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March 31, 1993

TO:

Recipients of the Final Environmental Impact Statement for the Bellevue
Comprehensive Plan, Electrical Utilities Element

This Final Environmental Impact Statement was prepared in conformance with WAC 197-
11-560(5) and comsists of the following:

1.

2

Factual corrections contained in an Errata sheet;
The Summary from the Draft EIS with rninor revisions.

The Description of the Proposal from the Draft EIS with minor corrections and with
the March S, 1993 proposal of the Planning Commission; ' :

Minor revisions adding information to the Health element adding information about
exposure to Electromagnetic Fields, but not changing the conclusions of the section;

Response to comments received on the Draft EIS;

An additional appendix, Appendix E containing the assumptions used for chages to
the Health element.

The Environmental Impact Statement for this proposal consists of the Final EIS together
with th Draft EIS issued December 4, 1992 and Technical Appendices issued with the Draft
and Final EISs.
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FACT SHEET

TITLE OF PROPOSAL:

DESCRIPTION OF THE
PROPOSAL:

Bellevue Comprehensive Plan Amendment, Utilities Element, Electrical
Utility Policies and Map

Objectives of the Proposal: To create a list and schematic system map of

necessary electrical transmission and distribution facilities and related
policies to guide provision of adequate electrical power to meet the needs of
projected growth and fulfill the mandate of the Growth Management Act.

Alternatives: Separate alternatives have been developed for the electrical
Transmission System and the Distribution system.

No Action Alternative In the context of this proposed Comprehensive Plan
Update, a No Action Alternative would mean that no Comprehensive Plan
element would be adopted. Under such a scenario, Puget Power would
continue to attempt to secure permits for those facilities it deemed necessary
to continue to provide electrical power to the area.

Transmission System

The Transmission system considered in this EIS delivers electrical power
from regional supplics such as provided by the Bonneville Power
Administration to local distribution substations.

- T-1, 115 kV Overhead Grid System - This alternative, developed by Puget

Sound Power and Light Cdmpany, would add capacity to the system by
linking together currently unconnected portions of the existing network into
a grid system. About 10 miles of new transmission line would be built,
three existing distribution substations would be enlarged to add switching
capabilities, and two new switching stations would be built. '

T-2, 230 kV Overhead Raidal System - Under this alternative the systcin

-would remain in its existing radial configuration. No new transmission lines

or switching stations would be added. The entire existing 115 kV
transmission system would be rebuilt to a 230 kV configuration in phases.
This would require the rebuilding of approximately 35 miles of transmission
lines and 14 distribution substations.

T-3, 115 kV Increased Current Overhead Radial S-ylstem - As with the 230kv

Alternative, under this alternative the configuration of the system would
remain in the radial configuration that exists today. The existing 115 kV
transmission system would be rebuilt to a higher capacity configuration in
phases.



LOCATION OF THE
PROPOSAL:

PROPONENT:
LEAD AGENCY:

RESPONSIBLE
OFFICIAL:

T-4, Underground Transmission System - “This alternative would be laid out
in a grid configuration. The total miles of transmission line would expand
from approximately 46 to about 70. Transmission lines would all be
underground. New facilities that would be required under this alternative
would be similar to those discussed under Alternative T-1. All distribution
substations would have to be rebuilt and some pumping stations for oil
coolant would be required at or between substations.

Distribution Alternatives have been developed to illustrate alternative
methods of serving increased demands within specific areas.

D-1, 12 kV Lines with 25 MVA Substations - This alternative would keep
the distribution voltage at 12 kV and would require the addition of 9 new
distribution substations throughout the Bellevue area.

D-2; 34 kV Lines with 50 MVA Substations - This alternative would reduce
the number of substations by increasing the service area of existing
substations to 34 kV distribution lines rather than 12 kV. 34 kV lines are
capable of carrying greater loads over similar distances or similar loads over
greater distances than 12 kV lines. No new distribution substations would be

needed, but seven existing substatipns would need to be rebuilt and
expanded. '

- D-3, 12 kV Lines with 50 MVA Substations - Under this alternative, the

capacity of approximately 12 substations would be increased from 25 MVA
to 50 MVA configurations with additional distribution lines added at the-
existing voltage of 12 kV. :

The proposed Comprehensive Plan amendment would apply within the City
of Bellevue. The electrical system affected would extend from the
Sammamish Substation in Redmond, south to the Lakeside Substation in
Factoria and include portions of Redmand, Kirkland and unincorporated
King County. |

City of Bellevue
City of Bellevue

Susan Sanchez _

Environmental Coordinator, City of Bellevue
P.O. Box 90012

Bellevue, WA 98009-9012
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The Draft EIS was prepared by the City of Bellevue, Design and
Development Department, Environmental and Land Use Division.
Technical Research and Analysis was provided by:
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Energetics
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Final action by the Bellevue City Council is anticipated to occur in July 1993.

* Analysis in this EIS is of general system alternatives. Specific facilities

proposed in the future will require environmental review in accordance with
WAC 197-11. Future review may result in a Determination of Non-
Significance (DNS), a Determination of Significance (DS) with adoption of
this EIS, preparation of a Supplemental EIS, or preparation of new
environmental documents,

Information used for the analysis can be seen during normal business hours
at the Bellevue Design and Development. Department and the Bellevue
Planning Department, City Hall, 11511 Main Street, Bellevue.
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ERRATA

Changes from the Draft Environmental Impact Statement text are indicated by double undcrlining;
Page 1-2, paragraph 3.

TI-2 230 kV Overhead Radial System - Under this alternative the physical configuration of the system would
remain in essentially the same configuration that exists today. No new switching stations would be
added and no new transmission lines would be added. However, the entire existing 115 kV transmission
system would be rebuilt to a 230 kV configuration.in phases. This would require rebuilding abeut-twe
thirds-ef-the approximately 35 miles of existing transmission lines and 14 distribution substations.

Page 1-6, Paragraph 5.

Rehablllty During Construction of the System Alternative D-1 and B-2 D-3 would involve less disruption to the
system during the transition to the new system, because they would utilize the existing 12 kV distribution system.
Also, existing substations would not have to be taken out of service while new substations were being built.
Alternative D-2 would require significant expansion and/or reconstruction of existing substations. Alternative D-3
would require expansion of substations, but would not require changing the distribution voltage.

Page 1I-6, Paragraph 3.

The Sammamish and Lakeside transmission substations and the Lakeside switching station would need
to be expanded to accommodate underground lines (assuming the Talbot to Lakeside transmission line
is_upgraded to 230 kV) and some pumping stations for cooling oil would be required at or between
substations. :

Page I1-8, Paragraph 3.

D3 12 kV Lines with 50 MVA Substations - This alternative is another method of serving additional
projected demand with limited or no construction of new distribution substations. Under this
alternative, approximately 12 substations would be converted from 25 MVA to 50 MVA
configurations. However, rather than the additional power handled by each substation being
distributed by increased distribution line voltage, additional distribution lines at the existing
voltage of 12 kV would be added. Substation expansions under this alternative would differ
from those associated with Alternative D-2 in that, rather than adding replacing 12 kV
transformers with 34 kV_transformers to handle different voltages, additional transformers
would need to be added to handle more feeders of the same voltage.

Page 11I-1, Paragraph 2.

o Generation which produces electrical encrgy. The major portlon of the gcncrauon servmg Pugct Power
is provided by hydroelectric power purchased frem : ¥ ministration central

Washington public utility districts who own dams on the Columbxa River and from coal fired generating
plants.

Page 111-3, Paragraphs 2 and 3.
If, however, growth over time or peak demand conditions resulted in a demand at each of these substations of

25 MVA, the total load on the line would be 5 substations at 25 MVA per substation, or 125 MVA. Under such
conditions, demand conld not be met for all five substation from either “X* or "Y" with a transmission system
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ling capacity of 110 MVA. However, only outages occurring between *X" and “1° or between “Y” and *5
during these extreme peak periods would cause end users to lose power for more than the time required to
isolate the failed section and supply power from the other direction. In such a situation, the 110 k¥ MVA
capacity of the line would be sufficient only for 4 of the 5 substations. One substation would lose service until
the failed section was repaired.

Thc 110 ¥V MVA transmission system line would be able to adequately handle such an outage at any time other
than peak or during the peak if the outage occurred anywhere else on the line. Even during such times of peak
load, if a break occurred between substations “3" and “4”, power from *“X" could adequately supply
substations “1" and “2", and "3 while power from *Y" could adequately serve the other two substations.
Although this system would be able to handle almost any type of outage, since the one type of outage discussed
above would take one substation out of service until repairs were made, this portion of the system would not be
seen as meeting the “N minus 1” standard and the utility would likely seek to increase its capacity. Using a
strict “N minus 1” standard, additional capacity would be needed. This basic phenomenon would apply to -any
of the three transmission lines depicted in the above graphic of a hypothetical radial system.

Appendix C: Draft Electric Facilities Plan for the Greater Bellevue Area
page 12, item 2,

The Lakesnde Substation 230 kV Development:Puget Power is in the procesé of permitting construction of its
proposed Lakeside 230 kV, substation, a 230 kV substation to be constructed in the City of Believue adjacent

to the existing Lakeside (115 kV) Substation. A Conditional Use Permit for the substation expansion was applied

for on _ and approved by the city on . A Clear and Grade Permit and Building Permit for the substation =~

were applied for on and have not vet been approved. In conjunction with construction of Lakeside 230 kV
Substation, Puget Power also proposes to rebuild its existing Talbot-Lakeside and Sammamish-Lakeside #1 and

#2 115 kV transmission lines to 230 kV standards. The 230 kV substation and lines are needed to increase
Puget Power’s ability to move. power into the City of Bellevue and immediately adjacent areas. . Permits for the

230 kV transmission lines are required from the Cities of Bellevue, Renton and Redmond and from King County. -
Permits for the transmission lines have not yet been applied for.

Errata - 2




1.00 - SUMMARY

L1 Objectives of the Proposal: To create a list and schematic system map of necessary electrical
transmission and distribution facilities and related policies to guide provision of adequate electrical
power to meet the needs of projected growth and fulfill the mandate of the Growth Management Act.

12 Alternatives:

The Draft EIS included two sets of policy alternatives. The Final EIS includes Eblicies developed by the
Planning Commission. Major differences between the Citizen Advisory Committee, City staff, and Planning
Commission recommendations include: the CAC recommendation does not include a system map; Planning
Commission, and City staff recommendations include a system map' (equivalent to Alternative T-1, below); the
CAC, recommended a policy which gives equal weight to a number of criteria for provision of utilities which is

included in the Planning Commission recommendation; the City staff recommended prioritizing reliability and
cost as first priorities; the CAC recommendation calls for avoidance of school and residential areas in the siting

of new transmission lines and substations which is included in the discussion of Planning Commission Policy P-19;
the City staff recommended deletion of the policy.

Separate alternatives have been developed for the electrical Transmission System and the Distribution system.
The Transmission system considered in this EIS delivers electrical power from regional supplies to local
distribution substations. The distribution system delivers electrical power from distribution substations to users.
Although they arc physically electrically connected, any of the transmission alternatives are compatible with any
of the distribution alternatives, and vice versa. In other words, any one of the transmission alternatives could
be combined with any one of the distribution alternatives to form a complete and functional system.

1.2.1 Transmission Alternatives:

No Action Alternative Although SEPA requires inclusion of a *No Action” alternative, in the context of this
proposed Comprehensive Plan Update, a No Action Alternative would not mean that no electrical facilities would
be built. Rather, it would mean that no Comprehiensive Plan element would be adopted. It is assumed that
under such a scenario, Puget Sound Power and Light Company would continue to attempt to secure permits for
those facilities it deemed necessary to continue to provide electrical power to the area. The No Action
Alternative would essentially be a scenario under which the facilities in Alternatives T-1 and D-1 would be
constructed, but without the guidance and predictability offered by inclusion in the Comprehensive Plan.

T-1 115 kV Overhead Grid System - This alternative developed by Puget Sound Power and Light Company,
would add capacity to the system by linking together currently unconnected portions of the existing
network into a grid system, rather than by increasing voltage or current. This alternative includes
‘enhancements of three existing distribution substations to add switching capabilities, creation of two new
switching stations, creation of scven new transmission line segments (totaling approximately 10 miles),
upgrading the Lakeside Switching Station to add 230 kV facilities , and upgrading of onc major trunk
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transmission line from 115 kV to 230 kV. (kV stands for kilovolt and equals 106 volts, Volfage ig the
measure of electric potential and can be thought of as electrical "pressure.” As a comparison, household
current is primarily 110 volts.)

T2 230 kV Qverhead Radial System - Under this alternative the physical configuration of the system would
remain in essentially the same configuration that exists today. No new switching stations would be
added and no new transmission lines would be added. However, the entire existing 115 kV transmission
system would be rebuilt to a 230 kV configuration in phases. This would require rebuilding abeut-twe
thirds-of the approximately 35 miles of existing transmission lines and 14 distribution substations.

T3 115 kV Increased Current Overhead Radial System - As with the 230kV Alternative, under this
alternative, configuration of the system would remain in essentially the same radial configuration that
exists today. No new switching stations would be added and no new transmission lines would be added.

Much, if not all, of the existing 115 kV transmission system would be rebuilt to a higher capacity
configuration in phases. Most, though likely not all, existing 115 kV transmission line wires would be
replaced with higher capacity wires, and some lines would have to be rebuilt completely with additional
poles to accommodate the heavier wires. Additionally, the *high sides” of some distribution substations
would need to be rebuilt to handle greater incoming current.

T4 Underground Transmission System - This alternative would be laid out in a grid configuration similar
to that of Alternative T-1. Transmission lines would all be underground and would be energized at 230
kV, rather than 115 kV. A 230 kV underground system would not have significantly more capacity than
a similarly configured 115 kV overhead system. Rather, the increased voltage would compensate for
the power flow limitations of underground technology. New facilities that would be required under this
alternative would be similar to those discussed under Alternative T-1. All distribution substations would
have to be reb\i_ilt and some pumping stations for oil coolant would be required at or between
substations. Puget Power has indicated that such an alternative might be built with additional grid
clements to provide greater reliability given longer répair times for underground systems.

122 Distribution Alternatives

Background Bellevue is currently served by 12 kV (kilovolt) distribution lines, except for the Central Business
District in which newer buildings are served by 34 kV distribution. From each substation, there are generally
4-5 main 12 kV feeder lines that supply its arca. Each feeder generally carries approximately 6 MVA over a
distance approximately halfway to an adjacent substation.. The capacity of each of these lines is limited.

In order to increase its capacity, a line either has to be shortened or its voltage must be increased, In order for
this system to serve anticipated additional load in the future, therefore, one of three things would need to

happea.

0 Mdre distribution substations could be added between existing substations, which would have the effect
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of shortening existing distribution knes

The same number of lines of the same length could be kept, but their voltage would have to be
increased. ' .

More lines of the same length and voltage could be added between existing substations.

The following distribution alternatives each incorporates one of the above methods of handling the increased load
that is anticipated as a result of projected growth in the Bellevue area.

D1

12 kV Lines with 25 MVA Substations - This alternative would keep the distribution voltage at 12 kV

and the capacity of most substations at 25 MVA. (MVA stands for Megavoltamperes and is a measure
of the rate at which electricity is delivered.) This alternative would require the addition of 9 new
distribution substations throughout the Bellevue area. Rather than increase the power that any given
substation would have to distribute to the surrounding area, the power of each substation would remain
the same, but additional substations would be added to handle the additional load needed to serve area
growth.

34 kV Lines with 50 MVA Substations - This alternative represents one of two ways to serve anticipated

growth in the arca without construction of new distribution substations. Under this alternative, all
existing 12 kV distribution lines running from the expanded substations would need to be rebuilt to 34
kV configurations. 34 kV lines are capable of carrying greater loads over similar distances or similar
loads over greater distances than 12 kV lines. No new distribution substations would be needed, but
seven existing substations would need to be rebuilt and expanded to step down from the transmission
voltage to 34 kV.

12 kV Lines with 50 MVA Substations - This alternative is another method of serving additional

projected demand with limited or no construction of new distribution substations. Under this alternative,
approximately 12 substations would be converted from 25 MVA to 50 MVA configurations. However,
rather than the additional power handled by each substation being distributed by increased distribution
line voltage, additional distribution lines at the existing voltage of 12 kV would be added. Substation
expansions under this alternative would differ from those associated with Alternative D-2 in that rather
than adding transformers to handle different voltages, additional transformers would need to be added
to handle more wires of the same voltage.

Methods to Reduce Peak Demand - One approach that needs to be taken into account in any comprehensive
- discussion of providing electrical power to the Bellevue area over the next 20-30 years is that of conservation and
other methods to reduce peak electrical demand. Puget Sound Power and Light Company has an active
conservation program in place currently and anticipates increased conservation practices over the life of this plan.

Such methods of reducing peak demand and, hence, peak loads are not discussed in this EIS as full alternatives.
This is because the usual effect of such programs would be to delay the time when additional generation,

transmission, or distribution facilities are needed. Only in rxare circumstances when ap area was nearly as
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developed as it ever could be, would such practices actually eliminate the need for a given facility or groap of
facilities.

13 Impacts

The impacts of the Alternative involve tradeoffs between the three méjor arcas of impact discussed, Utility
Service, Land Use/Aesthetics, and Human Health.

The transmission system alternative which provides the best performance for utility service reliability, T-4 -
Underground Transmission System, also has the highest cost: It has the least land use and aesthetic impact and
the greatest potential for reduction of exposure to Electromagnetic Fields which are a potential health concern.

The distribution system alternatives each have tradeoffs between developing additional substations in residential
areas and providing less reliable or higher cost electrical service. '

Utility Service

The analysis in the EIS looks at the transmission and distribution system alternatives in terms of reliability of
electrical service, given projected increases in demand, the relationship with the regional system, the flexibility
of providing service in the future beyond the time period of the demand projections and the flexibility to respond
to growth rates less than projected. '

Comparison of Transmission Alternatives:

Reliability: The capacity the electrical system is designed to provide is directly related to the reliability criteria
which determines the extent of redundant or "backup” facilities needed. Puget Sound Power and Light Company,
like most of the electrical utility industry, designs and operates their systems to achieve economical and reliable
delivery of service to their customers. Reliability is often measured by an operating condition commonly
referred to as “N minus 1°. What this means is that if the total system of a number of facilities is referred to
as “N", the system would still be able to serve all the load of customers even with the loss of one of those
facilities.

All of the transmission alternatives could be designed to an *N minus 1" standard. The likelihood of outages
causing loss of service is theoretically the same under any of the alternatives. The difference between the
alternatives is primarily economic and environmental cost.

Each of the alternatives does vary in the potential for providing greater than N-1 service. In situations such as
particularly heavy storm events, it is not unusual for more than one facility on a system to go down, resulting
in service losses for end users. In comparing the alternatives when such service losses do occur, Alternatives T-4
Underground Transmission would be the most reliable alternative because it is less subject to failure due to the
primary causes of outage for cvernead lincs such as falling trees and lightning strikes. It wouid also be more
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reliable if built in a denser grid because it-meets a higher standard than N-1. The next reliable would be T-1
Overhead Grid because portions of the grid system proposed actually meet a-greater than N-1 criteria over the
projected demand. Because of the grid, any outage would affect fewer end users because the system is broken
into smaller units. More end users would be affected by outages that would occur under Alternatives T-2 and
T-3, the two radial alternatives. This is because each line in the existing Puget Power radial system serves more
end users than each line in the grid system.

Reliability During Construction of the System: In terms of the reliability of the system during construction of

new or expanded facilities, each of the altcmatxves could be built without affecting rellabxhty The primary
differences would be in the cost and effort involved. Alternative T-1 would offer the least complications for
reliability during construction. Existing facilities would not have to be shut off during construction of new or
expanded facilities. The exceptions would be major upgrades of existing substations to add switching stations.
Alternative T-3, the 115 kV increased current alternative, would be less easily converted. than Alternative T-1,
but would be easier than the two 230 kV alternatives (T-2 and T-4) which would need to replace both
transmission lines and rebuild distribution substations, Most, if not all affected substatlons would have to be
taken out of service for some porllon of the construction penod '

Relationship with the Regional Power System In terms of the regional power system, the primary issue relating
to the transmission system in the Greater Bellevue Area is that of north / south power flow through the system.
In other words, the ability for power that is not needed in the Bellevue area to flow through the area relatively
unimpeded is one aspect of system function that concerns power planners. In the case of a regional transmission
failure, the grid system under Alternatives T-1 and T-4 would establish multiple parallel paths through the
system, “pass through® power would be split between many li@es, reducing the impact and operational
dependence on any one line. It is not clear however, that given normal demands on the transmission system to
serve local loads, that significant capacity would be available for regional transmission.

Flexibility of System to Expand to Serve Loads Greater Than 680 MVA: In terms of the flexibility of the system
to handle loads greater than 680 MVA (if/wheh projected growth is exceeded), all alternatives other than the
underground alternative (T-4) would ultimately be similar. Under Alternatives T-1, Overhead Grid and T-4,
Underground Grid, considerable capacity is available beyond the projected demand of 680 MVA. For T-1, Puget
Power has estimated a capacity of 965 MVA. Any expansion beyond that level of demand would consnst of

convcrlmg this grid system to a 230 kV configuration.

‘To upgrade Alternative T-2, the 230 kV radial systcin alternative, the most effective means of implementation
would be to convert it to a grid configuration. Whether the starting poiat is to develop a grid system or to
upgrade. to 230 kV, the same ultimate system configuration would occur. However, the horizon date at which
a full 230 kV grid would be required would be considerably beyond the planning horizon.

Alternative T-3, the 115 kV expanded capacity radial system, could be upgraded by either route, convertmg the

radial system to 230 kV or converting the higher capacxty 115 kV systcm to a gnd before ultimately ending up
wﬂhwa 230 kV grid system. » o »

-5



Because of the high cost and relative difficulty of rebuildiug an underground system, Alternative T-4 would be
somewhat less flexible than the first three alternatives. If the capacity of this system were exceeded, additional
circuits would be required. ‘

Flexibility of System to Delay Construction to Handle Loads Less Than 680 MVA: In terms of the effect of the
alternatives on system flexibility to delay construction if load growth is slower than expected, the two 115 kV

alternatives, Alternatives T-1, 115 kV Overhead Grid and T-3, 115 kV, Increased Current Radial System, provide
the most flexibility. ‘Under either of these alternatives, the system could evolve slowly from the current
configuration to the planned configuration. Under Alternative T-1, new facilities or facility upgrades could be
added slowly as demand grew in particular parts of the area, creating backup capability and capacity as it was
needed. ‘

With the two 230 kV alternatives, on the other hand, major portions of the system would need to be r'econﬁgured
simultaneously. For T-2, for example, entire transmission lines and all of the substations fed by them would
‘have to be reconfigured at the same time and energized at the same time. This same phenomenon would occur
with the underground alternative (T-4) for the same reasons.

Distribution System

Reliability As is the case with the Transmission Alternatives, all of the alternatives are theoretically similarly

reliable. As with the transmission alternatives, the measure of reliability discussed in this EIS is how many end

users are affected when more than one component on the facility is out of service and a loss of service is

-experienced. Alternative D-1, the 12 kV line, 25 MVA substation alternative, would experience the least impact

in the case of such an outage because each individual distribution line would be shorter than those under the .
other two alternatives and would serve the least number of end users. As such, outages are anticipated to affect

fewer people than under the other two alternatives. Alternative D-3 (more 12 kV lines), would be slightly less

reliable than Alternative D-1 only because there would be slightly more people served by each line.

Reliability During Construction of the System Alternative D-1 and -2 D-3 would involve less disruption to the -
system during the transition to the new system, because they would utilize the cﬁsting 12kV distribution system.
Also, existing substations would not have to be taken out of service while new substations were being built.
Alternative D-2 would require significant expansion and/or reconstruction of existing substations. Alternative D-3
would require expansion of substations, but would not require changing the distribution voltage.

Flexibility of System to Expand to Serve Loads Greater Than 680 MVA or to Delay Construction to Handle
Loads Less Than 680 MVA Any of the Alternatives could be expanded to handle greater loads than the

projected 680 MVA. The greatest flexibility is provided by alternative D-1 in which additions are made in
discreet units of standard substation size. The larger service areas of substations and the lack of compatibility
with the existing system limit the flexibility of the other two distribution alternatives.

As was the case with the transmissicn altematives discussed above, the two altcrnatives that involve expanding
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the capacity of the system without changing.voltage car be phased in much more slowly and responsively than
the alternative that does involve increasing voltage. Alternative D-1 can defer increasing capacity by only adding’
substations when they become necessary. Similarly, under Alternative D-3, substations could be expanded and
feeder lines added as the need arises. It would not be. necessary to reconfigure the entire system at once.
Conversely, with'Alternative D-2, the 34 kV alternative, essentially the entire portion of the system that was to
be upgraded would have to be upgraded at once.

Land Use and Aesthetics

Impacts on land use and aesthetics are related because the perceptions of electrical facilities such as transmission
lines or substations are the primary means by which the presence of facilities can affect land use choices.

Land use impacts of transmission and distribution facilities are likely to be based on the perceived aesthetic
impacts of poles and wires, and substation, the perceived health impacts of electromagnetic fields and the
perceived impacts of radio and television interference.

Specific features of the proposal likely to produce aesthetic and land use impacts include:

1) Location and character of new transmission lines,

2) Alteration of the size or configuration of existing transmission lines,
3) New substations or switching stations
4) * Alteration to existing substations or switching stations.

Impacts will relate to the design of facilities and choice of materials. There are a variety of cost and engineering
tradeoffs as well as aesthetic tradeoffs between the options.  Semsitivity of viewers in office, retail or industrial
land uses generally relates to the existing character of the arca and the amount of time a viewer is exposed to
. aview.

Generally speaking, the visual imi)acts of transmission lines can be considered greatest in natural or open space,
somewhat lower in residential areas, but may be affected by the extent of vegetation or other amenities. Impacts
in retail, office, and industrial areas depends largely on the character of the environment but generally will be
less.

Impacts of substations and switching stations are more localized than the corridor impacts of transmission lines.
The extent to which new substations are perceived as a visual or land use intrusion are likely to be related to
the surrounding land uses, the scale and appearance of substation facilities and the extent of landscaping or
buffering provided. The visual impacts of facilities in substations can be reduced considerably by screening and
Iandscapmg Where substations already exist, they may be accepted as features of the cmstmg environment. In
those cases, expansions may not be regarded as a significant new intrusion.

€cmparison of Impacts of the Alternatives



Alternative T-1; 115 kV Transmission Grid: This alternative will have more necw transmission corriders, more
new substations and switching stations than the other alternatives. As such, it can be expected to have the
greatest aesthetic and land use impacts of the alternatives. '

Alternative T-2: 230 kV Overhead Radial System: This alternative will retain the existing radial system

configuration and increase transmission voltage to 230kv. No new switching stations would be added. The .
existing transmission lines would be upgraded with taller supports and larger conductors to accommodate the
higher voltage.

Compared to Alternative 1, Land Use impacts of transmission lines will be less because of the avoidance of
approximately 10 miles of new transmission lines. Land Use impacts from perceived visual impacts of the Iargcr
poles on existing transmission lines is likely to be shght

New Switching stations would -be avoided as would expandcd substations for switching equipment. To ubgrade
to 230 kV, rebuilding of the high side of the substation. This could require expansion of the substations
depending upon the existing configuration.

Alternative T-3; Expanded Capacity 115kv Overhead Radial System: Compared to Alternative 1, Land Use
impacts of transmission lines will be less because of the avoidance of approximately 10 miles of new transmission

lines. " At the worst case, larger poles and insulators and/or closer spacing of poles would be required. Land
Use impacts from perceived visual impacts of the larger poles on existing transmission lines is likely to be slight.

New switching stations and expanded substations would be avoided as with Alternative 2.

Alternative T4: Undel_'ground Transmission System: Thls ahernauvc would eliminate overhead transmission
lines and the associated aesthetic impacts.

All substations in the system would require expansion to accommodate the pumping and cooling facilities for

oil filled transmission lines. The same switching stations and expansion of substations to accommodate switching
as proposed in Alternative 1 would be required. In the long term, an third transmission line feed would likely -
be provided to many substations in order to provide redundancy because of the long repair time required if
underground transmission lines fail. . This would require expansion of most substations to add space for circuit
breaker switching,

Alternative D-1: 25 MVA Substations with 12.5 kv Distribution: This alternative would add approximately nine-
new substations throughout the city. All of the impacts of new substation construction would occur. Because
most of the city is residential, and most of the city is developed a majority of these substations would likely be
developed in or near to single-family neighborhoods.

Alternative D-2: 50 MVA Substations with 34 kv Distribution: This alternative would add no new substations.
Existing Substations would require expansion in order to accommodate additional distribuiion transformers. in
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- some cases, this may be accomplished within the existing substations.  As a worst case, the substations affected
would require expansion of perimeter fencing and may require acquisition and displacement of adjacent land
- uses. The difference in aesthetic character of 34 kv rather than 12.5 kv underground and overhead distribution
feeders is unlikely to be noticeable to most observers.

Alternative D-3; 50 MVA Substations with 12 kv Distribution; This alternative would add no new substations.
Existing Substations would require expansion in order to accommodate additional distribution transformers. In

some cases, this may be accomplished within the existing substations. As a worst case, the substations affected
would require expansion of perimeter fencing. Impacts would be similar to impacts of Alternative D-2.

Public Health

Many members of the public and the scientific community are concerned about the potential for Electromagnetic
fields from electrical transmission, and distribution lines and appliances affecting human health. Results of
epidemiological studies have indicated a potential link between proximity to certain types of electrical distribution
facilities and childhood cancer. ' |

Potential impacts of the alternatives relates to the strategies for reducing Electromagnetic Field (EMF) exposure
which generally are related to the level of current, or the flow of electricity within facilities.

Transmission Alternative T-1, 115 kV Overhead Grid System: With this system, the existing levels of EMF are
likely to increase in the future as the current in various transmission lines increases to accommodate additional
demand. The construction of a grid system allows higher loading in each link of the grid since less capacity for
redundancy is nceded than in the linked radial system. The resulting higher current would lead to an increase
in EMF levels. The maximum EMF levels would be experienced when segments of the system were out of
service and higher loadings occurred on the remaining segments. The addition of new transmission links would
result in additional EMF exposure along routes. The increase will depend on the design of new facilities.
Increases in EMF exposure must also be evaluated from the perspective of the existing EMF exposure from
distribution lines. '

Transmission Alternative T-2, 230 kV Overhead Radial System: With this hltemativc, the increase in the voltage

of the transmission system would reduce the EMF level for a given level of demand as indicated by the
comparison between cases "A" and "D" in Figure 3.19. The level of change from increasing voltage is estimated
by Puget Power at 30% to 40%. Actual levels would also depend on the specific design configurations of the '
transmission system. '

Transmission Alternative T-3, 115 kV Increased Current Radial System: This system would increase EMF levels

more than the other alternatives. This alternative would substantially increase the current on lines at the current
voltage. Since EMF levels are related primarily-to current, there would be substantial increases in EMF.
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~ Transmission Alternative T-4, Underground Transmission System: If installed using fluid filled pipe type cable,
this alternative would have the lowest EMF exposure from transmission lines of the alternatives. If a tighter grid
were constructed as has been suggested by Puget Power, additional exposure would occur from new transmission
lines. The EMF levels experienced from this type of underground transmission, however, generally are less than
the exposure from existing overhead or underground'distribution lines currently in place.

Distribution Alternative D-1, 12 kV Lines with 25 MVA Substations: The impacts of the alternative relate to
the development of additional substations. The magnetic fields in the vicinity of new substations may result in
locally higher magnetic ficlds depending on substation configuration. The character of magnetic fields near
substations is not clearly defined. It is likely that a higher incidence of transient fields would be expected.
However, the implications of transient fields are unknown.

Distribution Alternative D-2, 34 kV Distribution System: This alternative would reduce EMF by increasing
voltage and decreasing current.

Distribution Alternative D-3, 12 kV Lines with 50 MVA Substations: With this option, higher EMF levels would
result at the expanded substations and where new feeder lines are installed.

Background Information on Effects of Electromagnetic fields

Although there are electric and magnctic ficlds that are caused by natural phenomena, including electric fields
by the sun and magnetic fields by the earth’s molten interior, the electric and magnetic fields that are the focus
of health effects studies are primarily those associated with the use of electricity at home and in the work place.
These power frequency electric and magnetic fields occur when current is flowing through electric power
transmission lines, distribution lines, substations and household wiring and electrical equipment.

Concern over the possible human health effects from exposure to power frequency electric and magnetic fields
can be traced to Soviet research reports published in the late 1960s and early 1970s. These early
epidemiological studies indicated that Soviet workers in high-voltage power switchyards suffered from a number
of non-specific ailments. In the United States, scientific and public interest in this issue began to expand with
the publication of an epidemiological report in 1979 by Dr. Nancy Wertheimer and Ed Leeper. In this study,
childhood cancer was linked with proximity to certain types electrical distribution facilities in the Denver,
Colorado, area in a case-control epidemiological study. Within the past few years, the volume of power
frequency EMF effects research has expanded tremendously not only within the United States, but also in a
number of foreign countries, particularly in Sweden and Canada.

Epidemiology Studies of EMF Health Effects. Epidemiology is the study of the distribution of disease (or
illness) and factors related to the causes of disease (or illness) in human populations. Epidemiology relies on
the use and interpretation of statistical data. Epidemiology is useful in hazard identification and risk assessment
of environmental and occupational factors, because it provides real-world information on the target of such
assessments-people. '
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Epidemiologic data are often used to infer causal relationships. Generally, epidemiological studies

do not actually establish causality; actual proof is rarely attainable when dealing with envxronmental agents,
including carcinogens. Often, laboratory results demonstrating a mechanism for the results identified in
epidemiological studies is required prior to agreement upon a clear causal relationship.

In Epidemiological studies performed to date, a surrogate or proxy measure of exposure called "wiring
configuration code" shows an association between cancer risk and this crude estimator of exposure. This method
of estimating exposure describes and characterizes residences in a way that takes into account the distance, type,
and physical arrangement of overhead power lines near homes.

Results from studies still leave the role of EMF in the development of leukemia unclear. In geperal, studies have

indicated:

1) There is evidence of a relationship between wiring code and leukemia.

2) Little support for a relationship between measured magnetic field exposure and leukemia risk.
3) Support for a relationship between children’s use of some clectrical appliances and leukemia.

Currently, there is a great deal of attention and discussion focused on how to interpret these studies and on the
differences in risks observed when exposure is approximated by wire codes versus measured field values. It is
worth noting some of these issues:

. It could mean that the is no real risk posed by magnetic field exposure. Wire code results could really
reflect some other factor(s) (related both to cancer and wire code) that is the underlying but undetected
causal agent(s). Although wire code is correlated with average field strength, the correlation is not
strong. This means that wire code pfobably represents more than that particular exposure measure,
average field sircngth. Wire code may relate to other aspects of EMF exposure or to other agents
altogether, or to both. Ideas about other etiological factors have focused on socioeconomic status, traffic
density, or chemicals such as herbicides. Thus far, however, no confounding agent has yet been .

confirmed.

. It is also possible that some sort of methodological problem exists that introduces biases that produce
erroncous risk estimates. The method by which a random sample for control selection has been
criticized. :

. The measurements made of magnetic fields have limitations. Measurements have to be made after

cases are detected, that is, made after, not before, disease develops. The measurements that have been
made are short-term in nature (instantaneous up to 72 hours) not long-term (months to years); vary in
time; and are values for average field strength (because of available instrumentation).

It has been argued that wire codes may better represent the long-term exposure condition, Wire codes
are relatively stabic over time and most likely represent conditions present at the time disease began.
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They may also, in scme way, better capture the complex nature of EMF exposure (peaks, intermittency,
transients, and so forth) than does average field strength and therefore wire codes may better account
for true exposure than measurements of average field strength.

Occupational Studies of EMF and Cancer

Over 30 studies have dealt with cancer in adults occupationaily exposed to EMF. The majority of these studies
have reported a positive association between EMF exposure on the job and cancer. However, despite these
findings, epidemiological research has been unable to conclusively prove that electric and/or magnetic fields at
work causes cancer for a number of reasons.

Laboratory Studies of EMF Health Effects

Research on whole animals includes the investigation of pineal gland function and melatonin production, immune
system interactions and tumor /cancer initiation and/or promotion, behavioral modification and developmental
studies, and genetics and protein production.

Studies in Pineal Gland Function and. Melatonin Production

The pineal gland is a structure found in vertebrate animals (including humans) that secretes the hormone
melatonin. The pineal gland has been described as a "biological timekeeper” because it mediates information
- on the external light conditions (daytime and nighttime) that appear to control certain pﬁysiologica] responses
in both lower vertebrates and in humans. The disruption of normal circadian cycles is known to have negative
effects on various physiological processes; it is thus of great interest to clarify any potential cause-effect
relationship between EMF exposure and changes in these cycles. A number of investigators have demonstrated
that the function of the pineal gland of animals exposed to magnetic fields is altered.

A second major area of research concerns the potential effect of EMF on the immune system and whether EMF
could initiate or promote diseases such as cancer, or affect the immune response of animals in other ways. For
cancer initiation by EMF to be accepted by the cancer research community, it must be shown that magnetic fields
damage DNA. For cancer promotion to be demonstrated, it must be shown that the exposure to EMF (the
promoter) can cause both benign and malignant tumors to appear.

These research results indicate that there may be effects of EMF on systems related to cancer and the immune
system which warrant further inquiry, however the research results have not provided clear evidence of either
initiation or promotion of cancer growth.

Studies have shown that EMF does affect some aspects of these cellular processes to varying degrees, however,
the significance of these cell functions and the degree to which they may contribute to health effects is not
currently known.




Summary . . ¥,

Reports of biological effects of EMF are disturbing to some observers, but it is important to remember that all
these effects have not been found in any one animal or cell type, and that effects that occur in one animal or
cell type may not occur in other animal or cell types. A conclusion that these biological effects indicate a health
effect for one particular species (e.g., human beings) is therefore premature. In addition, the biophysical or
biological mechanisms that would explain how EMF interacts with living systems to produce observed effects are
still not understood. There is no definitive indication that EMF exposure does or does not cause adverse health
effects.

Windows Theory and EMF Transients

There is a great deal of uncertainty surrounding what aspect(s) of EMF exposurc présent arisk to human health.
For example, researchers do not know if the strength of the field, the change in field strength over time, the
currents induced in the body, or the local geomagnetic field are contributors to possible health effects. To help
determine which, if any, of these factors could contribute to health effects, scientists have turned to laboratory
studies with animals and cells. Two of the most recent issues concerning the risk of EMF exposure are focused
on "EMF windows" and "EMF transients”. ’

Windows Theory

Some research findings indicate that at a particular frequency, some field intensities produce a biological effect
while others do not. At the same time, if an effect is observed at a particular field intensity, the biological effect .
is eliminated if the frequency is changed. These window effects indicate that the paradigm "more is worse" does '
not apply with respect to field intensity. In other words, a higher field intensity does not neceésarily mean that
there will be biological effects.

EMF Transients

Transients are being investigated as one aspect of magnetic field exposure that may be biologically significant.
Transient fields have not been well defined, and the characteristics of transients from appliances and other
sources are not fully understood. The term "EMF transients” most often refers to those electric and magnetic
field characteristics that exist during sudden changes in power usage. Such transients occur. when electrical
equipment is switched "on" and "off" (e.g., electronically controlled devices such as light dimmers and motor
controls). The term "EMF transients" can also refer to the fact that the biological effect(s) of power frequency
EMF last only a short time. With this type of transient, the effect of EMF exposure results in an initial increase
in the response of the cell. This increase reaches a plateau and then gradually declines to either the normal state
or to some other steady-state, even though the field exposure remains the same.

The possible existence of frequency and intensity windows, and EMF transients makes it difficult to determine
what aspect(s) of EMF exposute could influence biological effects. Witk this realization has come an increase
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in exposure assessment research funding. Still, it may be some time before scieatists understand the EMF
exposure issue.

Risk Assessment

The concept of risk means different things to the expert involved in risk assessment and management and to the
general public.

Technical understanding of risk is generally based on a quantitative risk assessment. Risk assessment is the use
of facts to define the health effects of exposure of individuals or populations to hazardous materials and
situations. In the environmental health field, the result of the risk assessment process is then compared to a
regulatory standard that represents “tolerable risk”. This comparison is part of the technical process of risk
management. In risk management, policy alternatives are weighed and the most appropriate regulatory action
is selected. To define a risk justifies the expenditure of scarce resources, risk analysis may attempt to determine
a threshold above which risks are considered definitely unacceptable, and they may also conduct a cost/benefit
analysis,

In contrast to the technical understanding of risk, the public understanding of risk is based on the public’s
perception of risk, and on a determination of the acceptability of the risk.

Research and experience has shown that public responses to risk are based on how the majority of individuals
“feel” about the risks, rather than on some type of individual analytical process. Some experts believe that public
perception of risk is based on many factors. These may include prior experience with risks, prior belief about
risks, characteristics of the individual judging the risks, and qualitative facets of the risk-itself. Most experts
agree that there are a number of individual characteristics of risk or factors that significantly affect public
opinion.

The public appears to be increasingly concerned over the EMF health effects issue. In a recent presentation on

the public perception of the EMF issue, Dr. Chris Whipple suggested that there is an inherent distrust of

risk management institutions; EMF risks are associated with "dread” effects, and that these effects are "unfamiliar"; and
a fairness in the distribution of the risks and benefits is needed for public acceptance. Further explanation of this last
suggestion is that it refers to the fact that the perceived EMF risks from a transmission line are localized to a limited
number of people while a large number of people benefit from the line. Ox the other hand, the perceived EMF risk from
appliances is distributed among a large number of peopie and the benefits are similarly distributed among a large number
of people. This suggests that people may be concerned about the EMF risk from transmission lines than from appliances.

Mitigation Strategies
Prudent Avoidance

Ia response to concerns over heaith effects from the exposure to EMF, the controversial concept of "Prudcat Avoidance”
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has been set forth by Dr. Granger Morgan of Carnegie-Mellon University. According to Morgan, prudent avoidance is
the "idea of avoiding exposure to power-frequency electric and magnetic fields when it can be done at modest cost and
[with] kttle inconvenience. Prudent avoidance mieasures can be exercised by policy makers, utilities, and individuals in
response to concerns over possible health effects from EMF exposure. This idea has been praised and even adopted by
some as an appropriate response to EMF concerns, but others have not adopted it, partly because of a current lack of
knowledge and consensus about what level of EMF exposure might be considered as safe and the difficulty in determining
what a "moderate” cost may be in a particular situation. Without a basis for determining safety, it is quite difficult to
determine what a "modest cost" of reducing exposure to that risk might be.

Utilities may implement "prudent avoidance by implementing measures to limit human exposure to EMF for new power
lines and facilities. Some measures are very costly, others are less so. However, the lack of a scientific consensus or
regulatory standards for EMF make it difficult for utilities to justify increased rates to customers or regulatory bodies
for recovery of additional costs of avoidance of EMF exposure. Such requirements impose additional considerations on
the adoption of more costly EMF reduction measures , and therefore necessitates careful consideration.

Individuals may act prudently by dvoiding exposure to some common sources of EMF. For example, pregnant women
may wish to avoid exposure to electric blankets because some epidemiology studies indicate an increased risk from
exposure. If electric blankets are used, they can be turned on prior to going to bed and then turned off just before the
individual enters bed. Alternatively, there are now some "low field" electric blankets available. Similar prudent avoidance
measures exist for other sources of EMF exposure. '

Mitigation Through Design of Electrical Facilities

Al EMF mitigation options are governed by the laws of physics and may only occur in these ways:

. Increase the distance between the field source and the exposed subject, or
. Decrease the propagation of the magnetic field at or near its source.

Impacts and mitigation options apply to both electrical transmission and distribution systems. Magnetic ficlds vary
according to the current passing through the system. Because transmission systems tend to have higher current as well
as higher voltage, EMF levels tend to be higher. Distribution lines, however, are a much more common source of EMF
exposure. Most of the correlations of health effects with wire codes are based on the proximity of distribution system
clements.

Increasing the distance between source and subject is technically straightforward to implement: either place the lines
higher in the air; or increase their horizontal distance from people. The first case requires building higher
poles/structures. The second option requires wider rights-of-way. Increasing pole height and widening the rights-of-way
may be possible for new power lines, but difficult and expensive to retrofit.

Several possible options exist for decreasing the propagation of magnetic fields. One option is to reduce the magnetic
fields emanating from the power conductors by field cancellation. .

Field Cancellation is one way to capcel magnetic fields by positioning load-carrying conductors so that the magnetic fields

from the conductor phase is opposed by the magnetic fields of other phases. This becomes possible when multiphase
(three, six, or twelve) transmission and distribution lines are located on the same structures or are very close to each
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other. For single circuits, this situation is optimized when the conductors are located at 60 degrees, from each other in
a vertical delta configuration. For double circuits, split phase, locating the various phases as close to a circle as possible,
with similar phases in opposing quadrants gives best results.

With proper consideration to safety, another way to cancel fields is to place distribution circuits under transmission
circuits. This will reduce the overall magnetic field exposure to subjects on the ground. For maximum field cancellation
of the magnetic ficlds, the current flows should be balanced and flowing in the same direction.

Phase spacing is also used in reducing magnetic ficlds from underground lines., Simply burying transmission or

distribution lines does not eliminate or sigpificantly reduce magnetic fields. To achieve a significant reduction in magnetic
ficlds requires undergrounding in a steel pipe filled with fluid, as depicted in Figures 3.19.1. The magnetic field reduction
is due to cancellation from the phase spacing and not shielding. -

Reducing propagation through shielding is generally not yet feasible. To date, economical options for shielding have not
been developed. '

I-16




2.0 DESCRIPTION OF THE ALTERNATIVES

21 Objectives of the Proposal

The objective of the proposal is to create a list of necessary electrical transmission and distribution facilities
and a set of related policies. These will guide provision of adequate electrical power to meet the needs of '
projected growth in the Bellevue area. By creating this set of policies and a schematic system map, the
proposal will also meet the requirements of the State of Washington Growth Management Act.

22 Proposed Policies and System Alternatives

Between October of 1991 and May of 1992, a Citizen’s Advisory Committee (CAC) examined the issues
associated with provision of several private utilities to serve anticipated growth in the Bellevue area. Given
recent controversy over siting of new clectrical transmission lines and substations, the CAC spent a
significant amount of time dealing with issues associated with the provision of electrical power to the greater
Bellevue area. After spending many meetings discussing issues ranging from electric service reliability,
aesthetics, costs, iechnological options, and potential human heaith impacts attributed to electrical and
magnctic fields (EMF) associated with electrical transmission and distribution equipment, the CAC created a
set of recommended policies to be forwarded to the Planning Commission and, ultimately, to the City
Counicil for adoption.

The policies that are directly or indirectly related to electric power facilities as recommended by the Plannihg

Commission on March 5, 1993 are reprinted following page I1-9. The Draft EIS contained recommendations
of City staff where it they differed from the CAC recommendation. Major differences between the Planning

Commission, City staff recommendations and the recommendations developed by the Citizen Advisory
Committee occur in the following areas: the CAC recommendation does not include a system map; Planning
Commission, and City staff recommendations include a system map (equivalent to Alternative T-1, below);
the CAC, recommended a policy which gives equal weight to a number of criteria for provision of utilities
which is included in the Planning Commission recommendation; the City staff recommended prioritizing

- reliability and cost as first priorities both the City Staff and Planning Commission recommend that the
sequencing of implementation of components be determined by the utility; the CAC recommendation calls

for avoidance of school and residential areas in the siting of new transmission lines and substations which is

included in the discussion of Planning Commission Policy P-19; the City staff recommended deletion of the
policy. ' '

23 System Alternatives

In addition to these recommended policies, an objective of this planning process is to comply with the
Growth Management Act by creating a list of electrical facilities that will be necessary to provide adequate
electrical power to the Bellevue area to the year 2020. This list of aecessary elecivical wransmission and

-1



distribution facilities would not te so specific as {o locate specific transmission line routes or substation
locations, but would schematicaily illustrate the types of necessary facilities and general areas where they
would be needed. The intent of adopting such a system plan and list of facilities would be 1o create greater
predictability in locating necessary facilities for both Bellevue neighborhoods and the affected utility, Puget
Power. Although there would continue to be issues associated with specific siting and routing of individual
facilities, the question of the need for the facility would be settled at this planning level. This EIS analyzes
several alternative system plans that would achieve this objective.

For the purposes of this analysis, the alternatives have been separated into Transmission Altcrnatives and
Distribution Alternatives. The four transmission alternatives deal with delivery of power to the distribution
substations, from which distribution lines carry power to the end users. The transmission alternatives involve
different numbers and configurations of transmission lines, transmission substations, and switching stations. -
The distribution alternatives invelve different numbers and configurations of distribution lines, distribution
substations, and pole or pad mounted transformers that reduce voltage to that which is finally delivered to

the end user.

. The following are descriptions of cach transmission alternative and each distribution alternative. In thinking
about how these alternatives would function, it is important to note that although they are electrically
connected, any of the transmission alternatives are compatible with any of the distribution alternatives,
and vice versa. In other words, any one of the transmission alternatives could be combined with any onc of
the distribution alternatives to form a complete and functional system. It should be noted that each of these
altcrnatives has been developed to handle a projected planning horizon year (approximately 2020) peak load

-of approximately 680 Mega Volt Amperes (MVA), a common measure of electrical capacity and load.
Existing peak load for the same Bellevue service area is approximately 475 MVA. See Appendix B, "Electric
Facilities Plan for the Greater Bellevue Area” for a more detailed discussion of the growth assumptions this
projected electrical demand is based on.

2.3.1 - No Action Alternative

In the context of this proposed Comprehensive Plan Update, a No Action Alternative would not mean that
no electrical facilities would be built. Rather, it would mean that no Comprehensive Plan element would be
adopted for dealing with the electrical transmission / distribution system and provision of this utility would
continue as it has in the past. It is assumed that under such a scenario, Puget Sound Power and Light
Company, the private utility that provides electric service to the Greater Bellevue Area, would continue to
attempt to secure permits for those facilities it deemed necessary to continue to provide electrical power to
the arca. The system that Puget Power has proposed consists of the transmission system discussed under
Alternative T-1, below, and the distribution system discussed under Alternative D-1, below. Therefore, it is
assumed that a No Action Alternative would essentially be a scenario under which the facilities in those
alteérnatives=would be constructed, but without the guidance and predictability offered by inclusion in the
Cdmbrehensive Plan . A No Acticn Alternative, therefore, would be substantively the same as Alternatives T-
1 and D-1. ' ' '

iI-2




CLvoe .
HLL gy NE 2d T
i

ROSE HILL

.

baink Ay

SPIRITBROOK

Sy - N
NE Sinh EVEROREE

s 4

Z MEDINA

B i

= Eg

< .

= ot

= OVERLAKE >

e G
=

LOCHLEVEN

NORKTHRUP

NORTH
BELLEVLE

CENTER

SOUTH
BELLEVUE

LAKESIDE

KENILWOKTH

LAKE HILLS 8

OALLEGE

’__

¥ To ssurrLETON

o &I E

pe— T

vy

® pitribaiion Subrtation
A sercniegsutio

I Danmnision Substation |
— 115 kv Electrical Tranzmkaion Line

~\- Normaily Open Switch

LEGEND : k\‘

TO LAKE

(wnless otherwise notad) TRADITION

City of Rellevue _
Comprehensive Plan
Utilities Element
Electrical Utility

——

-3

FIGURE: 2.1
Greater Bellevue

Existing, Puget Power Transmissivii

Facilities




23.2  Transmission Alternatives

Existing System - The existing transmission system is depicted in Figure 2.1. This system serves not only
Bellevue but portions of Kirkland, Redmond, Issaquah and unincorporated King Co.

Power is delivered to the Bellevue area [rom distant gereration sources to Puget Power’s 230 kV
Sammamish Substation in Redmond and 230 kV Talbot Substation in Renton. Each of these substations
lowers the voltage to 115 kV, where it is then passed through multiple 115 kV transmission lines to
distribution substations serving a service area from Kent to Bothell. In the Bellevue area, the Sammamish
Substation directly feeds several 115 kV transmission lines, which each supply several distribution substations
(from which end users ultimately get their power). At the southern end of the system, 115 kV transmission
lines run from the Talbot Substation to the Lakeside Switching Station in the Factoria area, from where
several 115 kV transmission lines link up with those coming from the Sammamish Substation. . Most of
these lines extend from the Sammamish Substation 10 the Lakeside Substation. However, each of these lines
is broken into at least two sections by a switch which is normally open somewhere between the two'
substations. Therefore each line section is considered as operating as a "radial” line. An exccption is the
Phantom Lake line from the Lakeside Switching Station. The far end of this line does not connect to any
substation and is therefore truly a "radial” line.

T-1 ° 115 kV Overhead Grid System - This alternative (see Figure 2.2), developed by Puget Sound Power
and Light Company, would add capacity to the system by linking together currently unconnected

portions of the existing network, rather than by increasing the voltage or current carrying capacity of
the existing system. This alternative would transform the existing radial system into a.grid by adding
switching stations and new transmission line segments. This alternative includes enhancements of
three existing distribution substations to add switching capabilities, creation of two new switching
stations, creation of seven new transmission line segments (totaling approximately 10 miles),
upgrading the Lakeside Switching Station to add 230 kV facilities , and upgrading of one major
trunk transmission line from 115 kV to 230 kV. Puget Power has calculated that this proposal has
the capacity to serve a demand of 965 MVA. The sequence of developing new facilities has been
developed by Puget Power to make maximum use of existing facilities and to built the least
expensive 'improvemcnts, largely transmission line links, prior to more expensive facilites such as h
switching stations.

T-2 230 kV Overhead Radial System - Under this alternative ,the system would remain in essentially the
same radial configuration that exists today. No new switching stations would be added and no new
transmission lines would be added. However, the entire existing 115 kV transmission system would
be rebuilt to a 230 kV capacity in phases. Each existing 115 kV transmission line would be replaced
by a 230 kV line and each distribution substation would bave to be expanded and rebuilt to be able
to step down from 230 kV to the distribution voltage, rather than from 115 kV to the distribution
voltage, as is currently the case. This would require the 'rebuilding of approximately 36 miles of
transmission lines zad 14 distribution substations on portions of the system expected to experience
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increases in demand. Finally, the 230kv facilities at the Sammamish and Lakeside Substations, the
transmission substations at each end of the system, would have to be expanded to accommodate the
increased number of 230 kV lines

115 kV Increased Current Radial System - As with the 230kv Altcm;ativc, under this alternative the
system would remain in essentially the same radial configuration that exists today. No new switching
stations would be added and no new transmission lines would be added. About two thirds of the
existing 115 kV transmission system would be rebuilt to a higher capacity configuration in phases.
For those sections, existing 115 kV transmission line wires would be replaced with higher capacity
wires. Where larger wires are installed lines would have to be rebuilt with stronger (bigger) poles
and gencrally spaced closer together than current polesc. Additionally, the end structures at the
"high sides” of some distribution substations would need to be rebuilt to handle greater incoming
current. Il has not been determined at this time which transmission lines would need to be

reconductored and re-wired under this alternative, nor which substations would need alterations.

Specific power flow analysis would have to be conducted to identify specific upgrades if this
alternative is adopted into the Comprehensive Plan. It is possible for the conversion to higher
current to be phased in as individual sections of transmission line reach capacity and the entire
system would net have to be converted at once.

'Underground Transmission System - This alternative would be laid out in a grid configuration
similar to that of Alternative T-1. (Puget Power has suggested that a grid system with additional

links might be developed for an underground transmission system based on longer repair- times for
repair of underground transmission lines.) Replacement of sections of transmission line could be
phased for installation in complete circuits: The new transmission lines would all be underground
and would ultimately be energized at 230 kV, rather than 115 kV. The higher voltage would be
necessary because of limitations inherent in underground technology that limit the power flow
through underground cables. A 230 kV underground system would not have significantly more
capacity than a similarly configured 115 kV overhead system. Rather, the increased voltage would
merely compensate for the power flow limitations of underground technology. New facilities that
would be required under this alternative would be similar to those discussed under Aliernative T-1.
The primary differences would be that all new transmission lines would be underground, rather than
built overhead. All existing transmission lines would have to be replaced with underground lines, all
distribution substations would have to be rebuilt with a high side operating at 230 kV and to
accommodate underground transmission, the Sammamish and Lakemont transmission substations
and the Lakeside switching station would need to be expanded to accommodate underground lines,

(assuming the Talbot to Lakeside transmission line is upgraded to 230 kV) and some pumping

stations for cooling oil would be required at or between substations. It is assumed that all

" underground lines would be enclosed in fluid-filled, high pressure cable. (A grid with additional

links as suggested by Puget-Power also could include development of a mini-switching station at each
substation to serve three to four rather than two incoming transmission lines at distribution
substations.” Urder such a tighter grid, approxamately 40 miles of additional underground

I1-6
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transmission line would be constructed. Since Puget Power has not developed such underground
systems, it is likely that such a system represents a worst case that could be modified considerably to

climinate redundant elements.)

233 Distribution Alternatives
Existing System - There are currently 22 distribution substations in the Greater Bellevue Service Area (see
Figure 2.1). They are largely 25 MVA substations that distribute power to end users at 12 kV. The exception
to this rule is the Bellevue Downtown area, in which newer buildings are served by distribution line voltage -
of 34 kV from two 50 MVA substations. For each of the 25 MVA, 12 kV substations, there are gencrally 4-
5 main 12 kV feeder lines that supply the area served by the substation. Each feeder generally carries
approximately 6 MVA over a distance approximately halfway to an adjacent substation. The capacity of each
of these feeder lines is limited. The limited capacity of distribution lines is a major factor in the spacing of

substations.

In order to increase its capacity, a linc either has to be shortened or its voltage must be increased. In order
for this system to serve anticipated additional load in the future, therefore, one of three things would need to

happen.

o More distribution substations could be added between existing substations, which would have the
effect of shortening existing distribution lines ' - :

0 The same number of lines of the same length could be kept, but their voltage would have to be
increased. ) ‘

0 More lines of the same length and voltage could be added between existing substations.

The following distribution alternatives each incorporates one of the above methods of handling the increased
load that is anticipated as a result of projected growth in the Bellevue area.

D-1 12 kV Lines with 25 MVA Substations - This alternative would keep the distribution voltage at 12
kV and would require the addition of 9 new distribution substations throughout the Bellevue area.
Rather than increase the power that any given substation would have to distribute to the surrounding

area, the power of each substation would remain the same, but additional substations would be
added to handle the additional load needed to serve area growth. A similar number of feeder lines
would run from each existing substation, but they would be shorter in length than those existing
today.

D2 34 kV Lines with 50 MVA Substations - This alternative represents the option of increasing voltage
to increase distribution line capacity. This allows service to anticipated growth in an area without
construction of new distribution substations. Under this alternative, no new distribution substations
‘would be needed, but seven existing substations would need to be physically expanded and
electrically rebuilt and to step down from the transmission voltage to 34 kV, rather than to the
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existing 12 kV distribution voltage. Additionally, these seven substations would need to be expanded
to be able to distribute 50 MVA of power, rather than the current 25 MVA configurations.
Generally, this would mean an additional transformer or bank of transformers would need to be
installed. All existing 12 kV distribution lines running from the expanded substations would need to
be rebuilt to 34 kV configurations. 34 kV lines are capable of carrying greater loads over similar
distances or similar loads over greater distances than 12 kV lines. In the areas converted to 34 kV,
all underground cables, insulators, switches, fuses, lightning arrestors, transformers, and other
equipment would need to be replaced. Finally, approximately nine other distribution substations
would need to be expanded 1o handle both 12 kV and 34 kV distribution lines, so that the Bellevue
system could connect back in to the rest of the systém, which would still operate at 12 kV. Some
pockets of the existing 12 kV distribution could remain for many years under this alternative,
particularly in the Lake Hills area and in the Clyde Hill / Point Cities areas.

The idea behind this 34 kV alternative is that projected load growth would be served by a similar
number of lines to today’s system, cach covering a similar length, but energized at -a higher voltage.
Each of the 34 kV substations would typically have four 34 kV feeder lines, which would each carry
12 MVA over a distance of approximately one mile. In the substations with both 12 kV and 34 kV,
there would also be four 12 kV feeder lines, each of which would carry 6 MVA over a distance of
approximately .6 to .7 milcs.

12 kV Lines with 50 MVA Substations - This alternative is another method of serving additional

projected demand with limited or no construction of new distribution substations. Under this
alternative, approximately 12 substations would be converted from 25 MVA to 50 MVA
configurations. However, rather than the additional power handled by each substation being
distributed by increased distribution line voltage, additional distribution lines at the existing voltage
of 12 kV would be added. Substation expansions under this alternative would differ from those
associated with Alternative D-2 in that, rather than adding replacing 12 kV transformers with 34 kV
transformers to handle different voltages, additional transformers would need to be added to handle

‘more feeders of the same voltage. One potential difference is that a new substation in the Bridle

Trails and Lakemont areas might still be necessary under this alternative (they would not be
necessary under Alternative D-2) because the spacing of existing substations may be too great to
operate under this alternative with only existing substations. Under this alternative, existing

distribution lines would not have to be replaced, but additional lines at the same voltage would have-

to be installed. Each distribution substation that would have to be rebuilt would typically include a
total of 10 underground feeder lines energized at 12 kV and covering a distance of just under one
mile in length.

Methods to Reduce Peak Demand - One approach that needs to be taken into account in any

comprehensive discussion of providing electrical power to the Bellevue arca over the next 20-30 years is that
of conservation and other methods to reduce peak electrical demand. Puget Souad Power and Light
Company has ar active conscrvation program in place currently and anticipaies incf¢ased conservation
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practices over the life of this plan. Additional methods of reducing peak demand include load sheddingl

and fuel switchingz.

Such methods of reducing peak demand and, hence, peak loads are not discussed in this EIS as full
alternatives. This is because the usual effect of such programs would be to delay the time when additional
generalion, transmission, or distribution facilities are needed. Only in rare circumstances when an area was
ncarly as developed as it ever couid be, a condition known as “buildout”, would such practices actually
eliminate the need for a given facility or group of facilities. In Bellevue, it is anticipated that more aggressive
methods of reducing peak demand might cause the projected 30 year facilities plan to become a 40 year plan.
Conversely, less aggressive or ineffective programs might result in the 30 year plan actually being a 20-25
year plan. Since the focus of this plan is where facilities would be needed in the Bellevue area, these methods
are not treated as a full alternative. Throughout this document, the effect that methods of reducing peak
demand would have on impacts to specific elements of the environment will be discussed. It should be noted
that fairly aggressive reductions in peak demand are assumed in calculating the projected 30 year demand of
680 MVA. For more discussion of thesc assumptions, please refer to page 7 of Appendix B.

! Loadshedding is a method of reducing demand during periods of peak load. An example of
loadshedding would be a program whereby power to all water heaters in a certain geographical area
would be shut down for certain hours of the day during certain times of the year. since electrical
facilities are designed to handle peak loads, not average loads, such methods of reducing peak demand
tan reduce the need for new generation, transmission, or distribution facilities,

.2 Fuel Switching pregrams are programs i which utilities and/or governments subsidize and encourage -
swiiching to non-electrical technologies. . An example would be a utility paying for conversion from
electric water heaters to gas water heaiers or clectric space heating to gas.
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NON CITY-MANAGED UTILITIES
Electrical Lines

Puget Power builds, operates and maintains the
electrical system serving the City of Bellevue.

~ Puget Power is a private, investor- owned utility
with the responsibility for providing service to
over 750,000 customers in a nine county service
area. The system serving Bellevue is part of a
larger service area called the "Greater Bellevue
Area" which is roughly an area between Lake
Washington and Lake Sammamish. The area
includes the entire cities of Bellevue, Beaux

. Arts, Medina, Hunts Point, Yarrow Point and
Clyde Hill. This area also includes portions of
Kirkland and Redmond and small portions of
unincorporated King County.

Puget Power imports electrical energy from
seneration sources in Canada, on the Columbia
River and from other generation sites inside
and outside of Puget Power’s service territory.

Based on population and employment forecasts
for the next 20-30 years Puget Power estimates
that there will be a peak winter load of
approximately 680 MVA (Mega or million volts
. amperes) in the Greater Bellevue Area. In
comparison, the winter peak load today is 475

- MVA. New facilities including transmission
lines and substations may have to be
constructed in order to address this demand.

Natural Gas Lines

Washington Natural Gas (WNG) builds,
operates and maintains natural gas facilities
serving the City of Bellevue. WNG is an
investor-owned utility serving nearly 400,000
customers in five (5) Western Washington
Counties including King, Snohomish, Pierce,
Thurston and Lewis Counties. There are
approximately 18,900 customers within the City

UE\CPUTIL1.2

of Bellevue and approximately 23,900 in the
Bellevue "planning area." Natural gas is
delivered to a regional distribution network via
an interstate pipeline system. Northwest
Pipeline Corporation owns and operates the
regional network that supplies gas to the states
of Washington, Oregon and Idaho. The
pipeline serving Bellevue consists of two
pipelines running north-south, in an area east of
Lake Sammamish.

Not only does the Pacific Northwest receive its
gas from widely disparate regions of the United
States, but a major contribution is drawn from

significant resources in neighboring Canada.

Based on available population projections
WNG proposes no major distribution facilities
for next 20 years necessary to serve projected
growth in the City of Bellevue.

Telecommunication Lines

- Telecommunications is the transmission of

information by wire, radio, optical cable,
electromagnetic, or other similar means. For
Bellevue telecommunication utilities include
telephone, cellular telephone, microwave and
cable television.

Approximately 80%. of the telephone customers
in the City of Bellevue are served by US West
Communications. GTE Northwest Incorporated
provides service to approximately 20% of
Bellevue’s telephone customers in the northern
portion of the City.

Based on available population and employment
projections no new major telephone facilities
are planned for Bellevue for the next 20 years.
However, an additional remote switch
(telephone exchange) may be needed in the US
West Communications service area to handle a
growing demand for additional services.
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Cellular telecommunication is a technology that
allows people to have mobile telephone
communications. The communication link is
made by wireless transmission of messages on a
network of strategically placed receivers. These
receivers may be placed atop tall poles, lattice-
type towers or buildings.

The Federal Communications Commission
(FCC) licenses cellular companies to operate
within strict guidelines. The license allows the
awardee the right to use a group of radio
frequencies to provide this telephone service.
The FCC can award only two licenses per MSA
(Metropolitan Statistical Area). The City of
Bellevue is served by McCaw Cellular(also
know as Cellular One) and US West Cellular
(also known as US West New Vector).

Unlike other utilities the cellular telephone
industry does not plan facilities far into the
future and analyzes market demand to
determine expansions into new service areas.

Cable television services in the City of Bellevue
are provided by Viacom Cablevision. This
service provides television broadcasting via a
network of overhead and/or underground
coaxial cables. Virtually all channels carried on
the Bellevue cable system originate at Viacom’s
primary transmitter site located at 89th Street
and Roosevelt in Seattle, and are transmitted to
the Bellevue receiver located at Stevenson
"Elementary School on NE 8th Street via
_microwave. '

Viacom’s Bellevue cable system has the
technical capacity to serve any anticipated new
development in the city, as well as any potential
areas of annexation.

Due to its central location and dynamic

~_employment center Bellevue will continue to
attract new and innovative technologies in the
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field of telecommunications. In most cases
these services will utilize existing
communication corridors (primarily City streets)
and be able to provide services to most parts of
the City relatively quickly.

WUTC and GMA

Current law suggests that two public entities
have principal jurisdiction over actions of
private utilities within Bellevue’s City limits.
The Washington Utilities and Transportation
Commission (WUTC) has the authority from
long-standing state law to regulate the services

and define the costs that the utility can recover,

and consequently has oversight to ensure that
the utility acts prudently and responsibly. The
State Growth Management Act (GMA) has
given cities and counties the obligation and
requirement to consider the location of existing
and proposed utilities in land use planning
including identification of lands potentially
useful as utility corridors. Some conflicts may
arise from a situation where several agencies
have jurisdiction and may view costs and
benefits in a different light,

Public Health

Many members of the public and the scientific
community are concerned about the potential
for electromagnetic fields (EMF) from

‘electrical transmission and distribution lines

affecting human health. Results of
epidemiological studies have indicated a
potential link between proximity to certain
types of electrical system facilities and
childhood leukemia. However, to date there
has been no scientifically documented linkage
between EMF and the incidence of childhood
leukemia and other conditions which '
epidemiological studies associate with it. Fe
d&ee—t-hefe—ls—ﬂe—eeﬁ«e&? wo-in-the-seientifie
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GOALS

" Goal G-1

To facilitate the development of all utilities at
the appropriate levels of service to
accommodate the growth that is anticipated to
occur in the City of Bellevue.

Goal G-2
To facilitate the provision of reliable utility

service in a way that balances legitimate public
concerns over the safety and health impacts of

- utility infrastructures, consumers’ interest in

paying no more than a fajr and reasonable
price for the utility’s product, Bellevue’s natural
environment and the impacts that utility
infrastructures may have on it, and the
community’s desire that utility projects be
aesthetically compatible with surrounding land
uses.

Discussion (Goal G-2)

A wide variety of factors -- ranging from health
and safety issues, to aesthetics, to
environmental impacts, to basic economics --
are at stake in the consideration of any
proposed utility expansion project. Ordinarily,

“the elimination or mitigation of known health

or safety risks associated with a project should
be given first priority. In particular cases,
however, a severely negative impact of
mitigation measures on the reliability of the
service network, on the cost of service, or on
environmental or aesthetic values may dictate
the choice of a different option. In every case,
cost is a factor that is to be considered, with
particular attention to maintaining Bellevue’s
viability as a regional employment center.
However, costs should be weighed against a full
censideration of benefits, both tangible and
intangible, that may be derived from more

UF\CPUTIL1.2

"costly" options. In no case should it be
automatically assumed that the "cheapest”
option is the least costly on a "net" or long-term
basis or is the most desirable under these
policies. Individual implementation issues
arising under these policies should be resolved
on a case-by-case basis in light of the
considerations above.

GOAL G-3

To process permits and approvals for utility
facilities in a fair and timely manner and in
accord with development regulations which
encourage predictability.

GENERAL POLICIES (Applicable to all non

city-managed utilities)

Policy P-0.1

The serving utility shall determine the sequence
of implementing components of the utility plan.
as contained herein.

Policy P-1

Require effective and timely coordination of all
public and private utility trenching activities.

Policy P-1.1

Require notification to the City prior to a
utlhty s maintenance or removal of vegetation
in City nght-of—way
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Policy P-2

Require the undergrounding of all new
electrical distribution and communication lines
where reasonably feasible and not a health
threat. Encourage the undergrounding of all
existing electrical distribution and
communication lines where reasonably feasible
and not a health or safety threat.

Policy P-3

Require the reasonable screening and/or
architecturally compatible integration of all new
above ground facilities.

Policy P-3.1

Encourage directional pruning of trees and
phased replacement of improperly located
vegetation planted in the right-of-way. Pruning
and trimming of trees should be performed in
an environmentally sensitive and aesthetically
acceptable manner and according to
professional arboricultural specifications and
standards.

Policy P-4

Encourage the consolidation of utility facilities
and communication facilities where reasonably
feasible. ’

DISCUSSION (Policy P-4)

Examples of facilities which could be shared
are towers, poles, antenna, substation sites,
trenches, and easements.

Policy P-4.1

Encourage the joint use of utility corridors and
_non-motorized trails.

UE\CPUTIL1.2

DISCUSSION (Policy P-4.1)

The City and utility company should coordinate
the acquisition, use and enhancement of utility
corridors for pedestrian, bicycle and equestrian
trails and for wildlife corridors and habitat.

Policy P-5
Facilitate the conversion to cost effective and
environmentally sensitive alternative

technologies and energy sources.

Policy P-6

- Facilitate and encourage conservation of

resources.

 DISCUSSION (Policy P-6)

Items the City should consider in implementing
this policy include conserving the use of
electric energy in its own facilities, and
adopting practical and cost-effective energy
building codes.

Policy P-7

Encourage the cooperation with other
jurisdictions in the planning and
implementation of multi-jurisdictional utility
facility additions and improvements. Decisions
made regarding utility facilities shall be made
in a manner consistent with and complementary
to regional demand and resources and shall
reinforce an interconnected regional
distribution network.

Policy P-8
Encourage communication among the City, the
Washington Utilities and Transportation

Commission (WUTC), and utilities regulatcd by
the WUTC, about concerns with the
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distribution of costs for existing and proposed
utility facilities; especially concerns about
requirements for the undergrounding of
transmission, distribution and communication
lines exceeding statewide norms.

Policy P-9

Encourage the undergrounding of existing
distribution and communication lines, especially
in residential areas, by facilitating the
development of local improvement districts
(LIDs) or other means.

Policy P-10

Encourage system practices intended to
minimize the number and duration of
interruptions to customer service.

Policy P-11

Encourage the utilities to solicit community
input on the siting of proposed facilities prior to
seeking City approval for facilities which may
have a significant adverse impact on the
surrounding community.

" Policy P-12

Encourage utility providers to erect limited on-
site signage on all sites purchased for future
major utility facilities to indicate the utility’s
* intended use of the site.

Policy P-13
Re‘quire all telephone switching facilities to be
fully enclosed in buildings/structures which are

aesthetically compatible with the area in which
they are placed and are landscaped accordingly.

UE\CPUTIL1.2

Policy P-14

Require the placement of cellular
communication facilities in a manner to
minimize the adverse impacts on adjacent land

_use.

Policy P-15

Minimize visual intrusion of cellular
communication facility towers and mono-poles
in all areas. Provide relief to set-back
requirements without introducing adverse
impacts. '

" DISCUSSION (Policy P-15)

In order to provide relief to set-back
requirements the City should amend its Land
Use Code in a manner to ensure that adverse
impacts are not introduced.

~ Policy P-16

Cellular communication facilities should utilize
existing structures where feasible.

Policy P-17

Encourage the conservation of electrical energy
especially during periods of peak usage through
the dissemination of information to the public.

Policy P-18

The City shall actively participate in and
encourage the utilities to actively participate in

- the development of a regional and statewide

policies regarding exposure to EMF
(electromagnetic fields).
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Policy P 18.1

The City shall peﬁﬂehea}l-y—feﬂew—fhe-sfafe-ef

monitor development in scientific research on
EMF, and make changes to policies it situation
warrarnts.

Policy P-19

The utility shall include the concept of prudent
avoidance with respect to planning, siting, and
construction of all electrical facilities.

Discussion (Policy P-19)

Prudent avoidance shall mean the-striking of a
reasonable balance between the potential
health effects of exposure to electromagnetic
fields and the cost and impacts of mitigation of
such exposure, by taking steps to reduce
exposure at a reasonable cost. With respect to
transmission lines such steps might include, but
are not limited to: (1) design alternatives
considering the spatial arrangement and
phasing of conductors; (2) routing lines to limit
exposures in areas of concentrated population
and group facilities such as schools and
hospitals; (3) installing higher structures; (4)
widening right-of-way corridors; and (5) burial
of lines.

Policy P-20

Require the electrical utility to incorporate into
its utility system design, lines and substations
which result in the lowest EMF levels at the
edge of right-of-way consistent with prudent
avoidance.

UE\CPUTIL1.2

REFERENCES

PUGET SOUND POWER AND LIGHT
COMPANY, BELLEVUE, WASHINGTON

© U S WEST COMMUNICATIONS, INC,,
. RENTON, WASHINGTON

GTE NORTHWEST INC,, BOTHELL
WASHINGTON

U S WEST NEW VECTOR GROUP,
BELLEVUE, WASHINGTON

MCCAW CELLULAR, KIRKLAND,
WASHINGTON

WASHINGTON NATURAL GAS, SEATTLE,
WASHINGTON

VIACOM CABLEVISION, EVERETT,
WASHINGTON
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: Magneiic Fields Elecirk Fields
Deseription Graphic of Configeration Cost/Mile Guilllgauss) (kiovoits/meter)
1 (tbousands) -
under 40 200" under 40" 200
* | A. "Base Case™ il B
| -230kv
- 300 amps, -] 230-260 59.6 29.7 16 | 26 1.9 0.04
- 125 MegaWatts
- Wooden H-frame
- 19 foot spacing
TREATE
B. Vertical '__"A
Delta* . (
220-250 270 - 110 0.6 19 0.7 0.04
TRBIRRR
C. Horlzontal H
Delta L S
220-250 289 9.8 05 1.6 0.7 0.03
VR
T L
L[] L3
D. Decreased ile E
Voltage
-115kv ‘ ' 200-230 915 344 1.9 1.0 0.6 0.01
- 600 amps,
- 11 172 foot spacing
E. Increased
Voltage
- 500 XV 400-500 | 244 | 189 | 12 | 55 | 53 0.1
- 138 amps,
- 30 foot spacing
- Steel lattice tower
Ciiy of Bellevue . - FIGURE: 3.20
Comprehcnsive Plan Transmission Line Electromagnetic
Utilitles Eiement : Fieid Reduction _
Electrica! Utility. S From: Washington State Dept. of Health, 1992
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Comprehensive Plan
Utiliiies Elemcnt
Electrical Utility

From: Washington State Dept. of Health, 1992

Magnetic Fields Eleciric Flelds
Description Graphic of Configuration | Cest/Mile (milligauss) (kiiovolts/meter)
(thousands)
under 40 200" | under 490" 200
F. Double Circult/Split —
N \
Phase [l I
YA R
- 150 amps per conducior 1 :____ ‘___: ] 350400 | 145 4.8 0.1 1.7 0.6 0.02
- Steel pole (\" ‘(;
G. Multiphase
- 6 phase Jine ]
-132kV 380450 16.7 6.7 04 25 09 0.05
- 150 amps per conductor
- Steel strucure
H. Single Circuit
Steel Pole !
- vertical configuration ! 2715350 | 362 | 221 | 15 | 27 | o8 | o1
A
k. v g
I. Underground Line - kNG N7
Fluid Filled Steel Pipe ‘
- buried 5 feet below the ’
cantes smfuce 1502000 49 { 02 loor | o | o 0
J. Underground Lioe - R\ YN
’ Dry Type Cable, Non-
Magnetic P} ® .
s e below the ®© 15002000{ 147 | 06 | 003 | o 0 0
exrth's surface ® @
City of Bellevue FICURE: 320

Transmission Line Elrctromagnéﬁc.
Field Reduction
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' Magnetic Flelds ' Electric Flelds
Description Graphlc of Cost/Mile (milligauss) (kilovolts/meter)
Configuration {thousands)
under| 20' 40° { 200' | under| 20' 40 200"
A. "Base Case™ Gt
-125kY _ by ,
-65MegaWans 5070 224 | 149 77 | 22 | 005 | 005 | 0.03 | 003
- 40 ft. pole
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- 4 foot sag WRRTE
B. Increased Pole Height** byt
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C. Increased Voltage' i ot
-25KkV B
-47.5 foot pole 6080 [ 69 | 51 | 31 | 1.0 | 0.07 | 006 | 0.04 | 007
‘-Fm'
D. Compact Delta ol
dl
5575 | 131 | 88 | 49 | 19 | 003 [ 003 | 001 | .003
R
t
E. Double Clrcult/ :E::
Split Phase , _
- 415 foot pole 80120 | 33 | 31 | 25 | 12 | 003 | 003 | 0.01 | .003
-
City of Belleve o FIGURE: 321
Compreheasive Plan Distribution Line Electromagnetic
Utilities Eiemeiii _ ' Field Reduction
Electrical Utility : From: Washington State Dept. of Health, 1992
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Electric Flelds

Magnetic Flelds
Description Graphic of gosnhﬂ;: (mllligauss) (kilovolts/meter)
Conflguradon | thowsands) nder] 20 | 40 [ 200 {wmder| 20 [ 40 | 200
F. Random Lay
Underground W .
- buried 3 feet deep @@ ® 120-600 | 5613 98 | 47 19 0 0 0 0
- 75 inth phase spacing :
G. Underground Line In TTRE
Conduit
- buried 3 feet deep OO 120-600 | 312 | 84 | 44 1.8 0 0 0 0
- 2.5 inch phase spacing oy
lL,r_Jl
H. Single Phase Crossarm
-72%V
- 0.72 MegaWars 30-40 145 | 128 | 86 3.6 009 | 0.08 | 0.04 | .010
1. Single Phase Headpin
72KV N _
-0.72 MegaWatts 3040 | 85 | 83 | 64 | 32 | 008 | 0.06 | 0.03 | .008
J. Single Phase
Underground /NN
-12%V {‘;} 100450 | 513 {154 | 80 {32 | 0 | o | o | o
-0.72 MegaWans
- buried 3 feet deep
- cuncentric neutral
City of Bellevue FIGURE: 3.21
Comprehensive Plan Distribution Line Electromagnaetic
Utilities ilement Field Reduction

Electrical Utility

From: Washington State Dcji. of Health, 1992
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On a limited basis this concept has becn proven, but 1o do it widely on the electric network would be prohibitive
because of the electrical losses in the shield conductors, and the cost of sensing and foliowing the load current.
Research continues on methods 1o accemplish this type of shielding,

Another type of shield can be created with expensive metals that can be built around a room or around the source to
buffer the magnetic fields. These special materials do not appear to be cconomical solutions in the foreseeable
future. Estimates for shiclding an experimental room 15 feet on a side with a 15-foot ceiling could cost over
$250,000. :

Ground Currents

Electrical current always follows the path of least resistance.” In many cases, this current path includes the ground
itself. For example, distribution circuits frequently experience substantially unbalanced currents between conductors.
In these situations, the unbalanced currents must find a path back to the substation. When the earth’s ground
resistance is less than the return conductor resistance, this portion travels through the ground. Since the ground sits
below the distribution lines by 20 or more feet, the currents are not close enough for the magnetic fields to be

countered.

The solution to ground currents is Lo install multiphased circuits with bélan_ced current. Where single phased circuits
~ are the only option, it is necessary to either reduce the distance between the load-carrying conductors and the return
or provide a conductor neutral. In the distribution system, utilities can install larger conductors for the ncutral
return. Where this is done, the neutral conductor can provide a lower resistance path than the ground, causing the
return current to flow through the conductor rather than the ground. In this case, magnetic fields are reduced
becausc of the neutral conductor is closer to the load conductors.

In the home or office, the mitigation option requires rerouting the return current through a conductor rather than a
walcr pipe or the building steel structure. Commonly, homes and offices are constructed so that water pipes or the
building’s structure is used as the neutral. Instead of countering the magnetic fields, the ficlds arc broadcast through
the pipes or the building structure. It has been estimated that ground currents in homes provide 30-50% of all

magnetic fields.
Reduce Current in the Load-Carrying Conductor

An effective way to reduce magnetic fields in transmission or distribution systems is to increase the operating voltage
Since magnetic fields vary directly as the current flowing in the conductor, it follows that reducing the current by 50%
will also reduce the magnetic ficld that same amount. if the total power transferred in a circuit remains constant,
increasing the voltage on a transmission line from 115 kilovolts to 230 kilovolts will cut the magnetic ficlds
significantly from 91.5 as shown in Figure 3.20.D to 59.6 mG in Figure 3.20.A. A similar reduction is cxperienced
from increasing distribution voltage. For a 12.5 kV distribution system, the calculated EMF is 22.4 mG as shown in
Figure 3.21.A. This falls 10 6.9 mG for a 25kV system as indicated in Figure 3.21.C.

39 Impacts of the Alternatives -

Potential impacts of the alternatives relates to the strategies for reducing EMF exposure outlined above.
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Transmission Alternative T-1, 115 kV Overhead Grid Sysiem: With this system, the existing levels of EMF are likely
to increcasc in the future as the current in various transmission lines increases to accommodatc additional demand.
The construction of a grid system allows higher loading in ecach link of the grid since less capacity for redundancy is
nceded than in the linked radial system. The resulting higher current would lead to an increase in EMF levels. The
maximum EMF levels would be experienced when segments of the system were out of service and higher loadings
occurred on the remaining segmentsl. The addition of new transmission links would result in additional EMF
exposure along routes. The increase will depend on the design of new facilities. lncreases in EMF cxposure must
also be evaluated from the perspective of the existing EMF exposure from distribution lines.

Transmission Alternative T-2, 230 kV Overhead Radial System: With this alternative, the increase in the voltage of
the transmission system would reduce the EMF level for a given level of demand as indicated by the comparison

between cases "A" and "D" in Figurc 3.20. The level of charige from increasing voltage is estimated by Puget Power’
at 30% to 40%. Actual levels would also depend on the specilic design configurations of the transmission system.

Transmission Alternative T-3. 115 kV Increased Current Radial System: This system would increasc EMF levels

more than the other alternatives. This alternative would substantially increase the current on lines at the current
voltage. Since EMF levels are related primarily to current, there would be substantial increases in EMF.

Transmission Aliernative T-@ndergronnd Transmission System: If installed using fluid filled pipe type cable, this

_alternative would have the lowest EMF exposure from transmission lines of the aliernatives. If a tighter grid were
constructed as has been suggested by Pugct Power, additional exposure would occur from new transmission lines.
The EMF levels experienced from this type of undérground transmission, however, generally arc less than the
cxposure from existing overhead or underground distribution lines currently in placc.

Distribution Alternative D-1, 12 kV Lines with 25 MVA Substations: The impacts of the alternative relate to the
development of additional substations. The magnetic ficlds in the vicinity of new substations may rcsult in locally

_higher magnetic fields depending on substation configuration. The character of magnetic fields near substations is
not clearly defined. It is likely that a higher incidence of transient fields would be expected. However, the
implications of transient fields are unknown.

Distribution Alternative D-2, 34 kV Distribution System: This alternative would reduce EMF by increasing voltage
and decreasing current.

Distribution Alternative D-3, 12 kV Lines with 50 MVA Substations: With this option; higher EMF levels would
result at the expanded substations and where new feeder lines are installed. '

EMF Exposure Levels

Comparison of Electromagnetic Field exposures for the various alternatives are contained in Tables 3.2 and 33. The
comparisons for the al;ernalivcs were derived using information in Figures 3.20 and 3.21.

For the Transmission system, "Case B. \)ertical Delta” from Figure 3.20 was chosen as the most typical installation
-confligurstion for the Puget Power sgslém. “Case B" in Figure 3.20 is for a 230 kV syslem. Fuget Power's existing
transmission system in Bellevue is at 115 kV. Additional information on the derivation of EMF levels from this -
examg]e.is found in Appendix E.
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Alternative T-2, 230 kV Overhead Radial System coincides with the "vertical delta” case in Figure 3.20. EMF levels
would be 27.0 mg under the transmission lmc! 11.0 mg at a distance 40 feet and 0.83 at a_ dlstancc of 200 fect as .

indicated in Figure 3.20,

For Altemative T-3, 115 kV Overlicad Radial System the decrease in the voltage by one half to 115 kV compared to
the 230 kV in T-2 would require the current to double for the same load. EMF levels are directly rclated to current.
The estimated EMF levels for this system would be twice that of Alternative T-2, or 54 mg directly under the line
and 22 mg at 40 feet. '

" For Alternative T-1, 115 kV Overhead Grid System EMF levels were derived from Alternative T-1 by making two
adjustments, one for the lower voltage and an additional adjustment for lower current. In the grid transmission
system, the current to serve a given demand would be spread over a larger number of lines. Alternative T-1 would
have 8 lines from transmission substations serving the same load as would be served by 5.5 lines in Alternative T-3.

This is a 45% increase in the number of line which would result in a reduction in current of the inverse of this

amount, or 69%. These two [actors would resulting in a decrease of EMF to 37.3 mg.

For Altemative T-4, Underground Transmission System_Case "I" in table 3.20 is applicable. To estimate EMF levels,
two alternative grid systems have been assumed - one similar to the grid system in Alternative T-1, and another for
an uhdergfnhnd system with a tighler grid. For the gid system similar to T-1, the same 45% increase in the number
of lines would result in an EMF reduction of 69% and an EMF level of 3.4 mg directly over the lines. For a iighler
grid system with 12 lines instead of cight, the increase in lings would be 118% and the decreasc in EMF would be
56% for a level of 2.4 mg directly over the lines. e

An amroximaiion of the number of dwelling units or businesses exposed to Electromagnetic Fields is provided by the
* number of miles of transmission line required under each alternative shown in the right column in Table 3.2. A ETN
rough estimate of the number of residences exposed to EMF from transmission lines in suburban single family
neighborhoods is 200 to 300 dwelling units with 600 to 900 residents per mile of transmission line. For transmission -
lines on public right-of-way, about half can be e)=(2‘ ected to be within 40 feet of a transmission line on the same side of

the street and about half can be expected to be separated by the width of the street right-of-way and front yard
setbacks and therefore be about 80 to 100 feet from conductors. In multi-family neighborhoods! about 800 to 1600
dwelling units per mile with approximately 1,500 to 2,900 residents can be expected to be on lots adjacent to the lines.
Of these, approximately one guarter would be within 40 feet of the lines, another quarter within 100 fect, and the
remainder more than 100 feet away. Exposure of businesses and emglogeés is more difficult to assess due to the
variety in size of commercial sites, structures and cmg' loyment density. In additional, commercial and office buildings
in suburban_settings tend to be setback from street either to accommodate Bérking or office-park landscaping,
thereby reducing exposure.

EMF cxgosﬁrc from the electrical distribution system alternatives is represented in Figure 3.21._The EMF exposuies

are representative of the major distribution lines at the point where they leave the substations which is where 'thez
have the highest flow of current. Further from the substation, the current flow decreases as fewer customers are
served. The current level of lines serving individual nei ghborhoods would be determined by the demand on the demand on the

individual line and would be lower,
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TABLE 3.2

EMF LEVELS OF ALTERNATIVES

(At Normal Pt_aak Operating Conditions)

DEIS ALTERNATIVE

TRANSMISSION
T-1, 115 kV Overhead Grid System
T-2, 230 kV Overhead Radial System

T-3, 115 KV Incrcased Current Radial
System

T-4, Underground Transmission
System (with T-1 grid) .
(with tighter grid)

DISTRIBUTION

D-1, 12 kV lines, 25 MVA Substations
overhead lines
underground lines

-D-2, 34 kV lines, 50 MVA Substations
overhead lines
underground lines

D-3, 12 kV lines, 50 MVa Substations
overhead lines
underground lines

EMF LEVELS
(milligauss)

Under/Over @ 40" @ 200"
373 15.2 - 0.83
27.0 11.0 0.60
540 220 1.20
3.4 0.14 0.007
23 0.09 0.005

24 77 22
56.3 47 _ 19
224 7.7 22
563 4.7 . 19
224 1.7 22
56.3 47 19
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Total
Line
Miles

31

31

73

287

680

287
680

287
1047




" TABLE 3.3
EMF RANGES OF ALTERNATIVES

(For Peak, Average, and Minimum Normal Operating Conditions)

DEIS ALTERNATIVES : EMF FIELD LEVELS
(milligauss under/over line)

PEAK AVERAGE  MINIMUM
TRANSMISSION
T-1, 115 KV Overhead Grid System 373 205 93
T-2, 230 kV Overhead Radial System 270 149 6.8
T-3, 115 kV Increased Current Radial System  54.0 29.7 135
T.-4, Underground Transmission System
(with T-1 grid) ‘ 34 ' 19 0.9
(with tighter grid) 24 13 0.6
DISTRIBUTION
D-1, 12 kV lines, 25 MVA Substations
overhead lines 224 123 5.6
underground lines : 56.3 - 31.0 - 141
D-2, 34 kV lines, 50 MVA Substations '
overhead lines 224 ' 123 ' 5.6
underground lines 56.3 310 : 14.1
D-3, 12 kV lines, 50 MVA Substations _
overhead lines 224 123 : 5.6
underground lines 56.3 310 - 14.1

NOTE: Normal operating average conditions would be approximately 55% of peak values and normal
operating minimum conditions woule be 25% of peak values
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For Alternative D-1, 12 kV Lines with 25 MVA Substations, typical EMF levels are represented in Figure 3.31 bz'the

"A. Base Case" for overhead distribution and by case "F. Random Lay Underground" for underground installation

with EMF levels of 22.4 mgz and 56.3 mg respectively directly below or above the lines. For most customers, af least
20 feet of separation from conductors is provided by front vards. Because the electric distribution system serves

virtually ever dwelling and business, most of the residents and employees within Bellevue can expect exposure Lo
EMF from the distribution system., '

For Alternative D-2, 34 kV Lines with 50 MVA substations the increase in voltage from 12 kV would normally
result in less current flow g'ven the_same demand served by a 12 kV line. If this were the case, EMF levels would be
about one third that of the 12 kV system alternatives. However, the combination of this distribution voltage with
larger capacity 50 MVA substations as compared to the 25 MVA substations in Alternative D-1 would increase the
service area of substation and therefore increase current on each of the major distribution lines leaving the
substation, This alternative would require rebuilding the distribution system for 34 kV capacity. In doing this, the
utility can be expected to design the system to efficiently use the higher voltage. Therefore the system would be
designed 10 operate at about the samc current flow as the 12kV alternative. Operation a the same current level
would result in EMF levels about the same as Alternatives D-1 and D-2 for the most heavily loaded portions of the
system. In some cases, the geographic distribution of customers may result in loading of individual lines at less than
rated capacity which would result in decreased EMF levels. In individual neighborhoods!.the level of current would
bc determined by the number of customers served by short sections of distribution ling. In cases where the same
number of customers would be served by a line, the current and therefore the EMF levels would be less with a 34 kV
system than with a 12 kV sgstein. ‘ _

For Alternative D-3, 12 kV Lines with 50 MVA substations the voltage and current and EMF levels on distribution
lines would be the same as Alternative D-1. The greater capacity of substations and larger service area would resuht
in approximately twice as many distribution lines leaving the substation. In this case, EMF levels from each of the
distribution lines would be the same as Alternative D-1, but more lines would leave each substation, and potentially
“more adjacent uses would be affected. ' ' :

As indicated above, the cases illustrated in Table 3.2 are representative of the most heavily loaded portions of the

system where current, and therefore EMF levels are highest. The the most heavily loaded portion of the radial

iransmission or distribution line is that portion closest to the feed substation. These levels also represcntative of peak
loading of the lines. For the grid transmission system represented by Transmission Alternative T-1, the peak
condition represents the most heavily loaded portion of the line. Table 3.3 provides a range of EMF levels which
represent different levels of loading based on peak, average and minimum demand conditions. These demand levels
are representative of changes in system loading on an hourly basis through the day, with the highest levels occurring

during morning and early evening hours, and lowest levels during the night. They also represent changes in the

scasonal demand for electricity. For the distribution system, these levels are indicative also of the decrease in EMF

levels experienced in_portions of the system further from substations which carrv less load.

Mitigation Measures For Alternatives: The alternatives outline the basic mitigating strategies of converting to higher
voltage or specific underground transmission designs which reducs EMF. The mitigating measures outlined above
are applicable to all the alternatives with overhead transmission lines. The grca(ést potential reductions in EMF
would result from doubie circuiting proposed new transmission lines wherever possible. The options for doing this
arc very limited since new transmission lines generally fill in missing links where transmission facilities do not
presently exist. The location of more than one line on a single polé also expose more circuits to interruption if a

/
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automobile should strike a pole or a falling tree or lightning interrupt a segment. Delta deqlgns can be uvsed to
. reduce EMF on single circuit installations.

Elements of the various alternatives could be implemented for new transmission links. However, implementing short
sections of underground transmission lines presents a number of operational complexities and higher cost to the
utility. To be feasible, a section of underground transmission line would generally be installed from one substation to
another. This would generally require expansion of the substation on each end and addition of oil pumping and
cooling apparatus. Only a limited number of underground sections could be installed without causing significant
power flow disruptions to the system due to the lower current carrying Capacity of underground transmission lines.
Undergrounding the proposed 230 kV Talbot to Sammamish transmission line would limit its capac1ty and Hmit its .
usefulness in fulfilling its function of providing an additional 230 kV source to the system.

Installing higher voltage 230 kV transmission lines could not be implemented for portions of the system smaller than
an entirc circuit from the Sammamish Substation to the Lakeside Substation. There are two such circuits in the
existing system. This also would require the proposed upgrading of the Talbot to Lakeside transmission line to 230
kV to provide feed to.the circuit from the south unless connection could be madc to the existing Seattlc City Light
transmission line which currently serves regional transmission needs.
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IV. COMMENTS ON DRAFT EIS AND RESPONSES

Summary of Comments Recieved and Responses

Comments
Letters

Janet Bannes

Neighborhood Utility Watch of Bellevue
Puget Power ‘
Gelen E. Ross

Jack F. Martin

Public Hearing

Jim Nabor
Joseph Calmes
Norm Hansen
William Bricken






IV- SUMMARY OF COMMENTS RECEIVED AND RESPONSES TO COMMENTS ON
THE DRAFT ENVIRONMENTAL IMPACT STATEMENT

Comments on the Electrical Utility element Draft Environmental Impact Statement (Draft EIS) are summarized
and responded to below. In most cases, similar comments made by more than one person and/or agency have

only one response. The comments are grouped into General Comments and EIS topic headings.
General Comments:

1. Comment: A number of comments were received on the Draft EIS that relate primarily to the merits
. of the alternatives under consideration. 'The comments indicate whether the person prefers one

alternative, policy option, or potential mitigating measure over another.

Response: Where comments are related to the merits of alternatives or policies, or support or oppose
a specific component of an alternative or policy, the comment has not been directly responded to in this
Final Environmental Impact Statement (Final EIS). The purpose of the Draft Environmental Impact .
Statement is to analyze environmental impacts to be used by decision makers along with other relevant
considerations. Where comments do not address areas where the analysis in the EIS may be inadequate
or incorrect, where the methodology used in inappropriate, or where additional information is required
response or revision is not required to provide information to the decision maker. (WAC 197-11-448,
550 and 560) Coﬁlments related to the merits of the proposal or to the desirability of specific elements
of the proposal are included for consideration by the decision makers. Such comments are not directly

relevant to the adequacy of the analysis in the EIS. .

2. Comment: Puget Power made a number of comments which suggest minor rewording of specific

statements in the EIS which are intended to clarify the description of impacts.

Response: Where the proposed rewording does not add to the clarity of the statement in the EIS,

or change the conclusions, a change has not been made,
3. Comment: Puget Power made comments which correct errors of fact or terminology.

Response: Revisions have been - made in an “Errata”- section to correct errors. None of the
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corrections result in a change in the conclusions of the EIS.
Alternatives

4. Comment: Puget Power commented that the consideration of alternatives other than the plan
which Puget Power has proposed is outside the scope of the mandate the City may prescribe through

it’s Comprehensive Plan.

Response: The proposed action is the adoption of policies and a plan map for the Electrical
Utilities element of the Comprehensive Plan as required by the Growth Management Act. Those
policies and map will guide the exercise of the City’s regulation of construction of new facilities by
Puget Power, primarily through the Conditional Use review of new projects. Specific policies in the
Comprehensive Plan will guide decision makers in determining what facilities to approve in the future.
The alternatives considered in the EIS are system alternatives that meet the overall objectives and which
highlight various "tradeoffs" in environmental impacts which are also reflected in the policies of the
proposed plan. As such, the altcmativés include actions, such as avoiding new transmission corridors,
increasing the voltage of transmission lines, \-mderground transmission, and avoiding new substations
which illustrate means of reducing impacts on specific elements of the environment. The consideration
of the alternatives is consistent with WAC 197-11-440(5)(b) and WAC 197-11-442. The decision of
whether to pursue such alternatives is dependent upon the corporate decisions of Puget Power in the

permit applications it submits as well as the City of Bellevue in decisions on permit applications.

5. Comment: Puget Power commented that decisions on the types or voltages of facilities and the
reliability standards are design criteria for the electric system and are service issues under the

jurisdiction of the Washington Utilities and Transportation Commission.

Response: In general, local government has authority over the siting of utility services within it’s
jurisdiction. The local jurisdiction is also required to provide assurance of provision of adequate utility
service for future population growth through the Growth Management Act mandated inclusion of a
utilities element in the Comprehensive Plan. The Act requires the City to consider the location and
capacity of utilty systems (RCW 36.70A.070(4)). The City is also required by the State Environmental
Policy Act to attain the widest range of beneficial uses of the environment without degradation, risk to
health or safety, or cther undesirable and unintended consequences (RCW 43.21C.020). The City

exercises this authority through decisions both. op it’s Comprchensive Flan and individeal permit
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applications. The Washington Utilities and Transportation Commission (WUTC) has jurisdiction over
the services, rates, facilities and prabtices of public utilities. Puget Power has not requested, nor has the
WUTC approved or endorsed a particular facilities plan for providing service to Bellevue. No
information has been provided to the City to indicate t'l_lat the alternatives considered in the EIS conflict

with any approval, order or regulation of the WUTC.

Comment: Puget Power commented that chaxiges to Puget Power’s reliability criteria require

coordination with the Western Systems Coordinating Council.

Response: The Western Systems Cpordinating Council is an industry association which coordinates
various utility activities. The Council also may brovide a consensus of industry opinion on what
constitutes prudent utility practice which is directly applicable to Puget Power’s decisions on reliability
criteria for facilities which may affect the operation of other utilities through utility system interties.
Puget Power’s adherence to the agrcemcmsland protocols of the Wester Systems is unlikely to be
affcctc_d by decisions on transmission and distribution system reliability at the local level addressed by

this plan where Puget Power has the flexibility to respond to a variety of service and cost issues.

Comment: Puget Power commented that Map on page II-20 omits the existing transmission line

which connects Center Substation to the Lakeside-South Bellevue transmission line segment.

Response: The Comprehensive Plan map is intended to show transmission lines in a conceptual

schematic format. The map was changed in the March 5, 1993 Draft which is printed in this Final EIS.

Comment: Several comments requested an alternative which would underground new or rebuikt
lines in the future. .
Response: The Draft Environmental Impact Statement was designed to present a range of

alternatives consistent with different approaches for an overall system for providing electrical service to
Bellevue. 1t is possible to combine the basic transmission and distribution alternatives in a variety of
permutations for mixed alternatives which conceivably could include some underground transmission
lines, some 230 kV overhead transmission lines, and some 115 kV lines with increased capacity through
larger wire size, z-my of which could be combined with distribution alternatives. The purpose of the
Draft EIS in developing alternatives for consideration of Comprehensive Plan Policies is not furthered
by developing a range of mized alternatives. The potﬁntial-far. phased installation of underground
transmission lines is discussed in the Draft EIS on pages II-6 and III-8.
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Ulility Service

10.

11.

Comment: Puget Power commented on pages I-5 and IlI-6 that Alternatives T-2 and T-3 would

not affect reliability only if existing lines remained in service while new lines were built.

Response: Puget Power correctly identified an assumbtion in the Draft EIS analysis that prudent
utility practice would dictate that existing lines would remain in service until new lines were constructed

and in service.

Comment: Puget Power commented that the statement on page II-6 paragraph 3, referring to
underground transmission "Replacement of sections of transmission line could be phased for installation

in complete circuits." is not a true statement and should be deleted.

Response: The statement in the EIS refers to the necessity of replacement of sections of
transmission line in units large enough to convert the voltage of the system to 230 kV in order to
compensate for the power flow limitations of underground technology. This would necessitate the
conversion of an entire section, or circuit, between major transmission substations with a 230 kV energy

source.

Comment:  Puget l;owcr cominented that the statement on page II-7 rcgarding an undérground
transmission system at a tighter grid proposed by Puget Power which reads: "Since Puget Power has
not developed such underground systems, it is likely that such a system represents a worst case that
could be modiﬁcd considerably to climinate redundant ¢lements.” is an unsubstantiated editorial

comment,

Response: This evaluation is based on the professional opinion of the City’s independent electrical
transmission and distribution system consultant Marvin Klinger, P.E. It is based on a preliminary review
of the scope of additional transmission line links assumed by Puget Power. The city included in the
description of the underground system, the assumption that the system could be a grid similar to
Alternative T-1 and also reported Puget Power’s assumption of a tighter grid with additional
transmission line links and milage. Puget Power, however, was not able to provide a specific éonccptual
plan. Based on evaluation of other sy-'stems utilizing underground transmission lines, it appears that

some of the redundant facilities Puget Power has apparently assumed could be modified based on an

analysis of specific system needs if that icvel of engineering analysis were to take place in the future.
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Land Use and Aesthetics

12.

13,

14.

15.

Comment: Puget Power commented that without documentation, some of the conclusions in the
Land Use section appear to be mere supposition and also commented that they support the DEIS’s

conclusions stated on page II1-34.

Response: Puget Power has not identified the conclusions it labels as mere supposition. Absent
disagreement with specific conclusions and given specific comments supporting the conclusions, changes

in the text are not warranted.

Comment: Puget Power commented that the statement "Viewers engaged in recreation are
generally the most sensitive to visual quality, followed by persons in residential areas.." is

unsubstantiated.

Response: The statement is consistent with the conclusions of a large body of Visual Impact
Assessment research which is referred to in the text. References specific to electrical transmission
facilities can be found in the Bibliography in the Bonneville Power Administration publication
"Substation Visual Simulation Techniques,” September 1982.

Comment; Several comments requested additional consideration of the cost of alternatives and the

effects of transmission lines on residential property values.

Response: Cost is not speciﬁcally addressed in the EIS and is not considered an element of the
environment pursuant to RCW 43.21C.110(I)(f) and WAC 197-11-448. Cost and other considerations
are anticipated to be taken into consideration by decision makers in addition to environmental impacts.
Impacts on property values are not specifically considered in the EIS, as is stated on page III-12
although the same factors which affect land use may have a paraliel impact on land values.

Comment: Puget Power commented that the use of telephoto lenses appears to make power poles

appear closer together in Figures 3.10 and 3.13.
Response: The lens focal length used on the photos in the aesthetics section vary from 50mm to

100mm. The focal length of a lens affects the perception of depth and field of vision. The human eye

has 2 normal field of visiou approximately egtivaicat to a lens focal icngth of 85mm, although the
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scanning movement of the eye in human visior often results in a perception of a wider ficld of vision.
The apparent distance between poles in Figure 3.10 is more a function of the angle from which the
photo was taken, rather than the lens. Both Figures 3.10 and 3.13 were taken with a lens focal length

setting of 85mm.

Human Health

16.

17.

18.

Comment: A comment requested calculation -of Electromagnetic Field (EMF) levels for the

existing transmission system and the alternatives considered in the EIS.

Response: Information on EMF levels for key components of the transmission system are

contained in revised text on page III-58 through II1-58D and the accompanying table in this Final EIS.

Comment: "A comment requested inclusion of studies on Electromagnetic Fields (EMF) recently

completed in Sweden.

Response: The referenced Swedish studies are discussed in the Technical Appendix D at pages
28 and 29. The findings of these studies are similar to previous studies. The conclusions of
epidemiology studies of EMF are discussed on pages I11-38 to I1I-42 of the Draft EIS. -

Comment: Several commentors requested that the Draft EIS text be changed on the one hand,
to conclude that thcre is enough information to conclude that EMF is a significant health impact and
on the other hand to conclude that there is no scientific basis to conclude that EMF exposure causes

adverse human health effects.

Response: The Draft EIS text and the Technical Appendix D both summarize the existing state
of scientific information on possible EMF effects on health. These findings are summarized in the Draft
EIS on pages I1I-41, I1I-42 and II1-45. In addition, the Draft EIS and Technical Appendix discuss risk

assessment and options for addressing scientific and public perceptions of risk.

. The SEPA rules address this situation in- WAC 197-11-080(2) “When there are gaps in relevant

‘information or scientific uncertainty concerning significant impacts, agencies shall make clear that such .

information is lacking or that substantiai uncertainty exists.”-
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WAC 197-11-800(3)(b) further states: "If information relevant to adverse impacts is important to the
decision and the means to obtain it are speculative or not known; Then the agency shall weigh the need
for the action with the severity of possible adverse impacts which would occur if the agency were to
decide to proceed in the face of uncertainty. If the agency proceeds, it shall generally indicate in the
_appropriate environmental documents its worst case analysis and the likelihood of occurrence, to the

extent this information can reasonably be developed (emphasis addedj.

19. Comment: Several commentors requested discussion of the conclusions of state and national
regulatory bodies regarding the significance of EMF on human health and appropriate mitigating

measures.

Response: The EIS does not attempt to provide an assessment of the current status of regulations
regarding EMF. The purpose'of the EIS is to provide information on environmental impacts. The EIS
does contain discussioﬁ of a variety of mitigating measures and uncertainties associated with various
mitigating strategies. The decisions of regulatory bodies necessaﬂly includes the consideration of the
general welfare, social, economic and other considerations that' are outside of the scope of the
environmental analysis required by the State Environmental Policy Act as provided in WAC 197-11-448
and RCW 43.21C.110(1)(f). Information on the decisions of regulatory regarding this issue certainly can

be presented to decision makers in addition to information in the EIS.

20. Comment: Puget Power commented that if there is no scientific basis [to] conclude EMF causes

adverse health effects, then there is no basis to require mitigation under SEPA.
Response: ~ This issue is addressed in WAC 197-11-800(3)(b):

"If information relevant to adverse impacts is important to the dccisién and the means to obtain
it are speculative or not known; Then the agency shall weigh the need for the action with the
severity of possible adverse impacts which would occur if the agency were to decide to proceed
in the face of uncertainty. If the agency proceeds, it shall generally indicate in the appropriate
environmental documents its worst case analysis and thé liketihood of occurrence, to the extent

this information can reasonably be developed (emphasis added).
Based on this direction, it is reasonable to address the potertial impacts and potential nﬁtigation.

21.  Comment: Puget Power comments that it misleading to imply through the concept of "prudent

V-7 ' -



avoidancc” that lowering EMF ievels is a way to reduce potential health risks.

Response: The Draft EIS on page ITI-50 discusses the concept of prudent avoidance and on page
II-51 addresses mitigation measures to reduce EMF levels. These mitigating strategies are based on
reduction in exposure. The text on page III-51 states that "what might be considered safe in one
_situation might not be considered safe in another ... due to a change in what is considered safe over time

.. or to slightly different circumstances.”

Iv-8
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- EGEDY
NEIGHBORHOOD UTILITY WATCH }\}3
|

of BELLEVUE
P.0. Box 70515 o .
Bellevue, Washington 98007 DES: GN & DEVELOPMENT DEFY. |

January 19, 1993

Mr. David Sherrard

City of Bellevue

Post Office Box 90012
Bellevue, Washington 98009

Re: Comments on Draft Environmental Impact Statement -
Comprehensive Plan Amendment - Utilities Element
(Electrical Utility)

Dear Mr. Sherrafd:

Members of NUWBELL have reviewed the draft Environmental
Impact Statement and the technical appendices as referenced above.

We are concerned that the electromagnetic field (EMF)
discussion in the draft Environmental Impact Statement is extremely
generic and does not address the EMF levels in the present system
nor in the proposed alternatives. While it is true that there are
over 150 pages in the two volumes of the EIS devoted to EMF, the
information is as applicable to Baltimore as it is to Bellevue.

The level of detail as to the EMF considerations in the four
‘‘alternative proposals are limited to statements that indicate that
T-1, the transmission alternative favored by Puget Power and
Bellevue City staff, would have an EMF increase, while T-2 would
have a decrease, T-3 would have the greatest increase, and T-4
would emit the lowest level EMF. There is a similar ranking for
the distribution alternatives. However, without some quanti-
fication, those rankings are not very meaningful.

First, we need some baseline values for EMF in the present
system, both in the transmission and distribution lines. The
distribution lines are just as important as the transmission lines,
because the strength of the EMF field is determined by the amperage
in the lines, which may be as great or even greater in major
distribution feeders than in the transmission lines.

The EIS should show. what the ranges and medians of the EHWF
levels are on the present transmission 1lines, on the major
distribution feeders and throughout typical neighborhood
distribution systems. Computer modeling can be employed tc give
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probable EMF levels throughout the system for each of the proposed
alternatives. Without that type of quantification, trying to
compare the various alternatives from the EMF point of view is
almost meaningless. For instance, we do not know whether the
anticipated increases in EMF associated with. the T-1 alternative
would be a 3% increase or a 300% increase.

- The other aspect of the EMF impact which should be detailed is
the differing number of living units and businesses which would be
affected by EMF in the various alternative configurations. For
instance, the information in the EIS regarding T-1 indicates that
due to the grid system there would be more transmission lines and
more people would be exposed to EMF. Again, without some gquanti-
fication it is very difficult to make a value judgment as to the
impact that may have on the citizens of Bellevue. A supplemental
study should be performed to complete the missing information.

In September, 1992, which was apparently after the EMF portion
of the draft EIS was completed, two major epidemiological studies.
were released in Sweden. As a result of these studies, Sweden has
formally recognized an EMF-cancer . link. Early reports of the
studies have indicated that +the studies have found a solid
statistical correlation between EMF at levels of 3 mG and greater
and substantially increased incidences of leukemia, especially in
children. In the wake of this new development, the draft EIS
should be amended to address those Swedish studies.

There are certain substantial noise levels associated with
high voltage transmission lines and substations. The draft EIS has
not dealt with this issue, which seems to be a serious oversight.

Very truly yours,

NEIGHBORHOOD UTILITY WATCH
OF BELLEVUE

/LZ/Z\

Joseph C. Calmes
PreSident

JCC/khs

jec\misc\nublshrd.ltr
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January 20, 1993

Ms. Susan Sanchez

Environmental Coordinator

Design and Development Department
City of Bellevue

P.O. Box 90012

Bellevue, WA 98009-9012

Re: Comments on Comprehensive Plan Amendment
Utilities Element DEIS

Dear Ms. Sanchez:

Thank you for the opportunity to comment on the Draft
Environmental Impact Statement the City of Bellevue (the
"Ccity") has prepared in connection with the proposed amendment
of its Comprehensive Plan Utilities Element. Puget Sound
Power & Light Company ("Puget Power") is very interested in
the Ccity's amendment of the comprehensive plan and
implementation of the Growth Management Act because our
planned facilities are directly addressed.

The DEIS reflects thoughtful consideration of a number of
complicated technical issues. 1In the spirit of cooperation
and support for the City's effort, Puget Power has both
- general and technical comments on the DEIS. Submittal of the
following comments, however, is not meant to imply an
endorsement of the scope or analysis of the document. We have
not made a comprehensive effort to bring to your attention
misspellings, missing words, inconsistencies, or other
typographical errors found in the text.

GENERAL COMMENTS
1. Design of the Electric System

As we stated in our scoping comments, we believe the
discussion in the DEIS of postulated impacts of alternative
hypothetical transmission and distribution systems, was not
necessary. The City's alternative transmission and.
distribution systems, T-2, T-3, T-4, D-2, and D-3 require
rebuilding most or all of Puget Power s system. Puget Power
has not proposed to build any of these systems. ‘

[00000-0000/BA930210.008]

Puget Sound Power & Light Company P.0.Box 97034 Bellevue, WA 98009-9734 (206) 454-6363



Ms. Susan Sanchez
January 20, 1993
Page 2

Nor would these alternatives be reasonable alternatives
to any facility improvements Puget Power has proposed or may
propose. The City may not mandate through its Comprehensive
Plan under GMA or through SEPA (under WAC 197-11-440(5) (b)),
that Puget Power rebuild its existing system to a different
voltage, capacity or configuration.

The City is not the proper body to be considering the
types or voltages of facilities Puget Power builds, what level
of service reliability and efficiency is appropriate, and what
costs are appropriate for our ratepayers to bear. These are
all issues which in effect are the design criteria for the
electric system. And as such, they are service issues that
are the jurisdiction of the Washington Utilities and
Transportation Commission (the "WUTC"). See, e.d., RCW
80.28.010(2) & (8); RCW 80.01.040(3); RCW 80.28.090, .110 &
.130; General Telephone v. Bothell, 105 Wn.2d 579 (1986).
Changes to Puget Power's reliability criteria also require
coordination with the Western Systems Coordinating Council
(industry association of utilities of the western United
States).

In particular, replacement of Puget Power's current
transmission system with underground facilities (as suggested
in the DEIS) is not a viable option. To begin, undergrounding
of 230 kV power lines in the same configuration as Puget
Power's planned system would not result in a system with
similar capacity. It would result in noticeable land use
impacts as streets and other areas are excavated for
installation of cable and additional sites are developed as
substations, switching stations and pumping stations. An
underground system would be immune from damage due to falling
tree limbs and car/pole crashes, but it would be subject to
equipment failure and damage from other excavation, which
could take months to repair as opposed to hours.
Undergrounding is extremely. expensive, and provides no
electric service benefit. As the City is aware from, for
example, Arnold Tomac's October 13, 1992 letter to Susan
Sanchez (copy enclosed), the City's theoretical 230 kV
underground alternative would cost on the order of $560 to
$840 million, 20 to 25 times the $20 to $30 million cost of
completing the 115 kV grid system. These costs, moreover, do
not even consider the regional difficujities inherent in the
creation of a "City by City" utility system. To require it
would be asking ratepayers outside Bellevue to subsidize a

[00000-0000/BA930210.008]




Ms. Susan Sanchez
January 20, 1993
Page 3 '

local non-electric amenity. It could result in very
substantial rate increases for our Bellevue customers.

GMA allows the City to regulate where Puget Power builds
facilities, as long as we can continue to reasonably serve our
customers. WAC 197-11-442(4) provides:

The EIS's discussion of alternatives for a
comprehensive plan . . . shall be limited to a
general discussion of the impacts of
alternative proposals for policies contained in
such plans, . . . and for implementation
measures. . . . The EIS content may be limited
to a discussion of alternatives which have been
formally proposed or which are, while not
formally proposed, reasonably related to the
proposed action.

The DEIS addresses each of these issues, but also goes
further. The City's plan should describe the location and
capacity of existing (and proposed) utilities—-not consider
theoretical replacements for Puget Power's existing system.

Puget Power's system plan is the reasonable way to ensure
reliable service to our Bellevue customers as it reflects the
final build-out stage in the evolution of our transmission and .
distribution system in the Bellevue area. . This planned
configuration is typical of electric utility system
development. A system begins with the construction of a
single radial line to serve the initial electrical load. As
additional areas and load are added, additional lines are
added. The system continues to be operated as a radial system
by maintaining normally open switches, even as its physical
configuration begins to resemble a grid system. Finally, to
provide reliable service to the most customers with minimum
additional facility expansion, the grid is physically
completed and the system is operated as a true grid. It is
the completion of the grid system in Bellevue which Puget
Power anticipates will be necessary to ensure continued
reliable power service to our Bellevue customers.

[00000-0000/BA930210.008)



Ms. Susan Sanchez
January 20, 1993
Page 4

2. EMF

a. EMF Conclusions (Public Health Section, p.
I-9 and Part 3.3.6 "“sSummary")

The DEIS does not clearly state the consensus of the
scientific community that there is no scientific basis to
conclude EMF exposure causes adverse human health effects.

The DEIS makes reference to numerous studies without providing
the reader with clear sense of the relative significance of
the studies or how they fit into the general body of
scientific knowledge with respect to EMF. After reading the
DEIS, readers may be left with the impression that it is only
a matter of time until a cause-and-effect relationship between
exposure to extremely low frequency EMF and adverse health
affects is established.

However, the consensus of the scientific community, not
summarized in the DEIS, is stated as one of the conclusions of
Energetics' technical appendix--at page 108:

Overall, the existence of various biological
effects is of concern; however, to conclude
that these bioclogical effects mean adverse
health effects for humans is premature. For
example, many of the studies pointing to the
existence of biological effects have not. been
confirmed by multiple investigators. The types
of studies that could link biological effects
to adverse health effects have not been
conducted. In addition, the biophysical or
biological mechanisms that would explain how
EMF interacts with living systems to produce
these biological effects are not understood.

The body of scientific evidence regarding
health effects from EMF exposure remains
unclear. While there are biological effects
associated with exposure, there is no
definitive indication that EMF exposure does or
does not cause adverse human health effects.
Such a definitive indication may not be forth
coming for several more years.

[00000-0000/BA930210.008]
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Ms. Susan Sanchez
January 20, 1993
Page 5

It is also important to note that biological effects are not
necessarily harmful--they are just detectable biological
changes (for example, an increase in temperature).

b. Risk Assessment (Part 3.3.7)

The EMF risk assessment discussion does not address the 19
numerous state and local governments that have undertaken
thorough risk assessments of the subject matter and have
consistently concluded that there is no public health basis to
regulate low frequency magnetic field exposure. At the state
level, the only "exceptions" are the states of New York and
Florida. 1In both cases, the regulations promulgated are not :
based upon public health criteria (and permit normal operation -
of utility facilities). We think that, if the concept of
"professional" versus "political" risk assessment is to be
discussed, the document should acknowledge that the weight of
authority (EPA, Washington State, etc.) is that no basis
exists to regulate EMF exposure.

See, e.qg., 1989 Washington Laws ch. 143 at 597; Electro-
Magnetic Health Effects Committee (appointed by the Texas
Public Utility Commission) "Health Effects of Exposure to
Powerline-Frequency Electric and Magnetic Fields," (March
1992) at Section 1.1; Conn. Academy of Science & Eng.,
"Electromagnetic Field Health Effects," (April 1992) at
pages 7, 9. In a report to the California State Legislature
by the California Public Utilities Commission in cooperation
with the state's Department of Health Services (CPUC/CDHS
1989), the Commission recommended no regulation to limit field
exposure. The Commission summarized its position as follows:

[N]Jot only are we unsure a significant health 1
problem exists, we also do no know what action

would be protective of public health, even if

we wanted to take immediate action on the

chance that there is a problem.

The obvious protective approach--reducing.
society's overall level of exposure to electric
and magnetic fields--could, based on a reading

- of the available science, conceivably make any
existing problem worse, not better. For
example, current scientific evidence suggests
that there may be particular field strengths
which activate biolegical field strengths which -

[00000-0000/BA930210.008]
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activate biological responses, while fields
either below or above such strengths may cause
little or no effects. Regulatory actions aimed
at reducing overall levels. of exposure could
therefore conceivably increase the number of
people exposed to harmful fields.

Id. at p. C-21.
c. YEMF Mitigation" (Part 3.3.8)

Mitigation is defined by WAC 197-11-768 as avoiding,
minimizing, rectifying, reducing or eliminating, compensating
for and/or monitoring an impact of a proposal. It has not
been established that there are adverse impacts from EMF, nor
is it clear that reducing EMF levels associated with electric
transmission or distribution facilities would minimize, reduce

or eliminate potential adverse health effects. If there is no

scientific basis conclude EMF causes adverse health effects,
then there is no basis to require mitigation under SEPA.

d. The DEIS Misuses "EMF Mitigation" to Mean
“EMF Reduction"

WEMF Mitigation" as used in the DEIS is inherently
misleading. It is used to describe "prudent avoidance" and
techniques to reduce EMF exposure. This implies that lowering
EMF levels associated with electrical facilities is a way to
reduce potential health risks, something the science does not
support. .

e. The DEIS Does Not Support "Prudent
Avoidance"

The DEIS indicates staff's recommendation that policies
P-19 and P-20 proposed by the Citizen's Advisory Committee be
deleted. The DEIS and Energetics' report both show that a
policy of "prudent avoidance" cannot. be supported on the basis
of health or other environmental grounds. Common sense
feelings that "more is worse" or that obvious sources of EMF

(powerlines and substations) are "worse" are not supported by -

the available science. Puget Power can support feasonable
efforts to design new facilities to reduce EMF consistent with
cost and other good enyineering practices, but thisz is a
response tc customer de51res rather than public health
criteria. ..

[00000-0000/BA930210.008]
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Ms. Susan Sanchez
January 20, 1993
Page 7

~ The DEIS suggests an even split between jurisdictions
accepting and rejecting "prudent avoidance." This is not
accurate. Colorado is one of a few states that has chosen to
regulate. in this area. The Colorado rule is not based on
scientific criteria. The City's DEIS acknowledges the
uncertainty that makes regulation unwarranted at pages I-13
and III-45 (for example), where the theory of EMF Windows is
discussed. See also Energetics at page 101. Both the DEIS
and Energetics' report also discuss the theory that biological
effects may result from exposure to transient fields-fields
that are turned on and off, such as those emanating from:
. household appliances. (See DEIS at I-13 and III-45,
Energetics at page 101.) Energetics states, and the EIS
should reflect, that: :

Some research indicates that biological
effects occur from exposure to transient
fields. That is, fields that are turned off
and on, such as those emanating from household
appliances. . . . [As a regulatory matter, ]
you would not reduce the fields emanating from
transmission lines if it were found that
transient magnetic fields needed to be
controlled. This is because there are almost
no transient fields emanating from transmission
lines. :

It is for reasons such as these that a host of jurisdictions
have refused to adopt or encourage the practice of "“prudent

avoidance”. It leads to endless public debates, not based on

any scientific criteria, as to what expense or other
engineering compromise might be deemed "prudent™.

Apart from the absence of scientific criteria supporting
a prudent avoidance policy, it is not an appropriate policy
for the Ccity of Bellevue to adopt. The policy would influence
decision making with respect to facilities which are multi-
jurisdictional in nature. As such, the appropriate regulatory
body (if any) to adopt such a policy is the Washington
Utilities and Transportation Commission ("WUTC"). The WUTC,
not the City, is the entity that determines what costs are
appropriate for Puget Power's ratepayers to bear.

[00000-0000/BA930210.008]
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f. Undergrounding New Transmission Facilities
- in Bellevue Would not Fit the Prudent
Avoidance Concept

"The EIS should explicitly state what is clear from a
detailed reading of the DEIS. In the context of potential
system development in Bellevue, burial of transmission lines
is highly unlikely, under normal circumstances based on the
current science, to be justified if one were to apply a
"prudent avoidance" policy. In Mr. Tomac's letter, as noted
above, we provided a cost estimate for the City's "230 kV .
underground" alternative -- 20 to 25 times the cost of the 115
KV grid. The Energetics draft, at page 115, states (in an
assertion apparently "adapted" from a 1992 Washington State
Department of Health study) that "[t]lhe cost of implementing
[a generic fluid filled steel pipe undergrounding 'option'] is
six to seven times that of building a flat horizontal
configuration." The cost differential between the
transmission "Base Case" and "Underground Line ~ Fluid Filled
Steel Pipe," shown at pp. III 53-54 of the DEIS, shows
undergrounding as approximately 5.5 to 93times as expensive as
overhead installation. Even using the generic cost estimates
in the DEIS (which mlght be s1gn1flcantly lower than those
that would be entailed in a cost comparison of
overhead/underground transmission facilities that might be
built in Bellevue), the additional cost of undergrounding
would not be a "reasonable or modest" cost to lower EMF
levels, even without considering the capacity and other system
implications associated with such a choice.

3. Land Use Impacts

The phrase "“perceived impacts"™ in the discussion of
potential land use impacts is inaccurate (gee, e.g., the third
full paragraph, p. III-12). The DEIS states that "land use
impacts of transmission and distribution facilities are likely
to be based on perceived aesthetic impacts of poles and wires,
the perceived health impacts of electromagnetic fields and the

erceived impacts of radio and television interference."
(Emphasis added.) The discussion clearly indicates, however,
" that the true issue under discussion is_whether residents or

others viewing the electrical facilities will take action,
based on their perceptions about electrical facilities, which

cumulatively creates a real (not perceived) land use impact.

[00000-0000/BA930210.008]
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Where particular land use impacts are postulated, the
analysis is speculative. Per WAC 197-11-060(4) and 197-11-
080, an EIS should discuss the direct, indirect, and
cumulative impacts of Bellevue's proposal that are likely, not
merely speculative, and should make clear where uncertainty
exists. The DEIS does not reference research to support the
"negative association" discussed. Without documentation, some
of the conclusions appear to be mere supposition. Source
documents, if any, should be referenced.

It would be unwarranted to conclude that there is any
reasonable likelihood that a significant adverse land use
impact will result from negative community perceptions of
Puget Power's electric transmission or distribution facilities
-(or the City's comprehensive plan policies applicable to such
- facilities), whether those facilities are constructed in open
space, residential or other areas. For this reason, we
support the DEIS's conclusion, stated at page III-34 of the
DEIS, that "the presence of transmission lines and substations
has not lead to a change -in land use" and that "the evidence
is that viable residential uses coexist with [and are
compatible with] transmission lines and substations such as
are included in [Puget Power's plan]." We believe (i) this
conclusion should be explicitly stated at the beginning of the
discussion and (ii) the DEIS summary of land use impacts
should state the conclusion of the text that Puget Power's
plan will not result in significant adverse land use impacts.

TECHNICAL COMMENTS

The following comments and suggested revisions do not
duplicate the general comments of the preceding section,
-although there may be some overlap. Nor are these specific
comments comprehensive. We hope the format is helpful to the
City in preparing its Final EIS. -

Page i, para 7. "This would require the rebuilding of
approximately...36 miles of transmission lines and 14
distribution substations." Comment--See page II-6.

Pége ii, para 4. Comment--Alternative D-2 would not
reduce the number of substations, rather the service
area of existing substations would be enlarged.

Page ii, para 4. "Fo new distribution substations
would be needed, but 16 existing substationes would need

[00000-0000/BA930210.008]
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to be rebuilt and/or expanded."  Comment--See p. I&—?
and 8.

Page ii, para 5. “Under this alternative, the capacity

of approximately 12 substations would be increased from
25 MVA to 50 MVA configurations with the construction
of new 12 KV distribution lines...and the installation
of additional transformers. Comment--Rather than
replace the transformers in Alternative D-2,
Alternative D-3 requires the addition of transformers
to handle the additional cables.

Page I-1, para 3. "Although they are physically
electrically connected, any of the transmission
alternatives are technically compatible with any of the
distribution alternatives, and vice versa."

Page I-2, para 1. "As.a comparison; the voltage of
household...power is 110 volts.

Page I-2, para 2. "This would require rebuilding...
approximately 36 miles of existing transmission lines
and 14 distribution substations."” Comment--Per the
description of Alternative T-3 on p. II-6, it is this
alternative which requires two thirds of the existing
transmission lines to be rebuilt, not Alternative T-2.

Page I-3, para 3. " (MVA stands for...Megavoltamperes
and is a measure of the rate at which electricity is
delivered. )"

Page I-3, para 4. "No new distribution substations
would be needed, but 16 existing substations would need
to be rebuilt and expanded to step down...the
transmission voltage to 34 kv." Comment--See p. II-7
and 8.

Page I-3, para 5. "Substation expansions under this
alternative would differ from those associated with
Alternative D-2 in that rather than ...replacing
transformers to handle different voltages, additional
transformers would need to be added to handle more
wires of the same voltage." Comment--See correction
page ii, para 5.

[00000-0000/BA930210.008)]
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"Page I-4, para 3. Comment--The statement that
Alternative T-4, among the four transmission system
alternatives, provides the best performance for utility
service reliability, has the least land use impact, and
has the greatest potential for reduction of exposure to
EMF is misleading. This alternative does have higher
operating reliability, so customers should experience
fewer outages than any of the other transmission system
alternatives. However, should there be a fault in one
of the underground lines, customers could experience a
loss of power significantly longer than any of the
other three transmission system alternatives. As
described on p. II-6, "all existing transmission lines
would have to be replaced with underground lines."

This re-construction of the existing 36 miles of
transmission lines within the city limits, even if
phased over several years, would disrupt Bellevue
neighborhoods. This land use impact would be
significantly greater than the construction involved in
the other transmission alternatives.

Page I1-4, para 6. Comment--The first two paragraphs in
the section, Comparison of Transmission Alternatives,
discuss two separate issues. It is suggested that they
be split into two paragraphs: ohe addressing system
capacity and the other addressing operational
reliability. Suggested replacement language for these
two paragraphs follows. Appropriate language for
comparison of the alternatives is also presented.

"System Capacity: The way the electrical system is
designed is directly related to the criteria which
determines the extent of redundant or "backup"
facilities needed. Puget Power, like most companies in
the electric utility industry, designs and operates its
system to achieve economical and reliable delivery of
service to customers. Capacity is often measured by an
operating criteria commonly referred to as "N-1." What
this means is that if total system consists of “N"
elements, the system would still have the capacity to
serve all the electric load, even with the loss of one
of the system elements. These system elements are
electrical components such as switches, transformnrs,
transmission lines, and circuit breakers."

[00000-0000/BA930210,008)
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"All of the transmission alternatives could be designed
to an "N-1" capacity standard. That is, all of the
alternatives would be designed such that any one
element could be taken out of service and still
maintain service to customers."

“Operational Reliability: Operational reliability
refers to the power outages experienced by customers
due to system component failures. These outages are
temporary, lastlng from minutes to hours (or longer)
Outages remain until the failed system component is
identified, isolated from the rest of the system, and
power re-routed through remaining components restoring
service to customers.

"Each of the alternatives vary significantly in terms
of the operational reliability to customers, if all
would be designed to an "N-1" capacity standard.
Alternatives T-1 and T-4 both would offer high
operational reliability due to the fact that any single
system element failure affects fewer customers than
Alternatives T-2 or T-3. Customers would experience
more outages from T-1 than T-4, but outages -from T-4
could last significantly longer than those under T-1.

. Alternative T-2 and T-3 offer lower operational
reliability because any single element failure affects
many more customers than with Alternatives T-1 and T-4.
In addition, transmission line outages with T-2 and T-3
would be longer than with T-1, due to the longer length
of transmission line that would need to be patrolled in
these alternatives."

Page I-4, para 8. Per the comments immediately stated
above, the text in this paragraph should be modified as
follows.

", ..In situations such as particularly heavy storm
events, it is not unusual for more than one facility on
a system to go down, resulting in service losses for...
customers. In comparing the alternatives when such
service losses do occur, Alternative T-4 Underground
Transmission would be the most reliable because it is
less subject to failure due to the primary causes of
outages for overhead lines such as trees and llghtning
strikes. It would be more reiiable if built in a
denser grid because...fewer_customers would be affected
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by any one element failure. The next reliable would be
. T-1 Overhead Grid....Because of the grid, any outage
would affect fewer end users because the system is
broken into smaller units..... L

Page I-5, para 2. Comment--The statement, "each of the
alternatives could be built without affecting
reliability" during the construction of the new system
is misleading. Construction of power lines and
substations requires momentary, and sometimes lengthy,
power outages. Depending on the existing system
capacity design criteria and the nature of the
construction activities, these outages may or may not
be experienced by customers. But, should an unplanned
outage occur to a system simultaneocusly as a planned
construction outage, customers on an N-1 design system
will experience power interruption. Depending of the
transmission system alternative, a greater or lesser
number of customers could experience planned
construction outages or comblned planned/unplanned
outages.

The only way that the construction of Alternatives T-2
or T-3 would not affect reliability would be for the
rebuilt" lines to be new lines on new routes to allow
the existing lines to remain in service while the
replacement lines are built. This is not anticipated
in the alternative description, thus significant
reductions in reliability would occur for Alternatlves
T-2 and T-3 during construction.

Page I-5, para 3. "In terms of the regional power
system, the primary issue relating to the transmission
system in the Greater Bellevue Area is that of
north/south power flow through the system. In other
words, the ability for power...to flow....from one
region to another relatively unimpeded is one aspect of
system function that concerns power planners. It is
very important that the transmission system must meet
regional as well as local needs. In the case of a
regional transmission failure, the grid system under
Alternatives T-1 and T-4 would establish multiple paths
through the system, "pass through" power would be split
on many lines, reducing the impact and operational
dependence on any one line....It would be best, because

the capacity of overhead transmission lines are greater
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than_the capacity of underground transmission lines.
T-2 and T-3, which are radial, do not readily

accommodate north/south pass-through power. The exact
needs of north/south pass-through power in the future,
however, are not specifically known. Any changes to
the existing system, however, would need to accommodate
the regional needs as well. \

Page I-6, para 5. "Alternative D-1 and...D-3 would
involve less disruption to the system during the
transition to the new system, because they would

- utilize the existing 12 kV distribution system.
Comment~--Alternative D-2 requires the conversion of the
existing 12 kV facilities to 34 kV and would be very
disruptive to the system reliability during
construction (see p. III-9).

Page I-10, para 2. Comment--Statements concerning -EMF
from Alternative D-1 relating to the development of
additional substations are misleading. EMF levels are
related to current and not substation equipment
configuration.

Page II-2, para 3. "In thinking about how these
alternatives would function, it is important to note
that although they are electrically connected, any of
the transmission alternatives are technically
compatible with any of the distribution alternatives,
and vice versa."

Page II-2, para 4. "The system that Puget
Power...plans to construct approximates the
“transmission system discussed under Alternative T-1,
below, and the distribution system discussed under
Alternative D-1, below."” :

Page II-6, para 3. "Replacement of sections of
transmission line could be phased for installation in
complete circuits" is not a true statement and should
be deleted.

"All existing transmission lines would have to be
replaced with underground lines. All distribution
substations would have to be rebuilt with a high side
operation at 230.kV.__And to accommodate underground
transmission, the Sammamish and...Talbot trarsmission
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substations and the Lakeside switching station would
need -to be expanded to accommodate underground lines_.

In addition, some pumping stations for cooling Oll
would be required at or between substations.

"Since Puget Power has not developed such underground 11
systems (Alternative T-4), it is likely that such a

system represents a worst case that could be modified

considerably to eliminate redundant elements."

Comment--This statement is an unsubstantiated editorial

comment. :

Page II-8, para 3. “Substation expansions under this _ 3
alternative would differ from those associated with

Alternative D-2 in ‘that, rather than...replacing 12 kV

transformers with 34 kV transformers to handle

different voltages, additional transformers would need

to be added to handle more feeders of the same

voltage." Comment-- See correction page ii, para 5.

Page II-20, map. The Electric Transmission Facilities . . 7
. Map omits the existing transmission line which connects

Center Substation to the Lakeside-South Bellevue

transmission line segment.

Comment--The Growth Management Act requires the
adoption of an Utilities Element and a map of electric
" transmission facilities as part of its Utilities
Element. The inclusion of a map of electric facilities
is a new component in a comprehensive plan and perhaps
deserves an explanation of its use in the comprehensive
plan utilities element. -

It is Puget Power's understanding that the purpose of

the electric facilities map is to indicate the general

location and capacity of existing and proposed

facilities. The actual location of facilities, as

proposed or as permitted, may differ from the general

locations conceptually shown on the electric facilities-

map. Adoption of the map with the goals and policies

denotes consistency between these two components of the
Utilities Element as well as the other elements of the .
comprehensive plan. -Both the map, and the goals and

. policies, will guide the Clty's permit review for _
electric facilities propo>ed in the future. Parmitted _ —
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fac111t1es should be consistent with the map and the
goals and policies.

Page III-1, para 2. "The major portion of the
generation serving Puget Power is provided by.
hydroelectric power purchased from...central Washington
public utility districts who own dams on the Columbia
River and from coal-fired generating plants." Comment-
Puget Power purchases little power directly from the
Bonneville Power Administration.

Page III-2, para 2. Comment--As discussed above
(referring to p. I-4, para 6), this section of the DEIS
mixes discussions of system capacity criteria and
operational reliability. Appropriate changes should be
made to the text.

Page III-2, para 2. "In addition, Puget Power does not
attempt to meet the N-1 criteria in extreme peak demand
periods."

Page III-2, para 2. "This excludes the extreme peak
demand periods for electrical heating in the winter and
air conditioning in the summer."

Page III-2, para 2. "“For example, if a given power
line containing five distribution substations and
connected to two transmission substations (one at each
end),...a single break in that line ...would cause
customers served by that line to lose power until the
break is isolated and service restored by switching
pover from the other end of the line.

Page III-3, para 1. "Generally, when a fault occurs,
the entire affected section of line will be
automatically shut down by circuit breakers at X...or
Y."

Page III-3, para 2. "Under such conditions, demand
could not be met for all five substations from either
"X" or "Y" with a transmission ...line capacity of 110
MVA....In such a situation, the 110...MVA capacity of
the line would be sufficient only for 4 of the 5
substations."

[00000-0000/BA930210.008]
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Page III-3, para 3. "The 110...MVA transmission : 3
.line would be able to adequately handle such an

outage at any time other than peak or during the peak

if the outage occurred,anywhere else on the line."

Page III-3, para 4. "One of the policy guestions that
dec151on—makers could consider is whether
this...capacity criteria justifies the economic or
environmental costs associated with building systems to
meet these standards, or whether putting up with less
reliability is a reasonable price to pay for fewer
electrical facilities. Page III-3, para 4. Comment--
The decision-makers referred to in this paragraph
cannot solely be local decision-makers. Rather,
questions regarding reliability are primarily decided
by those of the Washington Utilities and Transportation
Commission. Changes in Puget Power's reliability deign 6
criteria also must be reviewed with the Western States
Coordinating Council.

Page III-4, para 2. "Consider the following graphic of | 2
the radial system discussed earlier, but with grid =
connections added and the normally open

switches closed." Comment--The graphlc is

representative of Alternatlve T-1.

Page III-5, para 2. Comment—-The development of 2
Alternative T-4 is conceptual and may not meet a strict
design criteria of "N-1" or "N-2" capacity.

Page III-5, para 3. Comment--It is true that all of
the alternatives could be designed to an "N-1"
(capacity) standard. The reliability of service as
measured by number, length, and impact of customer
outages, however, would differ significantly between
the various transmission system alternatives.
Alternatives T-1 and T-4 would offer higher operational
reliability than Alternatives T-2 and T-3. Customers
under Alternative T-1 would experience more outages
than T-4, but outages from T-4 could last significantly
longer than T~1. Under Alternatives T-2 and T-3, more
customers would be affected by any single outage and
outages would likely be longer than under T-1 due to
the increased time needed to patrol the longer
transmission lines. -
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Page III-5, para 4. Comment--It is incorrect to state
that "each of the alternatives does vary in the
potential for providing greater than N-1 service." N-1
is a design capacity criteria, not a measure of
capability to provide reliable service to customers. A
system either meets an N-1 or N-2 design criteria, or
it does not. It cannot provide "greater than N-1
service." Delete this sentence. Furthermore, the
discussion in this paragraph primarily speaks to the
reliability during storms and a subheading to that
effect would be helpful to the reader.

"It would be more reliable if the system were built in
a denser grid...as fewer customers would be affected by
~any one element failure in the system. The next
reliable system would be T-1...An outage within a

grld system would affect fewer end users as the system
is broken into smaller units."

Page III-6, para 2. "In terms of the reliability of
the system during construction of new or expanded
facilities, there is a significant difference

between alternatives...Alternative T-1...(cont.)..."
Comment--The only way that Alternative T-2 and T-3
would not affect reliability would be for the "rebuilt"
lines to be new lines on new routes to allow the
existing lines to remain in service while the
replacement lines are being built. This is not
anticipated in the alternative description.

Page III-6, para 3. "The primary challenge that would
occur with this alternative would be a result of having
- to rebuild the transmission lines to handle the
higher currents and the "high side" of distribution
substations to handle these current that is the basis
of this alternative."

Page III-6, para 5. Comment--This section of the text
. 'should be modlfled per comments stated above for page
I-5, para 5.

Page III-7, para 3. "In terms of the flexibility of
the system to handle loads greater than 680 MVA (if and
when project growth is exceeded), all alternatives
other than th=2 underground alternative (T-4) couid

ultimately be converted to a 230 kV grid confiquration,

[00000-0000/BA930210.008)




Ms. Susan Sanchez
January 20, 1993
Page 19

although for T-3, the system effectively would be
rebuilt twice in accomplishing such a conversion.
Under Alternative T-1, Overhead Grid,...any
expansions...would consist of converting this grid
system to a 230 kV configuration."

Page III-16, para 5. "Viewers engaged in recreation
are generally the most sensitive to visual quality,
followed by persons in residential areas" is an
unsubstantiated subjective statement.

Page III-17 through III-26. Comment--Several of the
photographs in Section III have apparently been taken
‘with telephoto lens. The use of this type of camera
distorts the distances between objects, making the
power poles appear much  closer together than they
actually are. This distortion is especially true in
Figures 3.10 (p. III-21) and 3.13 (p. III-24).

Page III-25, para 2. The statement, "options to _
mitigate the visual appearance of substations include
enclosing all or some of the equipment in structures"
should be expanded to included vegetation screening and
other landscaping elements such as fencing or berming.

Page III-58, para 5. "It is likely that a higher
incidence of transient fields would be expected.
However, the implications of transient fields are
unknown." These statements are not justified comments
referring to Alternative D-1 considering "transient
fields have not been well defined, and the
characteristics of transients from appliances and other
sources are not fully understood" (see p. III-45).

Thank you again for the opportunity to comment on the
City's Comprehensive Plan Utilities Element Draft EIS. We
will continue to offer our assistance to City's citizens,
staff, and officials toward the adoption of the Utilities
Element. We are confident that this effort will lead to a
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utilities element in which the City's vision of growth
management is compatible with Puget Power's public service

obligations.

Attachment
cc: Leonard McGhee
Rita Perstac

[00000-0000/BA930210.008)

Sincerely

Betsy J. Minden, AICP
Environmental Scientist
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JANuARY 25, 1993

) 1) i
Ms. Susan SancwEz - 1D EEEIVE m
Desten & Deveroement DEPT. JAN 261903 [t
C1ty oF BELLEVUE '

11511 ﬁA_[N STREET | . . DEVE: 'a
Berievue, WA. 93004 | DESIGH & DEVELGPLI

Re: City oF BELEEVUE GMA DRAFT EIS

Dear Susan: _
I MUST APOLOGIZE FOR MY DELAY IN RESPONDING FORMILY IN REGARDS TO THE
EIS in.PREPARTION BY THE CITY. STORM DAMAGE AND POWER FLAYED HAVIC WITH
- QUR FAMILY. :
As YOU ARE AWARE I MOST RECENTLY SERVED AS THE CHAIRMAN oF THE CA(
FOrR THE UTILITIES ELEMENT AND WAS A FORMER MEMBER OF THE MOST RECENT
CompreHENSIVE PLan_ReEviEw FoR THE BRIDAL TRAILS SUBAREA. But, my
COMMENTS FOR THE EIS ARE WRITTEN ON BEHALF OF MY FAMILY AND MYSELF
AND ARE MY PERSONAL OBSERVATIONS AND OPINIONS, .
My MAIN CONCERN IS THE HEALTH AND WELFARE OF THE CITIZENS OF BELLEVUE,
IN REGARDS TO HEALTH, ELECTRO-MAGNETIC FoRces(EMF) IS MY PRIMARY
CONCERN ON HOW IT WILL BE MONITORED AND-REGULATED. WHILE WE DD..NOT™
KNOW EVERYTHING ABOUT THE EFFECTS OF EMF My READINGS TELL ME WE NEED
TO. CONCERN OURSELVES WITH THE HEALTH AND WELFARE OF OUR CITIZENS BOTH™
ADULT AND MOST DEFINITELY CHILDREN.
[F WE CAN ADOPT A POLICY OF EB_DENI__MngEﬂg~(SEE ATTACHED DEFINITION)
AND KEEP IN MIND THE SITINGOF POWER LTNES, SUBSTATIONS AND ELECTRICAL
EQUIPMENT IN' THE HOME WE CAN PREVENT,. REDUCE AND MINIMIZE EMF
EXPOSURES TO THE CITIZENS OF BELLEVUE. Tue CAC WORKED FOR A YEAR TO
DEVELOP AND PROPOSE GOOD POLICY. IN ADDITION, THE pLANNING Commrssion
TOOK ONE STEP FURTHER IN PROPOSING ADOPTION OF THE: PUBLIC UTILITIES
Conn:sszon OF THE STATE oF COLORADO POLICY CONCERNINC PRUDENT AVOIDANCE
(SEE ATTACHED),
Now 1s THE TIME FOR US TO INACT GOOD POLICY AND GUIDELINES TO PLACE THE
ENGINEERING AND DESIGN OF ELECTRICAL COMPONENTS TO MINIMIZE ITS HEALTH
EFFECTS ON THE PUBLIC, FE MAY ONLY BE IN THE FARLY STAGES ON LEARNING




01/26/83 14:18 ‘D206 483 1811 BUS PROP DEVEL @og2

Januray 25, 1993
Ms. Susan SANCHEZ
PAGE 2

" HEALTH RISKS OF ELECTRICAL SYSTEMS BUT WE CAN INITIATE POLICY THAT
CAN WORK WITH THE UTILITIES TO INSURE PRUDENT AVOIDANCE OF ANY
PROBLEMS, WE SHOULD ALSO LOOK TO INSURE THAT THESE POLICIES ARE
REVIEWED AGAIN IN ANOTHER FIVE YEARS WHEN WE MAY KNOW SIGNIFICANTLY
MORE ABOUT EMF AND ITS HEALTH RISKS. THANK YOU FOR YOUR WORK WITH
THE CAC anp THE EIS. :

- SINCERELY

g/ ﬁACK F, MARTIN
13838 NE 48th Prace
Berievue, WA. 98005
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HEFORE TEE PUBLIC UTILITIES COMMISSION
OF THE STATE OF COLCRADO

. x ¥

IN.THE MATTER OF -THE RULES )
YOR ELECTRIC UTILITIES OF THE )
COLORADG PUBLIC UTILITTES COMMISSION, ) DOCEET HO. 92R-2595E
4 CODE QOF COLORADO REGULATION=723-3 )
CONCEEKTHG ELECTRIC AND MASKEYIC FIELDS )

- e WR M e Se W e e SR WS e M P an ma W A W W

priective Data: Hovembher 30, 1532
poblication Date: Xovesbar 10, 1992

o am e vw e me e er M DA A TR M R w e = W W

1. The Commigsion’s Electric Service rules are nnditied *o add
the following language:

Rale 18 (i): "

The utility shall include the concapt of
with respact to planning, aiting, mtruntip:;d::ta avoidance
af transmisgion facilities. Prudent aveidance shall mean the
strixing of a reasonabla balanca betwasn the potential health
effects of exposure to magnatic fisdds and the cost and
impacts of aitigation of such exposurm, by taking stags to
raduce the exposure at ressonable ar modest cost. Such steps
might include, but are nat limited to: {1) Design’
alternatives considering the spatial arrangessnt of phasing of
conductors; {2) Routing lines to limit exposurwe to.areas of
e s P%ug:n and group facilities such as schools

bospitals: talling higher structuras; (4) Widening
right of way corridars; apd (5) Burial of Lines. O ¥

Rule 18 (§) _

With razpact © transmissicn facilitiasx licant shal

to the requiremsnts of Section (i) of this Rula 185.
2. This Ruis will ba effective on Hovexber 30, 1932, following
publication by the Colorado Secretary of State, in the Colorads
Reginter on November 10, 1952. .






CITY OF BELLEVUE . '
PUBLIC HEARING - ELECTRIC UTILITIES ELEMENT
COMPREHENSIVE PLAN

January 14, 1993

SANCHEZ: Today is January 14 and we are opening the public hearing on the draft
EIS for the Utilities Element of the Comprehensive Plan, Bellevue City
Hall, Council Conference Room at 5:05 p.m. I'm Susan Sanchez. I'm the
Environmental Coordinator for the City of Bellevue, and with me is David
Sherrard, Senior Environmental Planner in the Design and Development
Department. David and I will be sharing the responsibility of chair for the
hearing. The purpose of this public hearing is an opportunity for public
comment on the EIS.

I have a few announcements to make and we will also be discussing the
process for the EIS. This draft EIS is available in public libraries, the
Department of Design and Development, and it can also be purchased at
City Hall in the Cashier’s office during normal business hours. This
evening there is a copy available in the room with the hearing and copies
may also be purchased in the lobby. Written comments may be submitted
in addition to or instead of providing testimony. Comments are to be
provided to the Environmental Coordinator by January 20, 1993. The
purpose of this EIS is to meet State Environmental Policy Act
requirements, or SEPA. SEPA assures that decision makers are able to
consider environmental impacts prior to making decisions.

The objective of this proposal is to create a list and schematic system map
of necessary electrical transmission and distribution facilities and related
policies to guide provision of adequate electrical power to meet the needs
of projected growth and fulfill the mandate of the Growth Management
Act. The alternatives considered in the EIS include a No Action
Alternative, four Transmission Alternatives and three Distribution Alter-
natives. The process for the EIS includes taking written comments and
oral comments tonight. Those comments will be responded to in the final
EIS. The Bellevue Planning Commission will hold a public hearing on the
proposed policies and plan on February 17. They will have the benefit of
the Environmental Impact Statement prior to taking action this spring, and
the Bellevue City Council is expected to take action on the proposal by
spring. At this point, I will stop the tape because there are no speakers
present. ‘ '

SHERRARD: This is David Sherrard acting as hearing officer for the public heéring



NABOR:

on the Electric Utilities Draft EIS. It is approximately 6:50. Before you
start your testimony, I would appreciate it if you would give your name
and address into the record. Also, just as an introduction, I would like to
point out that this is a public hearing on the Environmental Impact
Statement and the purpose of comments on the EIS are to assure that the
EIS is complete and provides an adequate record of the environmental
impacts of this proposal. In addition to this hearing which is focused on
the EIS, there will be a hearing before the City Planning Commission on
the specifics of the proposed polices, map and other aspects of the
Electrical Utilities Element.

My name is Jim Nabor and we are six year residents of the Bellevue
area. 1 am addressing the Environmental Coordinator and staff, as [
understand it. 1 have reviewed portions of the draft EIS for the electrical
utilities element of the comprehensive plan.

If you would note in there Puget’s own numbers and through the text of
the report, there are basically 50 miles of Puget Power and Seattle City
Light transmission lines in a 32 square mile area known as Bellevue. If
you’re familiar with some of the residential areas, you find this number of
50 linear miles of transmission lines per 32 square miles to be quite high.
I've looked around and it is almost impossible to find any other residential
area which has this kind of concentration of transmission lines. Clearly,
50 miles of transmission lines presents unique service, health, economics,
and aesthetic and reliability issues for the city. One alternative for
addressing these issues is to underground new transmission lines, and if a
careful study is performed, they will address each one of these issues'in a
positive way.

- Unfortunately, in my review of the draft EIS I have found that you dismiss

undergrounding with a one paragraph type of statement. My feeling is
that undergrounding should be. addressed in the EIS as a viable
alternative, particularly for new and upgraded facilities. One of the
reasons that I've found that undergrounding has been dismissed is because
of cost. Puget claims that this is too costly. However, I find this to be a
one-sided issue. No consideration is given to the residential property
values and depreciation of these values which border these transmission
lines. I’'m speaking here of residential property. And, if you do a simple
calculation, and you estimate that there is a 109 decrease in depreciation
values of property that runs along those transmission lines, it is not hard
to come up with a dollar value of $2 million per mile - that property
values have decreased due to the presence of transmission lines.

There has been a lot of discussion in the past about whether or not
transmission lines affect residential property and in our neighborhood it
is clear, through a number of recent cases, where it is now impacting prop-
erty values. The pzople who have had their homes recently refinanced
have found that they had to have two appraisals because the first appraisal
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was not believed when the presence of the transmission lines was found.
There was one case in our neighborhood where a woman was trying to sell
her home and it took her over a year. She had to drop the property value.
She even had Puget Power come in to try and defend their case that there
was no problem with the transmission lines. Clearly, in those cases, the
presence of transmission lines has affected the property values.

Again, if you take this value and you simply calculate that when you put
a transmission line in you drop the property value something like $2
million per mile -- I could run through that calculation for you. This loss
is actually small compared with any capital cost that Puget may have to
put up to either put in new or upgrade transmission lines. In reality, when
you consider all the parties, cost is not a practical consideration -- in
worrying about putting in transmission lines. I request that the city
include an additional transmission alternate in the EIS, and in this
alternate, you consider the undergrounding of new and upgraded transmis-
sion lines. _

I have a second issue with the EIS. The EIS technical appendix which ap-
peared on page 12, item 2, as far as I am concerned, has to be corrected.
The impression is given that the Lakeside to Sammamish transmission line
and upgrade is presently in permit review by the city. This is not true,
according to city sources. Puget Power still has to apply for a permit and,
from what I understand, it is not in permit review and I would appreciate
that comment being corrected in the EIS. The final comment I have has
to do with -- I don’t understand the mechanisms of how the utility element
comprehensive plan gets into the EIS, but clearly, the document that was
addressed at last night’s Planning Commission, I would like to see that
document as part of the EIS. Right now there seems to be a disconnect
and I'm not sure how that gets coordinated. That is the extent of my
comments and thanks for your time.

SHERRARD: Thank you Mr. Nabor. Would you mmd giving your address JUSI SO we
have it on the record?

NABOR; 13600 NE 48th Place, Bellevue.
. SHERRARD: In the absence of additional people signed up to testify, I'm going to
turn off the recorder. It is approximately 7:00 p.m. and we will turn it on

again when we have additional testlmony

CALMES: I’m Joseph Calmes. I reside at 13812 NE 40th, Bellevue. I'm President
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of an organization known as Neighborhood Utility Watch of Bellevue.
We've reviewed the draft EIS and our criticism of the draft EIS primarily
centers on what we consider to be a superficial treatment of the EMF
issue. While it is true that there are over 150 pages in the 2 volumes
devoted to EMF, the discussions are very generic. They could have been
used in Baltimore as well as Bellevue. There is nothing concrete and
specific which addresses the EMF levels in the present system nor in the
proposed alternatives.

In the section dealing with the transmission alternatives, the draft EIS
does say that T-3 would have the greatest increase in EMF while T-1,
which is the alternative that Puget and the staff prefer, would have an
EMF increase. T-3 would have a decrease and T-4 would have the [owest
level of EMF. A similar ranking is given to the distribution alternatives.
However, without some quantlflcatlon those ratings are not very
meaningful. '

First, we need to establish some baseline values for EMF in the present
system -- both in the transmission and distribution portions of the system.
We should know what the ranges -and medians of the EMF levels are on
the present transmission lines, on the major distribution feeders, and
throughout typical neighborhood distribution systems. Computer modeling
. should be employed to give probable EMF levels throughout the system
for each of the alternatives. Without that type of quantification, trying to
compare the various alternatives from and EMF point of view, is almost
meaningless For instance, we do not know whether the anticipated
increases in EMF associated with T-1 would be a 3% increase or a 300%
increase.

The other aspect of EMF which should be detailed is the differing number
of living units and businesses which would be affected by EMF in the vari-
ous alternative configurations of the transmission and distribution systems.
T-1 indicates that, due to the grid system, there would be more trans-
mission lines and more people would be exposed to EMF. Again, without
some quantification, it is difficult to make a value judgement as to the
impact that T-1 may have on the citizens of Bellevue. We need to know
if it would be 3% increase or 300% increase in the number of people af-
fected.- A supplemental study should be performed to complete the
“information.

Our other criticism is that in September 1992, which is apparently after-

the EMF purtnon of ihe draft EIS. was completed, two major epi-
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SANCHEZ:
SANCHEZ:

HANSEN:

demiological studies were released in Sweden. As a result of those
studies, Sweden became the first country to formally recognize and EMF-
cancer link. Those studies found a solid statistical correlation between
EMF at levels of 3 milligauss or greater and substantially increased
incidence of leukemia, especially in children. In the wake -of this new
deVelopment, the draft EIS should be amended to address it.

Thank you.

Thank you for your comments. The time is now approximately 7:15 and

1 will turn off the tape until there is another speaker.

The time is now approximately 8:05 p.m. Please give us your name and
address, to begin with. Thank you.

My name is Norm Hansen. I live at 3851 136th Ave. NE in Bellevue.
I live near Bridle Trails State Park and on my property there is the
easement for the transmission line from Sammamish to Lakeside.
Currently there are 215 volt lines there and there is a project which Puget
Power has to change the configuration of those two lines which would
locate both transmission lines on a single monopole steel pole, which
would be good, at approximately the mid point of the easement which is
now 100 ft. On one side would be 230, on the west side, and 115 would
remain on the east side until such time as the loads were great enough
that they would include that also as a 230. This would probably go on at

Jleast until 2000 -- that configuration. And, with that configuration the

discussions I've had with Arnold Tomac and Jim Kearnes from Puget
Power, is that the edge of the easement, by continuing with the 230/115
situation that the EMF at the edge of the easement, would actually go up.
We have some charts that show that. I think they were given to the city
in 1991. It’s based on the average yearly load of the power requirements
and is projected out through the year 2000.

I’'m particularly concerned about the EMF, even though there is no proven
case. Puget Power did come out and measure it in my home about 25 ft. -

from the edge of the easement. There are other homes in that area that
are similarly placed. In the upstairs, which is closer to the line, it was 11
when they measured it. Downstairs in the kitchen it was 8 and as you go
to the living room it goes down to 4. So there is a dropoff and by the
time you get out into the street it’s about 2.

Particularly what I'm interested in is how the city will view this new
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project in terms of the comprehensive plan in applying any principal of -

prudent avoidance. I would hope that the city would require the new
combined installation of have lower, not higher, EMF, even if it’s only
incremental. I know there is going to be another planning process to do
this, but ’m interested in how the city would view that.

The other issue that I want to talk about is undergrounding. I've been
told by the same Puget Power people that if these two lines were under-
grounded there would be virtually no EMF. They would be able to cancel
it by placing it 4 or 5 feet underground with oil field cable. It seems to
me from listening to the discussions of the Planning Commission, that
there has been an extreme -- I think that cost has been used as an excuse
for not undergrounding. I think that actual costs should really be obtained
from other projects that have been successful, especially recent ones. I've
heard that they’re done a lot of undergrounding in Boston, and I've heard
that they’re done 100 miles of undergrounding of transmission lines -- high
voltage transmission lines --. Maybe they’ve done some in Seattle. I'd like
to see the city address or develop a plan or have something in their
comprehensive plan so that over the next 10 to 25 years there will be a
process where you can begin undergrounding this stuff. In my discussions
with Jim Kearnes, the state of the art of this stuff is pretty good. It’s not
bad at all and it is feasible.

- So, I would encourage the city to look at the cost of undergrounding, not
only the actual cost, but to compare those to the other utilities and the
other services that the city provides. For instance, to put sewers in our
area, it’s going to cost $12,000 to $20,000 and that’s probably going to
come at some point in time. Even though the cost of undergrounding may
be high in relation to putting sewers in our area -- maybe it’s even less
than that. The other service that the city provides that you could compare

it with is roads. At some point in time 140th from NE 24th up to 60th will -

be improved. And we’ve been told that the costs of improvement -- just
redoing the two lane road and sidewalks and all the amenities -- will
probably cost $2.5 million to $3 million a mile. 'When you consider the
costs that were in the book for undergrounding high voltage lines, they
were looking at five times. To go overhead, you are looking at around
$300,000 to $400,000 a mile, and for the undergrounding, you are looking
at maybe $1.5 million to underground. So, when you look at those costs
in terms of the road costs, in terms of utilities, sewer costs, you can’t
overlook the cost that people are paying for cable now -- that’s even an
optional cost and they’re paying a lot of money for that kind of thing. So,
I think if you look at that in-the contear of the cost of the other things of
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SANCHEZ:

SHERRARD:

BRICKEN:

doing business, that maybe it becomes more reasonable to do that. The
benefits certainly are here with reliability, with the aesthetics. Why should
some citizens of Bellevue have to bear the burden of the aesthetics? Why
not put everybody on an equal basis? :

Then you have the other unknown factor of EMF, which is up for a lot of
debate. But those three benefits definitely would have some payback. I
think that anytime a utility -- I-think they would be receptive to
community interest of doing some things like this -- especially on some
projects. Maybe they need to get some more experience before they
would feel totally confident with maybe undergrounding all of Bellevue.

The other aspect of this is that I've seen a lot of people move out of
Bellevue. I don’t think it’s entirely appropriate, but when you look at the
reasons why they move --. One of the most likely things is that they want
to get away from the traffic and gridlock when they go to work. But the
other things they’re getting out on the Sammamish plateau is that most of
the housing developments have underground power and some of the other
amenities that maybe people want. So maybe the city of Bellevue -- if
we’re going to compete as a living environment with some of the newer
communities that do offer these kinds of things -- maybe that’s the thing
to consider. That’s all I have to say. Thanks very much.

Thank you for your comments. The time is now 8:15 p.m. and I'will turn
off the recorder until there is another speaker.

This is David Sherrard. It is approximately 8:50 p.m. and I am
reopening the publlc hearing on the draft EIS to accept additional
comments. This is a public hearing on the draft environmental impact
statement. The intent of the hearing is to get comments which allow us
to correct deficiencies in the ‘EIS. In addition to testimony on the EIS,
there will be opportunities for testimony on the proposed utilities element
of the comprehensive plan before the Planning Commission. At this point
there is a public hearing scheduled for February 17. I would appreciate
it if you would give us your name and address for the record before you
begin your testimony.

-My name is William Bricken. I live at 3832 140th in Bellevue. I'm a
research professor at the University of Washington. T've been following

‘the developmeht of the draft EIS and the utilities element report for

nearly two years. I've studl d seme issues about EMF and siting pressures

~ for utilities.
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1 have one general and a couple of specific comments to make. The
general comment is that there seems to be an incredible difficulty for citi-
zens to get involved with local government decisions. In my own personal
case, this comes basically as the issue of having to give up my rare and

cherished personal time in order to get involved with public policy. .

Whereas representatives from the utilities and even from the City of
Bellevue are at least compensated at some level to have interest in these
issues. The net result of this difficulty of public involvement is basically
that it seems as though a lot of the policies are being developed with
conscnance for abstract concepts such as public good, and only reluctantly
- considering the individual needs of citizens and neighborhoods. We’re just
under-represented. I don’t have a clear recommendation on this point
“other than to observe that the City Council and the public representatives
-must underlie their commitment and continually reassert their
commitment to represent citizens and neighborhoods as opposed to
institutions and abstract concepts such as the public good. That is to say
that, decisions made in the name of the public good like providing greater
services to the public can only be made with total respect for the
individual rights of citizens. ‘

My specific points following from this are that it has been established very
clearly in California, Florida, and the state of Washington, that non-aes-
thetic siting of public utilities impose approximately 10% to 15% property
devaluation. In other words, there is a significant adverse effect on
property values of indiscriminate siting of utilities elements. In that sense,
I was absolutely horrified to see that the staff policies -- at least on Policy
No. P-19 -- could even consider eliminating the statement that schools and
residential neighborhoods should be avoided in the location of new
transmission lines and substations. I was also very disappointed to see that
the evaluation and analysis of undergrounding utilities elements was taken
at a very casual level as far as cost estimates and at a very biased level in
the sense that Puget Power seems to be the only one asked to evaluate the
cost impact of undergrounding electric utilities. It seems that, although

the policies of the commission are good-hearted and right spirited, they -

did not take into account the deeper needs and the long-term costs that
a neighborhood must pay in order to support the general good of
providing basically utilities for a growing city.

In particular, my second point in reference to the EMF issue, regardless
of the scientific evidence, fear of electromagnetic radiation exposure is

real. The fear alone is detrimental. When we have children and old

people waiting at the bus depot right next io an electromagnetic radiation
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source, there is an element of discomfort there, regardless of whether or
not it is rational. That is to say, undergrounding achieves a psychological
benefit of being able to put the issue out of sight and out of mind. It also
achieves the prudent avoidance benefit of being able to minimize
exposure. '

So, my comments in summary again are just to observe that the
governmental process, particularly at the local level, must pay particular
attention to the needs of citizens and neighborhoods, and that policies
must almost bias themselves in favor of those of us who are forming the
stable core of the residential neighborhoods of the City of Bellevue.

SHERRARD: Thank you very much. Well now, according to my watch, it is 8:57.
What time do you have Susan?

SANCHEZ: 1 have 8:57.
SHERRARD: Well, in that case, we’ll wait until 9:00.

SHERRARD: This is David Sherrard. It is 9:00 and I am closing the public hearing.’
Thank you all for coming.
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February 24, 1993

Mr. David Sherrard ‘ (R 25 3
Design and Development Department : ey

City of Bellevue

P.O. Box 90012

Bellevue, WA 98009-9012

Re: Bellevue Utilities Element DEIS--Request for EMF
Calculations for Alternatives

Dear David:

Per your request, Puget Power developed two tables of
anticipated levels of electromagnetic fields. (EMF) that could be
expected to be associated with typical power lines under normal
loading for each of the transmission and distribution system
alternatives discussed in the Utilities Element DEIS (see
attached). Presented below are the assumptions used in the
calculation of these EMF levels as well as the levels. We
suggest the City review the assumptions and calculations with
its consultant.

BACKGR D INFORMATTON

The EMF levels for the alternatives were derived from predicted
field levels published in "Electric and Magnetic Field
Reduction: Research Needs* (State of Washington Electric .
Transmission Research Needs Task Force, January 1992). A copy
of this report was previously delivered to the City of Bellevue.
Pertinent pages used by Puget Power to develop the tables of EMF
levels for typical power lines for each of the alternatives are
attached.

The Task Force report reviews how different line designs affect
magnetic fields for a.given load. Varying factors among the
examples include different pole structures, decreased/increased
voltage, and double circuit configuration. These factors
represent typical lines under normal conditions, not emergency
conditions such as storm outages. The EMF levels in the report
are theoretical, and do not represent the magnetic fields of any
specific line. 1In this fashion, the EMF levels in the Task
Force report are useful for comparing typical lines of
alternative system designs. The EMF levels for the examples are
therefore not related to system loads, but rather line loads.

Puget Sound Power & Light Company P.O. Box 97034 Bellevue. WA 98009-9734  (206) 454-6363
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CALCULATTON ASSUMPTIONS

The assumptions for operating conditions for the transmission
and distribution system examples in the Task Force report are
within the normal range for Puget Power's system. In addition,
one or more of the examples represent Puget Power's typical line
designs. Choice of a particular example to represent an
alternative transmission or distribution system was primarily
based on pole configuration and whether or not the typical line
would be installed overhead or underground.

Two transmission examples (cases B and I, see p. 26-27) and two
distribution examples (cases A and F, see p. 30-31) were chosen
as base cases for the overhead and underground lines of the
alternative systems. As the transmission system examples in the
Task Force report are for 230 kv systems, T-2 (230 kV radial)
was identified as the base case overhead transmission system
example.

Specific loads on particular lines could result in current flows
and EMF levels which could vary significantly from normal
operating conditions. Normal operating conditions do not
address hourly, daily, and seasonal fluctuations in electric
load or significant increases in electric load in the future.
In addition, system current flows would alter as improvements
are made to the various facilities of the system. The relative
EMF levels between alternative systems under such conditions,
however, would remain comparable as long as other assumptions
remained constant.

EMF level, however, is directly related to current which varies
along a power line. For radial transmission lines, the current
decreases from the maximum load as it flows from the
transmission substation to the terminal of the line. This
decrease is not gradual, but rather drops in steps as power is
supplied to the distribution substations. For grid systems,
current also varies between transmission line segments between
the distribution substations. The amount of current within any
particular segment depends on the direction power is flowing in
the line and the load demands of the substations. A similar
analogy can be made for distribution lines of radial and grid
systems, respectively, where customer loads replace substation
loads. For the EMF levels calculated for the alternatives, they
are representative of the initial segment of radial system lines
from the transmission ‘substation, though levels on grid system
lines would be the segment with the highest current flow along
the line. . ' . S : )
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EMF levels for the non-base case system alternatives were then -
calculated by modifying the EMF levels in the Task Force report.
Modifications addressed variations in voltage, substation
capacity, or placement of power lines from the base case system
characteristics. The estimated number of lines for altermnatives
is another factor used to modify base case EMF levels as similar
load distributed on more "lines reduces current flow on the
lines.

As information to the reader, the approximate mileage of power
lines serving Bellevue load for each of the alternatives is
included (see Attachment A). These figures are not just the new
or rebuilt lines. One mile of double-circuit power line was
counted as one mile of line, not two. The number of miles of
lines and/or feeders for the alternatives also may be useful to

- evaluate public exposure of EMF from power lines.

EMF LEVELS FOR THE ALTERNATIVES

The following lists the specifics of how the EMF levels for the
examples in the Task Force report were used to derive
representative EMF levels for the system alternatives in the
DEIS. The first of the transmission and distribution system
alternatives is T-2 and D-1, respectively. These alternatives
were identified as the base cases. To facilitate the readers’
understanding of the logic involved in the calculations, the
order in which the follow1ng alternatives are discussed builds
upon the explanations given for previous alternatives.

Transmission m Alternativ

T-2; 2 k ial

A typical transmission line configuration in the T-2 system
alteRnative is represented by the *B. Vertical Delta" example in
the Task Force report (see p. 26). The published EMF levels for
this example are the same as those anticipated for a typical
line under this alternative.

T-3: 115 kV Radial

A typical transmission line configuration in the T-3 system _
alternative is similar to the "B. Vertical Delta" example except
that the voltage of the system is 115 kV and not 230 kv. With
system voltage one half, the current must double for the same
load. (This alternative requires rebuilding the existing lines
to allow for increased current flow.) As current and EMF levels
are directly related, the estimated EMF levels for a typical
transmission line of T-3 are two times the EMF levels of T-2.
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: 115 kv Grid

A typlcal transmission line configuration in the T-1 system
alternative is similar to the T-3 alternative except the system
is a grid and not a radial system. The described T-1 system
alternative has approximately 2.5 electric lines more than the
T-3 radial system for the same load. With more supply lines
(not miles), the same current flow is dispersed on more lines
which reduces current flow on each individual line.

Since EMF is proportional to the current flow, the EMF levels of
a typical line for the T-1 alternative would be less than EMF
levels of T-3. We assume that Alternative T-1 includes 8 lines
scerving the Bellevue load, whereas alternatives T-3 includes
the equivalent of 5.5 lines. Due to this 45% increase in-the
number of lines, the current flow is reduced by the inverse of
this amount, or 69% of the original value. With EMF levels
directly related to current flow, the EMF levels for a typical
transmission line of this alternative are similarly reduced.

Eventually, Puget Power's 115 kV transmission lines serving
Bellevue are planned to operate at 230 kV. With voltage on
lines increasing from 115 kV. to 230 kV and assuming the same
amount of power, current on a typical line of the ultimate 230
kV-grid system would be reduced by half. Therefore, EMF levels
on a typical transmission line on such a system would be half of
the estimated EMF levels presented for the T-1 115 kv grid
system alternative.

. T-4: Undergroun nsmission tem

A typical transmission line in the T-4‘-alternative is 31m11ar to
the "I. Underground Line - Fluid Filled Steel Pipe* example.

Two sets of assumptions have been used to calculate the EMF
levels for this conceptual dlternative--one for an underground
alternative similar to the T-1 grid and another for an
underground alternative with a tighter grid (more lines).

The first wvariation of the alternative, we have assumed would
have 8 lines verses 5.5 lines as in Alternative T-2. Thus,
current per individual line is reduced by the inverse of this
45% increase in number of lines. The EMF levels of the the
example for the typical line of this alternative variation
therefore would be reduced to 69% of this value.

For the second variation of the alternative, even more lines
would be needed to operate a tighter grid system for the same
locad. For comparison, we assumed 12 lines would be needed.  The
current and EMF levels would similarly be reduced by the inverse
of this 118% 1ncrease in the number of lines in the base case of
5.5 lines.
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Distribution System Alternatives
D-1: 12 kV Lines and 25 MVA Substations

Two types of typical feeders exist in this distribution system
alternative--overhead and underground lines. The typical
overhead feeders would be similar to the example “A. Base Case"
- in the Task Force report (see p. 30). The typical underground
feeders are similarly represented by the example "F. random lay
underground" in the report (see p. 31).

D-3: 12 RV Lines and 5 A Substation

As described in the DEIS, this alternative is similar to the D-1
alternative except the capacity of the substations would be 50
MVA, not 25 MVA. To distribute the increased amount of power
from the substation, approximately twice as many new feeders
would be needed for each substation. The current flow on each
of these feeders would be the same as under the D-1
alternative--300 amps. The additional feeder construction has
been assumed to be underground. As the current flow in the
feeders for this alternative is approximately the same as for
D-1, the EMF levels would be similar.

D-2; 34 kV Lin n ion

This alternative would be similar to D-3 except that the feeder
voltage is increased from 12 kV to 34 kV. With the higher
voltage, fewer feeders would be needed from each substation than
for Alternative D-3. The current flow on each of these longer
feeders is, as in D-1 and D-3, 300 amps. The higher voltage and
similar current flow would be used to distribute the power from
the fewer number of substations. As the current is similar, EMF
levels would also be similar to the D-3 alternative.

SUMMARY

The table on Attachment A summarizes the EMF levels for a
typical line in each of the alternatives discussed in the DEIS.
Attachment B summarizes EMF levels under or over the line for
peak, average, and minimum current flows under normal operating
conditions. I hope this information assists you in the
formulation of your responses to comments on the DEIS. Please
.contact me if you need additional explanation of this technical
information. '

Sincerely,

@%,
Betsy &. Minden, AICP

Environmental Scientist






(Assuming normal operating peak conditions)

DEIS Alternative

Transmission:

T-1 (115 kV Grid)
(ult. 230 kv Grid) 18.

L

EL

T-2 (230 kv Radial)

T-3 (115 kv Radial)

T-4 (T-1 Grid)
(w/ Tighter Grid)

Distri ion:

D-1 {12 kv 25 MVA Subs)

overhead

underground

ATTACHMENT A

F_THE DETS ALTERNATIVES

EMF Field Levels

D-2 (34 kV 50 MVA Subs)

overhead

underground

D-3 (12 kv 50 MVA Subs)

overhead

underground

(milligauss)
under/over @40 @200
37.3 15.2 0.83
7 7.6 0.41
27.0 11.0 0.6
54.0 22.0 1.2
3.4 0.14 0.007
2.3 0.09 0.005
22.4 7.7 2.2
56.3 4.7 1.9
22.4 7.7 2.2
56.3 4.7 1.9
22.4 7.7 2.2

56.3 4.7 1.9

Line-miles

44
44

31
31

44
73

287
680

287
680

287
1047






ATTACHMENT B
EMF_ L L, RANGES FOR THE DEIS ALTERNATI

(For Peak, Average, and Minimum Normal Operating Conditions)

DEIS Alternative EMF Field Levels

(milligauss under/over line)
Peak . Average Minimum
Transmission:
- T-1 (115 kV Grid) 37.3 20.5 9.3
(Ult. 230 kv Grid) 18.7 10.3 4.7
T-2 (230 kV Radial) 27.0 14.9 6.8
T-3 (115 kv Radial) 54.0 29.7 13.5
T-4 (T-1 Grid) _ 3.4 : 1.9 0.9
(w/ Tighter Grid) 2.4 1.3 0.6
Distribution:
D-1 (12 kV 25 MVA Subs) : ,
overhead 22.4 12.3 5.6
underground 56.3 31.0 14.1
D-2 (34 kv 50 MVA Subs) '
overhead 22.4 12.3 5.6
underground 56.3 31.0 14.1
D-3 (12 kv 50 MVA Subs) _
overhead 22.4 12.3 5.6
underground 56.3 31.0 14.1

NOTE:

Normal operating average conditions would be approximately
55% of peak values and normal operating minimum conditions
. would be 25% of this value.






Chapter 4
Compariscns of Power Line

Design and Resulting Electric
and Magnetic Fields

This section compares how different power line
designs affect electric and magnetic ficlds. Data for
making these comparisons were gencrated by the
Electric Transmission Research Needs Task Force
with the assistance of the Technical Commitiec.
The Task Force and Technical Commitice identi-
fied a range of parameters which would affect
electric and magnetic field strength, then prepared
field projections based upon altering these param-
eters.

First, “base case” designs for both transmission and
for distribution were defined. Next, several '
transmission and distribution altematives were
identified and compared to the base cases. Alterna-
tives were developed within the.separale calegories
of wansmission, distribution three-phase, and
distribution single-phase. Altematives within each
category were structured 10 be capable of deliver-
ing equal amounts of power. Electric and magnetic
field projections were made using computer
software developed by Vemon Chartier of the
Bonneville Power Administration and Dr. Roben
Olsen from Washington State University. These
programs are in common use and provide accurate
results provided line current and geometry are
known. The results of this exercise are presented
in the following pages, including a discussion of
assumptions, description of alternatives, compara-
tive field projections and observations from these
comparisons. Cost estimates for each altemative
are also provided.

Transmission Line Design

Numerous conductor and support (pole or tower)
configurations are used for high voliage transmis-
sion systems. [t has long been known that different
conductor configurations create subsianually
diffcrent clectric and magnetic ficlds in both

Electric and Magneuc Field Rediction: Research Needs
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magnitude and shape (Moore). To demonstrate
these differences, ten alicmatives capable of
delivering 125 megawatts (MW) of electrical
power are described on the following pages. (This
amount of power is about onc-tenth the average
power used by Seattle.) These altematives are not
all inclusive, but represent a range of available
techniques for reducing EMF, relative to one
another. Comparison of the general magnitude of
these differences, when weighed against other
considerations such as cost, maintenance factors
ang reliability, gives one insight into the relative
value (in field reduction) of incorporating certain
measures into line design.

Unbalance on transmission systems is typically
much lower than on distribution systems. It has
been found that the range of unbalance on trans-
mission lines generally does not contribute signifi-
cantly to the magnetic fields produced. For the
purpose of this analysis, it is assumed that there is
around 5% current amplitude variation, and a two
degree phase angle variation of unbalance on
transmission systems.

Table 2 compares the electric and magnetic fields
associated with each alternative design at various
distances and provides a graphic of each design
considered. Specifics concerning transmission
conductor geomeltry (i.e., conductor positioning)
and phasing for each altemative are contained in
Appendix 3.



Table 2 - Transmission Line Designs: " Base Case"” and Alternatives

'x ; Magnetic Flelds Electrlc Fields '
; Description Graphic of Configuration Cost/Mile | (milligauss) (kilovolts/meter)
| : (thousands)’ T . '
! | under 40 ;200 under 40 200"
7 H 1 :
| A. "Base Case" I I | :
f Al B ! |
.- 230 kV ‘ : :
" 300 amps, 230-260 ! 59.6 1 297 16 26 19 - 004 °
- 125 MegaWaus i :
' - Wooden H-frame | ‘ ; :
. i ) .
- 19 foot spacing i : ! h
| | mwwE ) .
. ! o) | i ' I
iB. Vertical ] -l { I :
Delta® L. ( | i l
! 220250 | 270 | 1.0 | 06 | 19 | 07 | 004 |
i | ! i
| ' | o
'; TRV ; ;
[ : ‘l
i C. Horizontal ! i |
~ Delta A~ i :
l :
: 220-250 289 98 0.5 1.6 0.7 0.03 i
i [
| |
| |
.l TRVAVIRE !
‘D D TTI(! ; f ;
'D. 'ecreased el | i i !
Voltage : ) i ;
' | |
| 115 kv 200230 | 915 | 344 . 19 1.0 06 | 001
-i - 600 amps, ; |
* - 111/2 foot spacing : l )
i : i '
I. ! | .
. ! i i
i ) | i
E. Increased : i :
Voltage ) ' .
- 500 kV | 400500 | 244 | 189 12 | 55 .53 . o1
- 138 amps, : . ' ' !
, - 30 foot spacing E ‘ , ;
- Sieel lattice tower ! ! l
i i |
i ' i
I

* Differences between base case and aliemnatives 10 base case are described benzath aliemative title.
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i : Magnetic Flelds Electric: Flelds
Description Graphic of Configuration | Cost/Mile (mllligauss) (kflovolts/meter)
‘(thousands)] .
! i under , 40 200° under 40° 200
F. Double ClrculU/Split <t | 1
. Phase N | :
! AN AN ! ; i
- 150 amps per conductor ! n"__ ‘1 350400 : 14.5 48 0.1 1.7 0.6 0.02
- Steel pole o '
! ' i |
i i
| s I
g I S i
; | % !
“G. Multiphase ! | i i
. | H 1 :
- 6 phase line ! ! ‘ : ;
| i i
S 132 kY ! 380450 i 16.7 | 6.7 04 25 09 005 '
- 150 amps per conductor I ! . ;
- Steel strucrure ! ' ;
; [
. ]
'H. Single Circult | i
Steel Pole _‘( ;
. - vertical configuration | 275-350 | 362 | 22.1 15 2.7 08 01 !
i i j
- |
! i
——— i |
t1. Underground Line - R\ NGNS ! !
" Fluid Fllied Steel Pipe | : I i
- buried 5 feet below the | - . ;
earth's surface i 1500-2000 49 1 02 001 I O 0 0 :
- o AR
i ' ; ?
: : i
| . L
! 5 : : i
"J. Underground Line - :I : ) ' :
. Dry Type Cable, Non- i ; g ; : ;
. Magnetic Pipe | I ) I : l ;
. buried 5 fect below the | l 15002000 { 147 i 06 | 003 | 0 | 0 0o
carth's surface ! f ’ i |
| - i i .
. ! | i ! |
i o : I : : '
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In brief, the ten differen! altematives are as fol-
fows.

Base Case

A conventional flat, horizontal conductor arrange-
ment operated at 230 kilovolts (kV) with 300
amperes (amps) current for 125 megawatis (MW)
of power; supported by wooden H-frame poles.

Vertical Delta

A triangular conductor arrangement in which the
triangle formed by the three conductors has a
vertical side; operated at 230 kV with 300 amps for
125 MW power delivery.

Hon':ontbl Delta

A triangular conductor arrangement which raises
the height of the center phase conductor above the
outside two so that the triangle has a horizontal
'side; operated at 230 kV, with 300 amps current for
125 MW power, placed slightly higher above
ground than the base case and supported on wood
poles.

Decreased Voltage

Use of the flat, horizontal line configuration as in
base case; operated at a lesser voltage of 115 kV
with 600 amps current to derive 125 MW power.

Increased Voltage

Use of the flat, horizontal configuration as in the
base case; operated at a higher voltage of 500 kV
and only 138 amps to deliver 125 MW; supporiced
by steel lattice towers. :

v
sl

Double Circuit/Split Phase

A vertical arrangement of two circuits, one circuit
on either side of the supporting structures, where
the phases on one circuit are running in the reverse
of the opposite circuit; operation at 230 kV and 150
amps per conductor to deliver 125 MW.

Multiphase ;
Also called “high phasc order” transmission; use of
six rather than three-phase conductors in a circular
arrangement; operated at 132 kV with 150 amps
current per conductor to deliver 125 MW, sup-
ported on steel structures.

Single Circuit/Vertical/Steel Pole
Stacked arrangement of conductors one above the

other, supported by tall steel poles; single circuit
line with 230 kV at 300 amps to deliver 125 MW,

" Underground Line/Fluid Filled Steel Pipe

‘An underground cable contained in a fluid filled

stee] pipe; operated at 230 kV with 300 amps for .
125 MW.

Underground Line/Dry Type Cable/Non-
Magnetic Pipe

An underground cable encased in non-magnetic
pipe operated at 230 kV with 300 amps to deliver
125 megawalts.

From Table 2, we draw the following conclusions.

1. Thereis a large variation in the ficlds resulting
from different aliernatives. Magnetic ficlds
directly under (or above, if underground)
transmission lines range from 91.5 mG (de-
creased voltage) 10 4.9 mG (underground
fluidfilied steel pipe). A typical flat, horizonial
configuration, the “basc case” is estimated 10
generate a 59.6 mG ficld directly below the
line.

Electric and Magnetic Field Reduction: Research Neads




When companng overhead aliermatives, the
highest magnetic 2nd lowest electne ficlds
result when voliage is reduced, the amount of
power delivery remaining constant.

!\)

(93]

Conversely, of all the overhead alternatives,
increasing the voltage results in the highest
clectric fields, and Jower magnetic fields,
assuming equal power delivery. ’

4. The greaiest ficld reductions are accomplished
by undergrounding transmission lines in a steel
pipe filled with fimd. Electric fields are

-climinated and magnetic ficlds are reduced
from 29.7 mG (basc case) 1o 0.2 mG, calcu-
laied at forty feel away from the centerline in
each case. This particular underground altema-
live also results in reduced magnetic fields
when comparing field strengths immediately
under the base case line (59.6 mG) and above
the underground line (4.9 mG). The magnetic
field reduction is due 1o cancellation from the
phase spacing and not shielding. The cost of
this type of construction is ¢stimated to be six
to seven and one-half times more than the base
case depending on the particular circumstance.

5. Next 1o undergrounding, the greatest magnetic
field reductions are achieved using either a
double circuit/split phase or multiphase ar-
rangement. The double circuit/split phase
arrangement achieves magnetic field reduc-
tions of around 4 10 16 times, by comparison to
the base case, depending on the point of
measurement. The multiphase design achicves
magnetic field reductions of around 3.6 10 4.4
times, by comparison 10 the base case, depend-
ing on the point of measurement. The costs of
these alternatives are estimated to be 53%
greater than the base case for the split phase
alternative and 69% greater for the multiphase
aliemative.

6. The two deha type configurations examined
achicve very similar magnetic ficld reductions

when compared Lo the base case, that is, a

" magnetic field reduction on the order of
approximately 2 10 3 times in either case,
depending on the point of measurement. These
alternatives are comparabie in cost to the base
case.

Distribution Line Design

Magnetic ficlds from distribution systems can be
more complicated than-those around high-voltage
transmission lincs becausce there are sometimes 1wo
circuits. a higher voltage primary and a lower
vollage secondary which connects 1o customer
equipment. The net current flow (the non-zero
vector sum of all currents flowing on all the
conductors) results in an uncancelled (or net)
magnetic field component (Moore). Net current.
results when not all of the return current flows on
the lines but instead, a portion flows in the earnth.
Net current can also result when low-voltage retum
currents from customer loads disperse through
ground connections and do not return on the neutral
wires from the house to the distribution transform-
ers (Moore). The magnetic field from net currents
falls off less rapidly with distance from the lines
than magnetic fields from a set of conductors
carrying no net current.!

For the purpose of comparing the field characteris-
tics of various distribution designs, and for the sake
of simplification realizing the multitude of alterna-
tives and assumptions that can be made about the
amount of unbalance and earth rétum current,
distribution alternatives were defined within the
following parameters. First, each alternative
includes only primary circuits. Second, all cases
assume 20% current amplitude variation and 5
degree phase angle variation of unbalance on the
systcm and, for Iack of being able to quantify an
arguably better assumption; 50% retumn current in
the earth at a depth of 1000 meters. The assump-
tion regarding the amount of earth retumn is prob-
ably very consenvative (i.e., high).

'Independent of its impact on EMF from distribution jines, net current can semeumes ke dic dominant source of background
magnetic fields inside a house or building (Johnson). Because the scope of ESSB €771 is limited to electric and magnetic fields from
distribution and wawsmission lines, the Task Force ¢id not explicitly address the 1ssuee of reducing magnetc fileds associawd with net

current inside homes and cther buildings.

Electric and Magnetic Ficld Reduction: Rescarch Needs



Seven three-phase altemnatives and three single-
phasc aliematives were studied for delivery of 6.5
and .72 MW rcspectively. These power levels

result from practical current levels for these

Table 3 - Distribution Line Designs: "Base Case™ and Alternatives*

configurations. Brief descriptions of each alterna-
tive follow, with more detailed descriptions con-

lained in Appendix 4. Graphic representations and
ficld levels are found in Table 3.

’ , _ Magnetic Fields | Electric Flelds |
Description : CGr‘{-phlc :3" (5105"-“'(";) (milligauss) ‘ (kilovolts/meter)
i n ousan -
. | -onnigurafio under] 20° | 40°  200' | under] 20° | 40 | 200°
: ‘ I !
A. "Base Case" | (s
S125kV ; Ly
1
- 6.5 MegaWatts | 5070 | 224 | 149 | 77 © 22 | 005 | 005 0.03 | .003
- 40 fi. pole l
- 10 fi. crossarm ;
- 4 foot sag EESEVAE i
. |
"B. Increased Pole Helght** (‘j"‘ i
-.55 ft. pole B ' ;
i 6080 | 101 | 81 | 53 | 21 | 002 | 002 | 0.02 | 004 :
: f !
: | |
: _ | !
| e |
! _
%C. Increased Voltage l"‘[‘“ :
L -25kV ! ;
| 475 foot pole 6080 | 69 | S1 |31 | 10 | 007 | 0.06 | 0.04 | 007 :
. . o
! l I
“%""" | :
i ‘ . ; :
"D. Compact Delta s | ‘
= ! i
| ’ :
1 5575 | 130 | 88 | 49 | 19 | 003 | 0.03 | 001 | 003
:
i ian i
: b gin |
"E. Double Circuit/ .'? ;
. ug st
Split Phase Ly
1
- 47.5 foot pole ’ 80-120 | 33 | 31 | 25 12 {003 | 003 | 001 } .003 ll
! !
l |

*  Assume 50% return current in the carth, + 20% current amplitude variation and # 5¢ phase angie variation.

** Differences between base casz and alternarives 1o base case are described beneath altemnative ttle.
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T

| |
i Cost/Mile :

Magnetic Fields

Electric Flelds

' ‘ Graphic of : .
' Description ! ; (milligauss) (kilovolts/meter)
rurati (th ds -
1 Configuration I( ousan )’ under 20’ 40' 200° : under; 20' 40 . 200' ;
{ i i : H
!F. Random Lay : ‘ : f
i Uaderground (AL :ZN!I ' , : : ' I .
| . buried 3 feet deep OO0 e 120-600 ;563 : 98 | 47 [ 19 i 0 | 0 1 0 [ 0
I -75 inth phaﬁe spacing ' ll : :
b |
i ! ! ! !
i ! Ny |
} i i i
: i ; ! I
|G. Underground Line In T 1 : g . | i
i Condulit _ . : : : '
- buried 3 feet deep OO 120-600 | 312 | 84 | 44 | 18 . 0 0 ;0 0
- 2.5 inch phase spacing (O ! ’ X : :
ILV_al
. Single Phase Crossarm
-12kVY
- 0.72 MegaWants 3040 145 | 128 | 86 | 36 [ 009 | 0.08 | 0.04-| .010
! ! :
| mzzv%m ! !
|
:1. Single Phase Headpin I'
-72kV 8 , o
© - 0.72 MegaWatts 3040 85 83 64 32 1008 | 006 | 0.03 | .008
| : |
; ! '
] ! l'
! g !
! TR ! | , :
| - i i :
|J. Single Phase . : \ '.
. Underground TR g ! : ‘
-72kV {é} 100450 1513 {154 | 80 | 32 - 0 | 0 | 0O 0
i H i
- 0.72 MegaWauts L. l | 1 !
- buried 3 feet dzep : ; , ? ;
- concentric neurral ' 'i {
L | ! i
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Base Case

Conventional horizontal arrangement strung on
wooden poles, around thirty feet off the ground;
voltage is 12.5 kV with 300 amps for dclivery of
6.5 MegaWatts (MW).

Horizontal (Base Case)/Increased Pole
Height

Same as base case except the conductors are
around 45 fect off the ground rather than 30.

Increased Voltage

Utilize base case/horizontal arrangement and
increase voltage from 12.5kV to 25 kV with 150
amps for 6.5 MW,

Compact Delta

A wiangular conductor arrangement, with conduc-
tors spaced 24 inches apart, around 2,731 feet
above the ground.

Double Circuit/Split Phase

Placement of two three-phase circuits on either side
of a single structure, with phase conductors stacked
one above the other from 32 to 36 feet above the

ground; use of 12.5 kV at 300 amps for delivery of
6.5 MW. '

-

Underground/Random Lay

Placement of conductors three feet beneath the
ground, randomly laid, with a phase spacing of 7.5
inches apan, dircctly in the ground; voliage is 12.5
kV with 300 amp current for power delivery of 6.5
MW,

Underground Line in Conduit

Placement of conductors in a non-magnetic conduit
so they are constrained to approximately 2.5 inches
apar, three fect deep, using 12.5 kV at 300 amps
for 6.5 MW dclivery.

Single PhaselCrossarm

Placement of a single phase on a pole, around 29.3
feet above the ground; a crossarm supports both the
phase coniductor and the neutral; use of 7.2 kV and
100 amps current for .72 MW power delivery.
(When one phase of a 12.5 kV circuit and the
circuit neutral are used, the voltage between them
1§ 7.2kV.)

Single Phase/Headpin

Placement of a single phase at the top of a pole,
rather than off to the side on a crossarm, around
30.8 feet above the ground; the neutral is placed
down the pole some distance. Use of 7.2 kV and
100 amps current for 0.72 MW power delivery.

Single Phase Underground

Placement of an insulated single-phase wire with
conceritric neutral, which is a neutral wrapped
around insulated phase wire, buried three feet
underground without encasement; use of 7.2 kV
and 100 amps for .75 MW.

Table 3 shows electric and magneﬁc fields result-
ing from these alternatives. Comparing the alterna-

tives we can conclude the following.

1. Other things remaining the same, a double
circuit/split phase results in the greatest mag-
netic field reduction. This is truc ¢cven when
comparing 10 the underground distribution
alternatives studied. Also, magnetic fields
from this design are much less than magnetic
fields for the single phase alternative siudied.
even though the power delivered is nine times
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greater for the three-phase (6.5 MW versus
(.72 MW, This design could have application
where an express feeder is run from a substa-
tion to a load arca. It would become unbal-

"anced and be less effective for general distribu- -

tion lines where connections are made along its
length 10 serve customers.

Single-phase distribution gencrally produces
greater magnetic fields for the amount of
power delivered. For example, a three-phase
compact delta line designed 10 deliver 6.5 MW
produces 2 4.9 mG field 40 feet away versus a
6.4 mG ficld from the single-phase headpin
alternative, delivering only .72 MW,

The second most effective means by whichto -

reduce magnetic fields from distribution lines
appears to be doubling the primary distribution
voltage (see Alternative “C”, Horizontal Delta)
which reduces the fields 10 about 40% of the
base case magnetic field at 40 feet.

The-compact delta design reduces the magnetic

field to about 63% of the base case at 40 feel.

Undergrounding a three-phase distribution line
reduces the magnetic field to between 57% to
61% of the base case at 40 feet (sec Alterna-

- tives “F", Double Circuit/Split Phase and

Altemnative “G”, Multiphase, respectively). In
other words, undergrounding is no more
effective than use of the compact delta (see
above) and is more costly. Undergrounding

also results in higher fields than other alterna-

tives dircctly over/under the line. Table 3
shows a range of 31.2 mG't0 56.3 mG for
underground versus 3.3 mG 10 22.4 mG for
overhead at O feet from the center line.

Magnetic ficlds from distribution lincs can be
relatively greater for the amount of power
delivered than transmission lines due to the
amount of unbalance in the distribution system,
the close proximity 1o ground level where the
ficlds are micasured, and the amount of carth

Elecrric and Magnetic Field Reduction: Rescarch Needs

retumn current. If we assume 20% current
amplitude variation, and 50% earth return on
the distribution system, a 12.5 kV, 300 amp
double circuiysplit phasc distribution line
produces an estimated mean value magnetic
ficld of 2.5 mG 40 feet away, by comparison 10
a 230 kV, 300 amp circuit/split phase transmis-
sion line field of 4.8 mG at the same distance;
when the transmission line is delivering 19
times as much power. '

Additional Observations

General Observations

Electric and magnetic fields are a function of
voltage and net current on a line, gecometry of
the line, and distance fror a line.

The most common single circuit transmission
structure in the United States is the flat,
horizontal configuration. This design results in
the highest electric and magnetic fields.

Phase Spacing .

The closer the phase spacing, the lower the
external electric and magnetic fields produced.
If all three phases of a transmission line could
be placed at the same. point in space, there
would be no electric or magnetic field assum-
ing no net current and voltages on all three
phases are equal.

The higher the voliage, the farther the conduc-
tors must be apart to provide satisfactory
operation of the line in the arcas of safety,
rcliability, radio and TV interference and
audible noise.

The Statc and National clectrical codes dcter-
mine the minimum allowable distances be-
tween phase conductors based upon safety
considerations. The Washington Staie code
includes provisions that may affect ficld
reduction potential.



< Engineers have sought to tighien phase spacing
for rcasons other than field reduction, including
cost of towers and width of right-of-way.

+ Single-circuit, three-phase transmission is now
often designed to maximize field reduction by
placing the phases closer together.

- Single-circuit, multiphase lines, which are now
under experimentation, offer reduced magnetic
- fields for the same amount of power because
there are additional phases to share current.

- Double-circuit, three-phase lines can achicve
lower EMF than when the two circuits arc on
separate structures.

« Increasing the height of phase conductors
reduces fields on the right-of-way but at some
distances close to the line can actually increase
fields off the right-of-way.

Electric F{elds

» Electric fields can be reduced by shielding.
Electric field shield wires can be strung
between energized conductors and the ground,
resulting in a significant reduction in electric
fields at centain locations. Also, most houses
and other buildings are very good shields.

« Lines using single conductors can yield signifi-
canlly lower electric fields (as much as 25%)
than lines using bundled conductors, but they
produce higher audible and radio noise.

Magﬁetic Fields

~ » Magnetic fields are directly related 1o the
" customers’ use of clectricity and varies hourly
and scasonally with living patierns.

« The use of two or more transmission or distni-
bution lines, wheie one transmission or dist-
bution line would normally be used. results in

- not been developed or tested.

lower magnetic ficlds near each line, given the
samc total power delivery.

The use of more substations with lower current
distribution lines would result in lower mag-
nctic fields near cach line, for the same amount
of power delivered.

Magnetic ficlds from distribution lines may
decreasc more rapidly with distance than
magnelic ficlds from transmission lines be-
cause of their close conductor spacing.

Much of the magnetic field attributed to
distribution lincs comes from unbalanced
currents between phase conductors and from
split currents from neutral-ground bonds to !
other grounding systems, such as water piping ' :
systcms.

Degaussing loops along lhc ﬁght—of—Way have
been proposed for reducing magnetic fields,
but so far, practical methods for their use have

Cenain types of underground construction can
reduce magnetic fields from transmission lines
except at distances very close to the line. The
lines can be placed very close together and
some aticnuation is also produced by the heavy
steel pipe used in high pres'sure fluid filled
underground transmission systems. This type
of system is not currently being used for
distribution because, among other things, the
net current produces ficlds, whether the pipe is
present or not.

¢ multiphase line and double-circuit/split
phase transmission line alicrnatives can reduce
magnlic fizlds to about around 50% that of the
two Soita configured lings. These are lincs
with more than three phases that transmit the
same a2mount of power as nommal single-circuit

thra. hose lines.
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