi l dhood 
cancers i n  res i denti al s i tuati ons ; as a consequence, 
many of the cand idate mechani sms may not be real ly 
i nvol ved in the response to l ow envi ronmental fi el ds . 

I n  summary, the EPA concl uded : 

Wi th our current understandi ng ,  we can i dent i fy 60-Hz 
magneti c fi el ds from power l i nes and perhaps other 
sources i n  the home as a poss i bl e, but not proven , cause 
of cancer i n  humans . The absence of key i nformati on • • .  
makes i t  di ffi cul t to make quanti tati ve estimates of 
ri sk.  Such quanti tati ve estimates are necessary before 
j udgment about the degree of safety or hazard of a gi ven 
exposure can be made. Thi s  s i tuati on i nd i cates the need 
to conti nue to eval uate the i nformati on from ongoi ng 
studi es and to further eval uate the mechani sms of 
carci nogeni c action and the characteri sti cs of exposure 
that l ead to these effects . 



Panel Revi ews of EPA Report 

Sci ence Advi sory Board Revi ew 

S ince the EPA draft report was i ssued i n  December 1990. 
i t  has undergone thorough revi ew by the publ i c  and 
vari ous other groups . One group provi di ng comments was 
EPA ' s  Sci ence Advi sory Board {SAB} whi ch i ncl udes the 
Noni oniz i ng El ectri c and Magneti c  Fi el ds (N IEMF) 
Subcommi ttee, The Radi at i on Advi sory Commi ttee. and the 
SAB Executi ve Commi ttee . The SAB was requested to 
provi de a peer revi ew of EPA ' s  draft report - Eval uati on 
of the Potenti al Carci nogeni ci ty of El ectromagneti c  
Fi el ds . - The charge to the board was to revi ew the 
document as to the accuracy and compl eteness of the 
i nformati on provi ded .  as wel l as the i nterpretati on of 
the sci enti fi c data. The advi sory group rel eased thei r 
comments i n  a January 29. 1992 . l etter to the EPA 
Admi n i strator Wi l l i am K .  Rei l l y .  The l etter summarizes 
the Subcommi ttee ' s  comments on the EPA draft report on 
ElM Fi el d carci nogeni ci ty and presents these primary 
concl usi ons : 
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1) The EPA document has seri ous defi c i enci es and 
needs to be rewri tten and then re-revi ewed by the 
SAB; 

2) Some epi demi ol og i c evi dence i s  suggesti ve of an 
assoc i ati on between surrogate measurements of 
magneti c-fi el d  exposure and certai n  cancer 
outcomes ; 

3) The EPA document does not present a hol i sti c 
model of carci nogenes i s  withi n whi ch the strength 
of exi sti ng evi dence concerni ng the carci nogeni c  
propert i es of el ectri c and magneti c  fi el ds can be 
assessed; 

4) Currently avai l abl e i nformati on i s  i nsuffi ci ent 
to concl ude that el ectri c and magneti c  fi el ds are 
carci nogeni c . 

5) There i s  i nsuffi c i ent i nformati on to desi gnate 
speci fi c val ues of magneti c-fi el d strength that 
may be hazardous to human heal th . 

Commi ttee on Interagency Radi at ion Research and Pol i cy 
Coordi nat i on 

Another panel prov id ing revi ew comments of the EPA draft 
report was the Federal Commi ttee on Interagency Radi at i on 



Research and Pol i cy Coordi nati on (CIRRPC) . CI RRPC i s  a 
subcommi ttee of the Federal Coordi nati ng Counci l  for 
Sci ence, Engi neeri ng , and Technol ogy, and reports to 
Dr . D .  Al l an Broml ey, Whi te House Sci ence Advi sor .  
CIRRPC recei ved comments on  the EPA report from the 
Department of Commerce, Defense, Energy. Heal th and Human 
Servi ces . Labor. and Transportati on .  CI RRPC rel eased i ts 
revi ew comments on the EPA draft report on ElM Fi el d 
carci nogeni ci ty on August 5 .  1991.  i n  a l etter to EPA 
Assi stant Admi nistrator Eri c W. Bretthauer. CIRRPC ' s  
l etter concl uded that -the evi dence presented i n  the 
report does not provi de a sci enti fi cal l y  sound bas i s  for 
l i nki ng cancer to exposures to el ectri c and magneti c  
fi el ds . We recommend that the ' revi ew draft be 
substanti al l y  revised . ' i f  not rewri tten , to address not 
only the summary of i nteragency comments . but al so the 
encl osed comments recei ved from i ndivi dual agenci es . -
The l etter i s  very cri ti cal of EPA report and vi ews the 
report as unbal anced and l acki ng i n  ri gor and 
compl eteness . 

C . 7  CURRENT ASSESSMENT OF POTENTIAL HEALTH RISKS 

In  assessi ng whether exposure to el ectri c and magneti c  fi el ds . whether 
from transmi ssi on l i nes or other sources . poses a human heal th ri sk,  i t  
i s  fi rst necessary to demonstrate that such exposure resul ts i n  
bi ol ogi cal effects to cel l s .  ti ssues .  organs , or organi sms . Next i t  i s  
necessary to demonstrate that any establ i s hed bi ol ogi cal effects 
transl ate i nto heal th effects , i . e . , an i ncrease i n  di sease or a 
decrease i n  wel l bei ng . Fi nal ly. i t  i s  necessary to demonstrate the 
frequency wi th whi ch heal th effects occur. or the heal th ri sk . 

C . 7 . 1  HIGHLIGHTS OF CURRENT RESEARCH . 

Duri ng the l ast dozen years , extensi ve experimental work on the 
i nteracti on between el ectri c and magneti c  fi el ds and bi ol ogi cal  
systems has been carri ed out . Duri ng thi s peri od , DOE 
establ i shed a research program to i nvestigate poss ibl e  heal th 
hazards . The fundi ng l evel for thi s program was approximately 
$3 mi l l i on i n  1990. $3 .5  mi l l i on in  1991 . and is  estimated to 
approach $5 mi l l i on i n  1992 . The El ectri c Power Research 
Insti tute (EPRI) has al so mai ntai ned a s imi l ar program. vastly 
accel erated i n  recent years . Organi zi ng efforts are under way 
for a proposed Cooperati ve Nati onal El ectri c and Magneti c  Fi el d 
Research Program i nvol vi ng Government agenci es ,  State 
Regul atory Authori t i es .  and publ i c  and pri vate sector power 
i nterest .  Internati onal support and i nvol vement i n  heal th 
research is l i kewi se wi deni ng .  The number of countri es 
sponsori ng research has about doubl ed. to 25 . and estimated 
annual spendi ng has nearly doubl ed. to about $25 mi l l i on 
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worl dwi de , i n  j ust a few years . Research spans the enti re 
spectrum from humans , primates , and rodents to ti ssues , cel l s ,  
and DNA. After the early screeni ng stud ies ,  many of whi ch were 
negative ,  effects \have now been i denti fi ed for a cons i derabl e 
number of systems . 

It must be noted that many of the observed effects are not very 
robust . Moreover , most studi es have not been extensi vely 
repl i cated . In part , thi s may be due to the fact that 
appropri ate exposure parameters have not yet been ful ly  
i denti fi ed . 

In human research , mal e vol unteers were exposed for 6 hours to 
mixed el ectri c and magneti c fi el ds whi ch they coul d perceive 
(46) . Of some 50 bl ood, uri ne, phys i ol ogi cal , and 
psychol ogi cal vari abl es i nvesti gated, only 3 showed s i gni fi cant 
changes due to the fi el ds : 1) changes i n  certai n  brai n waves ; 
2) a sl owi ng of motor responses ; and 3) i n  part i cul ar, a sl i ght 
sl owi ng of heart rate (3 out of 70 beats per mi nute) . These 
effects were consi stent . However, they were present only at 
9 kV/m and 200 mG and not at fi el ds above and bel ow these 
val ues . There appears to be a ·wi ndow· effect quite unl i ke the 
usual dose/effect rel ati onshi p .  Moreover. when fi el ds were 
i ntermi ttent (on-off 4 times per mi nute) . the effect becomes 
stronger. Both of these features had previ ously  appeared i n  
cel l ul ar work. 

Mel atoni n i s  an important hormone produced i n  the pi neal gl and 
that regul ates the thyroi d gl and, adrenal gl and , and 
reproducti ve organs . Reducti on of mel atoni n producti on i s  
strongly correl ated wi th breast cancer i n  rats as wel l as human 
femal es . Exposure of rats to el ectri c fi el ds for 3 weeks has 
resul ted i n  depressi on of dai ly  mel atoni n producti on by some 
50 percent (46) . Conti nui ng experiments have shown that thi s 
effect can be el f ci ted wf th fi el ds rangi ng from 3 . 5  kV/m to 
120 kV/m. Currently.  effects of mixed el ectri c and magneti c 
fi el ds are bei ng expl ored . Prel imi nary resul ts show that 
i ntermi ttent magneti c fi el ds yi el d stronger effects (46) . 

Cel l ul ar work has shown vari ed responses to exposure such as 
i rregul ar fi ri ng of neurons and reduced ki l l i ng capaci ty of 
whi te bl ood cel l s  (thus reduci ng effecti veness of the immune 
system) . It has become cl ear, l argel y through DOE work. that 
the cel l ul ar bas i s  of many bi o-effects seems to be a 
di sturbance of the fl ux of bi ol ogi cal ly important i ons through 
the cel l membrane . These i ons . parti cul arly cal ci um.  serve as 
messengers tel l i ng cel l s  how to respond to external stimul i .  
It was found . for exampl e .  that exposure causes changes i n  the 
i ntra-cel l ul ar hormones . orni thi ne-decarboxyl ase and 
parathyroi d .  whi ch are simi l ar to changes caused by known 
cancer promoters (46) . 



Al though extensi ve experimentati on has reveal ed no d i rect 
effect of el ectri c and magneti c  fi el ds on DNA, recent resul ts 
(46) reveal a more subtl e effect . DNA transcri pt ion and 
transl at ion i nto messenger RNA i s  apparently affected by 
exposure .  Put s imply, thi s means that DNA i s  not affected 
d i rectly ,  but the way DNA works may be changed by fi el ds . 

66 

Al l these effects are bi ol ogi cal effects ;  currently they cannot 
be characteri zed as heal th effects . They do, however, present 
cause for future concern . 

C . 7 .2 DOSE AND EFFECT. 

C . 7 . 3 

Most toxic  agents found i n  the envi ronment have a fai rly s impl e 
dose/effect rel ati onshi p .  Bas i cal ly ,  th is  rel ati onshi p i s  
l i near, at l east for smal l doses ; twi ce the dose gives twi ce 
the effect . Often there i s  some saturati on ,  when further 
i ncreases i n  dose do not i ncrease the effect . 

The s i tuat i on for bi o-el ectromagnet i c  effects i s  compl etely 
di fferent. Both human and cel l ul ar work i ndi cate the exi stence 
of i ntensi ty -wi ndows . - An effect only  seems to occur wi thi n a 
certai n range of the parameter. Certai n  phenomena, i n  fact , 
appear to be restri cted to narrow resonance-l i ke bands . 
Non-l i neari ty al so seems to be characteri sti c of the frequency 
dependence. Furthermore, i ntermi ttency emerges as an i mportant 
factor. The magni tude of the fi el d may not be as important as 
fl uctuati ons i n  exposure . Fi nal ly ,  other factors such as 
t imi ng and even the l ocal geo-magneti c  fi el d seem to pl ay a 
rol e as wel l .  In  other words , the possi b l e  exi stence of 
i ntensi ty wi ndows argue that more may not be worse when 
consi deri ng bi o-effects from el ectri c and magneti c  fi el ds . It 
may be some time before researchers are abl e to understand why 
certai n  d i sti nct exposure ranges , resonant (or pul si ng) 
characteri sti cs ,  or exposure durati ons provide an observabl e 
effect , whi l e  others , even though greater i n  i ntens i ty ,  do not . 

Whi l e  extremely i nteresti ng from a sci ent ifi c  pOi nt of vi ew, 
thi s  si tuat i on makes any eval uati on of -exposure- quite 
di ffi cul t .  An extensi ve program of exposure measurement i s  not 
warranted at thi s time, s i nce the parameters to be measured are 
not yet known . Fi ndi ng the dose/effect rel ati onshi p for 
bi ol ogi cal effects must be the prime sci enti fi c object ive .  
Once such a rel ati onshi p i s  found , one wi l l  be i n  a much better 
posi t ion to l ook for possi bl e heal th effects , ei ther through 
epi demi ol ogy or through animal experiments . 

EPIDBMIOLOGY. 

Si nce human experimentati on i nvol v ing toxi c agents i s  usual l y  
not poss i bl e, epi demi ol ogy (the study o f  the occurrence and 
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d i stri buti on of d i sease) can offer a useful al ternati ve .  There 
have been some 40 epi demiol ogi cal studi es on potenti al  heal th 
hazards of el ectri c and magneti c fi el ds . Roughly hal f of these 
studi es are resi dent i al and hal f are occupati onal . Twenty 
studi es are ongoi ng . 

Epi demi ol ogi cal stud i es l ook for stati sti cal correl ati ons 
between the occurrence of d i sease and other factors . When a 
s i gni fi cant correl ati on i s  i denti fi ed .  the heal th ri sk  i s  
descri bed i n  terms of a ri sk  factor. A ri sk  factor of 2 
i nd i cates that a d i sease occurs twi ce as often i n  a study 
popul ati on (or group of peopl e) exposed to a certai n factor as 
compared to a control popul ati on whi ch i s  not exposed to the 
factor bei ng cons i dered . Tabl e C-10 provi des exampl es of 
confi rmed and potenti al cancer ri s k  factors reported for 
vari ous factors . i . e • •  smoki ng .  
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TABLE C-I0 

Exampl es of Confi nmed and Potenti al Cancer Ri s ks Reported for Vari ous Factors . 

Factor (Cancer Type) 

Smoki ng (Lung Cancer) * 

Workers Exposed to Benzene 
(Leukemi a) 

Workers Exposed to Carbon 
Tetrachl ori de (Leukemi a) 

Envi ronmental Tobacco Smoke 
(Lung Cancer) * 

Hi gh-Current Power Li nes 
(Ch i l dhood Cancer) 

Radi um Contami nati on of 
Dri nki ng Water (Leukemi a) 

Use of Hai r Dye (Leukemi a) 

Workers Exposed to El ectri c 
and Magneti c Fi el ds (Acute 

Rel ati ve Ri sk  

10  - 40 

1 .5 - 20 

12 - 18 

2 - 3 

1 . 3  - 2 . 6  

2 

1 .8 

Myel ogenous Leukemi a) 1 . 2  - 1 .8 

Reference 

Wynder and Hoffman, 1982 

Sandl er and Col l man , 1987 

Sandl er and Col l man , 1987 

Armann et al . ,  1987 

Ahl born, 1988 

Lyman et al . ,  1985 

Cantor et al . ,  1988 

Savitz and Cal l e ,  1987 

* General ly consi dered as confi nmed cause-and-effect associ ati ons . 
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In general , ri sk factors for resi denti al studi es of el ectri c 
and magneti c fi el ds are i n  the v ic in ity of 2,  whi l e  
occupati onal studi es yi el d h igher ri sk factors (e. g . ,  8) . 
However, i n  many cases , studi es showi ng stati sti cal ly  
si gni fi cant correl ati on wi th exposure are matched by other 
studi es whi ch do not . Al so,  the di seases i nvol ved are 
fortunately rare and the total number of cases i s  orders of 
magni tude smal l er than those i nvol ved i n  accepted correl ati ons 
such as l ung cancer and smoki ng . 

Among the most often quoted studi es ,  the Savi tz study (30) 
i nvesti gated cases of chi l dhood l eukemi a i n  Denver . Di sease 
i nci dence was associ ated wi th  wi ri ng codes , but general ly not 
wi th measured magneti c  fi el d strengths . However, Savi tz found 
that houses wi th fi el ds of about 3mG have a sl i ghtly hi gher, 
though stati sti cal ly i ns i gn i fi cant, correl ati on wi th the 
di sease than those wi th only  ImG . Whi l e  the study i tsel f was 
careful ly conducted , certai n facts have to be kept i n  mi nd : 
1) the ri sk  factor i nvol ved i s  only 2,  2) the total number of 
cases was about 135 , and 3) there was no correl ati on to adul t 
l eukemi a .  Whi l e  the study i nd i cates potenti al effects , i t  i s  
certai nly not proof that l eukemi a i s  caused by power l i ne 
fi el ds .  After the rel ease of h i s  study i n  1987 , Savi tz, i n  an 
open memorandum to - persons concerned about reports of 
el ectromagneti c  fi el ds and chi l dhood cancer, - addressed the 
i nqui ri es he had recei ved concerni ng the study ' s  resul ts . He 
stated : B It shoul d be kept i n  mi nd that we have not proven 
that magneti c fi el ds cause cancer . Subsequent research wi l l  
i ndi cate whether we are on the right track or whether our 
resul ts are i n  error. -

Resul ts rel eased i n  1990 from studi es of tel ephone l i nemen 
conducted at Johns Hopki ns Uni versi ty by researcher Genevi eve 
Matanowski have shown el evated ri sks of l eukemi a ,  brai n cancer, 
and mal e breast cancer (51 , 52) . In  one study,  Matanowski 
found that the associ at ion between l eukemi a and ElM Fi el d 
exposure was strongest i n  workers , such as cabl e spl i cers and 
central offi ce techni ci ans who were exposed to hi gher peak ElM 
Fi el d doses than other workers . Al though Matanowski ' s  work 
l ends support to the theory of an ElM Fi el d - cancer l i nk i n  
occupati onal l y  exposed popul ati ons , i t  does not prove a cause 
and effect rel ati onshi p ,  and Matanowski conti nues to emphas ize 
the need to i denti fy the prec i se mechani sms by whi ch ElM Fi el d 
coul d i nfl uence human cel l s .  

Fi nal ly,  the most comprehensi ve study to date (45) of chi l dhood 
l eukemi a and exposure to ElM Fi el ds was publ i shed i n  the 
November 1991 , i ssue of the Ameri can Journal of Epi demi ol ogy. 
The fi ve-year,  $1 .7  mi l l i on study was funded by the El ectri c 
Power Research Insti tute and conducted by Dr. John M.  Peters , 
M . D .  and professor of preventati ve medi ci ne at The Uni vers i ty 
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of Southern Cal i forni a .  The study exami ned 232 cases of 
chi l dhood l eukemi a whi ch occurred i n  chi l dren ages 10 and 
younger between 1980 and 1987 i n  Los Angel es . Researchers 
i ntervi ewed parents of l eukemi a v i ctims by tel ephone , measured 
el ectri c and magneti c fi el ds i n  thei r homes , conducted l i ke 
exami nati ons of a control group of 232 chi l dren who di d not 
have l eukemi a ,  and eval uated power l i nes outs i de the chi 1 dren ' s  
homes usi ng wi ri ng codes simi l ar to the previ ous Denver studi es 
(30, 3 1 ,  32) . 

The study resul ts support fi ve prel imi nary concl us i ons : 

(1) Magneti c fi el d measurements correl ate weakl y  but 
s i gni fi cantly wi th wi ri ng confi gurati ons . 

(2) Wi ri ng confi gurati ons were associ ated wi th ri sk  of 
chi l dhood l eukemi a, as previ ously  found i n  two stUdi es i n  
Denver. 

(3) Measured magneti c fi el ds are not cons i stently rel ated to 
l eukemi a ri sk .  

(4) Based on parental responses to the questi onnai re, use of 
some appl i ances was associ ated with i ncreased ri sk of 
chi l dhood l eukemi a .  

(5) The ri sk of chi l dhood l eukemi a was not associ ated wi th 
el ectri c fi el d exposure . 

The Peters fi ndi ngs , though general l y  cons istent wi th earl i er 
studi es such as the Wertheimer - Leeper and the Savi tz work, 
conti nued to present further research needs . Parti cul arly of 
i nterest are the reasons why wi ri ng confi gurati on i s  agai n observed 
to correl ate better wi th l eukemi a ri s k  than measured exposure. The 
questi on of an apparent appl i ance use correl ati on wi th l eukemi a 
al so bears further exami nat ion .  

Epi demi ol ogy studi es are easi er for the general publ i c  to 
understand than work on cel l ul ar bi ol ogy. However, such studi es 
al so l end themsel ves to faci l e  (and mi s l eadi ng) i nterpretati ons . 
It  i s  someti mes di ffi cul t for the publ i c  to remember that 
stati sti cal associ ati ons that may be shown i n  an epi demi ol ogy study 
do not prove causat ion .  Therefore , these studi es are parti cul arly 
prone to l ead to al armi st reports i n  the press and to general 
confusi on .  Actual l y, a wi de vari ety o f  acti vi ti es l ead to ri sk 
factors of approximately 2 ,  wi thout arous i ng any notabl e publ i c  
concern . Tabl e C- 10 provi des exampl es of ri sk factors that are 
approximately 2 or greater. 
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C . 7 . 4  BIOLOGY - HEALTH RISK. 

A decade ago .  a substanti al number of sci enti sts may have doubted 
whether el ectri c and magneti c fiel ds coul d i nteract wi th bi ol ogi cal 
mechani sms . Today, the exi stence of "b iol ogi cal effects · i s  
accepted by a majori ty of sci enti sts . However, such bi ol ogi cal 
effects do not necessari ly  imply that there are · hea1 th effects · .  
Experiments are made under careful l y  control l ed l aboratory 
cond it ions , whi ch may have l i ttl e rel evance to real i sti c exposure 
envi ronments . For exampl e,  smal l amounts of l i ght can essent i al ly  
negate the effects of  the mel atoni n experiment . Furthermore, body 
mechani sms are abl e to take care of most other bi ol ogi cal 
perturbati ons . Proof of heal th effects wi l l  need extensi ve and 
costly animal experimentati on .  Unt i l there i s  better understandi ng 
of the dose/effect rel ati on .  such work wi l l  not be concl usive .  

Whi l e  bi ol ogi cal effects can be consi dered as establ i shed , heal th 
effects of el ectri c and magneti c fi el ds must be consi dered as 
unproven. Only  i f  there are heal th effects , wi l l  the questi on of 
ri sk become rel evant . Because of the apparent nature of the 
dose/effect rel ati onshi p ,  one mi ght concl ude that the speci al 
exposure condi ti ons whi ch resul t i n  effects mi ght be comparatively 
rare . On the other hand . because el ectri ci ty i s  vi rtual l y  
ubiqui tous . one coul d say that even very smal l heal th effects wi l l  
resul t i n  major ri sks .  

There are several arguments agai nst pursui ng vi gorous programs of 
regul ati on and mi ti gati on . It i s  not known whether, and to what 
degree, there real ly  are heal th effects . More i mportantly, one 
does not know what to mi ti gate agai nst . In a usual toxi col ogi cal 
si tuat ion ,  one coul d s imply concl ude that any reducti on i n  fi el d 
strength woul d be commendabl e. But because of possi bl e ·wi ndow 
effects , ·  as di scussed above , i t  i s  possi bl e  that more exposure may 
not necessari l y  be worse than l ess , and reducti on of fi el d l evel s 
may actual l y  be counter-producti ve .  I f  i t  turns out that only  
certai n frequenci es are bi ol ogi cal l y  active,  then i t  may be much 
more important to decrease contri buti ons of that speci fi c component 
rather than l oweri ng fi el d strengths i n  general . 

C . 7 . 5 OTHER POINTS OF VIEW.  

Al though the consensus opi ni on of  the majori ty of  researchers 
(i ncl udi ng DOE) , regardi ng the exi stence of a l i nk between magneti c  
and el ectri c fiel d exposure and hea l th effects , conti nues to center 
on the need for further research. there are wel l known and credi bl e 
epi demi ol og i st who have taken the pos i ti on that adequate evi dence 
does i ndeed exi st by whi ch to concl ude the presence of a cause and 
effect rel ati onshi p .  

Perhaps most promi nent among these researchers i s  Dr. Nancy 
Wertheimer, whose early work wi th Dr.  Ed Leeper i n  1979 (32) i s  



72 
often referenced as the begi nni ng of the current credi bl e research 
i nto poss i bl e  E&M Fi el d heal th effects .  Si nce that time. 
Wertheimer and Leeper have publ i shed several other studi es 
exami n i ng possibl e rel ati onsh ips between el ectri cal wi ri ng and 
adul t cancers and poss i bl e  effects of el ectri c bl ankets on fetal 
devel opment (53 . 54. 55) . In al l of these stud i es .  Wertheimer and 
Leeper have observed a consi stent correl at ion between h i gh E&M 
Fi el d exposure si tuat ions . often represented by surrogates such as 
wi ri ng codes or el ectri c bl anket use . and negat ive heal th effects 
such as cancer or fetal l oss .  Wertheimer and Leeper ' s  work has 
al so attempted to control for confoundi ng vari abl es such as age. 
nei ghborhood . or soci oeconomi c l evel s i n  the case of the adul t 
cancer studi es and thermal effects i n  the case of el ectri c bl anket 
users . In  both cases . the authors feel that thei r resul ts are abl e 
to i sol ate el ectri c and magneti c fi el ds as the l i kely causal 
mechani sm for the observed heal th effects .  

I n  the area of occupati onal exposures . i n  additi on to the work of 
G. M. Matanowski referenced above . Dr. Sam Mi l ham. Jr. has 
publ i shed several studi es (56 . 57 . 58. 59. 60) between 1982 and 
1988 . Dr . Mi l ham exami ned mortal i ty from l eukemi a and non­
Hodgki n ' s  lymphomas i n  workers i nvol ved i n  -el ectri cal · occupati ons 
( i ncl udi ng el ectri ci ans . power stati on operators . and al umi num 
workers) and amateur radi o operators who are exposed to el ectri c 
and magnet i c  fi el ds as a resul t of their  hobby. Dr . Mi l ham has 
consi stently  concl uded that el evated ri sks .  as represented by 
s i gni fi cant excess deaths correl ate posit ively wi th el evated 
occupati onal exposures . 

C .B  CONCLUSIONS . 

It i s  becomi ng apparent that bi ol ogi cal effects of el ectri c and magneti c  
fi el ds occur wi th frequenci es between 15 and 150 Hz . However. heal th 
effects cannot be consi dered as proven . and it is not cl ear whether 
bi ol ogi cal effects can l ead to heal th effects . If  heal th effects exi st.  
epi demiol ogy i ndi cates that they are l i kely to be smal l .  

There i s .  however. much room for research to improve our understandi ng of 
thi s  compl ex area . And i ndeed . research to i nvesti gate or repl i cate 
previ ous studi es i nvol vi ng el ectri c and magneti c fi el d exposure i s  
conti nui ng. There are nearly 50 studi es on bi ol ogi cal effects currentl y  
bei ng funded i n  the Uni ted States;  18 of these studi es are bei ng funded 
by DOE .  The work i nvol ves more epi demi ol ogi c i nvesti gat i on and bas i c 
l aboratory work . DOE i s  currently conducti ng research on the effects of 
el ectri c and magneti c fi el ds on humans . baboons . smal l mammal s 
(mel aton in .  stress .  c ircadi an rhythms) .  cel l membranes . and cel l and 
ti ssue phys i ol ogy . Future studi es wi l l  i nvesti gate the effects of mi xed 
el ectri c and magneti c  fi el ds.  l ong-term effects on cel l growth , and cel l 
membrane i nteracti ons wi th el ectri c and magneti c fi el ds . Powerl i ne 
epi demi ol ogi cal studi es are conti nui ng i n  the Uni ted States , as wel l as 
i n  Sweden and Great Bri tai n .  The Nati onal Cancer Insti tute i s  
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consi deri ng a l arge-scal e chi l dhood cancer study i n  the Uni ted States to 
i nvesti gate several envi ronmental factors . i ncl udi ng exposure to ElM 
Fi el d .  EPRI has al so recently begun studi es of cancer among el ectri cal 
workers . Unl i ke previ ous studi es . thi s research wi l l  i ncl ude actual 
measurement of occupati onal ElM Fi el d exposures . A l arge study of 
Canadi an and French workers on hi gh-vol tage faci l i ti es i s  al so j ust 
begi nni ng . The approximate 1992 budget for the programs i n  the Uni ted 
States i s  approachi ng $11 mi l l i on .  

I n  concl us i on .  study resul ts have not i ndi cated a cause for i mmedi ate 
al arm. Duri ng the seri es of publ i c  meeti ngs on thi s project . strong 
concerns were rai sed about the possi bl e  bi ol ogi c effects of 
el ectromagneti c  fi el ds as rel ated to the proposed pl an or even the 
conti nuat i on of operati on of the exi sti ng l i ne . Al though a substanti al 
amount of research on thi s subj ect has been done and i s  conti nui ng . the 
body of research on heal th effects is sti l l  prel i mi nary and i nconcl usi ve .  
A growi ng number o f  studi es suggest that under certai n ci rcumstances even 
rel ati vel y weak el ectri c and magneti c fi el ds can produce bi ol ogi c  
changes . I t  i s  a wi dely  hel d vi ew that whi l e  the emerg i ng evi dence no 
l onger al l ows the categori c asserti on that there are no ri sks .  there i s  
no basi s for assert i ng that there i s  a s i gni fi cant ri sk .  In  l i ght of 
thi s poss i bi l i ty of a potenti al ri sk  to human heal th. Western . as a 
respons i bl e  and concerned uti l i ty. can factor ElM Fi el d avoi dance 
strategies i nto i ts transmi ssi on deS i gn and constructi on act i vi ti es i f  
those strategi es can be accompl i shed at modest cost and are compat ibl e  
wi th other envi ronmental concerns . However. because of the uncertai nt i es 
surroundi ng the ElM Fi el d i ssue at present . the expendi ture of l arge sums 
of money. degradati on of rel i abi l i ty and servi ce. or greatly i ncreased 
operati ng costs cannot be j usti fi ed .  

Therefore. the ElM Fi el ds associ ated wi th the proposed transmi ssi on l i ne 
project are not ant i Ci pated to cause s i gni fi cant adverse publ i c  heal th or 
bi ol ogi cal effects nor adversely effect publ i c  safety . Shoul d sci ence 
establ i s h  a s i gni fi cant ri sk  to publ i c  heal th as a resul t of ElM Fi el d 
exposure . i t  i s  Western ' s  expectati on that the i ssue of ElM Fi el d  
standards . avoi dance strategi es .  eval uat i on procedures . etc • •  woul d be 
addressed i n  statue and i mpl emented i n  regul ati ons after a careful . 
structured publ i c  debate that weighs ri sk  agai nst cost . Western wi l l  
conti nue to moni tor and fi nanci al l y  support research on the bi ol ogi cal 
effects of ElM Fiel d wi th the hope for an early resol uti on of the i ssue . 
Western wi l l  al so partic i pate i n  publ i c  educati on efforts to make certai n 
that an evenhanded d i ssemi nati on of i nformati on can be accompl i shed . 
Western conti nues to be commi tted to provi di ng a safe and heal thy 
envi ronment for i ts empl oyees and to provi de safe .  rel i abl e.  and economi c 
el ectri c energy to i ts customers and communi ti es .  



74 

C . 9  REFERENCES 

1 .  North Ameri can El ectri c Rel i abi l i ty Counci l .  1987. El ectri cal suppl y  
and demand for 1987-1996 . New Jersey.  

2 .  Nati onal El ectri cal Manufacturers Associ ati on (NBMA) . 1986 . Tenth 
bi enni al survey of power equi pment requi rements of the u .S .  El ectri c 
Uti l i ty Industry 1985-1994. 

3 .  I nsti tute of El ectroni c  and El ectri cal Engi neers ( I EEE) . 1972 . EHV 
Transmi ssi on Li ne Corona Effects . 72CH0644-5PWR. 

4. Charti er, V. L. Bonnevi l l e  Power Authori ty. Radi o i nterference l imi ts 
that exi st i n  fi ve countri es . Contri but ion to I EEE Task Force . 
Vancouver, WA. 

5 .  Radi o Noi se Des i gn Gui de for Hi gh-Vol tage Transmi ssi on Li nes I EEE 
Radi o Noi se Subcommi ttee Report - Worki ng Group No . 3 ,  Paper 
70TP631-PWR, 1971 .  

6 .  El ectri c Power Research I nsti tute . 1982 . Transmi ssi on l i ne reference 
book - 345-kV and above, (second edi ti on) . 

7 .  U . S .  Envi ronmental Protecti on Agency ( EPA) . 1974. Information on 
l evel s of envi ronmental noi se requ i s i te to protect publ i c  heal th and 
wel fare wi th an adequate marg i n  of safety. Washi ngton, D . C .  

8 .  Institute of  El ectroni c  and El ectri c Engi neers ( IEEE) . The Locati on,  
Correcti on ,  and Preventi on of RI  and TVI  Sources from Overhead Power 
Li nes . 1976 . I EEE, 76-CHl163-5-PWR, I nterference Sources , Compl ai nts 
Stat isti cs , and Limi ts . 

9 .  Chakravarti , K .  and G .  J .  Pontrel l i .  1976 . The measurement of carpet 
stat ic .  Texti l e  Research Journal . 

10. Veimei ster, P .  E .  1972 . The l i ghtni ng book. MIT Press . 

1 1 .  Nati onal Research Counci l .  1986 . The earth ' s  el ectri cal envi ronment . 
Nati onal Academy Press ,  Washi ngton , D . C .  

12 . CRC Handbook of Chemi stry and Physi cs - Atmospheri c El ectri ci ty. 
1981 . CRC Press . 

13 .  Carstensen, E .  L .  1985 . B i ol ogi cal effects of transmi ssi on l i ne 
fi el ds . New York: El sevi er Press . 

14.  Enertech Consul tants . 1985 . AC Fi el d Exposure Study : human exposure 
to 60 Hz el ectri c fi el ds . EPRI Report EA-3993 . 



75 
15 .  Uni versity of Rochester. 1985. Eval uat ion of the effects of el ectri c 

fi el ds on impl anted card i ac pacemakers . EPRI Report EA-3917 . Effects 
of 60-Ha El ectri c Fi el ds on Li vi ng Pl ants Exposed for Extended 
Peri ods , EA-4159 Research Project 1064, Prepared by Westi nghouse 
El ectri c Corporati on and the Pennsyl vani a State Uni vers i ty for 
El ectri c Power Research I nstitute, Pal o Al to, Cal i forni a .  

16 .  I ITRI . 1979 . The effects of 60 Hz el ectri c and magneti c fi el ds on 
i mpl anted card i ac pacemakers . EPRI Report EA-1174. 

17 . Underwri ter ' s  Laboratori es , Secretari at . 1973 . Ameri can Nati onal 
Standard for l eakage current for appl i ances . ANSI Standard No. 
Cl0l . 1-1973.  

18. McKee, G. W .  (Pri nci pal I nvesti gator) 1985 . Effects of 60-Hz El ectri c 
Fi el ds on Livi ng Pl ants Exposed for Extended Peri ods , EA-4159 Research 
Project 1064, Prepared by Westi nghouse El ectri c Corporati on and the 
Pennsyl van ia  State Uni vers i ty for El ectri c Power Research Insti tute, 
Pal o Al to, Cal i forni a .  

19 . Bi ndokas , V .  P . , J .  R.  Gauger, and B .  Greenberg . 1988a. Exposure 
scheme separates effects of el ectri c shock and el ectri c fi el d for 
honey bees (Api s mel l i fera L . ) . Bi oel ectromagneti cs ,  9 : 275-284 . 

20 . B i ndokas , V .  P . , J .  R .  Gauger, and B .  Greenberg . 1988b . Mechani sm of 
bi ol ogi cal effects observed i n  honey bees (Api s mel l i fera L . )  hi ved 
under extra h igh  vol tage transmi ssi on l i nes : i mpl i cati ons deri ved 
from bee exposure to simul ated i ntense el ectri c fi el ds and shocks . 
Bi oel ectromagneti cs , 9 : 285-301 . 

21 . Gauger, J .  R.  1985 . Househol d appl i ance magneti c fi el d survey. I EEE 
Transacti ons on Power Apparatus and Systems . Vol . PAS-l04, No . 
9 : 2436-44 . 

22 . S i l va ,  M • •  et al e 1988.  Power frequency magneti c fi el ds i n  the home. 
I EEE Transacti ons on Power Del i very. Vol 4, No. 1 ,  pp. 465-477. Paper 
No. 88WM101-8 . 

23 . Fl ori da . 1985 . Bi ol ogi cal effects of 60-Hz power transmi ssi on l i nes . 
A Report of the Fl ori da El ectri c and Magneti c Fi el ds Sci ence Advi sory 
Commi ssion.  Prepared for Fl ori da Department of Envi ronmental 
Regul ati on and funded by Fl orida El ectri c Power Coordi nat i ng Group, 
Inc.  

24 . Worl d Heal th Organi zat ion (WHO) . 1984 . Extremely l ow frequency (ELF) 
fi el ds.  Envi ronmental Heal th Cri teri a 35 . Geneva . Swi tzerl and . 

25 . Worl d Heal th Organi zati on (WHO) . 1987 . Magneti c  fi el ds , 
Envi ronmental Heal th Cri teri a 69 . Geneva, Swi tzerl and . 



26. Nati onal Academy of Sci ences (NAS) . 1977 . B iologi cal effects of 
el ectri c and magneti c  fi el ds associ ated wi th proposed Project 
Seafarer. Report of the Commi ttee on Bi osphere Effects of 
Extremely-Low-Frequency Rad i ati on ,  Nati onal Research Counci l ,  
Washi ngton, D . C .  

27 . Ameri can Insti tute o f  Bi ol ogi cal Sci ences (AIBS) . 1985 . B iol ogi cal 
and human heal th  effects of extremely-l ow-frequency el ectromagneti c 
fi el ds : post-1977 l i terature revi ew. Report of the Commi ttee on 
Bi ol ogi cal and Human Heal th Effects of Extremely-Low-Frequency 
El ectromagneti c  Fi el ds . Arl i ngton , VA. 

28. New York State Power Li nes Project (PLP) . 1987 . B i ol ogi cal effects 
of power l i ne fi el ds . Sci ent i fi c  Advi sory Panel Fi nal Report . July 
1 ,  1987 . 

76 

29 . Si l va,  J .  M .  and R. I .  Kavet . 1987 . Est imati ng publ i c  exposure to 
power frequency el ectri c fi el ds . I n :  23rd Hanford Li fe Sci ences 
Symposi um, Interacti on of Bi ol ogi cal Systems wi th Stat i c and ELF 
El ectri c and Magneti c  Fi el ds . L. W .  Anderson , B .  J .  Kel man, and R. J .  
Wei gel , eds . DOE Symposi um Seri es 60 . Paci fi c Northwest Laboratory. 
Ri chl and , WA . pp . 419-436. 

30. Savitz ,  D .  A .  1987 . Case-control study of chi l dhood cancer and 
resi denti al exposure to el ectri c and magneti c  fi el ds . Fi nal Report to 
the New York State Department of Hea lth ,  Power Li nes Proj ect . 

31 . Savi tz , D .  A. , H .  Wachtel , F .  A.  Barnes , E .  M.  John, and J .  G .  Tvrdi k .  
1988. Case-control study of chi l dhood cancer and exposure to 60-hertz 
magneti c fi el ds . Am. J .  Epi demi ol .  128 :21-38. 

32 . Wertheimer N .  and E. Leeper. 1979 . El ectri cal wi ri ng confi gurati ons 
and chi l dhood cancer. Am. J .  Epi demi ol . 109 : 273-284 . 

33 . Stevens R. G .  1987 . Part I .  Epi demi ol ogi cal studi es of cancer and 
resi dent i al exposure to el ectromagneti c  fi el ds . Fi nal Report to the 
New York State Department of Heal th , Power Li nes Project . 

34.  Severson , R. K . , R. G .  Stevens , W .  T .  Kaune, D .  B .  Thomas , L. Heuser, 
S .  Davi s ,  and L.  E. Sever. 1988. Acute nonlymphocyti c l eukemi a and 
res i denti al exposure to power frequency magneti c fi el ds . Am. J .  
Epi demi ol . 128 : 10-20. 

35 . Ful ton , J. P . , S. Cobb , L.  Prebl e,  L. Leone,  and E. Forman . 1980 . 
El ectri cal wi ri ng confi gurati ons and chi l dhood l eukemi a i n  Rhode 
Isl and . Am. J .  Epi demi ol . 1 1 1 : 292-296.  

36 .  Myers A. , R. A .  Cartwri ght , J.  A.  Bonnel l ,  J.  C .  Mal e,  and S.  C .  
Cartwri ght . 1985 . Overhead power l i nes and chi l dhood cancer. l EE 
Internati onal Conference on El ectri c and Magneti c  Fi el ds i n  Medi ci ne 
and Bi ol ogy. ISBN 0-85296320-3 . pp . 126-130 . 



77 
37 . Col eman M . , C .  M .  J .  Bel l . H .  L .  Tayl or . and H .  Thornton-Jones . 1985 . 

Leukemi a and el ectromagneti c  fi el ds : case-control study.  l EE 
I nternati onal Conference on El ectric and Magneti c Fi el ds i n  Medi ci ne 
and B iol ogy. ISBN 0-85296320-3 . pp. 122-125 . 

38. McDowal l M .  E .  1986 . Mortal i ty of persons resi dent i n  the vici n ity 
of el ectri ci ty transmi ssi on faci l i ti es .  Br. J .  Cancer 53 : 271-279 . 

39 . Wertheimer. N .  and E .  Leeper. 1982 . Adul t cancer rel ated to 
el ectri cal wi res near the home. Int .  J .  Epi demi ol . 1 1 : 345-355 . 

40. Tomeni us , L .  1986 . 50 Hz el ectromagneti c  environment and the 
i nci dence of chi l dhood tumors i n  Stockholm County.  
Bi oel ectromagnet i cs .  7 : 191-207 . 

41 . Gustafson. R.  J .  and V .  D .  Al bertson . 1982 . Neutral -to-earth vol tage 
and ground current effects i n  l i vestock faci l i ti es ,  I EEE Transacti ons 
on Power Apparatus and Systems . PAS-101 (7) : 2090-2095 .  

42 . Transmi ssi on and Di stri but ion .  1989 . State of  Fl ori da fi rst to  set 
ElM Fi el d regul ati ons . 41 (5) : 16 .  

43 . Nai r. I . ,  G .  Morgan. and K .  Fl ori g .  1989 . Bi ol ogi cal effects of 
power frequency el ectri c and magneti c fi el ds .  Congress of the Uni ted 
States . Offi ce of Technol ogy Assessment . 

44 . U . S .  Envi ronmental Protecti on Agency. October 1990 . Eval uat i on of 
the Potenti al Carci nogeni ci ty of El ectromagneti c Fi el ds - Revi ew 
Draft . Washi ngton . D .C .  

45 . London. S . J  • •  M . D  • •  et al e 1991 . Exposure to  Resi denti al El ectri c and 
Magneti c Fi el ds and Ri sk of Chi l dhood Leukemi a .  Am. J .  Epi demi ol • •  
Vol . 131 .  No.  9 : 923-937 . 

46 . Gyke. I .  1991 . Department of Energy Program Manager for the Uti l i ti es 
System Di vi s i on i n  the Offi ce of Energy Management under the Deputy 
Assi stant Secretary for Uti l i ty Technol ogi es under the Assi stant 
Secretary for Conservati on and Renewabl e Energy. 

47 . McKee. G .W  • •  et al i 1978 . effects of 60 Hz Hi gh I ntens ity El ectri c 
Fi el ds on Li vi ng Pl ants . IEEE Transacti ons Power Apparatus System. 
97 : 1177-1181 . 

48 . Rogers , L. E • •  et al i 1982 . Envi ronmental studi es of a 1100-kV 
Prototype Transmi ssi on Li ne. Prepared for Bonnevi l l e  Power 
Admi ni strat i on .  U . S .  Department of Energy . Portl and . OR. 

49 . Hodges . T . K .  and C .A. Mi tchel l ,  1979.  "Growth and Yi el d of Fi el d 
Crops i n  the Proximi ty of an Ul tra-Hi gh Vol tage El ectri c Test Li neR . 
Ameri can El ectri c Power System. North Li berty. Indi ana. 38 pp . 



78 
50. Hodges , T . K .  and C .A.  Mi tchel l ,  1984 . Infl uence of H i gh IntenS i ty 

El ectri c Fi el ds on Yi el d of Sweet Corn and Dent Corn - 1982 . A Report 
for the Ameri can El ectri c Power Servi ce Corporati on,  North Li berty, 
Indi ana. 

5 1 .  Matanowski , G .  M. , E. A. El l i ot,  and P .  N .  Breysse . 1989 . Cancer 
. i nci dence i n  New York tel ephone workers . Poster presented November 

15, 1989 at EPRI/DOE Contractors Revi ew. 

52 . Occupati onal Safety and Health Reporter. 1991 .  Study fi nds i ncreased 
ri sk  of l eukemi a i n  tel ephone l i neman exposed to l ow l evel s .  (G. M.  
Matanowski , unpubl i shed) . Bureau of Nati onal Affai rs ,  Inc .  
Ju ly  1991 .  

53 . Wertheimer, N .  and E. Leeper. 1982 . Adu l t  cancer rel ated to 
el ectri cal wi re near the home . Int .  J .  Epi demio1 . 1 1 : 345-355 . 

54. Wertheimer, N .  and E. Leeper. 1986 . Poss ibl e  effects of el ectri c 
bl ankets and heated water beds on fetal devel opment . 
Bi oe1 ectromagnet1 c 7 : 13-22 . 

55 . Wertheimer, N .  and E.  Leeper. 1989 . Fetal l oss associ ated wi th two 
seasonal sources of el ectromagneti c  fi el d exposure . Am. J .  Epi demi o1 . 
129 : 220-224 . 

56 .  Mi l ham, S .  Jr. 1982 . Mortal i ty from l eu kemi a i n  workers exposed to 
el ectri cal and magneti c fi el ds . N .  Engl . J .  Med . 307 : 249 . 

57 . Mi l ham, S .  Jr .  1985 . Mortal i ty in  workers exposed to el ectromagneti c  
fi el d .  Envi ron . Heal th Perspect . 62 :297-300.  

58 . Mi l ham. S .  Jr. 1985 . Si l ent keys : l eukemia  mortal i ty in  amateur 
rad i o  operators . Lancet 1 : 812 . 

59 . Mi 1 hma . S .  Jr. 1988 . Increased mortal i ty i n  amateur radi o  operati on 
due to lymphat ic  and hematopOi et i c  mal i gnanci es .  Am. J .  Epi demi o1 . 
127 (1) :50-54 . 

60. Mi l ham. S .  Jr.  1988. Mortal i ty by l i cense cl ass i n  amateur radi o 
operators . Am. J .  Epi demi o1 . 127 (3) : 1 175-76 . 

61 . Bas i n El ectri c .  Updated . Worki ng Under H i gh Vol tage Transmi ss ion 
Li nes 500,000 Vol ts or Less . Bas i n  El ectri c Power Cooperative .  
B i smark, North Dakota. 

62 . Bonnevi l l e  Power Admi ni strati on (BPA) . 1979 . Ti ps on How to Behave 
Near H igh Vol tage Power Li nes . Bonnevi l l e  Power Admi ni strati on .  
Portl and, Oregon .  Report No. DOE/BP-8. December 1979 . 



63 . Amstutz. H .  E .  and D .B .  Mi l l er, 1980 . A Study of Farm Animal s Near 
765-kV Transmi ssion Li nes . Bovi ne Practi ti oner, No . 15 , pp . 51-62. 
November. 

79 

64 . Wi l l i ams. J . H .  and E . J .  Bei l er, 1979 . An Investi gat i on of Dai ry Farm 
Operati ons i n  Associ ati on with 765-kV Transmi ssi on i n  Ohi o ,  Ohi o Power 
Si ti ng Commi ssi on and Cl evel and El ectri c I l l umi nati ng Company, 
Cl evel and , Ohi o .  

65 . Henni chs , K .  1982. Cows Exposed t o  400-kV Li nes , I nventory and 
Ferti l i ty Study, Report Study No. 7 .  Swed i sh Univers i ty of 
Agri cul tural Science, Department of Animal Hygi ene wi th Farri er ' s  
School , Skara. 

66 . Al gers , B . , I .  Ekesbo and K .  Henni chs , 1981 . The Effects of Ul tra 
Hi gh-Vol tage Transmi ssi on Li nes on the Ferti l i ty of Dai ry Cows . A 
Prel imi nary Study, Report No . 5 .  Swedi sh Universi ty of Agri cul tural 
Sci ences , Department of Animal Hygi ene wi th Farri ers ' s  School , Skara. 

67 . Lee,  J .M • •  et al . 1989 . El ectri cal and Bi ol ogi cal Effects of 
Transmi ssi on Li nes :  A Revi ew. Bonnevi l l e  Power Admi ni strati on , U . S .  
Department of  Energy, Portl and, OR, Report DOE/BP-945 . 

68. Mahmond, A .A . , D . R. Zimmerman and C .D .  Cowan , 1982 . A Study of Swi ne 
Performance and Farm Machi nery Safety Under 345-kV Li nes . Paper 
Presented to the Mi ssouri Val l ey El ectri c Associ ati on ,  53rd Annual 
Engi neeri ng Conference, Kansas Ci ty,  MO .  Apri l ,  1982 . 

69 . Mahmond, A .A . , D. R.  Zimmerman, 1984. Reproductive Performance of P igs 
Exposed to Hi gh Vol tage El ectri c Fi el d :  Second Generati on .  ASAE 
Paper No. 8403034, Presented at 1984 Summer Meeti ng of Ameri can 
Soci ety of Agri cul tural Engi neers , Knoxvi l l e, TN . June 24-27 , 1984 . 

70.  Ewy, K.A. , D . R. Kal l esen , L. E .  Stetson and R. E .  Hanson , 1981 . 
- I nvesti gati on of Power Li ne and Irri gat i on System Compati bi l i ty. ­
I EEE Paper 81 WM 204-4 . Presented at the IEEE Power Engi neeri ng 
Soci ety Wi nter Meeti ng ,  Atl anta, Georgi a .  February 1-6, 1981 . 

7 1 .  Herrol d ,  J . E . ,  1979 . Heal th and Safety Effects of EHV Transmi ssi on 
Li nes : A Revi ew of the Li terature. Mi chi gan Publ i c  Servi ce 
Commi ssi on .  Lansi ng ,  Mi chi gan . Apri l ,  1979 . 

72 .  Al gers, B . , and J .  Hunl tgren . 1987 . Effects of Long-Term Exposure to 
a 400-kV , 50-Hz Transmi ss ion Li ne on Estrous and Ferti l i ty i n  Cows . 
Preventi ve Veteri nary Medi ci ne 5 : 21-36 . 





Appendix D 

Floodplains/Wetlands Assessment 





Appendix D. Floodplains/Wetlands Assessment 

This Floodplains/Wetlands Assessment addresses only the Proposed Action, Alternative B .  The 
Proposed Action consists of constructing, replacing, or modifying 73 structures along the existing 
3 1 .5 mile Flatiron-Erie transmission line. Disturbance is not continuous along the ROW with this 
alternative, but is restricted to the vicinity of certain new or rebuilt structures. 

In accordance with Executive Orders 1 1988 and 1 1 990 and U . S .  Department of Energy procedures, 
floodplains and wetlands were identified, mapped, and integrated into the planning and alternatives 
analysis process.  

Floodplains, associated wetlands, and riparian habitat occur along the existing transmission line in 
association with an unnamed stream in Chimney Hollow, Little Thompson River, St. Vrain Creek, 
Left Hand Creek, Dry Creek, Boulder Creek, and Coal Creek. However, only the unnamed stream 
in Chimney Hollow, St. Vrain Creek, Boulder Creek, and Coal Creek would be affected by the 
project. 

Potential wetlands are illustrated on the Biological Resources Map, Figure 4.4, in the Environmental 
Impact Statement. The potential wetlands map is based upon aerial photography and limited field 
reconnaissance. The wetlands mapping used to produce this floodplain/wetlands assessment, 
however, is based upon a field inventory of the locations where construction would take place in or 
adjacent to wetlands. It is therefore more precise. 

The impacts of the Proposed Action on the floodplains, wetlands, and riparian habitat of the study 
area are described below. 

D.I ClDMNEY HOLWW STREAM 

A small ephemeral tributary to the Big Thompson River drains the Chimney Hollow area. The 100 
year floodplain for this stream h as  not been mapped, but i s  likely confined close to the channel . A 
very small zone of riparian and potential wetlands vegetation occurs along the stream channel . It is 
characterized by plains cottonwood (populus sargentii), peachleaf willow (Salix amygdaloides), 
sandbar willow (Sal ix exigua), and herbaceous grasses and forbs . 

Two new structures would be placed along the stream in the area of the potential 1 00  year floodplain 
and in riparian and potential wetlands vegetation. These structures will not significantly affect the 
flow of storm water in the stream floodplain. Impacts to potential wetlands are insignificant and not 
regulated by the U . S .  Army Corps of Engineers. 

D.2 ST. VRAIN CREEK 

The existing Flatiron-Erie transmission line traverses about 4,500 feet of the 100 year floodplain. 
Riparian vegetation occurs on both banks of the 150 foot long crossing of St. Vrain Creek in a zone 
10 feet wide on the north bank and 25 feet wide on the south bank, but only that portion of the 
riparian habitat near the margin of the stream is a wetlands. The riparian habitat here consists of a 
few scattered plains cottonwoods with a grassy understory dominated by quackgrass (Agropyron 
repens). Sandbar willow thickets with an understory of reed canarygrass (phalaris arundinacea) 
dominate the lowest floodplain while broad leaf cattail ITypha latifolia) stands occur in the shallow 
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water zones. The sandbar willow and cattail stands are wetlands. The plains cottonwood forest, 
however, is not likely to meet the technical soils, hydrology, and vegetation criteria requirements of a 
wetlands . 

Three existing structures located in the 100 year floodplain will be replaced with new structures in the 
same locations. None of these structures is located in wetlands. These changes will not significantly 
alter the flow of flood water across the 100 year floodplain. 

D.3 BOULDER CREEK 

The existing Flatiron-Erie transmission l ine crosses approximately 4,500 feet of the Boulder Creek 
floodplain. Boulder Creek has been channelized here and is about 20 feet below the surrounding 
landscape. At this location, the Boulder Creek floodplain is dominated by agricultural lands to the 
north and active sand and gravel operations and agricultural lands to the south. A narrow zone of 
riparian habitat occurs on both sides of the stream channel . On the north side, the zone is about 50 
feet wide, whereas, on the south side, the zone is about 10 feet wide. 

The riparian community here along Boulder Creek is probably not technically a wetlands. It is 
characterized by a rather open plains cottonwood stand with occasional peachleaf willow and elm 
(Ulmus pumila) trees. The understory is dominated by grasses and weedy forbs. Major grasses 
include sand dropseed IDistichlis spicata), and cheatgrass (Bromus tectorum). Conspicuous forbs 
include yarrow (Achillea lanulosa), prickly lettuce (Lactuca serriola), gumweed (Grindelia sguarrosa), 
and musk thistle (Carduus nutans) . 

One new structure will be placed in the 100 year floodplain in riparian vegetation. Addition of this 
structure to the 1 00  year floodplain will not significantly alter the flow of water in the floodplain or 
cause adverse impacts to the riparian vegetation. 

Just south of the crossing of the 100 year floodplain for Boulder Creek, a new structure will be 
placed on the edge of a small herbaceous wetlands. Impacts to the potential wetlands are insignificant 
and not regulated by the U.S .  Army Corps of Engineers. 

D.4 COAL CREEK 

The existing Flatiron-Erie transmission l ine crosses 1 ,200 feet of the Coal Creek 100 year floodplain. 
At this location, Coal Creek is incised 10 feet and surrounded by agricultural land which extends to 
the edge of the stream channel . A few feet of riparian vegetation occurs on the banks of the stream 
and elements of a wetlands community occur at the margin of the stream. 

The crossing area includes a few scattered plains cottonwoods amid a cover of grasses and weedy 
forbs . Common grasses include Canadian reedgrass (Elymus Canadensis) and smooth brome (Bromus 
inermis). Forbs present include curly dock (Rumex crispus), kochia <Kochia scoparia), Russian 
thistle (salsola kali), and dogbane (Apocynum cannabinum). This habitat is not technically a 
wetlands. The margins of the stream channel have sandbar willow and broadleaf cattail , a technical 
wetlands. 

Two new structures wiII be placed in a portion of the 1 00  year floodplain that does not have wetlands 
vegetation. These new structures wiII not have wetlands vegetation. These new structures will not 
significantly alter the flow of storm water across the floodplain. 
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Appendix E. Biological Assessment 

This Biological Assessment addresses only the Proposed Action, Alternative B. Disturbance is not 
continuous along the ROW with this alternative, but is restricted to the vicinity of certain new or 
rebuilt structures . 

The existing Flatiron-Erie 1 15-kV transmission line is a single circuit wood H-frame line constructed 
in 1 950- 195 1 .  In order to rectify local electrical system deficiencies and preserve the structural 
integrity of the l ine, Western proposes to uprate the l ine by adding 27 new structures, replacing or 
modifying 45 of the existing wood structures, and removing 1 1  structures . 

Section 7(c) of the Endangered Species Act, as amended, requires federal agencies to determine if 
their proposed action "may affect" any federally l isted threatened or endangered species . In response 
to a letter from Western Area Power Administration (Western) to the U.S .  Fish & Wildlife Service 
(FWS) requesting a list of federally listed threatened and endangered species potentially present in the 
project area, the FWS identified the bald eagle CHaliaeetus leucocephalus), whooping crane (Grus 
americana), black-footed ferret (Mustela ni&ripes), and seven candidate species as potentially present 
in the study area. This assessment considers potential impacts resulting from the preferred alternative 
on the aforementioned species. 

E.1 PROJECT DESCRIPl10N 

The transmission l ine upgrade area extends southeast from the Flatiron Substation through Longmont 
to the Erie Substation site, a distance of 3 1 .5 miles. Within the right-of-way (ROW), certain land 
uses would be restricted, particularly the construction of buildings. Other uses, such as agriculture, 
could continue. 

Construction of the project would be accomplished by small crews; the approximate work force at one · 
time would be about 30. The project is scheduled to be in service by Spring of 1 996. Routine 
maintenance activities would include periodic surveillance by helicopter and ground crews and tree 
trimming. Emergency repairs would also be required at times. 

E.2 THREATENED & ENDANGERED SPECIES 

E.2.1 BALD EAGLE (HaIiaeetus leucocephalus) 

The bald eagle is listed as an endangered species by the FWS (1987). Currently 1 8  pairs of bald 
eagles nest in Colorado, exceeding the states' recovery plan goals of 10 .  On the eastern slope, bald 
eagles nest at Barr Lake and along the Platte River. Although bald eagles have not nested in the 
project vicinity for many years, the species is of concern due to the regular occurrence of small 
numbers of winter residents, and spring and fall migrants along portions of the local river systems 
and around large prairie dog towns. 

The level of wintering and transient bald eagle use has varied in and around the study area in recent 
years . This has been primarily due to drastic fluctuations in black-tailed prairie dog (Cynomys 
ludovicianus) colonies as bubonic plague spread through colonies along the Front Range. During the 
1 985/86 winter, up to 40 bald eagles were reported at a prairie dog town 4 miles west of Niwot 
(7 miles west of the proposed action). However, since the plague decimated that town, only a few 
transients were reported flying through the area during the 1 986/87 and 1987/88 winters. This 
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reduced w inter pre y base correspond ingl y reduced bald e agle num bers in the loc al are a. Pr air ie do g 
d istr ibut ion is ag ain e xp and ing in sever al towns w ith in the stud y are a  and bald e agle use m ay incre ase 
correspond ingl y. The l argest e agle concentr at ion w ith in the stud y are a  occurs in Dowe Fl ats, e ast of 
R abbit Mount ain, where up to a do zen e agles roost and hunt adj acent pr air ie dog towns. B ald e agles 
also occur occ as ion all y ne ar C arter L ake. E agles also ut il ize other pr air ie dog towns w ith in the stud y 
are a. The y also hunt w inter ing w aterfo wl along open creeks, w ater bod ies, and c an als. 

The three m ajor components of bald e agle w inter h abitat are ( 1 )  hunt ing are as w ith pre y base ; 
( 2) d iurn al perches ; and (3) com mun al roos ts. Hunt ing are as gener all y cons ist of ice -free stretches of 

w ater and adj acent open terr ain. Pr inc ip al food items include fish, w aterfowl, l agomorphs (r abbits 
and h ares), l arge roden ts, and c arr ion . D iu rnal perches gener all y are not l im it ing, but the y do affect 

d istr ibut ion (Steenhof, 1 978). Commun al roosts are impo rtant are as for w inter ing bald e agles and 
o ften are used for sever al consecut ive ye ars. The roosts are used both at n ight and dur ing per iods of 
inclement we ather. Perches and roos ts gener all y are l arge trees, o ften w ith de ad br anches. The most 
frequentl y used trees w ithin the stud y are a  are r ip ar ian cottonwoods or con ifers. 

A potent iall y s ign ific ant, adverse imp act of a tr ansm iss ion l ine on b ald e agles is d irect mort al it y  from 
w ire str ikes, coll is ion w ith towers, and electrocut ions. The electrocut ion r isk is low for transm iss ion 
l ines of 1 15 KV, (the vo ltage of the Fl at iron -Er ie l ine), bec ause of the d ist ance between conductors 
(Olendor ff et al., 1 986). The r isk of w ire str ikes and tower coll is ions is gre atest where a l ine c rosses 

a flight route, such as a r iver, or is close to a commun al roost. The pro blem w ith l ine pro xim it y  to 
roost s ites ar ises because the roosts rece ive the gre atest use dur ing per iods of poor v is ibil it y, such as 
at dusk and du ring sto rms. To reduce the r isk of acc ident al electrocut ion of e agles result ing from 

connect ing power l ines, tower des ign should follow recommend at ions m ade in R aptor Rese arch 
Found at ion ( 1981). The project act ion w ill not ch ange the r isk to bald e agles of w ire str ikes or 
electrocut ion. A second t ype of potent iall y adverse imp act is the r isk th at construct ion or 
m ainten ance act iv it ies too close to commun al roos ts could c ause d istur bance and/or abandonment. 

The onl y com mun al roosts occur ne ar the mouth of Dowe Fl ats where e agles use dec adent and m ature 
cottonwoods along irr ig at ion d itches. The e xist ing tr ansm iss ion l ine does not appro ach w ith in 0.75 
m iles of the bound ary of this roost ing/ hunt ing are a. 

As noted, bald e agles are occ asion all y o bse rved around C arter L ake Reservo ir in l ate f all and e arl y 
spr ing when the lake h as open w ater and when m igr at ing e agles and w aterfowl are p ass ing through 
the are a. O bse rvat ions of w inter ing e agles h ave also been reported around the reservo ir. W ith the 
e xcept ion of a segment where the tr ansm iss ion l ine t angent iall y appro aches w ith in 0.25 m ile of the 
southern end of the l ake, the l ine p ar alle ls the l ake, but is isol ated from it by a 400 vert ic al foo t 
hog back, Fl at iron Moun tain. The tr ansm iss ion l ine d iagon all y crosses a sh allow v alle y at its closest 
appro ach to C arter Lake. Th is v alle y would appe ar to prov ide l ikel y  flight routes o ff  the reservo ir to 
are as to the south. The re would be no incre ase in the r isk of w ire str ikes or electrocut ion. 

As d iscussed above , onl y two commun al roos ts occur ne ar the l ine w ith in the stud y are a  and the 
d ist ance the l ine occurs from these ar eas m in im izes the p ro babil it y th at const ruct ion or m ainten ance 
act iv it ies would adve rsel y affect the ir use. D istur bance of d iurn all y roost ing e ag les by const ruct ion 
act iv it ies should not occur s ince su itable roost trees are in frequent alon g the proposed act ion. 
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The proposed action should not significantly affect the prey base, the availabil ity of hunting habitat, 
or the availabil ity of diurnal perches. Upgrading sections of access roads could temporarily and 
minutely reduce the area of local burrowing mammal colonies, a potential prey source; however, the 
level of anticipated upgrading and consequent habitat loss would, at most, only temporarily affect 
prey populations. 

E.2.2 WHOOPING CRANE 

The whooping crane is l isted by the FWS (1987) as an endangered species and is one of the rarest of 
all North American species. Colorado has historically been out of the normal range of the species, 
except for stragglers during migration between breeding grounds in Canada and wintering grounds in 
Texas. Whooping cranes characteristically engage in low level flights between roost sites (primarily 
wetlands) and feeding areas (agricultural fields). Power lines transecting these habitats may increase 
the risk of bird collisions, resulting in injury and/or death. There have been a total of 4 verified 
stops for resting and feeding in northeastern Colorado, one in 1979, two in 1985, and one in 1986 
(V. Sheppard, Colorado Division of Wildlife (CDOW); R. Drewien, FWS, personal communication). 
This area is approximately 200 miles east of the Gray's Lake flock's normal migration route (R. 
Drewien, FWS, personal communication). In September, 1 979, a whooping crane was sighted at 
Sand Bar Reservoir, south of Mead and approximately 7 miles northeast of Longmont. 

In the fall of 1 985, two whooping cranes established temporary residence in Weld County, Colorado 
(the county east of Boulder and Larimer Counties) during their annual migration between Idaho and 
New Mexico. A 1986 sighting near Hudson (approximately 26 miles east-southeast of Longmont) 
was assumed to have been the same birds from 1985 (V. Sheppard, CDOW, personal 
communication). 

The more frequent, recent appearances of whooping cranes in Colorado has resulted from an 
experimental program to aid the recovery of the species in which whooping crane eggs are "cross­
fostered" ,  i .e. ,  put in the nests of greater sandhill cranes (Grus canadensis tabida) at Gray's Lake 
National Wildlife Refuge (NWR) in Idaho. The eggs are hatched and the chicks raised by the 
sandhill cranes. Young whooping cranes then migrate toward wintering grounds in southern New 
Mexico (Bosque del Apache NWR). The migration route includes a major rest stop at the Monte 
Vista National Wildl ife Refuge in south-central Colorado and irregular minor stops along the way. 
Brief stops for resting and feeding probably account for the recent northeastern Colorado sighting in 
suitable habitat, such as small grain fields, irrigated meadows and reservoirs . None of the areas has 
yet been listed by the CDOW as critical or essential habitat, however. 

Since 1 965, eight whooping crane mortalities and three injuries resulting from power l ine collisions 
have been reported (Halvorson, 1984) . Many of these collisions occurred with power l ines that 
crossed agricultural lands. It is believed that many of the collisions occurred with overhead ground 
wire lines, which are thinner and less visible than the conductors. 

The existing and proposed uprated alignment of the Flatiron-Erie transmission l ine crosses several 
l inear wetlands corridors and agricultural lands dominated by irrigated and unirrigated pastures and 
irrigated haylands, including a few grain fields (wheat) . Although the location, spatial distribution, 
and qual ity of these habitats is relatively suboptimal as stopover areas for cranes, one cannot dismiss 
their potential use by wayward migrants. The proposed, upgraded transmission l ine would not 
provide a greater risk of collision than the existing line. The proposed upgrading of the existing l ine 
should not jeopardize the existence of the whooping crane. 
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E.2.3 BLACK-FOOTED FERRET 

Black-footed ferrets, l isted as endangered by the FWS ( 1985) have historically been associated with 
the range of prairie dogs (Cynomys spp .)  throughout the Great Plains, semi-arid grasslands, and 
mountain basins of North America (Hillman & Clark, 1 980). Prairie dog towns are used by ferrets as 
a source of food and shelter (Hillman, 1 968; Henderson et al . ,  1 969; Linder et al , 1972). Changes in 
land use practices and poisoning programs over the last century have reduced prairie dogs to one­
seven hundredth of their former distribution (K. Fagerstone, FWS, personal communication). As a 
result, all active prairie dog towns or complex of towns, large enough to support ferrets, are 
considered potential black-footed ferret habitat (Clark et al . 1 983 ; FWS ,  1 986). The only known 
extant population, before ferrets were brought into captivity, was near Meeteetse, Wyoming; although 
there may stiII be unknown, remnant populations in parts of their historic range (Clark et al . ,  1 983). 
In the fall of 1 991 , ferrets were re-introduced into Wyoming's Shirley Basin. The study area occurs 
within the general h istoric range of the black-footed ferret (Bissell ,  1 978); however, no black-footed 
ferret sighting have been confirmed in Colorado in recent years. 

The proposed action, uprating of the existing transmission l ine along the existing ROW, only crosses 
two small isolated prairie dog towns northeast of Rabbit Mountain. Other unidentified towns may 
also occur within the corridor. Present prairie dog populations are especially dynamic in the study 
area, w ith bubonic plague spreading along the Front Range in recent years . Impacts associated with 
transmission l ine construction and maintenance on prairie dog towns would primarily be confined to 
short-term habitat loss as a result of access road use. At present, it appears unlikely that any prairie 
dog towns wiII be adversely affected by power l ine upgrading or activity along the existing corridor. 
Black-footed ferrets should ,  therefore, not be jeopardized by construction or operation of the power 
l ine. If construction activities associated with the proposal will disturb any active prairie dog towns, 
the FWS will be contacted to assess the need for black-footed ferret surveys. 

E.2.4 AMERICAN PEREGRINE FALCON (Falco pen:rinus) 

The American peregrine falcon is l isted as a breeding species in Latilongs 4, 1 1  and 12 ,  but the given · 
habitats for breeding birds are at higher elevations (6,000 - 9,000+)  than what general ly occurs 
w ithin the study area (Colorado Bird Distribution Latilong Study, 1 987). The only potential area that 
meets the breeding habitat type for this species is the cliffs at and near Carter Lake. No cl iffs in the 
Carter Lake area will be disturbed by the proposed project. 

In Latilong Block 5 (primarily Weld County), the American peregrine falcon is l isted as a migrant 
species. Migrant falcons utilize a variety of habitat types, including grasslands ,  deciduous forests, 
shrublands and aquatic. Given its migrant status, the American peregrine falcon should not be 
adversely affected in the study area portion within Latilong 5 .  

E.2.S ESKIMO CURLEW CNumenius borealis) 

The Eskimo curlew has not been sighted in Colorado since 1 965, and is also onl y known as a migrant 
species. Eskimo curlew breeding grounds are known to occur in Alaska and the Hudson Bay area in 
northern Canada. The Gulf Coast off Florida and Texas , and the Pacific Coast are known wintering 
locations. 

It is unl ikely that the proposed project would have any effect on this rare species . 
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E.2.6 DILl.MUM LADIES' TRESSES (Spiranthes diluvialis) 

This plant is listed by the FWS as threatened . Diluvium ladies' tresses is a tall (20-50 em) perennial 
forb with white or ivory flowers (Sheviak, 1 984). This large orchid usually flowers the third to 
fourth week of July and continues flowering into October (Jennings, 1987) . Diluvium ladyies' tresses 
reproduces by seed (Sheviak, 1 984). 

The habitat of Diluvium ladies' tresses is moist areas along meandering streams or old oxbows in 
both wooded areas and meadows (Jennings, 1 987). 

The major threats to populations of Diluvium ladies' tresses are cattle grazing and haying. This 
orchid, which is palatable to cattle, is often grazed by cattle as grazing pressure increases. Haying in 
moist meadows can destroy populations of this orchid often before seeds mature. Also the cessation 
of flood irrigation at existing populations is a threat to continuity (Jennings, 1990). 

Diluvium ladies' tresses occur in Colorado, Utah, Arizona, and Nevada at approximately 1 1  different 
sites (Sheviak, 1984; Jennings, 1 987). The Colorado sites include two populations in Jefferson 
County along Clear Creek west of Golden, one population south of Boulder along South Boulder 
Creek, and a historic site along the South Platte River, somewhere between Greeley and Brush 
(Sheviak, 1984; Jennings, 1987). A survey conducted in 1992 identified two plants at a previously 
unrecorded location on St. Vrain Creek west of Longmont (Western Resource Development, 1 992). 
This site is approximately 2.5 miles west of the point where the proposed project crosses the St. 
Vrain. 

The existing Flatiron-Erie transmission line crosses the floodplains of the unnamed ephemeral stream 
in Chimney Hollow, Little Thompson River, St. Vrain Creek, Left Hand Creek, Dry Creek, Boulder 
Creek, and Coal Creek. Wetlands, the potential habitat of Diluvium ladies' tresses, occur at these 
floodplain crossings but the only project actions that would affect these wetlands are two new 
structures in the unnamed ephemeral stream in Chimney Hollow and one in a small wetlands just 
south of the Boulder Creek 1 00 year floodplain and adjacent riparian vegetation. None of the 
floodplain crossings is known to contain popUlations of Diluvium ladies' tresses. However, a survey 
will be conducted at any potential habitat areas that might be disturbed by project activities following 
consultation with FWS.  

E.3 CANDIDATE SPECIES 

Limited site-specific information is available for any of the candidate species addressed below because 
no field surveys oriented towards these species have been conducted in the project area, and 
information obtained from resource agencies and other sources was often generic. 

E.3.1 wmTE FACED mIS CPI=adis chihi) 

White-faced ibis are considered l ikely breeders in latilong block 4 (Fort Collins; latitude 40 - 41 
degrees, longitude 1 05- 106 degrees) by Colorado Field Ornithologists (1982). White-faced ibis nest 
in colonies, usually in a large stand of bulrushes or reeds, but they have also nested in heronries 
(Bent, 1 926). They also migrate through the study area and are typically associated with mudflats 
and the littoral zone of ponds and lakes . At present, no site-specific information is available on the 
location of any colonies, or their occurrence near the existing line or elsewhere in the study area. 
White-faced ibis are present on the ponds and lakes in the Boulder area during migration. While the 
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proposed action would closely approach several small lakes and ponds, there is no evidence of any 
ibis (or waterfowl) line strikes in the area and it is not expected that the upgraded line would increase 
this potential hazard . 

E.3.2 FERRUGINOUS HAWKS (Buteo nzaJis) 

Ferruginous hawks are most commonly associated with native or relatively undisturbed western 
plains, although they may use adjacent agricultural haylands during winter in the study area. Call 
(1 978) considers this species to be the most adaptable of any raptor in the selection of nest sites, 
which range from ground nests to tree nests to a wide variety of manmade structures. Ferruginous 
hawks are considered nonbreeding residents in  the Fort Collins latilong block (Colorado Field 
Ornithologists, 1 982). 

No nest sites have been identified in the transmission line corridor. Heavy winter ferruginous hawk 
use occurs locally in the study area focusing on prairie dog colonies . Transmission l ine upgrading 
should not affect the ferruginous hawk or its prey base. 

E.3.3 WESTERN SNOWY PWVER (Charadrius alexandrinus nivosus) 

Western snowy plovers inhabit the Pacific coast inland to eastern Colorado. In interior North 
America, the species is associated with the shores of salt or alkaline lakes where it feeds on insects 
such as beetles and flies (Terres,  1 980). 

Snowy plovers are considered migrants in the Fort Collins latilong block, which encompasses the 
study area (Colorado Field Ornithologists, 1 982). Because of habitat unsuitabil ity and the paucity of 
observations documenting this species in the vicinity of the existing power line corridor, it is unlikely 
that transmission line upgrading and operation would adversely affect this species. 

E.3.4 MOUNTAIN PWVER (Charadrius montanus) 

Mountain plovers are migrants in latilong block 4, probably because habitats in the block lack 
sizeable, suitable, short-grass prairie, such as the Pawnee Grasslands, where plovers breed in fairly 
large numbers. Indeed, that area, whose southwestern edge is located approximately 53 miles 
northeast of Longmont, is considered the "present stronghold of the species " (Graul , 1 973). There is 
no evidence that mountain plovers breed in the study area or that line upgrading would adversely 
affect the species. 

E.3.S BLACK TERN (Chlidonias nicer) 

The Black Tern is listed as a Category 2 species by the USFWS . This species is known to breed near 
the study area north of Louisville (Latilong 4, 5, 12), but its abundance rating as a breeding species 
here is unusual (Colorado Bird Distribution Latilong Study, 1 987). Breeding Black Terns util ize 
marsh habitat areas . Potential marsh habitat may be found along the various streams, lakes and 
reservoirs scattered across the study area. 

South of the Louisville area (Latilong 1 1 ), the Black Tern is listed as a migrant species that ranges 
from unusual to fairly common in abundance. Migrant birds occur in marsh and open water Oakes 
and reservoirs) habitats. 
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Marsh and wetland areas have been avoided and no disturbances to wetland areas are anticipated . 
Therefore, the proposed project will have little or no impact on the Black Tern. 

E.3.6 WGGERHEAD SHRIKE <Lanius ludovicianus) 

The Loggerhead Shrike is l isted by the USFWS as a Category 2 species. It has been identified as a 
breeding species in Latilongs 4, 5, 1 1  and 1 2  (Colorado Bird Distribution Latilong Study, 1987) . 
Their abundance status as breeding species is fairly common to common. Habitats associated within 
the study area include shortgrass-prairie, shrubland and riparian lowlands. Potential shortgrass-prairie 
areas are l imited in the study area to undisturbed landscape areas in the Rabbit Mountain vicinity, 
stream corridors and scattered, noncultivated land. Shrubland areas would most l ikely occur in the 
Carter Lake to Rabbit Mountain vicinity and along stream corridors. Riparian lowland areas are 
scattered across the study area and associated with stream corridors, lakes and reservoir. 

As migrants and wintering birds, they are also known to occur in other grassland areas, agricultural 
land and urban areas. 

The proposed project may disturb a very small amount of the Loggerhead Shrike's habitat, but these 
areas will be revegetated with appropriate plant species to negate any adverse effects to this bird 
species . 

3.E.7 BAIRD'S SPARROW (Ammodramus bairdii) 

The Baird's Sparrow is rare and only a migrant species in Colorado (Colorado Bird Distribution 
Latilong Study, 1 987). Grassland is the habitat associated with this bird species. Grasslands 
disturbed by construction of the proposed project will be revegetated with appropriate grass species. 
Due to the small amount of disturbance, mitigation measures, and the rare and migrant status of this 
bird species, the proposed project is unl ikely to have any adverse effect on the Baird's Sparrow. 

E.3.8 PREBLE'S JUMPING MOUSE (Zapus hudsonicus preblej) 

Preble's jumping mouse is a subspecies of the meadow jumping mouse � hudsonicus) and is 
considered by Krutzch ( 1954) to be a well-marked, isolated geographic race. This species is poorly 
understood in Colorado and known only from the western edge of the Colorado Piedmont, in the 
South Platte drainage southward to the Denver area (Armstrong, 1972). The study area l ies on the 
western periphery and on the eastern flank of the known distribution. Preble's jumping mouse is 
poorly known throughout its distribution, as records in the state are marginal for the species, and 
Armstrong (1972) considers the population to be relict. Preferred habitats are moist lowlands, 
although irrigation may locally expand its distribution (Armstrong, 1972). 

There are several records of the subspecies within the study area (Armstrong, 1 972). Based on 
habitat preferences and the distribution of suitable habitats along the existing power line corridor, the 
most likely areas of occurrence would be along St. Vrain Creek, Left Hand Creek, Dry Creek, 
Boulder Creek, and Coal Creek, as well as any tributaries and adjacent irrigated areas. Because 
habitat destruction in riparian and other habitats would be minimal from power line upgrading, 
impacts to this species, if present, should be minimal and biologically insignificant. 
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E.3.9 SWIFf FOX <Vulpes veJox velox) 

The swift fox formerly occupied most of the Great Plains, from western Texas northward to Alberta 
(Armstrong, 1 972) . However, as the prairies were settled, the fox declined due to trapping, hunting , 
predator control , rodent control programs, and loss of native prairie (Bailey, 1 926). More recently, 
Robinson ( 1953) suggested that species similar to the swift fox were vulnerable to "coyote getters" 
and to the poison II 1 080" used for coyote control . As a result, swift fox populations were severely 
depleted from the early 1 800's until recently.  Their numbers are now starting to rebound and they 
are apparently returning to their original range (Samuel and Nelson, 1982). 

The southern half of the transmission line corridor lies within the former distribution of the swift fox, 
but approximately 40 miles west of what is considered to represent the present distribution of swift 
fox in Weld County (CDOW Wildlife Resource Information System (WRIS) data, 1 979). However, 
even if present, it is unlikely that they would be adversely affected by transmission line upgrading, 
local prey base reductions, or other associated impacts. Construction access improvements would be 
limited to minor upgrading of existing accessways and would be very unlikely to measurably increase 
access by the public, including trappers. 

E.3.10 PLAINS TOPMINNOW (Fundulus sciadicus) 

The Plains Topminnow is a native fish of Colorado. Its distribution in Colorado includes Larimer, 
Weld and Boulder Counties . Populations of this fish are only found in isolated colonies in foothills 
streams and the lower mainstem of the South Platte River. Spawning for this species occurs in late 
spring and early summer. They require a specialized habitat of still, clear water where there is 
abundant filamentous growth (Colorado's Little Fish, 1 985). Potential populations of the Plains 
Topminnow in the study area may occur along the Little Thompson River, St. Vrain River, Left Hand 
Creek, Dry Creek, Boulder Creek and Coal Creek. The project is not expected to disturb or affect 
any of these aquatic habitats. Therefore, the project should have no adverse impacts on the Plains 
Topminnow. 

E.3.11 FRINGED-TAILED MYOTIS (Myotis thysanodes pahasapensis) 

This bat species it is known to occur mostly in the foothills zone and lower mountain areas of 
Colorado (personal communication, Francie Pusateri,  CDOW, 1 0/92). Considering the small amount 
of disturbance associated with the project, no adverse effects to this species are anticipated. 

E.3.12 STEVEN'S TORTRICID MOm (Decodes stevensi) 

The Steven's Tortricid Moth is extremely rare in Colorado. It is known from several areas north of 
the study area, including the vicinity of Owl Canyon, Rist Canyon and the Brackenberry State 
Wildlife Area (Colorado Natural Heritage Program, 1 1 /92). Given the above stated occurrence data, 
the proposed project is unlikely to have any impact to the Steven's Tortricid Moth . 

E.3.13 COLORADO BUTTERFLY PLANT (Gaura neomexicana ssp. coloradensis) 

This plant is l isted by the FWS (1 980) as Category 1 ,  i .e. , under review for protective status .  The 
Colorado butterfly plant is a tall (up to 1 20 cm) biennial or short-lived perennial forb with white to 
reddish or pinkish petals (Lichvar, 1 987; Clark et a1 . ,  1 98 1 ;  Raven, et a1 . ,  1 972). The butterfly plant 
usually flowers in July , however, it may flower as late as September (Lichvar, 1 987) . 
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The habitat of the butterfly plant is humic soils of wet meadows in plains environments usually at 
elevations between 5,000 and 6,000 feet (FWS, 1978). Specifically, the plant is generally found in 
moist meadows in the transition zone between wet stream bottoms and drier uplands (USFWS & 
USBLM, 1980) . Other plant species associated with this habitat include thistle (Cirsium flodmanii), 
Missouri iris Oris missouriensis), Nuttall's sunflower lHelianthus nuttallii), black-eyed Susan 
<Rudbeckia hirta), and Kentucky bluegrass � pratensis) (USFWS & USBLM, 1980) . 

The Colorado butterfly plant is apparently endemic to northeastern Colorado and southeastern 
Wyoming. Historical collections were from Laramie County, Wyoming to Douglas and Larimer 
Counties, Colorado (Wyoming Natural Heritage Program, 1 983; USFWS, 1978). Today, there are 
two known populations in Larimer County, Colorado; one in Weld County, Colorado; and about 
twenty populations in Laramie County, Wyoming, in the vicinity of Cheyenne (Lichvar, 1987; 
Colorado Natural Areas Program, 1 987; Nature Conservancy, 1986) . A recent study by Popp ( 1983) 
concluded that the Colorado butterfly plant no longer occurs in Colorado . 

Man-induced habitat modifications have resulted in impacts to native populations of the Colorado 
butterfly plant. Often the habitat of this plant is cut for native hay. The butterfly plant is a short­
lived perennial and would not necessarily be killed by such activities . However, depending on the 
time of mowing, seed maturation could be prevented . Herbicide spraying for the control of Canada 
thistle (Cirsium arvense) and other noxious weeds common to wet meadows also often kills the broad 
leaved Colorado butterfly plant. Activities which either dry or excessively inundate moist meadows 
can adversely affect populations of the Colorado butterfly plant. 

The transmission line crosses the floodplains of the unnamed ephemeral stream in Chimney Hollow, 
Little Thompson River, St. Vrain Creek, Left Hand Creek, Dry Creek, Boulder Creek, and Coal 
Creek. Wetlands, the potential habitat of the Colorado butterfly plant, occur at these floodplains 
crossings but the only project actions that would affect these wetlands are two new structures in the 
unnamed ephemeral stream in Chimney Hollow and one in a small wetlands south of the Boulder 
Creek 1 00 year floodplain and adjacent riparian vegetation. None of the floodplain crossings or the 
small wetlands south of Boulder Creek is known to contain populations of the Colorado butterfly 
plant. 

E.3.14 BELL TWINPOD (Physaria bellii) 

This plant is listed by the U.S .  Fish and Wildlife Service as Category 2,  under review for protective 
status (Colorado Natural Area Program, 1991) .  Bell twinpod, is a perennial with a rosette growth 
form and a perennial root stock. This low (5-1 3  cm) plant produces showy four-petaled yellow 
typical mustard flowers from mid-April into early June (Jennings, 1990). 

The habitat of Bell twinpod is endemic to the limey shales and limestones of the Niobrara Formation 
in the plains near the foothills of Boulder, EI Paso, Jefferson, and Larimer Counties, Colorado . Most 
populations occur on bare black shale, eroded limestone outcrops, roadcuts , or other disturbances 
where there is little competition (Jennings, 1990). Most frequently associated plants include 
skunkbrush � trilobata), ricegrass (OQ'zopis spp.), and mountain mahogany (Cercocarpus 
montanus). Other common associates include one-sided penstemon (penstemon secundiflorus), 
verbena <Verbena ambrosifolia), spike gilia Opomosis spicata), purple flowered ground cherry 
(Physalis lobata), copper mallow (Sphaeralcea coccinea), green violet lHybanthus verticillatus), 
shortstyle onion (Allium brevistYlum), prairie sunflower (Helianthus pumilis), caraway (Carum carvi), 
and prickly rose <Rosa acicularis) (peterson & Harmon, 1981) .  The major threat to populations of 
Bell twinpod is urbanization of the habitat. 

. 
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Bell twinpod occurs in about 1 8  known populations in Boulder County, 22 populations in Larimer 
County, two populations in Jefferson County, and one population in EI Paso County, Colorado 
(Jennings, 1 990). It is known to occur in six populations in the study area, including one population 
that is partly on the ROW of the existing Flatiron-Erie transmission line east of Rabbit Mountain. No 
project action is proposed within 1 ,000 feet of this population. Any increased vehicular use of the 
ROW by construction vehicles and equipment would use existing accessways. Therefore, any adverse 
effect on the population would be extremely unlikely. 

E.3.15 ROCKY MOUNTAIN CINQUEFOIL (Potentilla efrusa ssp. rupinicoia) 

This plant is listed by the USFWS as a Category 2 species. The habitat of the Rocky Mountain 
Cinquefoil is granitic soil and/or granite rock areas (personal communication, Janet Coles, Colorado 
Natural Areas Program, 1 0/92). Granite rock areas and granitic soils are generally not present within 
the study area, and it is not likely that this plant occurs either. 

E.4 SUMMARY 

The study area potentially contains three federally endangered wildlife species, eight candidate 
wildlife species, and three candidate plant species. 

The federally endangered species include the bald eagle, whooping crane, and black-footed ferret. 
Bald eagles winter in the region, concentrating along streams and reservoirs and preying on prairie 
dogs. Any risk to bald eagles of line strikes or electrocution would not be increased by the project. 

Whooping cranes migrate through Colorado in the fall and spring on the way between breeding in 
Canada and wintering habitat in Texas and characteristically stop briefly in Colorado to rest and feed. 
Whooping cranes feed in agricultural grain fields, irrigated meadows, and reservoirs. The quality of 
the nesting and feeding habitat in the study area is suboptimal as stopover areas. The proposed 
transmission line upgrade will not provide a greater risk of collision than the existing line. 

Black-footed ferrets are potentially present in the larger prairie dog towns, the location of their major 
food source. However, no ferrets have been documented in Colorado in recent years. The proposed 
transmission line crosses two small isolated prairie dog towns. Potential impacts to these towns will 
be short term and minor. Impacts to black-footed ferrets would be avoided via consultation with the 
Fish & Wildlife Service (FWS) if any prairie dog towns would be impacted. 

Five federal candidate avian species are potentially present in the study area. 

White faced ibis nest in colonies in emergent vegetation of ponds and migrate through the area 
feeding in the littoral zones of ponds . No nesting colonies occur in the study area, but they are 
seasonally present in some of the ponds. Ferruginous hawks winter in the study area and feed on 
prairie dogs. Western snowy plovers are infrequent migrants that feed in alkaline lakes. Mountain 
plovers occur in large expanses of short grass prairie northeast of the study area, but not in the 
natural but hilly, highly agricultural or urban study area. Likewise, the long-billed curlew, also a 
species of native prairie, is an infrequent migrant in the study area. Potential impacts to these avian 
species would be considered low. Aquatic and wetlands habitat will be impacted minimally and only 
in the short term. The long term impact to native prairie will also be minimal. 

E . l O  



Impacts to two federal candidate mammals, Preble's jumping mouse and the swift fox,  will be low or 
non-existent. Historically, these two species were present in the study area, but today known 
populations are outside the study area. The Preble's jumping mouse is a species of moist lowlands 
and the swift fox occurs in the short grass prairie. 

Three federal candidate plants are potentially present in the study area. The Colorado butterfly plant 
and Diluvium lady's tresses occur in wetlands and riparian habitat along streams. However, neither 
plant has been documented in the study area. Potential impacts to these two species is low due 
because wetlands and riparian habitat will be affected by the transmission line only minimally and in 
the short term. 

Bell twinpod, a species of l imy shales and limestone, occurs in six populations in the study area, 
including one population partial ly under the existing transmission l ine. However, this population will 
be avoided during construction activity. 
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