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March 8, 2016
Dear council members,

CENSE would like the opportunity to dispute some of the “facts” stated by PSE representative
Keri Pravitz before the Bellevue City Council on March 7, 2016.

1. “1,500 MW EXPORTED TO CANADA IS A NORMAL PLANNING REQUIREMENT FOR
NORTHWEST UTILITIES.” — PSE

There are many times of year when 1,500 MW can be transmitted to Canada withouta
problem. However, this level of flow is not required during peak consumption. This isclear
from the Memorandum of Agreement signed by PSE, BPA, and Seattle City Light in January
2012: “When large amounts of energy are being delivered [from] the Puget Sound area through
the Northern Intertie to Canada, transmission lines at times become congested. To relieve this
congestion and avoid unplanned power interruptions to customers, BPA currently limits or
curtails the amount of energy Puget Sound-area utilities and Canadian utilities can deliver
across certain transmission lines.”

This quote mentions a curtailment solution that BPA has used for nearly a decade: reduced
energy flowto Canada. If BPA and PSE want to avoid such curtailments, PSE’s customers should
not have to bear the entire cost. There are many less expensive solutions to our local needs
that don’trequire a 230 kV line to be constructed through heavily residential areas.

Further, the Lauckhart-Schiffman study clearly shows that it would take an additional line
across the Cascades to deliver1,500 MW to Canada on a cold winterday. Thereare no plansto
buildsuch a line.

2. “THE 1,500 MW DOESN’T FLOW THROUGH BELLEVUE.” — PSE

CENSE has neversaid that the entire 1,500 MW flows through Bellevue. However, some
portion of thisflow does go through Bellevue, and it adds stress to our local infrastructure. PSE
says this isjust a distraction. Ifitisn’ta central issue, then PSE should have no objectionto
removingthis assumption from the load flow study, as USE did (and almost all of the overloads
on PSE’s equipmentdisappeared).

3. “1,500 MW IS ASSUMED IN BASE CASES.” — PSE

Lauckhart and Schiffman started with the same WECC Heavy Winter Base Case for 2017-18 that
PSE used in the Eastside Needs Assessment. The amount of electricity exported to Canadain
that Base Case is 500 MW. Does PSE dispute this?
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4. REALITY CHECK

Do large amounts of electricity actually flow to Canada when temperatures are low inthe Puget
Sound area? Thereis a BPA website where anyone can look at electricity flow onthe Northern

Intertie. Let’s check what happenedin January 2016, when the region had very cold weather
for the first half of the month:

All Hours: -871
Heavy Hours Only: -921
Light Hours Only: -808

BC Intertie (West+East): 15-min averages
Actual Loadings and SOLs: 01/01/16 -02/01/16 (31 Days)

an | Source: 15-minute average of 2-second SCADA MW readings via Pl
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In the above graph, the squiggly line indicates flow on the transmission lines that connect the
Northwest to British Columbia. Any time the line is below the central black line, energyis
flowing from Canada to the US. You can see that for most of the month, Canada was delivering
electricity to our region, not vice versa.

We have looked at data for the last decade, and it is very rare for electricity to flow northwards
during the cold winter scenarios that PSE uses as a basis for Energize Eastside. If the flow were
reversedinany dramatic way, the 11 transmission lines that deliverelectricity tothe Puget
Sound from central Washington would not be able to satisfy the demand.

We conclude that Energize Eastside is beingjustified usingafantasy scenario that cannot
happeninreal life.

Don Marsh, President
CENSE.org
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Executive Summary

In November 2015, the citizen group CENSE asked Richard Lauckhart and Roger Schiffman
to study the scenario that motivates Puget Sound Energy’s transmission project known
as “Energize Eastside.” We (Lauckhart and Schiffman) are nationally recognized power
and transmission planners with specific knowledge of the Northwest power grid.

It is standard industry practice to use a “load flow model” to determine the need for a
transmission project like Energize Eastside. In order to assess the reliability of the grid,
analysts use specialized computer software to simulate failure of one or two major
components while serving peak load conditions. For Energize Eastside, PSE simulates
the failure of two major transformers during a peak winter usage scenario (temperature
below 23° F and peak hours between 7-10 AM and 5-8 PM).

We ran our own load flow simulations based on data that PSE provided to the Western
Electricity Coordinating Council (WECC). We used a “Base Case” for winter peak load
projected for 2017-2018. PSE confirms this is the same data used as the basis for the
company’s “Eastside Needs Assessment.”

Our findings differ from PSE’s as follows:

1. PSE modified the Base Case to increase transmission of electricity to Canada from
500 MW to 1,500 MW. This level of energy transfer occurring simultaneously with winter
peak loads creates instability in the regional grid. Transmission lines connecting the
Puget Sound area to sources in central Washington do not have enough capacity to
maintain this level of demand.

2.PSE assumed that six local generation plants were out of service, adding 1,400 MW of
demand for transmission. This assumption also causes problems for the regional grid.

3. Even if the regional grid could sustain this level of demand, it is unlikely that regional
grid coordinators would continue to deliver 1,500 MW to Canada while emergency
conditions were occurring on the Eastside.

4.We found that the WECC Base Case contains a default assumption that PSE may not
have corrected. The ratings for critical transformers are based on “summer normal”
conditions, but the simulation should use significantly higher “winter emergency”
ratings. The default value could cause PSE to underestimate System Capacity and
overstate urgency to build the project.

5.The Base Case shows a demand growth rate of 0.5% per year for the Eastside. This is
much lower than the 2.4% growth rate that PSE cites as motivation for Energize Eastside.

Our study finds critical transformers operating at only 85% of their winter emergency
rating, providing enough capacity margin to serve growth on the Eastside for 20
to 40 years.

3
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Qualifications

Richard Lauckhart served as a high level decision maker at Puget
Sound Power & Light (the predecessor of Puget Sound Energy). His
employment with the company spanned 22 years as a financial and
transmission planner as well as power planning. He served as the
company’s Vice President of Power Planning for four years.

Richard took a voluntary leave package when Puget Power merged
with Washington Energy Company in 1997. He provided additional
contract services to PSE for more than a year following the merger.
After leaving PSE, Richard worked as an energy consultant, providing
extensive testimony on transmission system load flow modeling
before the California Public Utility Commission.

Roger Schiffman has 23 years of energy industry experience covering
utility resource planning, electricity market evaluation, market
assessment and simulation modeling, regulatory policy development,
economic and financial analysis, and contract evaluation. Roger has
led a large number of consulting engagements for many clients. He
has extensive knowledge of industry standard modeling software
used for power market analysis and transmission planning.

We are well acquainted with the physical layout and function of the
Northwest power grid and the tools used to analyze its performance.
Our resumes can be found in Appendix H.

Richard has provided pro bono consultation to CENSE since April
2015. He has received no financial compensation other than
reimbursement of travel expenses. Roger had no relationship with
CENSE prior to this report.
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Methodology

The power grid is a complex interconnected system with behaviors
that cannot be easily understood without computer modeling software.
We acquired a license to run the industry standard simulation software
known as “GE PSLF"! to perform our studies.

The PSLF software uses a database that is supplied by the operator.
We had hoped to use the same database that PSE used in its studies,
but PSE refused to share it after months of negotiations. Instead, we
received clearance from the Federal Energy Regulatory Commission
(FERC) to access the database PSE submitted to the Western Electricity
Coordinating Council (WECC). FERC determined that we presented no
security threat and had a legitimate need to access the database (see
FERC’s letter in Appendix A).

We used the WECC Base Case for the winter of 2017-18, which PSE
confirms is the database the company used for that time period. We
and PSE have made subsequent changes to the Base Case model in
order to incorporate various assumptions. We don’t know exactly
what changes PSE made to the database, but we will be explicit about
the changes we made.

N-O base scenario

To ensure that everything was set up correctly, we ran a simulation
using the unmodified Base Case and checked to see if the results
aligned with those reported by WECC. This is referred to as an “N-0”
scenario, meaning that zero major components of the grid are offline
and the system is operating normally. The outputs of this simulation
matched reported results.

The WECC Base Case assumes that the Energize Eastside project has
been built. In order to determine the need for the project, we needed
to study the performance of the grid without it. We reset the transmission
configuration using parameters from an earlier WECC case that did
not include the project.

N-1-1 contingency scenario
An “N-1-1" scenario models what would happen if two major grid
components fail in quick succession. Utilities are generally required

! http://www.geenergyconsulting.com/pslf-re-envisioned
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to serve electricity without overloads or outages in this scenario to
meet federal reliability standards.

PSE determined that the two most critical parts of the Eastside grid
are two large transformers that convert electricity at 230,000 volts
to 115,000 volts, the voltage used by all existing transmission lines
within the Eastside. To simulate the N-1-1 scenario, the Base Case is
modified to remove these two transformers from service.

PSE apparently made two additional modifications to the WECC Base
Case. First, the amount of electricity flowing to Canada was increased
from 500 MW to 1,500 MW. Next, the company reduced the amount
of power being produced by local generation plants from 1,654 MW
to 259 MW. The rationale behind these modifications isn’t obvious,
and we were concerned how the regional grid (not just the Eastside)
would perform with these assumptions in place.

To our surprise, simply increasing the flow to Canada to 1,500 MW
while also serving peak winter power demand in the Puget Sound
region was enough to create problems for the regional grid. The
simulation software could not resolve these problems (Appendix E
describes the problems in greater detail). While it’s possible that PSE
and Utility System Efficiencies found ways to work around these
challenges by making additional changes to the Base Case, we do not
know what these changes were. We are confident that prudent grid
operators would reduce flows to Canada if an N-1-1 contingency
occurs on the Eastside during heavy winter consumption. PSE would
turn on every local generation plant. These responses resolve the
problems. This is the more realistic scenario we modeled in our
N-1-1 simulation.

The WECC Base Case uses default values for transformer capacity ratings
that correspond to a “summer normal” scenario. The summer rating is
reduced in order to protect transformers from overheating during hot
summer weather. The “winter emergency” rating would be consistent
with best engineering practice for equipment outages during very cold
conditions (less than 23° F) that produce peak winter demand. We used
this higher rating in our simulation.
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Results

N-O results

To compare the N-1-1 resuits with normal operation of the grid serving
peak winter demand, we ran an N-0 study using the WECC Base Case

for winter 2017-18 with the following modifications:

1 Energize Eastside transmission lines are reverted to present
capacity.

2.Flow to Canada is reduced from 500 MW to 0 MW.

3.Transformers run at “winter normal” capacity.

Figure 1 shows load as a perentage of “winter normal” capacity on
each of the four transformers.

N-0 Case Load
(% of Winter Normal Rating)

Talbot S 74%

78%

Talbot N

Sammamish W 62%

Sammamish E 58%

0% 20% 40% 60% BO% 100%

Figure 1: With all transformers in service, winter peak load causes no overloads.
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N-1-1 results

The N-1-1 results are based on the WECC Base Case for winter 2017-

with the following modifications:
1 Two transformers are out of service.

2.Energize Eastside transmission lines are reverted to present
capacity.

3.Flow to Canada is reduced from 500 MW to 0 MW.

4. Transformers run at “winter emergency” capacity.

Figure 2 shows that the remaining two transformers, Talbot N and
Sammamish W, remain within “winter emergency” capacity ratings.

N-1-1 Case Load
(% of Winter Emergency Rating)

~Fetbot S (out of service)

tabotn (T -
sammamish v (T o

~Sammemish£- {out of service)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 2: Loads on two remaining transformers are in a safe range.
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Analysis

We carefully analyzed the results of the N-1-1 simulation to get a
broader view of how the grid is behaving in this scenario. Electricity
is served by a combination of high-voltage transformers (transforming
230,000 volts to 115,000 volts) and low-voltage transformers
(115,000 volts to 12,500 volts).

When we simulated failure of two high-voltage transformers located
at Sammamish and Talbot Hill, as PSE did, we discovered that some
of the load is redistributed to other high-voltage transformers in
the Puget Sound area (see Figure 3). This is a natural adaptation of
the networked grid that occurs without active management by PSE
or other utilities. The regional grid has enough redundant capacity
to balance the load without causing overloads on any transformer or
transmission line in the region.

Beverly Park “
BPA Snohomish 2-4

[ Percentage of original_load |
| . = out of service

| 88 =1-5%

| 08 =5-10% |
[ 88

=10-25%

Sammamish Novelty
1%, Hill

Talbot Hill

O'Brien 1-2
Berrydale ,

.
rcE— W12
BPA Tacoma 1-2
White River Trans 1-2

Figure 3: Load is distributed among other
transformers after two transformers fail.
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We conclude that the grid is capable of meeting demand in emergency
circumstances in the winter of 2017-18. How soon after that will system
capacity become strained?

Concerns about future capacity are illustrated in Figure 5, PSE’s
demand forecast graph.2This graph raises several questions. For
example, it’s not clear how PSE determined the “System capacity
range” of approximately 700 MW. If this value is derived from the
transformer capacities listed in the WECC Base Case, these capacities
are set to default values corresponding to “summer normal” conditions.

PSE’s graph shows Customer Demand growing at an average rate

of 2.7% per year. However, data submitted by PSE to WECC shows a
growth rate of only 0.5% per year. An explanation of this discrepancy
is necessary to understand this graph.

‘..'.’ 800

T
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£ 650

‘:’ == . == System capacity range

E 600 Customer demand forecast with 100% of conservation goals met
3 Customer demand forecast with 75% of conservation goals met
d 550

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Figure 4: PSE’s graph shows customer demand exceeding system capacity in 2018 =

2 http.://www.energizeeastside.com/need
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Although we don’t have enough information to create a graph
suitable for long-term planning, we we feel Figure 5 is a better
approximation of system capacity and demand growth on the Eastside.

The “System capacity” is based on “winter emergency” transformer
ratings, which are more appropriate than summer ratings for this
scenario. The higher ratings raise the overall capacity to approximately
930 MW.

The “Customer demand” line shown in Figure 5 is based on loads
reported in the load flow simulation for the two remaining Eastside
transformers. The 2014 value is higher than in PSE’s graph, because
these transformers serve loads outside the Eastside area. The growth
rate matches the 0.5% rate observed in WECC Base Cases.

1000
9m-'-’-'-'-'-'_'-«Linescmss

in 2058

800
700 0.5% demand growth per y=ar
600
S00
400

L - e &mh  Systesn capscity [from tanshormesr capaciy)

200 Cuwtamer demand (frosn almuletion and WECC)
100

0
014 2013 2004 2017 2008 VIS 20 M021  Aak2 2003 214

ELECTRICITY (MEGAWATTS)

Figure 5: Alternative Demand Forecast shows slower demand growth and higher system
capacity (based on “winter emergency” transformer ratings).
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Comparison with other studies

The conclusions of the Lauckhart-Schiffman study differ from previous
studies. We stand by our conclusions and will share our models and
results with anyone who has clearance from FERC.

Here we review the other studies and explain why their conclusions
might differ from ours.

PSE/Quanta

Two different load flow simulations were performed by PSE and
Quanta, a consultant employed by PSE. We have the following concerns
with both studies:

1. An unrealistic level of electricity is transmitted to Canada.
2. Nearly all of the local generation plants are turned off.

3. The appropriate seasonal ratings for the critical transformers
were not used.

4. It’s not clear how the customer demand forecast was developed,
but there is an unexplained discrepancy between the forecast
used for Energize Eastside (2.4% annual growth) and the forecast
reported to WECC (0.5% annual growth).

The first two assumptions cause regional reliability problems for the
WECC Base Case that must have required additional adjustments by
PSE/Quanta. We don’t know what those adjustments were.

utility System Efficiencies

The City of Bellevue hired an independent analyst, Utility System
Efficiencies (USE), to validate the need for Energize Eastside. USE

ran one load flow simulation that stopped electricity flow to Canada.
According to USE, 4 of the 5 overloads described in the PSE/Quanta
studies were eliminated, and the remaining overload was minor.

Our load flow simulation studied the same scenario (N-1-1 contingency
with no flow to Canada and local generators running), but we did not
find any overloads. We believe three assumptions explain the different
outcomes:

1. USE does not specify what level of generation was assumed for
local generation plants. In verbal testimony before the Bellevue

13
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City Council, USE consultants said that they did not assume all
of the capability of local generation was operating. Our study
assumes these plants will run at their normal capacity.

2. USE says emergency ratings were used for the critical transformers,
but it isn’t clear if USE used “winter emergency” ratings. Our
study assumes winter emergency ratings.

3. USE does not independently evaluate the customer demand
forecast (2.4% annual growth is assumed). Our study assumes
the load growth forecast that PSE provided to WECC.

We believe our assumptions more accurately reflect the actual conditions
that would occur in this scenario.

Stantec Consulting Services

In July 2015, the independent consulting firm Stantec was asked to
review the studies done by PSE and USE. Stantec issued its professional
opinion without performing any independent analysis or load flow
simulations. Stantec says PSE’s methodology was “thorough” and
“industry standard.” However, Stantec does not address the shortcomings
we have identified with previous studies.
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Appendix A
Clearance from FERC

Federal Energy Regulatory Commission
Washington, DC 20426

SEP 01 2015 Letter of Release,
Re: CEIl No. CE15-130

VIA CERTIFIED MAIL
Richard Lauckhart

Dear Mr, Lauckhart:

This is in response to the July 15, 2015 request you submitted under the Federal
Energy Regulatory Commission’s (Commission or FERC) Critical Energy Infrastructure
Information (CEIl) regulations at 18 C.F.R. § 388.113(d)(4) (2015). Specifically, you
requested a copy of the Puget Sound Energy, Inc. FERC Form No. 715, Annual Transmission
Planning and Evaluation Report.

By letter dated August 21, 2015, the Commission issued a finding that you are a
legitimate requester with a need for the information. In accordance with 18 C.F.R.
§ 388.112(e), the enclosed DVD contains the information requested and is being released to
you subject to the non-disclosure agreement executed by you concerning this matter.

As provided by 18 C.F.R. § 388.113(d)(4)(iv) of the Commission’s regulations, you
may appeal this determination pursuant to 18 C.F.R. § 388.110. Any appeal from this
determination must be filed within 45 days of the date of this letter. The appeal must be in
writing, addressed to David L. Morenoff, General Counsel, Federal Energy Regulatory
Commission, 888 First Street, NE, Washington, DC 20426. Please include a copy to Charles
A. Beamon, Associate General Counsel, General and Administrative Law, at the same
address.

Sincerely,

o

Leonard M. Tao
Director
Office of External Affairs

Enclosure
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ppendix B
Choice of Base Case

To perform a load flow study, one needs a database reflecting the
physical characteristics of the power grid. FERC has recognized that
stakeholders need to have access to a Base Case that reflects the
system. Each utility or a designated agent is required to file power
flow base cases with FERC on an annual basis.> WECC acts as a
designated agent for most of the utilities operating in the western
U.S. In an email dated November 19, 2015 Jens Nedrud, the Senior
Program Manager for Energize Eastside, confirmed that PSE uses
Base Cases filed by WECC as its Base Cases.

For the purposes of this study, Lauckhart and Schiffman obtained
the 2014 WECC Base Cases from FERC.* These included 13 Base Case
runs, four of which are Heavy Winter scenarios. In order to evaluate
the need for the EE project, the heavy winter 2017-18 Base Case was
modified so that the Energize Eastside project was not included. 5

We do not know if this modified 2017-18 Base Case is identical to
the one used by PSE to justify the project, because PSE has refused to
share their 2017-18 Base Cases for independent review. The WECC
Base Case assumes 500 MW is transmitted to Canada. PSE apparently
increased that amount to 1,500 MW. The WECC Base Case assumes
local generation in the Puget Sound Area is running at normal capacity.
PSE appears to have reduced those contributions by 1,395 MW. Our
PSLF modeling suggests that PSE’s modifications are not feasible and
grid operators would not allow these conditions to occur on a heavy
winter load day.®

Load data from the WECC Heavy Winter Load 2017-18 Base Case is
chosen as the basis for this study. This is the latest data provided by
FERC/WECC for the winter of 2018. PSE was involved in the development
of this Base Case along with other utilities including BPA and Seattle
City Light (SCL). All utilities use these Base Cases to determine if the
grid is capable of moving power from sources to loads. Further, it is
the only data available in which there are identified loads on specific
substations.
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The loads on the main Eastside substations in the WECC Heavy Winter
2013-14 and 2017-18 Base Cases have been examined and analyzed.
All of the Eastside substations were included:

Medina Overlake South Bellevue
Clyde Hill Lochleven Factoria

Bridle Trails North Bellevue College
Evergreen Center Phantom Lake
Ardmore Midlakes Eastgate
Kenilworth Lake Hills Somerset

The total load on these substations in the 2013-14 Base Case was
394.6 MW. The total load on these substations in the 2017-18 Base
Case was 402.4 MW. This is a peak load growth of 2.0% over the 4
year period (an average increase of 0.5% per year). This is in line with
predicted growth of energy and peak in King County.

PSE and USE appear to be extrapolating the higher growth rate of a few
substations due to “block loads” and applying it uniformly to 600 MW
of existing substation load. This simplification overestimates the overall
growth rate. Furthermore, the total load on the substations listed
above is only 400 MW. It is not clear how PSE arrived at a 600 MW load.

? http:/iwww ferc .govidocs-filing/forms/form-715/instructions.asp#General%20Instructions

4 On July 9, 2015 FERC provided Lauckhart the most recent WECC Base Cases that it had
available to send to requesters. Those Base Cases were ones filed in 2014 by WECC.

50n Dec. 4, 2015 Lauckhart also received from FERC a copy of the 2015 WECC FERC
Form 715 filing. In that filing there was no Base Case filed for the winter of 2018. However,
there was a Base Case filed for the winter of 2020. A review of that 2020 Base Case showed
very little growth on the Eastside from the 2018 Base Case. It also showed that the rest of the
Northwest actually reduced their load forecast for the year 2020 over their forecast for 2018.
In total, the loading on the eastside 230/115 KV transformers in the 2020 case were lower
than the loading on the Eastside 230/115 KV transformers in the 2018 case. The trend is

that the situation is not getting worse since the load forecasts for the northwest are dropping
overall which also reduces loading on the Eastside 230/115 KV transformers.

¢ With no other changes to the WECC Base Case for the winter of 2018, increasing PNW to
BC transfers to 1,500 causes the system to need to import more power across the Cascades
from Central Washington. This causes the PSLF model run to fail to find a solution. When
we say no solution, we mean the voltage in the Puget Sound region gets too low and the
model cannot find a way to correct that.

17
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Appendix C
Generation pattern used

PSE’s gas-fired generation plants located in the Puget Sound area
have a total rated capacity of 1,654 MW. How much of this capacity
should be used to serve peak demand during a heavy winter load
event? There are three choices:

1. The Eastside Needs Assessment prepared for PSE by Quanta
assumed generation of only 259 MW, without explaining why
such a low level was used.

2. The load flow study performed by USE also ran the plants at a
reduced rate, but the study did not specify the exact amount.

3. Three of the four WECC heavy winter Base Cases assume the
plants are running at their rated capacity of 1,654 MW. One
of the Base Cases turns off one plant for reasons that are not
clear, resulting in a lower level of generation at 1,414 MW.

The 1,654 MW capacity used by WECC in 3 of its 4 heavy winter Base
Cases is a prudent choice for several reasons. First, PSE built and/or
acquired these plants for the explicit purpose of meeting its load
obligations during cold winter events. Second, PSE has a well-documented
shortfall of generation capacity to serve peak demand, and it will be
less risky and less expensive to run these plants than to buy power
on the spot market. Third, because these plants generate electricity
at 115 kV, the strain on PSE’s overloaded 230/115 kV transformers
would be reduced by increasing the supply of 115 kV electricity.
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Appendix D
Exports to Canada

PSE and USE assume that 1,500 MW of power must be delivered to
Canada, even if PSE is experiencing failure of two critical system
components (an N-1-1 contingency) during heavy winter load conditions
(temperatures less than 23° F in the Puget Sound region).

The WECC Base Cases assume otherwise. In the WECC Base Case for
heavy winter 2013-14, 500 MW of power is flowing south from Canada
to the U.S. In the WECC Base Case for heavy winter 2017-18, with the
Energize Eastside project in place, 500 MW of power is flowing north
to Canada, not 1,500 MW.

PSE and USE imply that it is the Columbia River Treaty that provides a
Firm Commitment to deliver 1,500 MW of power to Canada. It is clear
from reading numerous Treaty documents (e.g. the original treaty,
the amendment to the treaty in 1999, and related documents) that
the Treaty itself imposes no obligation on the United States to deliver
Treaty Power to Canada. To the contrary, Canada has stated they do
not want the Treaty Power delivered to Canada. Instead, PowerEx takes
delivery of Canada’s share of Treaty Power at the point of generation
in the U.S. and delivers it for sale to U.S. entities. Canada finds it
preferable to receive money for their share of Treaty Power rather
than having the power delivered to Canada.

The reasonable assumption for this study is that no power will flow
from the U.S. to Canada during a major winter weather event and
simultaneous facility outages in the Eastside.
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Regional grid capacity
limitations

Most of the electrical generation facilities that serve the Puget Sound
region are located east of the Cascade Mountains. The electricity they
produce is transmitted to customers in the Puget Sound area through
eleven major transmission lines known collectively as the “West of
Cascades - North” (WOCN) transmission path.
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Figure 6: Chart from BPA shows load (in yellow) and maximum capacity (in red) for the WOCN path.
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The exact transmission capacity of the WOCN path is confidential

information which cannot be discussed in detail here. However, there
is a report available on the web from the Bonneville Power Administration
that discusses a problem that occurred on the WOCN path in May 2010.7
On page 31, the report includes a chart showing loads and capacities
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of the WOCN path over a 30-day period. The load (shown in yellow)
varies from 5000-7000 MW and the path capacity (in red) varies from
7000-9000 MW.

During a heavy winter usage scenario, the loads are likely to be
higher than during relatively mild weather conditions in May. PSE’s
assumptions for Energize Eastside would further increase the load.
To deliver 1,500 MW to Canada, loads on the WOCN path would need
to increase by approximately 1,000 MW. To make up for the loss of
electricity that could have been generated by six local generation
plants, an additional 1,400 MW must be transmitted on the WOCN
path. In total, loads would increase by approximately 2,400 MW.

If the increased load exceeds the capacity of the WOCN path, grid
operators and utilities would have to make adjustments like they did
in May 2010. Some of these steps and consequences are described
on page 40 of the BPA report:

“Many customers (e.g., TransAlta, Calpine, PSE, PGE)
were not able to use low cost power purchases, and
instead had to operate higher cost thermal projects

that otherwise were idled or were out or planned for
maintenance. Although there were multiple complaints
regarding the ability to serve load, the basis for the
complaints appeared to be economic or financial impacts.”

We feel that WOCN path capacity limits explain why the simulation
software could not find a way to maintain voltage levels in the Eastside
given PSE’s assumptions. We conclude that it is not reasonable to
build local infrastructure to support these conditions if regional
infrastructure cannot reliably serve the implied loads.

7 http://pnucc.org/sites/default/filessBPAWOCNLessonsLearned pdf
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Appendix F
Ecqquipment ratings

Ambient temperature affects the capacity of electrical transmission
facilities. Colder temperatures help avoid overheating. For this reason,
it is industry standard practice to provide different ratings for summer
and winter seasons.

It is also industry standard practice to allow higher loading of equipment,
including transformers, during emergency events due to the fact that
emergencies do not last long. Utilities can take advantage of the fact
that transformers can safely handle brief over-peak conditions to
reduce installation costs and maintain system reliability.

The WECC Data Preparation Manual requires transmission owners to
provide the following ratings for its transformers:

¢ Summer Normal Rating

¢ Summer Emergency Rating

e Winter Normal Rating

e Winter Emergency Rating

Relative transformer capacities

. 131%
115% 109%
Summer Summer Winter Winter
Normal Emergency Normal Emergency

Figure 7: Ratings for different scenarios, normalized to Summer Normal rating.

PSE has indicated that the rating on the Sammamish and Talbot Hill
transformers are approximately 352 MVA (Mega-volt amperes).
According to the data that PSE provided to WECC, this is the Summer
Normal Rating of these transformers. PSE has advised WECC that (a)
its Winter Normal ratings are about 9% higher than Summer Normal,
and (b) Winter Emergency Ratings are about 21% higher than Winter
Normal Ratings.
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When running the PSLF model, the run parameters must be set to
point to the correct rating that has been provided in the data base. 8

In the N-0 analysis, our load flow studies used the winter normal
rating which is 9% higher than the 352 MVA summer normal rating.

In the N-1-1 analysis, our load flow studies used the winter emergency
rating that is 21% higher than the winter normal rating.
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Appendix G
summer load scenario

Most of the load flow modeling done by PSE and USE to justify
Energize Eastside has been focused on a winter peak load scenario.
Recently, PSE has mentioned reliability concerns in the summer to
provide additional motivation to build Energize Eastside. So far, PSE
has refused to provide input data and results for both winter and
summer scenarios.

We briefly reviewed the WECC Base Case for heavy summer demand
in 2019. The peak load on Eastside substations is 281 MW in this
scenario. This is 30% lower than the total load for heavy winter
demand in 2017-18 (402 MW). The drop in transformer ratings due
to summer heat is only 9%, so this scenario should be significantly
less stressful on PSE’s infrastructure than the winter scenario. Rapid
growth in air conditioning is a concern, but if there is a summer
need, then rooftop solar in Bellevue and other cities will be helpful
and should be encouraged. Further study is warranted.
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Appendix H
Resumes

25
DSD 007608



RICHARD LAUCKHART

J. Richard Lauckhart
Energy Consulting

J. Richard Lauckhart has 40 years of experience in power supply planning, electricity price forecasting
and asset valuation. He began his career as a distribution engineer with Pacific Gas & Electric Co., and
held various positions at Puget Sound Power & Light Co. (now Puget Sound Energy) in power supply
planning, culminating as vice president of power planning.

For the last 12 years Mr. Lauckhart has performed consulting assignments related to power market
analyses, price forecasting services, asset market valuation, integrated resource planning, transmission
line congestion analysis, and management of strategic consulting engagements for clients in North
America, including investor-owned and municipal utilities, independent power producers, and lenders.

Mr. Lauckhart received a bachelor of science degree in electrical engineering from Washington State
University in 1971 and a masters degree in business administration from the University of Washington

in 1975
Representative Project Experience
Black & Veatch
September 2008 to October 2011
Managing Director
Mr. Lauckhart oversees wholesale electricity price forecasting, project revenue analysis,
consults regarding wind integration matters electric interconnection and transmission
arrangements for new power projects, and other related matters in the electric power
industry. In addition, he heads Black & Veatch’s WECC regional power markets
analysis team.
WECC Power Market Analysis and Transmission Analysis, Henwood/Global Energy
Decisions/Ventyx
2000 - 2008
Senior Executive
Mr. Lauckhart oversaw wholesale electricity price forecasting, project revenue analysis,
consulted regarding electric interconnection and transmission arrangements for new
power projects, and other related matters in the electric power industry. In addition, he
headed Global Energy’s WECC regional power markets analysis team.
Lauckhart Consulting, Inc.
1996 — 2000
President
Primary client - Puget Sound Energy (formerly Puget Sound Power & Light Company):
Involved in power contract restructuring, market power analysis, FERC 888 transmission
tariffs, and other matters. Testified at FERC regarding Puget’s 888 tariff. Testified for
Puget in June, 1999 arbitration with BPA regarding transmission capability on the
Northern Intertie.
Northwest IPP
Under retainer with IPP from July 1996 through December 31, 1999. Involved primarily
in merchant power plant development activities including permitting activity, owner’s
engineer identification, environmental consultant identification, water supply
26
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arrangement, transmission interconnection and wheeling arrangements, gas pipeline
arrangements, economic analysis, forward price forecasting, marketing, and related
issues.

Levitan & Associates (Boston)

Participated in teams involved in electric system acquisition activities. Performed
preliminary analysis for a major retail corporation regarding possible participation as an
aggregator in the California deregulated electric market. Involved in the evolving
discussions about deregulation in the state of Washington including participant in HB
2831 report and ESSB 6560 report.

Member of advisory task force for Northwest Power Planning Council study of
generation reliability in the Pacific Northwest. Participating writer in a newsletter
advocating electric deregulation in the state of Washington.

Puget Sound Power & Light Company

1991 — 1996

Vice President, Power Planning

Involved in all aspects of a $700 million per year power supply for a hydro/thermal utility
with a 4,600 MW peak and 2,200 aMW energy retail electric load. Included
responsibility for a 22 person department involved in power scheduling (for both retail
and wholesale power activity), power and transmission contract negotiation and
administration, regulatory and NERC compliance, forward price forecasting, power cost
accounting, and retail rate activity related to power costs. Activity included matters
related to 650 MW of existing gas-fired, simple cycle combustion turbines. In addition,
660 MW of combined cycle cogeneration “qualifying facilities” were developed by
others for Puget during this time frame. Detailed understandings of the projects were
developed both for initial contractual needs and later for economic restructuring
negotiations. Mr. Lauckhart was the primary person involved in developing Puget’s
Open Access transmission tariff in accordance with FERC Order 888.

Puget Sound Power & Light Company

1986 — 1991

Manager, Power Planning

The company’s key person in developing (1) a WUTC approved competitive bidding
process for administering PURPA obligations, and (2) a WUTC approved regulatory
mechanism for recovery of power costs called the Periodic Rate Adjustment Mechanism
(PRAM).

Puget Sound Power & Light Company

1981 - 1986

Director, Power Planning

The company’s key person in developing a power cost forecasting model that was
customized to take into account the unique nature of the hydro generation system that
exists in the Pacific Northwest.

Puget Sound Power & Light Company

1979 — 1981

Manager, Corporate Planning

Responsible for administering the corporate goals and objectives program.

Puget Sound Power & Light Company
27
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1976 — 1979
Financial Planning

Improved and ran a computerized corporate financial forecasting model for the company
that was used by the CFO.

Puget Sound Power & Light Company

1974 - 1976

Transmission Planner

Performed transmission engineering to assure a reliable transmission system.

Pacific Gas & Electric Company

1971 - 1974

Distribution Engineer

Performed distribution engineering to assure a reliable distribution system.

Other Relevant Experience

° Expert testimony for Montana Independent Renewable Generators
related to avoided cost regulations and pricing filed February 2009 at the Montana PSC

° Expert Testimony for LS Power in the SDG&E Sunrise Proceeding
regarding economics of in-area generation vs. the cost of transmission and imported
power Spring 2007

® Expert Testimony for BC Hydro in the Long Term Resource Plan,
February 2009 dealing with natural gas price forecasts and REC price forecasting

° Expert Testimony for John Deere Wind in a proceeding in Texas in
November 2008 related to avoided costs and wind effective load carrying capability

® Expert Testimony for Two Dot Wind before the Montana commission
regarding wind integration costs Spring 2008

® Expert Testimony in the BC Hydro Integrated Electricity Plan
proceeding regarding WECC Power Markets. November 2006.

° Expert Testimony for Colstrip Energy Limited Partnership before
Montana PUC regarding administration of QF contract prices. July 2006.

° Expert Testimony for Pacific Gas & Electric regarding current PURPA
implementation in each of the 50 states. January 2006.

° Expert Testimony in CPUC proceeding regarding modeling procedures
and methodologies to justify new transmission based on reduction of congestion costs
(Transmission Economic Analysis Methodology — TEAM). Summer 2006.

° Expert Testimony for BC Hydro regarding the expected operation of the
proposed Duke Point Power Project on Vancouver Island, January 2005

° Expert Testimony for PG&E regarding the cost alternative generation to
the proposed replacement of steam generators for Diablo Canyon, Summer of 2004.

® Expert Testimony in an arbitration over a dispute about failure to deliver
power under a Power Purchase Agreement, Fall 2004.

° Integrated Resource Plan Development. For a large investor-owned
utility in the Pacific Northwest, Global Energy provided advanced analytics support for
the development of a risk-adjusted integrated resource plan using RISKSYM to provide a
stochastic analysis of the real cost of alternative portfolios.

® Expert Testimony for SDG&E, Southern California Edison, and PG&E
regarding IRPs, WECC markets and LOLP matters before the California PUC, 2003.
28
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° Miguel-Mission Transmission Market Analysis-San Diego Gas &
Electric. San Diego Gas & Electric retained Global Energy to oversee an analysis of the
economic benefits associated with building the Mission-Miguel transmission line and the
Imperial Valley transformer. Global Energy performed an analysis of the economic
benefits of the Mission-Miguel line, prepared a report, sponsored testimony at the CPUC,
and testified at the CPUC regarding the report.

° Valley-Rainbow Transmission Market Analysis-San Diego Gas &
Electric. San Diego Gas & Electric also engaged Global Energy to analyze the economic
benefits associated with building the Valley-Rainbow transmission line and to respond to
the CPUC scoping memo that “SDG&E should describe its assessment of how a 500 kV
interconnect, like Valley-Rainbow, will impact electricity markets locally, regionally, and
statewide.” Global Energy analyzed the economic benefits of the Valley-Rainbow line,
prepared a report, sponsored testimony at the CPUC, and testified at the CPUC regarding
the report.

° Damages Assessment Litigation Support. Global Energy was engaged
by Stoel Rives to provide damages analysis, expert testimony and litigation support in for
its client in a power contract damages lawsuit. Global Energy quantified the range of
potential damages, assessed power market conditions at the time, and provided expert
testimony to enable Stoel Rives’ client to prevail in a jury trial.

® Expert Testimony, Concerning the Economic Benefits Associated with
Transmission Line Expansion. Testimony prepared on behalf of San Diego Gas &
Electric Company, September 2001.

® Expert Testimony, Concerning market price forecast in support of Pacific
Gas and Electric hydro divesture case, December 2000.

® Expert Testimony, Prepared on behalf of AES Pacific regarding value of
sale for Mohave Coal project to AES Pacific for Southern California Edison, December
2000.

L Expert Testimony, Prepared on behalf of a coalition of 12 entities

regarding the impact of Direct Access of utility costs in California. June 2002.

Mr. Lauckhart was Puget’s primary witness on power supply matters in eight different
proceedings before the Washington Utilities and Transportation Commission.

Mr. Lauckhart was Puget’s chief witness at FERC in hearings involving Puget’s Open

Access Transmission Tariff and testified for Puget in BPA rate case and court
proceedings.
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ROGER SCHIFFMAN

SUMMARY OF QUALIFICATIONS

Mt. Schiffman has 23 years of energy industry experience coveting utility resource planning,
electricity market evaluation, market assessment and simulation modeling; regulatory policy
development; economic and financial analysis, and contract evaluation. Mt. Schiffman has worked
with public and private utility companies on tesoutce planning decisions, power plant retitement
decisions, avoided cost determinations, and on power supply procutement activity. Mr. Schiffman
has worked extensively with electric utility staff, power plant developers, regulatory personnel,
investment bankers and other industry participants in both consulting and regulatory environments.
Mt. Schiffman possesses extensive financial analysis skills, supported by thorough knowledge of
financial, economic and accounting principles. He has a strong technical understanding of the
electric utility industry and excellent analytical problem-solving skills, including quantitative analysis
and computer modeling techniques.

EXPERIENCE

» Initiated Integrated Resource Plan for the Vitgin Islands Water & Power Authority. This
project is a multi-faceted IRP, where detailed planning and potential siting impacts must be
considered in the overall planning, due to geographic and topology limitations on the islands.
Mt. Schiffman directed the analysis and playing the lead analytic role in assessing resource
needs. This included directing the data gathering efforts, taking technical lead in completing
production cost and financial modeling, and managing Black & Veatch’s team of technical
experts. Mr. Schiffman also developed a stakeholder process and gave multiple presentations
before stakeholder and customer groups.

= Completed nodal market simulation and congestion study for a concentrating solar plant in
Northetn Nevada. This engagement includes a review of transmission system impact studies,
power flow data and development of a PROMOD nodal simulation database to assess
congestion likelihood for the project.

= Completed economic assessment of a large pumped storage project in Southern California,
including development of energy matket atbitrage, capacity matket and ancillary services
matket revenue forecasts. Developed pro forma financial statements examining economics
of project under different ownership and off-take agreement structures.

= Completed Integrated Resource Plan for Azusa Light & Watet, a municipal utility in southern
California. This project involved using Black & Veatch’s EMP database and price forecast,
specifying thermal and renewable resource options, and completing detailed matket
simulation and financial modeling to determine a prefetred power supply plan for Azusa. A
key focus of the study is to identify resource options to replace output from the San Juan 3
coal plant, which is scheduled to tetire.

® Completed Integrated Resource Plan for Pasadena Water & Power, a municipal utility in
southetn California. This project involved using Black & Veatch’s EMP database and price
forecast, specifying thermal and renewable resource options, and completing detailed market
simulation and financial modeling to determine a preferred power supply plan for Pasadena.
The project also included reflection of key stakeholder input, and testing stakeholder driven

1701 ARENA DRIVE
DAVIS, CA 95618
CELL ((530) 219-7347 HOME OFFICE (530) 405-3304
EMAIL: ROGER_SCHIFFMAN@YAHOO.COM
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policy proposals for advancing renewable resource procurement beyond state-mandated RPS
levels. A key focus of the study is to identify resource options to replace output from the
Intetmountain coal plant, which is scheduled to retire.

Completed generation reliability study for the Brownsville Public Utility Board. This study
included directing the completion of detailed teliability modeling using GE-MARS, and
evaluating loss-of-load probabilities for BPUB based on its existing system and based on the
addition of a 200 MW ownetship share in the combined cycle power plant being developed in
Brownsville by Tenaska. The study also included detailed pro forma modeling of partial
ownership of the combined cycle plant, and a financial and risk assessment presented to
BPUB’s Board of Directors, and also used to address rating agency questions about credit
impacts of the new power plant. On behalf of Southern California Edison, completed nodal
power price forecast and assessment of high voltage transmission upgrades and additions in
Southern California. This project included an assessment of congestion, locational matginal
pricing, transmission system losses, and economic impacts of adding new transmission
facilities in WECC, with particular focus on Southern California. PROMOD 1V was used to
complete the nodal matket analysis, and PROMOD simulation results were translated into
GE-PSLF for more detailed transmission system modeling of power flow cases under a
vatiety of supply and demand conditions throughout the year.

Completed four projects focused on nodal market modeling in California, Arizona and
Southern Nevada. These studies were used to assess congestion tisk faced by solar and wind
generation projects at the sites where each is being developed. Completed PROMOD IV
dispatch and nodal analyses for each project, and developed risk assessments fot generation
curtailment risk. Also developed analyses of transmission system congestion along delivery
paths for each project, and on key economic transmission paths in Northern and Southetn
California, transmission import paths into Southern California, and transmission paths in
Southern Nevada.

Completed resource and power supply planning/procurement project for confidential SPP
energy supplier. Completed a competitiveness assessment of major electricity suppliet in
Nebraska, examining cost structure, net resource position, generation asset charactetistics,
transmission access and delivery options, and overall competitive positioning of SPP, MISO
and MRO entities that have potential to provide wholesale electricity service in Nebraska.
Worked collaboratively with client and a wholesale customer task force

Completed due diligence analysis of portfolio of power supply assets to support bid
development. The generators being sold were located in SPP, WECC, and the Northeast. The
WECC asset is a qualifying facility, which tequited detailed representation and modeling of
the California PUC Short-Run Avoided Cost tariff and pricing formula. One of the SPP
assets is also a qualifying facility, which required detailed analysis of the steam load and
interaction between joint power and steam production. Completed modeling analysis and risk
assessment of power supply agreements, developed revenue forecasts for each power plant,
and completed merchant plant analysis of plant operations after PPA expiration.

On behalf of a municipal utility client, developed database of renewable energy resoutce bids
solicited through an RFP process, developed assessment of delivery terms and transmission
tariffs associated with power delivery from distant resources, and completed bid screcning
analysis of 240 separate bids/pricing options.

Completed PROMOD IV dispatch analysis and economic assessment of 6,000 MW pottfolio
of coal and natural gas-fueled tresources operating in the Midwest ISO market region.
Developed expected operations, cost, matket sales and revenue forecasts for portfolio assets,
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under several market scenatrios. Prepared Independent Matket Report for potential use in
Offering Memotandum.

Completed detailed review of California ISO ancillary services matkets, and oppottunity for
tenewable energy and energy storage matkets to patticipate in those markets. Analysis
included assessment of day-ahead, hout-ahead, and real-time matket operation.

Completed dispatch modeling and power supply planning study examining construction of a
pumped storage hydro project in Hawaii. The evaluatdon included assessments of project
tevenue in energy, ancillary services, and capacity markets in Hawaii, expected dispatch and
opetation of the pumped storage project, and compatison of long-term power supply plans
with and without addition of the pumped storage project.

Completed deliverability and congestion analysis of wind enetgy tesources being located in
California. Developed nodal market simulations, and examined locational marginal price
differences, congestion components, and transmission line loadings of facilities impacted by
the wind assets being studied.

Completed detailed financial and dispatch modeling (deterministic and stochastic) of energy
storage project being developed in Southern California, to cteate dispatch profile and
estimated long-term project value of the facility. The evaluation included assessments of
project tevenue in energy, ancillary services, and capacity markets in Southern California.

Completed dispatch analysis and financial modeling of pumped storage hydro project in
Colorado, for use in regulatory proceedings. The evaluation included assessments of project
revenue in enetgy, ancillary services, and capacity markets in Colorado.

Completed nodal power price forecast and assessment of high voltage transmission upgrades
and additions in Southern California. This project included an assessment of congestion,
locational marginal pricing, transmission system losses, and economic impacts of adding new
transmission facilities in WECC, with patticular focus on Southern California. PROMOD IV
was used to complete the nodal market analysis, and PROMOD simulation results were
translated into GE-PSLF for more detailed transmission system modeling of power flow
cases under a variety of supply and demand conditions throughout the year.

Completed PROMOD 1V dispatch and economic analysis of Lodi Energy Center, with focus
upon expected dispatch of the project, and its fit into the overall power supply portfolio of a
Southern California Municipal Utdlity.

Completed PROMOD 1V dispatch analysis of 2 100 MW biomass project in Florida, with
focus upon expected dispatch and market tevenue for the project in Flotida wholesale power
matkets. Prepared Independent Market Report for use in financing construction of this
project.

Completed PROMOD TV market price forecasts and detailed analyses of power markets in all
North Ametican regions, including hourly energy ptice forecasts, annual capacity price
forecasts, and detailed assessment of supply/demand conditions and generator dispatch. The
assessments included forecasts of renewable energy development in each region/submarket,
forecast greenhouse gas regulation, and economic assessment of fossil and renewable energy
technologies.
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Managed project and led analysis for consortium of upper Midwest utilities focused on
developing plans for long-term transmission expansion to ensure reliability in the region and
to accommodate economic transfer of large-scale wind-based electricity generation. This
project examined congestion, reliability and economic benefits associated with large-scale
wind generation expansion in the upper Midwest, and accompanying needs for transmission
system expansion. Evaluation was completed on both nodal and zonal basis.

Assisted investor-owned utility in the upper Midwest in completing an economic transmission
planning study consistent with FERC requitements. Provided guidance to client in
establishing study framework, and in completing detailed technical evaluation of transmission
upgrade projects. Provided assistance with stakeholder group interactions and debriefing.

Conducted study for Western Area Power Administration examining economic impacts of
wind project integration from new wind projects located on Native American lands. Worked
with multi-party stakeholder group in completing study. Specific focus was upon powet
system modeling and economic evaluadon of long-term costs and benefits of wind enctgy
integration into the WAPA system.

Developed projections of expected dispatch, revenue, and operating costs for new combined-
cycle power plant under development in Southern California. Prepated financial projections
under merchant plant and other likely economic scenarios. Completed evaluation of tolling
agreement terms and conditions.

Assisted Southern California energy supplier in completing due diligence analysis for
investment and development of 300-500 MW wind generation project located in
Central/Southern California. Reviewed due diligence documents and completed economic
evaluation of expected revenue, operating costs and investment cash flows for the project at a
range of capacites varying from 100 MW to 500 MW.

Responsible for managing the price forecasting subpractice within Navigant Consulting’s
Energy Market Assessment group. Responsibilities included a wide variety of engagements
focused on evaluating wholesale power market conditions. Completed market assessment and
simulation studies of all North Ametican regional power matkets, including Canada and
Mexico.

Created and Developed NCI’'s PROSYM matket simulation practice and capabilities in
modeling WECC and Eastern Interconnected markets. Completed numerous matket
simulation and assessment engagements throughout the U.S. covering all North American
market regions.

With a team of consultants, assisting the California Enetgy Commission in defining and
evaluating scenarios for its 2007 Integrated Energy Plan. Reviewing market simulation results
from each of the scenarios and completing analysis of industry and consumer risks likely to be
faced in California over the next decade (ongoing).

Directed NCI’s market simulation efforts as independent consultant to the State of California
Department of Water Resoutces, leading to the successful underwriting of $11 billion in bond
financing and suppotting the execution of power supply agreements aggregating to over
13,000 M.
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Developed projections of lost revenue and operating profits due to construction delays at a
large combined-cycle project in the Desert Southwest. Prepared evaluation of WECC power
market conditions during the construction period for this project, and completed power
market simulations used to measure likely dispatch, revenue and operating profits of the
project during the construction delay period. Successfully presented and defended those
estimates before an Arbitration Panel, resulting in a significant financial award for our client.

Completed PJM Market simulations and led analytical support for recent financing of a large
coal plant in PJM-West. Worked closely with investment banks and rating agencies in
identifying and assessing cash flow risks to the project.

Prepated carbon regulation risk assessment of a new coal plant being developed in Nevada, to
evaluate long-term potential impacts on project costs. Evaluated ratepayer risks associated
with this new ptoject.

Developed and maintained power market simulations to evaluate likely dispatch, costs, and
spot market purchases and sales associated with the California Depattment of Water
Resources purchased power contract portfolio. Results from these simulations have been
used in each of the last five years to support CDWR’s annual revenue requirement filing
before the California Public Utilides Commission. Provide ongoing regulatory support to
CDWR, including consultation and limited training of CPUC staff in power market modeling.

Directed a number of nationwide market simulation and valuation engagements examining
cutrent market value of power plant portfolios owned by Calpine, Mirant, NRG and other
independent power producers. Worked with bond investors to develop refined valuation
estimates for subsets of each portfolio.

Served on WECC’s Power Simulation Task Fotce which was formed to assess available
options for the WECC to procure, maintain and use a power market simulation database and
model in its generation and transmission planning efforts. Participated in task force meetings
where criteria were developed for selecting a simulation database and model, and assisted in
evaluating proposals submitted to the WECC task force

Performed power market simulations of Mexico, using NewEnetgy Associates’ MarketPower
simulation model. Developed market price forecast and dispatch analysis of the Altamira 1T
project under a variety of projected fuel market conditions. Results from these analyses were
used by Senior Lenders to evaluate ongoing feasibility of the project under its financing terms.
Annual updates were provided to the lendets.

Assisted a California investor-owned utility in conducting RFP and in evaluating bids received
for short-term and medium-term power supply contracts. Developed cost rankings,
economic scteening, risk assessment and preferred bid evaluations, and assisted the utlity’s
planning and bid evaluation staff in presenting results to the company’s senior management.

Developed WECC market simulations and assessment of investment conditions for
numerous clients used in feasibility analysis and financing suppott of new generation projects
being developed in WECC markets. These analyses included separate evaluation of power
market conditions in California, Mexico (Baja), Atrizona, Colotado, Nevada, Oregon,
Washington, British Columbia, and Alberta.

Reviewed and verified long-term resource plans of a majot investor-owned utility located in
the Desert Southwest region. Conducted powet market simulations of preferred and
competing resource plans and developed telative ranking of results.
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Prepared numetrous forecasts of wholesale market electricity prices using Henwood’s
proptietary matket simulation tools. Drafted reports presenting price forecasts to consulting
clients. Wortked closely with clients and sponsots of new merchant power plants to provide
customized market ptice forecasts and to setve individual client needs. Presented study
results to clients and their constituents.

Directed project evaluadon and revenue forecast for major merchant power plant in Texas.
Presented revenue fotecast to investment bankers, and to several potential equity investors.
Advised and worked with project developer to successfully obtain debt and equity financing
for the project, which is cutrently under construction.

Conducted economic study of matket rules and entry batriers faced by developers of new
metchant powet plants in domestic electricity markets. Applied study results to specific
conditions in Texas. Met with a variety of industty representatives in Texas including project
developers, transmission setvice providers, power marketers, utility regulators and
environmental regulators to gather market intelligence and develop study conclusions.

Advised and wotked with PricewatethouseCoopers to perform economic evaluation and
market simulations of proposed Purchase Power Arrangements under development in
Alberta, Canada. The Power Putchase Arrangements are to be sold at auction in coming
months. Prepared economic study of market power held by incumbent electricity suppliers in
Alberta.

Developed softwate and modeling tools to estimate investment cash flows and pro forma
financial results for new merchant power plants. Developed Henwood approach for
evaluating profitability of new market entrants and incorporating equilibrium amounts of new
entry in its market studies.

Developed policy proposals for restructuting wholesale and retail electricity markets.
Evaluated competing policy proposals for impacts upon consumers and upon electrical
system opetation. Drafted formal electricity industry restructuring policy adopted by the
Wisconsin Commission.

Developed policies for addressing wholesale and retail market power in Primergy and
Interstate Enetgy Cotporation merger cases. Evaluated feasibility and corporate finance
implications of asset divestiture and spin-off options for mitigating market powet.

Presented evaluation of proposed electric utility merger legislation to subcommittee of
Wisconsin legislature. Advised individual legislators on merger policy.

Developed policy proposal and draft legislation for reforming power plant siting law and for
allowing development of new merchant power plants in Wisconsin.

Directed industry-wide efforts to tevise the PSCW generation competitive bidding
procedutes. Conducted wotkshops on proposed revisions for utility and other industty
patticipants. Drafted policy reforms adopted by the Wisconsin Commission.

Conducted primaty economic and engineering analysis of power plant proposals submitted in
generation competitive bidding cases. Prepated financial analyses of key contract terms and
risks. Evaluated economic and engineering characteristics of bid proposals using production
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cost and system expansion computer modeling. Recommended preferred projects to
Wisconsin Commission.

e Completed numerous financial analyses of new stock and bond issuances by Wisconsin
investor-owned utilities to evaluate investment tisks and impacts upon the cotporation.
Drafted formal administrative orders authotizing each issuance.

e Co-authored and provided research support for study of consolidation and metgers in the
electric utility industry.

EDUCATION

University of Wisconsin-Madison
e Graduate Studies toward MS-Finance, September 1988 - May 1990.
e Bachelor of Business Administration, Finance, Investment and Banking, May 1988.

e Curriculum concentrated heavily upon financial economics, with addidonal emphasis upon
economics, mathematics, and accounting.

PUBLICATIONS
Electric Utility Mergers and Regulatory Policy, Ray, Stevenson,  Schiffman,
Thompson. National Regulatory Research Institute, 1992.
The Future of Wisconsin's Electric Power Industry: Environmental Impact Statement, co-
authot, Public Service Commission of Wisconsin, October 1995, Docket 05-
EI-114.
Report to the Governor on Electric Reliability, co-authot, Public Service Commission
of Wisconsin, Summer 1997,
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TESTIMONY

Public Service Commission of Wisconsin, Docket 6630-UR-104, Wisconsin
Electtic Power Company Rate Case, 1990, “Rate of Return on Equity, Cost of
Capital and Financial Condition.”

Public Setvice Commission of Wisconsin, Docket 6690-UR-106, Wisconsin
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EXECUTIVE SUMMARY

The primary objective of this report is to present the technical background, and provide best practice
guidelines and summary criteria for pipelines collocated with high voltage AC power lines. The report
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presented address mitigation and monitoring, encroachment and construction, risk severity classification,

and recommendations for further industry development,

This report addresses the technical background to high voltage interference with respect to collocated and
crossing pipelines, and presents basic procedures for dealing with interference scenarios. The provisions of
this document are recommended to be used under the direction of competent persons, who are qualified in
the practice of corrosion control on metallic structures, with specific suitable experience related to AC and/or
DC interference and mitigation. This document is intended for use in conjunction with the reference
materials cited herein,

Collocated pipelines, sharing, paralleling, or crossing high voltage power line rights-of-way (ROW), may be
subject to electrical interference from electrostatic coupling, electromagnetic inductive, and conductive
effects. If the interference effects are high enough, they may pose a safety hazard to personnel or the public,
or may compromise the integrity of the pipeline. Because of increased opposition to pipeline and power line
siting, many future projects propose collocating high voltage alternating current (HVAC) and high voltage
direct current (HVDC) power lines and pipelines in shared corridors, worsening the threat.

I Y Vol S| T e Fer [ .
1es a

Predicting HVAC inteifeirence oin plpcllilc: is a coimplex pluuu::lll with imultipie interacting vaiiab
the influence and consequences. In some cases, detailed modeling and field monitoring is used to estimate a
collocated pipeline’s susceptibility to HVAC interference, identify locations of possible AC current discharge,
and design appropriate mitigation systems to reduce the effects of AC interference. This detailed computer
modeling generally requires extensive data collection, field work, and subject-matter expertise. Basic
industry guidelines are needed to help determine when more detailed analysis is warranted, or when
detailed analysis can be ruled out based on the known collocation and loading parameters. A consistent
technical guidance document wiii benefit the pipeiine industry by increasing pubiic safety and aiiowing for an
efficient approach in assessment and mitigation of threats related to high voltage interference.

The INGAA Foundation contracted Det Norske Veritas (U.S.A), Inc. (DNV GL) to develop this guidance
document. The project included a detailed industry literature review to identify applicable technical reports,
international standards, existing guidance and operator procedures. In addition to the literature review,
numerical modeling was performed to determine the effects of key parameters on the interference levels.
The document addresses interference effects with respect to corrosion and safety hazards, mitigation,
monitoring, encroachment and construction, prioritization and modeling. It also includes recommendations
for further development.

The following severity ranking tables were developed for key variables and their impact on the severity of
AC interference. Further background for the development of these rankings is provided throughout the
report. Guidelines for determining the need for detailed analysis and applying these severity rankings are
provided in Section 6.2.
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Separation Distance

Table 3-Severity Ranking of Separation Distance

Separation Distance - D (Feet)

Severity Ranking of HVAC Interference

D <100 High
100 <D <500 Medium
500 <D < 1,000 Low
1,000 <D < 2,500 Very Low

HVAC Power Line Current

Table 4-Relative Ranking of HVAC Phase Current

HVAC Current - / (amps) | Relative Severity of HVAC Interference
7>1,000 Very High
500< 7> 1,000 High
250 <I1<500 Med-High
100< 1<250 Medium
1<100 Low

Soil Resistivity

Table 5-Relative Ranking of Soil Resistivity

Soil Resistivity - p (ochm-cm)

p <2500 Very High
2,500 < p < 10,000 High
10,000 < p < 30,000 Medium
p > 30,000 Low

Collocation Length

Table 6-Relative Ranking of Collocation Lengt}

Collocation Length: L (feet) | Relative Severity
L > 5,000 High
1,000 < L < 5,000 Medium
L < 1,000 Low

Collocation / Crossing Angle

Table 7-Relative Ranking of Crossing Angle

Collocation/Crossing Angle - 8 (°) | Relative Severity
6 <30 High
30 <06 <60 Med
8> 60 Low

We werry that

Relative Severity of HVAC Co Enelyr'ze E QS"'S i de

combimed with the
Olymprte Bﬁe/:}ne would
score high on these
risk critera, Our
concerns are reasonable
GC‘(O/\?"." fo ?’Wd’
pipelne safety exper’s,
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The research and analytical studies accentuated the need for accurate power line current load data when
assessing the susceptibility of a steel transmission line to high voltage interference. For this reason,
collaboration between the respective pipeline and power line operators is advised to accurately determine
where detailed assessment is required, and develop efficient mitigation where necessary.

The general safety recommendations and guidelines for interference analysis presented in Section 6 provide
guidance on the relative susceptibility of AC interference associated with the selected variables. They

£
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C
aspect of an overall risk assessment, as these details are specific to each individual assessment.
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Acronyms

AC Alternating Current
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CTS Coupon Test Station

DC Direct Current

DCD DC Decoupler
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MPY Mils per year
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1 INTRODUCTION

Trends within both the eiectric power and pipeline industries have increased the number of projects that co-
locate high voltage alternating current (HVAC) and high voltage direct current (HVDC) power lines with steel

i

transmission pipelines in shared rights-of-way (ROW). The primary objective of this report is to provide
technical guidance and present best practice guidelines and summary criteria for steel transmission pipelines
collocated with high voltage AC power lines

Topography, permitting requirements, land access, increasingly vocal public opposition to infrastructure
projects, and environmental concerns, including protected regions, all have led to an increase in sharing of
common utility corridors. While there are numerous benefits to common utility corridors, there are also
many concerns. Collocated steel transmission pipelines that share, parallel, or cross high voltage power line
ROW may be subject to electrical interference from electrostatic coupling, electromagnetic inductive, and
conductive effects. If these interference effects are high enough, they may pose a safety hazard to
personnel or compromise the integrity of the pipeline.

Pipelines collocated with overhead HVAC lines account for a significant portion of the high voltage
interference conditions encountered in the transmission pipeline industry. However, interference effects due
to buried power lines and HVDC are also of concern to pipeline operators where close collocations exist. As
aboveground HVAC is still the primary concern for pipeline interference, it is the primary focus of this report.
However, comparison background and technical discussion is included related to HVDC and burled power line
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transmission pipelines are closely collocated with these systems,

Numerous methodologies exist to analyze alternating current (AC) interference for specific collocations and
crossings, but the analysis generally requires extensive data collection and detailed computational modeling.
The accuracy of these models is sensitive to the HVAC power line operating parameters, which can often be
difficult or costly for pipeline operators to obtain from electric power companies. Basic guidelines and
prioritization criteria have been established in this report to provide guidance for p|peI|ne operators to aid in
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a risk-based decision-imaking piocess and heip prioritize regions

or exclude further modeling analysis for a given region.

desigin

This report addresses interference effects related to encroachment and construction, corrosion and safety
hazards, mitigation, and monitoring. This project included a detailed industry literature review to identify
applicable technical reports, international standards and, guidance documents. Several INGAA members
provided procedures. In addition to the literature review, numerical models were developed and trends
presented detailing the effects of critical variables on interference levels under the conditions defined.

2 INDUSTRY LITERATURE REVIEW

There has been extensive research perlormeu to undersland the risks of nlgn voil dage interierence and to

develop efficient mltlgatlon techniques. The effects of HVAC interference from a personnel safety and

ra A ricls idantif ,-\A in muc ch of the literature P-u-n inc inm I\I Fh Armmavicn dha LK
I | 1Co I UI\.Il AMCEriCa, Ui unN

e Q IIoN UCIILIII v navs U \.IIC Hnuci guut waoo S I3

been reported with corrosion rates greater than 50 mils/year (mby) obser\jed_l
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In development of this guidance document a literature review identified and reviewed more than fifty
technical references, US and International standards, existing guidance documents, research theses, journal
manuscripts, and technical symposia papers. Additionally, INGAA collected operating procedures and
guidelines from 10 member companies for review and comparison.

Where published, historically identified corrosion defects and pipeline failures associated with AC corrosion
degradation have been reviewed and a selection are presented as case studies in Appendix A, demonstrating

. ~ = - PR

the imaginitud des aind variability iin corrosion rates pos ssibie with AC acceierated coirosioii.

The primary finding from this review is that there is significant variation in operating procedures and
technical literature with respect to AC interference. Various companies’ procedures were compared with
published industry guidance, historical project data, and project experience to determine a best practice
approach. Details and cross references are presented in each of the subsections of this document with a
detailed review of the technical literature, case studies, and company procedures provided in Appendix A.

3 HIGH VOLTAGE INTERFERENCE ON ADJACENT PIPELINES
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pipelines collocated in close proximity to HVAC power lines. The subJect of AC interference has been a

stries in recent decades as |mnrn\_/pd mnplmn coatings 2 nd utility ROW

growing concern across multiple indus !
congestion has contributed to an increase in identified AC corrosion incidents. Recent trends in the high
voltage electric power transmission industry are leading to increased power capacity and higher operating
currents in certain systems, in part to overcome long distance transmission line losses.? This increase in
operating current has a direct effect on the level of electromagnetic interference (EMI) and the
corresponding magnitude of AC interference on affected pipelines. This trend toward elevated operating
currents may present a significant challenge for achieving adequate mitigation on pipelines crossing or
collocated with the high voltage power lines.

The three primary physical phenomena by which AC can interfere or "couple" with pipelines are through
capacitive, resistive, or inductive coupling as detailed in Sections 3.1.1 through 3.1.3. High voltage
interference can occur during normal operation, generally referred to as steady state, or during a power line
fault. HVAC power line faults are any abnormal current flow from the standard intended operating conditions,
and discussed further in Section 3.1.4.

3.1.1 Capacitive Coupling

Capacitive coupling, or eiectrostatic interference, occurs due to the eiectromagnetic fieid produced by AC
current flowing in the conductors of a high voltage power line, which can induce a charge on an above
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pipeline are aboveground on insulating supports, as indicated
e

ge as a capaciter with the surrounding air acting as the dielectric,

an

which can maintain the electric field with a minimum loss in power, resulting in a potential difference with
surrounding earth.

Lapaliiy

The magnitude of potential is primarily dependent on the pipeline proximity to the HVAC conductors, the
magnitude of power line current, and the individual phase arrangement. If the potential buildup due to

10
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capacitive coupling is significant, electrostatic interference may present a risk of electric shock or arcing.
While elevated capacitive voltages may exist, the corresponding current is generally low, resulting in low

shocking consequence®*.

Above Ground Plpeline

Figure 1. Illustration of Capacitive Coupling

3.1.2 Inductive Coupling

Electromagnetic induction is the primary interference effect of an HVAC power line on a buried steel pipeline
during normal steady state operation. EMI accurs when AC flowing along power line conductors generates an
electromagnetic field around the conductor, which can couple with adjacent buried pipelines, inducing an AC
voltage, and corresponding current, on the structure as depicted in Figure 2. This induced AC potential may

present a safety hazard to personnel, and can contribute to AC corrosion of the pipeline, as discussed in
Section 3.3.1.

11
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Figure 2. Iliustration of Steady State HVAC Inductive Interference
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resistivity, coating resistance, and the power line operating parameters. The geometry characteristics
include separation distance between the pineline and the towers, denth of cover {DOC), nipe diameter, angle
between pipeline and power line, tower footing design, and phase conductor configuration. These
parameters remain relatively constant over the life of the installation. The coating resistance, power system
resistance, and soil resistivity may vary with the seasonal changes and as the installations age, but they are
considered constants for most analyses. However, the operating parameters of the power line - such as
phase conductor load, phase balance, voltage, and available fault current - all have an influence on the

effects of AC interference, and can vary 5|gn|f|cantly The |nd|v1dual conductor current load and phase

parameters contribute to variations in levels of AC interference. During normal HVAC operation, the current
load varies as the load demand changes both daily and seasonally. 35 While normal operating conditions are
often referred to as “steady state” throughout the industry, the term is somewhat misleading as the current
loads and corresponding induced AC potentials can be continuously varying, adding further complexity to
quantifying interference magnitude,

For a straight, parallel, homogenous collocation, induced potentials are highest at the ends of the collocated
segimeiit, aing fall expoinen tially with distaiice past t the point of divergeiice. 5 For
voltage peaks may occur at geometric or electrical discontinuities, where there is an abrupt change in the
collocation geometry or electromagnetic field. Specifically, voltage peaks commonly occur where the pipeline
converges or diverges with the HVAC power line, separation distance or soil resistivity changes significantly,

isolation joints are present on the pipeline, or where the electromagnetic field varies such as at phase
3,7,89

1noi'e Coi |||J|t:x collocations,

transpositions.
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3.1.3 Resistive Coupling

Current traveling througn the soil to a pipeiine can cause resistive or conductive coupiing. As the grounded
tower of an HVAC power system shares an electrolytic path with adjacent buried pipelines through the soil,

fault currents may transfer to aujacem stee! pipelines if the pipeline presents a lower resistance electrical
path. Resistive interference is primarily a concern when a phase-to-gr round fault occurs in an area where a
pipeline is in close proximity te an HVAC power ling, and magnitudes of fault currents in the ground are high,

However, a phase imbalance on an HVAC system with a grounded neutral can contribute to resistive
interference as return currents will travel through the ground and may transfer to a nearby pipeline.

During a fauit condition (see Section 3.1.4), the primary concern is the resistive interference transferred
through the soil. However, inductive interference can also be a concern as the phase current, and
corresponding EMI, of at least one conductor can be high, as depicted in Figure 3. In other words, during a
fault, the inductive effects during normal operation as described in Section 3.1.2 increase due the elevated
EMI during the fault period.

Fault Currents

Conductive Soil

Plpelines

Figure 3. Iiiustration of HVAC Fault Condition - inductive and Conductive Interference

Tf =any nf +
aany of ¢

that touches an exposed part
aboveground appurtenance
coating holiday (flaw) above a certain threshold may cause accelerated external corrosion damage to the
pipeline. In addition, damage to the pipeline or its coating can occur if the voltage between the pipeline and
surrounding soil becomes excessive during a fault condition.

aca A
f the pipeline such as a valve, cathodic protection (CP) test station, or other
current density at a

o]
During steady state normal power line operationi AC
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3.1.4 AC Faults

For HVAC power iines, a fauit is any abnormai current fiow from the standard intended operating conditions.
A fault can occur between one or more phase wires and the ground, or simply between adjacent phase wires.
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due to other unforeseen events. This may be due to vegetation contacting the conductors, conductors
contacting the towers or each other during high winds, physical damage to a tower, conductor, or insulator,
flashover due to lightning strikes, or other abnormal operating condition. A phase-to-ground fault on a
power line causes large currents in the soil at the location of the fault and large return currents on the phase

conductor and ground return.

Faults are generally short duration transient events. Typical clearing times for faults range from
approximately 5 to 60 cycles (0.08 to 1.0 seconds for 60-hertz transmission) depending on the location of
the fault, breakers and type of communications. While the fault effects are transient, high-induced potentials
or resistive coupled voltages along the ROW present a possible shocking hazard for personnel or anyone who
may be in contact with above grade pipeline or appurtenances.

3.2 HVAC - Personnel Safety Hazards

An evaluation of the possible safety hazards for those working on a pipeline should take place whenever a
pipeline is operating or constructed in close proximity to a HVAC power line. Personnel safety hazards are
present during both pipeline construction and maintenance, and during normal steady state operation.

3.2.1 Hazards During Operation

Touch and Step Potential Limits

Personnel safety is of concern when a person is touching or standing near a pipeline when high voltages are
present. The “touch potential” is defined as the voltage between an exposed feature of the pipeline, such as
a CP test station or valve, and the surrounding soil or a nearby isolated metal object, such as a fence that
can be touched at the same time. The touch potential is the voltage a person may be exposed to when
contacting a pipe or electrically continuous appurtenance. The “step potential” is the voltage across a
person’s two feet and defined as the difference in the earth’s surface potential between two spots one meter
apart. The touch potential can be a concern during both normal steady state inductive and fault
conductive/inductive conditions. Typically, the step potential is a concern during conductive fault conditions
due to high currents and voltage gradients in the soil.

The Canadian Standards Association (CSA) and NACE International (NACE) have published standards
addressing HVAC interference hazards. Both NACE and CSA standards'®*? recommend reducing the steady
state touch and step potential below 15 volts at any location where a person could contact the pipeline or
any electrically continuous appurtenance. The 15-volt threshold is designed to limit the available maximum
current through a typical human body to less than 10 mA. An 8 to 15 mA current resuits in a painful shock
but is still in the maximum ”let go” current range, for which a person can release an object or withdraw from
contact.!® The Institute of Electrical and Electronics Engineers (IEEE) Guide for Safety in AC Substation
Grounding, indicates that a current in the range of 9 to 25 mA range may produce painful shock and
involuntary muscular contraction, making it difficult to release an energized object.!® Elevated body current

in the range of 60 to 100 mA may cause severe injury or death as it can induce ventricular fibrillation, or
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inhibition of respiration. Current lower than nine (9) mA will generally result in a mild shock, but involuntary
movement could still cause an accident.'?

The touch potential is equal to the difference in voltage between an object and a contact point some
distance away, and may be nearly the full voltage across the grounded object if that object is grounded at a
point remote from where the person is in contact with it. For example, a crane that was grounded to the
system neutral and that contacted an energized line would expose any person in contact with the crane or
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The step potential may pose a risk during a fault simply by standing near the grounding point due to large
potential gradients present in the solil, typically during a short duration fault condition.

A risk evaluation of the possible hazards to personnel for those working on the pipeline and possible pipeline
coating damage should take place whenever a pipeline is in close proximity to a HVAC power line. This
assessment should consider the possible likelihood and consequence of HVAC interference hazards to
determine if further allcnyu\.cu assessment or mitigation is necessary. NACE International Standard Practice
SP0177-2014 (Mitigation of Alternating Current and Lightning Effects on Metallic Structures and Corrosion
Control Systems) indicates mitigation is necessary in those cases where step or touch potentials are in
excess of 15 volts. Mitigation is further discussed in Section 5.

3.2.2 Encroachment and Construction Hazards

There are muitipie safety hazards to consider associated with pipeiine construction near a high voitage
power line, the most obvious of which is the possibly lethal hazard of equipment directly contacting an
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regulations for safety requirements and limitations for working near power lines that must be considered in

addition to pertinent company standards, and industry best practice gu idelines, These include, but are not
limited to the following:

e 29 CFR 1910.269: Electric power generation, transmission, and distribution

e 29 CFR 1910.333: Selection and use of work practices

e 29 CFR 1926, SUBPART V: Power Transmission and Distribution

The OSHA standards address requirements for working near energized equipment, overhead power lines,
underground power lines, and construction nearby.

Elevated capacitive potentials generated on pipeline sections isolated from the ground on insulating skids as
described in Section 3.1.1 can pose a safety hazard., Pipeline segments that are supported aboveground
during pipeline construction near an HVAC power line are subject to EMI and electrical capacitance can build
up between the pipeline segments and earth. If no electrical path to ground is present, even a relatively
short section of piping may experience elevated AC potential, presenting a shock hazard to personnel near
the pipeline.

[P Py i = - P I Pey

Cases pi‘esemeu in pubn:ut:u literature indicate scenaiios of mea asuired potentia is greatei thai 1,000 voIits
on a pipeline segment exposed to an HVAC corridor.* In general, while the capacitive coupled voltages can
exceed the NACE 15 volt touch potential safety threshold, the corresponding current is low reducing
shocking hazard. However, arcing due to capacitive coupling may present a possible safety hazard, as an arc
may be a possible ignition source for construction vehicles refueling along the ROW. Grounding pipelines in
HVAC ROW will reduce the possibility of shocking or arcing.
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Capacitive coupling is generally mitigated by connecting temporary grounding or bonding during
construction to provide a low resistance path to ground for any electrostatic interference. Section 6
addresses further mitigation techniques and guidance for construction practices.

3.3 HVAC Threat to Pipeline Integrity

High voitage interference poses muitipie threats to pipeiine integrity for coiiocated and crossing pipeiines
under both steady state and fault conditions. During normal steady state HVAC power line operation, the
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conditions, elevated potentials can lead to coating damage or a direct arcing to the pipeline.
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The steady state 15 VAC threshold presented in NACE and CSA standards'"‘“ considers personnel safety and
does not necessarily address corrosion issues. Research and experience has shown that AC accelerated
corrosion can occur in low resistivity soils at AC voltages well below this threshold. 354

3.3.1 AC Corrosion

Externai corrosion, whether controlied by AC or DC, may pose a threat to the integrity of an operating
pipeline. DC corrosion protection utilizes a system of corrosion resistant coatings and a CP system to provide
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The concept of AC corrosion has been around since the early 1900s with only minor effects expected for
many years.>!® AC accelerated corrosion has been recognized as a legitimate threat for collocated steel
since the early 1990s, after several occurrences of accelerated pitting and leaks, ultimately associated with
HVAC interference, were reported on cathodically protected pipelines,

Historically, there has been little consensus on specific mechanisms driving AC corrosion, and the severity of
degradation attributed. However, several recent publications show tentative agreement in a plausible
mechanism.%!517 The explanation presented by Buchler, Tribollet, et al, suggests that AC corrosion on
cathodically protected pipelines may be attributed to destabilization of pseudo-passive film that can normally
form on exposed steel at a coating holiday under DC cathodic protection polarization. Due to the cyclic
nature of AC current, the charge at the steel surface is continuously varying between anodic and cathodic
polarization, which acts to reduce the passive film at the steel surface as shown in Figure 4. It is not the
intention of this report to identify the specific mechanism driving material degradation due to AC corrosion,
but rather to summarize a previously proposed mechanism and clarify the risks and contributing factors

associated with AC corrosion.
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Graphical representation of proposed processes occurring during AC corrosion.
Reproduced from Tribollet.®

While there may be disagreement regarding the specific mechanism driving AC corrosion, AC current density
is generally recognized as being an indicator of the likelihood of AC corrosion for a given location. In January
of 2010, NACE International prepared and published a report entitled “AC Corrosion State-of-the-Art:

Corrosion Rate, Mechanism, and Mitigation Requirements,” which provides the following insight on AC
corrosion current density.

"In 1986, a corrosion failure on a high-pressure gas pipeline in Germany was attributed to AC
corrosion. This failure initiated field and laboratory investigations that indicated induced AC-
enhanced corrosion can occur on coated steel pipelines, even when protection criteria are met. In
addition, the investigations ascertained that above a minimum AC density, typically accepted levels
of CP would not control AC-enhanced corrosion. The German AC corrosion investigators’ conclusions
can be summarized as follows:

> AC-induced corrosion does not occur at AC densities less than 20 A/m? (1.9 A/ft).
> AC corrosion is unpredictable for AC densities between 20 to 100 A/m? (1.9 to 9.3 A/fE).

> AC corrosion occurs at current densities greater than 100 A/m? (9.3 A/ft%).”3"

The AC density for a given location is dependent on soil resistivity, induced voltage, and the size of a coating
=1 AMZ /O 4L ka N ATT :-2\ Ar ~iivramb Aamcibis o lhambk Alkaimad Flheay
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holiday. Research has indicated that the highest corrosion rates occur at holidays with surface areas of 1 to
i u ugh direct measure
sized coupon or probe. However, the theoretical AC current density can be calculated, utilizing the soil
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resistivity and AC potential on a pipeline, in conjunction with Equation 1, presented in the State of the Art
Report.!

8Vac
ac=Tond Equation (1)
Where:
Iiw = Theoretical AC Current Density (A/m?)
Ve = Pipe AC Voltage to Remote Earth (V)
p = Soil Resistivity (ohm-m) (1 ohm-m = 100 ohm-cm)

Diameter of a circular holiday having an area equal
to that of the actual holiday (m)

Multiple industry references discuss a current density threshold below which AC corrosion is not a significant
factor; however, there is still disagreement on the magnitude of this threshold. While the majority of
technical literature indicates AC corrosion is possible at current densities between 20 to 30 A/m?, there is
experimental evidence presented by Goidanich, et al** indicating that AC current densities as low as 10 A/m?
can contribute to a measureable increase in corrosion rate'*. A significant conclusion of study published by
Yunovich and Thompson in 2004°, reiterated in the NACE AC Corrosion State of the Art Report in 2010,
indicated that there might not be a theoretical threshold below which AC corrosion is active. The focus
should rather be on a practical limit, below which the contribution of AC interference to the overall corrosion
rate is low, or rate of corrosion due to AC is not appreciably greater than the free corrosion rate for the
particular conditions.”® The results of the experimental study showed that a current density of
approximately 20 A/m? produced a 90% or greater increase in the corrosion rate versus the control, in the
absence of CP.° Experimental studies performed by Goidanich, Lazzari, et al in 2010 and 2014, in the
presence of CP, concluded that while it was apparent AC current density greater than 30 A/m? showed a
considerable increase in the corrosion rate, a current density as low as 10 A/m? resulted in a corrosion rate

nearly double that of the specimens without AC.** *®

For reference, the European Standard EN 15280:2013, “Evaiuation of AC corrosion Likeiihood of Buried
Pipelines Applicable to Cathodically Protected Pipelines” adopted the 30 A/m? current density magnitude as a
lower threshold, below which the likelihood of AC corrosion likelihood is low. In an effort to address the
practical application seen in operation, considering interaction effects of CP current and AC interference,
recent research has assessed the likelihood of AC corrosion in terms of the ratio between AC and DC current

density (Iac/loc)-

Daorant rneanrch hoe cha OWh Flaak Fha libbalilhanaAd ~f A ~rAvencinem ~m milnalilmac o Aocnom Anmt Am kot Fha laval ~F
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AC interference and the level of cathodic current from either CP or other stray current sources.® *> % In
general, AC current density ec helow the nrn\/;g_!:!\,/ cited 20 A/m recommended limits were shown to

value
th

accelerate corrosion rates in the presence of elevated DC current density due to excessive CP overprotection.

The iatest revision of EN 15280:2013 was revised to present criteria based upon the AC interference and DC
current due to CP. Alternative acceptance criteria are presented in terms of limiting cathodic current density,
or limiting the AC to DC current density ratio (Iac/Inc) below a specified level.
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Current density obtained by use of coupons or electrical resistance (ER) probes will provide this ratio.
However, both AC and DC current density data required to utilize these limits are often not available or
easily obtained along the pipeline in practice. Therefore, the current density ratio limits provided within the
EN 15280 standard are not widely used or easily applicable criteria. This reference demonstrates the
recognized interaction of AC interference and CP systems, presenting an alternative approach that may be
valuable for specific scenarios where data is available.

T P .V a e Moo

As meintioned plewuu:-ly, the measurement or calculation of AT cuirent density has been the prima‘ry
indicator to determine the likelihood of AC corrosion across industry in North America. It is possible to
measure AC current density on a representative holiday through the installation and use of metallic coupons.
A coupon representative of the pipe material, with a defined bare surface area, buried near the pipeline and
connected to the pipeline routed through a test station will allow the measurement of current. These current
measurements along with the known surface area of the coupon, allow for calculation of a representative
current density. In many cases, the coupons are supplemented with additional instrumentation such as ER
probes and reference eiectrodes to provide additionai pertinent information. The ER probes provide a time
based corrosion rate while the reference electrodes provide both and AC and DC pipe-to-soil potentials.

Section 6 provides further details related to mitigation and monitoring methods for to AC corrosion.
Appendix A includes additional details related to literature review, historical AC corrosion rates, and industry
case studies.

3.3.2 Faults

During a phase-to-ground fauit on a power line, an adjacent or crossing pipeiine may be subject to both
resistive and inductive interference. Although these faults are normally of short duration (generally less than
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a significant risk to personnel in contact with the pipeline or electrically continuous appurtenance during a
fault,

A phase-to-ground fault, or a lightning strike, on an HVAC power line can result in large potential differences
with respect to the adjacent or crossing pipelines. If the potential gradient through the soil is sufficient, a
direct arc to a collocated or crossing pipeline is possible, which can result in coating damage, or arc damage
to the pipe wall up to the point of burn-through. Even if an arc is not sustained long enough to cause burn
through, a short duration elevated current can cause molten pits on the pipe surface that may lead to crack
development as the pipe cools. Fault arcing is generally a concern where fault potentials are greater than
the dielectric strength of the coating, or at coating holidays within the possible arcing distance. Section 7.3
provides guidance limits for both issues. Where necessary, installation of grounding and shield wires can be
used to mitigate the fault hazards as discussed in Section 6.

3.3.2.1 Coating Stress Voltage
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voltage gradient and the dielectric strength of the coating type. It should be noted that there are several
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parameters that are utilized to assess these issues: magnitude of the fault current, distance between the
pipeline and fault, soil resistivity, coating age/quality, duration of the fault and coating thickness.

Guidance on allowable coating stress voltage varies across references. NACE SP0177-2014 indicates,
“Limiting the coating stress voltage should be a mitigation objective.” Multiple references offer varying
coating stress limits and are generally considered to be in the range of 1 to 1.2 kV for bitumen, as low as 3
kV for coal tar and asphalt, and 3 to 5 kV for fusion-bonded epoxy (FBE) and polyethylene, for a short-
duiation fault.”°

For reference, NACE SP0490-2007 “Holiday Detection of Fusion-Bonded Epoxy External Pipeline Coating of
250 to 760 pm (10 to 30 mil)” uses an equation for calculating test voltages which recommends a 15 mil (14
to 16 mils is a common specification for FBE coatings) fusion bonded coating (FBE) be tested at 2,050 volts.

NACE SP0188 2006 “Discontinuity (Holiday) Testing of New Protective Coatings” also uses an equation for
calculating test voltages for coatings in general.

TV=1,250vT Equation (2)
Where:
TV = Test Voltage (V)
T = Average coating thickness in mils

This results in a test voltage of 8,840 volts +/- 20% for a pipeline coated with a 50-mil coal tar coating.

The first standard above is the subject of AC mitigation and the following two standards are the
recommendations for holiday testing; however, there appear to be inconsistences as to what voltage will
actually damage the various pipeline coatings. The inconsistences appear to be due to the unidentified
coating thickness in SP0177-2014 and actual duration of the fault resulting in conservative values.

Gummow et al, in their paper “Pipeline AC Mitigation Misconceptions™*® present data that include the
duration and coating thickness in the analysis resulting in values that are more practical. They conclude that
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that the 3kv to 5 kV range indicated in NACE SP0177-2014 would be more applicable in the range of 7.5 kV
to 12.5 kV.

3.4 HVDC / Underground HVAC

High voitage power interference is primariiy a concern for pipeiines coiiocated with HVAC overhead power
lines, due to the widespread sharing of common ROW, and the interference effects associated. However,
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transmission and underground AC power lines. Presently, the U.S. transmission grid consists of
approximately 200,000 miles of 230 kV or greater high voltage transmission lines, with an estimate that
underground transmission lines account for less than 1% of this total.?® Industry trends indicate that due to
significant disparity in overall installation costs, it is expected that while buried transmission lines will
continue to be developed and implemented, overhead transmission will remain the primary means for

electric transmission for the foreseeable future.?
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In general, the level of interference from buried HVAC power lines is typically lower as the proximity
between the individual phase conductors acts to balance electromagnetic fields, reducing EMI on foreign
structures. Depending on the type of construction, sheathing or conduit may offer some level of
electromagnetic shielding, further reducing inductive interference effects.

As aboveground HVAC is still the primary concern for pipeline interference, it is the primary focus of this
report. However, the effects of both aboveground HVDC and buried transmission cables require review on a
case-by-case basis when pipelines are closely collocated. There are currently less thain 30 ideintified high
voltage direct current (HVDC) transmission lines operating in the United States?!, Although there are few
relative to overhead HVAC, and the interference effects on a pipeline are different from HVAC transmission
lines, they do warrant a brief discussion so that pipeline operators are aware of potential issues. The
Canadian Association of Petroleum Producers (CAPP)?2 have produced a technical document that addresses
in detail the issues associated with HVDC transmission lines influence on metallic pipelines. Due to the
technical differences, the detailed extent of HVDC transmission line interference on steel pipelines
necessitates its own study, beyond the scope of this document, however a summary overview of design and

interference comparisons follows.

HVDC transmission systems in operation today are typically of monopole or bipole design. In each case, the
systems consist of a transmission line between stations with the major components being DC-AC convertors
and large ground electrodes. In monopole systems, a single conductor transports the power with an earth
return, as depicted in Figure 5. It should be noted that where HVDC systems use a ground return, the
interference concerns are similar to typical DC stray current interference, which is addressed in NACE
SP0169 and is outside the scope of this document.

! Line 1
i
3 .‘NLG, s
ILine 1 =IG

Figure 5. Monopole System o

In bipole systems, two conductors between stations allow the system to transport power through both
conductors, one conductor and an earth return, or a combination of both, as depicted in Figure 6. The most
common use of monopole systems is in submarine applications using the seawater as the earth return. The
most common use of bipole systems consist of onshore overhead transmission towers to transport the
power,
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Tripole configurations have been considered and reviewed in research, but have not seen widespread use in
practice. There are several types of designs and operation modes within the broad parameters of the
monopole and bipole systems. During emergencies and in maintenance of the bipole system, an earth return
is used. In an earth return mode there is a potential gradient generated and metallic objects, such as
pipelines, can be subject to varying potentials and become a conductor of the return current if they provide
a low resistance path. Where current is collected or received by the pipeline generally no damage occurs,
unless the current is high enough to damage the coating. However, corrosion will occur at current discharge
locations. The amount of corrosion is dependent on the amount of current and duration of discharge. In the
case of large discharge current, significant corrosion damage can occur in relatively short time periods. The
effects are similar to the interference currents caused by other DC power sources such as traction systems,
cathodic protection systems or welding with an improper ground.

HVDC transmission lines also have the same coupling modes with pipelines that occur with HVAC
transmission lines capacitive, inductive, and resistive. Although under typical circumstances these effects
may be negligible. However, interference levels under faulted conditions can be significant.

3.4.1.1 Capacitive coupling

The results of research presented by Koshcheev indicate the electrical field below HVDC transmission lines
does not generally require significant safety measures during construction when the pipe is isolated on skids,
as the electric field influence associated with HVDC transmission is limited compared to HvAC.2

3.4.1.2 Inductive coupling

CAPP indicates the voltages induced due to HVDC, under steady state conditions tend to be negligible. The
magnitude of induction may contribute to minor interference problems with telephone lines, and possibly
other communications systems, but is typically low enough that neither pipeline integrity nor safety hazards
are considered likely under steady state conditions. However, during fault conditions, there is a possibility
for short duration of elevated inductive coupling.

3.4.1.3 Resistive coupling

compromise pipeline integrity, with possible damage to the pipeline, coating, and associated equipment. A
faulted HVDC power line presents a possible integrity concern for nearby pipelines. CAPP indicates that the
fault current discharged to ground at the power line tower causes a ground potential rise (GPR) near the
ground electrode. A voltage gradient exists relative to remote earth. A pipeline within the voltage gradient
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will experience a coating stress voltage as discussed in Section 3.3.2.1. If high enough, the voltage stress
could puncture the insulating coating possibly damaging the pipeline.

3.5 Industry Procedure Summary

The lack of industry consensus on the subject of AC corrosion guidelines has led to varied practices among
pipeline operators in regards to mitigating AC interference on pipelines. As part of this study, The INGAA
Foundation requested a review of industry practices and procedures related to AC interference. Based upon
this review, all of the procedures address a safety concern and define a maximum allowable AC pipe-to-soil
potential limit for above-grade appurtenances. For pipelines in close proximity to HVAC power lines, faults
are identified as a hazard in almost all of the procedures. However, few addressed coating stress limit above
which mitigation is required. For current density criteria, several procedures had clearly defined limits, while
others addressed it as a concern for AC corrosion but did not specify a targeted limit of AC current density or
define limits for mitigation. Table 1 provides a summary comparison of the industry procedures reviewed.

Table 1-Industry Procedure Summary

Induced AC Potential Limit Fault Protection/Coating Stress Cflm:’nt Denflfy
Requiring Mitigation Voltage Limit Requiring Mitigation Criteria Requiring
quiring Mitig g quiring MITtlg Mitigation
In accordance with NACE: 15V Not specified Not Specified
15V 2500V Not Specified

P Mentions damage possible from oW mge
15V o Not Specified
faults but no limit

15 V or higher - No work

unless approved by area Not specified Not Specified
supervisor
Modeling Required >2 V Consider with Modeling 30A/m’

75 A/m’requires
mitigation, 50 A/m®

= 5000V requires further
evaluation
ACA_INNNN Aamanmding o a0t
10-15V e e e 30 A/m’
duration
Faults to be considered along with a
15V minimum separation distance, but 20 A/m’
no limit specified
Faults to be considered during
15V mitigation analysis, but no limit 50 A/m2
specified
Fauits to be considered during
15V mitigation analysis, but no limit 50 A/m’
specified
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4 NUMERICAL MODELING

Predicting high voltage interference is a compiex problem, with muitipie interacting variables affecting the
influence and impact. In recent decades, development of advanced calculation methods and computer-based
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been significant.23>°'° Computer based numerical modeling can be utilized to examine the collocated

pipe!ine’s cusrenhhlllhl to HVAC interference, help identify locationg of nncmhln AC current discharge, and

where necessary design appropriate mitigation systems to reduce the effects of AC voltage, fault currents,
and AC current density to meet accepted industry standards. These numerical models are capable of
analyzing the interacting contribution of multiple variables to the overall magnitude of AC interference.

Computer modeling is used to analyze the interactions and sensitivity of the variables that affect the
magnitude of AC induction on pipelines. This section provides a brief review of numerical modeling software
in general, as well as the results of the individual variable analyses.

4.1 Modeling Software

Previous research has compared the benefits of specific industry standard software; literature is avaiiabie for
each of the common software packages 392023 Thjs review addresses the generallzatlons concernmg the

For the majority of simple collocations considering a single pipeline and single HVAC power line numerous
industry-accepted models have shown to be consistent in the assessment of HVAC interference. Often, for
these simple cases, the benefit of a more complex model is not gained due to uncertainty in the analysis
inputs. That is to say that for a majority of simple collocations, any of several industry accepted models are
capable of providing an accurate analysis. The applicability is limited by the accuracy of the input data, and
expertise of the analyst in utilizing the specific model. Often the uncertainty in critical input variables, such
as the HVAC load current and phasing, outweighs the benefits gained from a more complex model. However,
as the collocation complexity increases, both in terms of the number of structures and geometric routing,
the limitations of some basic models support the benefits of the more detailed modeling software.

Typical industry standard software packages that were reviewed use a transmission line model (TLM) to
calculate longitudinal electrical field (LEF), based on established fundamental Carson or Maxwell equations
for electromagnetic fields. The geometry and routing of the complete pipeline and transmission line network
incorporated in the model considers multiple pipelines, transmission lines, tower sections, and other
collocation parameters. Collocations are simplified as a connected series of finite sections and nodes, with
s applied simulating and transmission |

software can then calculate the LEF for each section and solve the fundamental equations to calculate the
potential, current, and theoretical current density along a given collocation.

tha nina
uic pipl

Calculation of the EMI and corresponding effects on buried pipelines requires a thorough understanding of
the variables involved. Detailed modeling requires knowledge of electric field interactions, transmission
current, tower design, bulk and local soil resistivity, and pipeline parameters such as geometry, coating,
depth, diameter, electrical connections or isolations, and existing CP. All of these variables may significantly
affect the AC interference model, and similarly the analogous ieal world inteiference. Likewise, the
assumptions and simplifications made during the model setup can have significant impact on the accuracy

and applicability of the outputs.
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While most of the available models are able to analyze each of these variables, either directly or indirectly,
the accuracy of the analysis is dependent on the expertise and understanding of the analyst to assess the
given variables. Similarly, the accuracy of the models can only be as good as the input data. Multiple
sources are required for the collection of data, i.e. measured in field, provided by power line or pipeline
operators, or based off published nominal data. For that reason, the accuracy of the results is ultimately
dependent on the expertise of analyst and the reliability of the data input to ensure technically appropriate
setup, despite the presence of multiple models that have been shown to be capable of providing accurate
analysis when used within their applicable limitations.

4.2 Variable Analyses

Due to the number of interacting variables affecting the overall levels of AC interference, it is difficult to
isolate the effects of a single variable for all collocations scenarios encountered. Consequently, it is difficult
to determine distinct limits for individual variables outside of which interference becomes negligible.
Considering several key interacting variables is a more viable approach. For example, reported
recommendations cite a distance of 1,000 feet as considered ‘far’ and assumed low risk for HVAC
interference. However, in cases where power line current loads are greater than 1,000 amps and in regions
of low soil resistivity, elevated induced AC potentials and corresponding current density exceeding
recommended thresholds have resulted at even greater distances. Therefore, separation distance alone may
not provide sufficient justification to exclude a collocation from further assessment. Conversely, considering
the interacting effect of the key variables identified is necessary when determining the need for detailed
analysis for a collocation.

DNV GL developed a series o
AC on pipelines from nearby HVAC power lines. The software used is a graphical simulation platform
developed to predict the steady state interference and resistive fault effects of HVAC power lines on buried
pipelines in shared right-of-ways (ROWs). Using a TLM and appropriate input data, the software calculated
the LEF, which then calculated the magnitude of induced AC potential, and current along the modeled

collocated pipelines.
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The models created for these studies are simplistic in terms of geometry and serve as a demonstration of
the variables’ influence on AC induction on adjacent pipelines. Based upon the number of variables and their
interactions with respect to AC interference on pipelines, these studies determine the relevancy of the
various parameters. The studies offer guidance demonstrating the trends associated with each parameter on
the overall level of interference, and were used along with existing industry guidance and literature findings
to develop the recommended guidelines presented in Section 6.

The primary variables analyzed as part of this study are as follows:

e HVAC Power Line Current

e Soil Resistivity

o Separation Distance Between Pipeline and Power Line
e Collocation Length of Pipeline and Transmission Line
e Angle Between Pipeline and Transmission Line

¢ Coating Resistance

e Pipeline Diameter and Depth of Cover

The results of these studies are presented and summarized in the following sub-sections.
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4.2.1 HVAC Power Line Current

A primary variabie infiuencing the magnitude of induced AC potentiai on a pipeiine coliocated with HVAC
power lines is the magnitude of the phase conductor current. The current load of the nearby power lines has
£
]
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with the current loads affecting both magnitude of induced AC potential on the nearby pipeline, as well as

the area of influence. The area of influence affects the separation distance at which a collocated nineline
the area of Influence, The area of Int affects the separation distance at whicn a conecated pipeine

experiences significant interference and is further discussed in Section 4.2.3.1.

To demonstrate the sensitivity of power line current on pipeline interference, DNV GL created a computer
model simulating a single circuit vertical transmission line, parallel to a 10-inch diameter pipeline for 5,000
feet at a horizontal separation distance of 100 feet. The pipeline approaches the transmission line at a 90-
degree angle and parallels the transmission line for 5,000 feet before receding from the transmission line at
a 90-degree angle, as depicted in Figure 7. The HVAC load current was varied while all other model inputs
remained constant, to analyze the influence of current alone. A uniform soil resistivity of 10,000 ohm-cm
was applied and constant throughout the analyses. The transmission line current loads analyzed were 250,
500, 1,000, 2,500, and 5,000 amps based on ranges of operating and emergency loading conditions
reported in literature and previously provided from power transmission operator’s design conditions. Figure
8 shows the maximum induced AC potential as a function of transmission line current load.

PIPELINE

10:)rFT 5,000 FT

N — . — e —————————————o
HVAC LINE

Figure 7. Simplified ROW Model Geometry
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Effects of Current Load on Induced AC Potential
5,000 ft Parallel Collocation Length at 100 ft Separation
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Figure 8. Maximum Induced AC Potential as a Function of HVAC Transmission Line Current

The resuits of this anaiysis show that the reiationship between transmission iine current and maximum
induced AC potential on the pipeline is linear for a parallel coliocation, considering a single interfering power
line. When all other variables remain constant, the HVAC operating current load has a direct linear effect on
the magnitude of the induced AC potential. This relationship allows for estimating influence of elevated
current loads based on field measured AC pipe-to-soil potentials. For the specific case, with a pipeline
collocated with a single HVAC circuit, if sufficient measurements of AC pipe-to-soil potential are taken, and
corresponding transmission line current loads are provided for the specific time of measurement, the values
can be scaled linearly to estimate the induced AC potential likely at the correspondingly scaled transmission
current, This may be applicable, for example, for estimating the effects associated with a power line upgrade
with a new current ioad. However, this method of approximation is only appiicabie for pipeiines coilocated
with a single transmission line where sufficient data is available. As the number of transmission line circuits
increases, the multiple interference sources and interaction the complexity of the interference increases such
that the simply linear relationship is no longer valid. As the number of influencing HVAC circuits and
pipelines within the area of influence are increased, the complexity of the interaction necessitates analysis
that is more detailed.

Tt is known that while the higher current loads presented represent the high end of typical reported design
loads, recent trends in the power transmission industry have shown development and installation of higher
capacity HVAC transmission systems capable of carrying significantly greater current loads. For example,
previous references indicate a typical load for 345kV to 500kV systems to be approximately 500 to 1,000
amps per circuit.3?* Recent research indicates increased capacity for 345kV lines carrying up to 5,000 amps
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per circuit, and over 6,000 amps for 500kV systems.??* While these magnitudes are not considered typical,
numerous projects have developed recently that require mitigation for circuits operating at these elevated
loads, indicating a need to consider actual current ratings for certain collocations. For this reason, loads are
presented in terms of current rather than line voltage rating, as current is the driving load to control the
level of EMI. It is noted that line ratings are typically given in terms of voltage ratings such as 138 kV, 345
kV, etc. however, the current load is the more relevant variable when determining the level of HVAC
interference. Voltage rating alone can be misleading as the associated loads can be significantly higher or
lower than the ‘typical’ current loads for that kV rating. For this reason, it is recommended to obtain current
load data from the power utility company when assessing risk of interference.

4.2.2 Soil Resistivity

The soii resistivity aiong the coiiocation affects the magnitude of induced AC potentiai distribution as weii as
the theoretical AC current density along a given pipeline. It is necessary to consider both the bulk and
o miEim lmrimm wmmiombiisibie tisbhmm mocacoima lilcalilamad mmAd ocayiawibos P S O g PP N Py Tlam baills wammiodisdbes & o =
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pipeline depth is one of the controlling factors in the analysis of induced AC potential. The bulk resistivity is
the averaae soil resistivity meozciirad in a half-hamisnhere to the denth of the pinn ac chown in Figure 9
the average soil resistivity measured in 2 half-hemisphere to the depth of the pipe, as shown in Figure 9
below. However, the specific resistivity of the soil layer directly next to the pipe surface, shown as Layer 2
in Figure 9, is a primary factor affecting the corrosion activity at a coating holiday, considering both
conventional galvanic and AC assisted corrosion. The bulk soil resistivity combined with the coating
resistance of the pipeline affect the level of induced AC potential expected along the pipeline.

Figure 9. Graphicai representation of soii resistivity measurements, showing buik and iayer zones
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To demonstrate the sensitivity of soil resistivity on pipeline interference and current density, DNV GL created
a computer model simulating a single circuit vertical transmission line, parallel to a 10-inch diameter
pipeline with a configuration similar to the model setup described in Section 4.2.1. The soil resistivity was
varied along the pipeline while all other model inputs remained constant, to analyze the influence of
resistivity alone. The soil resistivity was uniform along the entire modeled collocation, considering 100,
1,000, 10,000, and 100,000 ochm-cm. Figure 10 shows the maximum induced AC potential corresponding to
varying current loads.

Effects of Soil Resistivity on Induced AC Potential
5000 ft Collocation Length at 100 ft Separation
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Figure 10. Maximum Induced AC Potential as a Function of Soil Resistivity

The results of the analyses show that the induced AC potential increases logarithmically with increasing soil
resistivity. This increase in induced AC potential changes significantly between 100 and 10,000 ohm-cm but
approaches asymptotical limit at soil resistivity values greater than 10,000 ohm-cm.

The effects of soil resistivity have greater influence however on the current density. While an increase in soil
resistivity can result in a slight increase in the magnitude of induced AC voltage for a given collocation, the
theoretical current density and associated risk of AC corrosion decreases linearly with the increased
resistivity. The layer resistivity of the soil directly next to the pipe surface is a primary factor in the corrosion
activity at a coating holiday. The specific resistivity near the pipe at a holiday is inversely related to
theoretical AC current density, as shown by the calculation for theoretical AC current density in Equation 1.
Thus, an increase in soil resistivity results in a decrease in theoretical AC current density.
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Considering the 250 amp current load case from Figure 10, the theoretical current density was calculated
from the induced AC potential for each magnitude of soil resistivity, considering a 1 cm? holiday, shown
in Figure 11 and Table 2. While the soil resistivity values increase several orders of magnitude across the
range, the theoretical current density decreases on similar order, with minimal change in the overall induced
AC potential, as shown in Figure 11 and 0 Table 2. The red dashed line represents the lower bound 20
amps/m? threshold for current density as discussed in Section 3.3.1.1. It can be seen that based on the
calculations provided by Equation 1, a very high theoretical AC current density Is possible for relatively low
AC potential, if soil resistivity values are below 10,000 ohm-cm. This results in elevated risk for AC corrosion
for soil resistivity ranges below 10,000 ohm-cm.

Effects of Soil Resistivity on AC Potential and Holiday Current

Density
5000 ft Collocation Length at 100 ft Separation
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Figure 11. Effects of Soil Resistivity on Induced AC Potential and Corresponding Holiday Current
Density. Current density presented for a theoretical 1cm? holiday
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Table 2-Calculated current density and induced AC potential

p Calculated Current | Induced Potential
(ohm-cm) |  Density (A/m’) (Vac)
100 234 1.0
1,000 35 1.5
18,000 5 2.3
100,000 0.6 2.8
Dacad An & ANNEE narallal rallacatinn with A nawar lina
WUI A W JIUU\JIL Pulull\-l LIV OCULIVTT VWILLT W '.I\JVV\_I nriv
operating at 250 A load, 100-ft separation distance

4.2.3 Collocation Geometry

The geometry of the pipeiine reiative to the transmission iine is criticai in determining the magnitude and
distribution of induced AC potential along the pipeline. The level of AC interference for a given collocation or

cirossing, with respect to collocation geometry, is uepenuem on the relative distance between tne PIIGDC
conductors and pipeline, the locations of convergence or divergence, and angle of approach or crossing.
Each of these variables affects the overall level of induction or susceptibility te fault hazards, and their

influence is dependent on all other configuration variables. When assessing susceptibility to AC interference
all of these variables are considered. However, for the sake of this assessment, the following studies
analyzed each independently in order to provide a simplified assessment of the influence of each parameter.

The figures presented in Section 4.2.3.1 to 4.2.3.3 incorporate a dashed line similar to the current density
threshold indicator in Figure 11. The limit lines provide reference to the AC potential limit that may result in
a theoretical AC current density of 20 amps/m? for a hypothetical 1 cm? holiday, at soil resistivity of 1,000
and 10,000 ochm-cm. The limit lines are included to provide guidance illustrating the levels that may pose an
elevated risk of AC corrosion at potentials below the NACE specified 15 volt limit for personnel safety.

4.2.3.1 Separation Distance Between Pipeline and Power Line
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level of induced AC potential influencing a given pipeline. The proximity of the pipeline to the phase wires

limits the strength of the LEF to which the pipeline is expesed.

To demonstrate the sensitivity of separation distance on pipeline interference, DNV GL created a computer
modei simuiating a singie 10-inch pipeiine, and singie circuit verticai transmission iine, with similar
configuration as described in Section 4.2.1. The separation distance was varied between the models while all
other model inputs remained constant, to analyze the influence of separation alone. Induced AC potential
results are plotted for separation distances of 50, 100, 500, 1,000, and 2,500 feet in Figure 12. The results
indicate that for the higher load currents, the 20 A/m? recommended current density threshold is exceeded
for separation distances greater than 500 feet is exceeded.
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Maximum Induced AC Potential vs. Separation Distance
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Figure 12. Effects of separation distance on induced AC potential. Current density limits presented
for a theoretical 1cm? holiday.

As the distance between the pipeline and transmission line increases, the induction on the pipeline decreases.
This is expected as where the distance between the pipeiine and phase conductors increase the distance
from the LEF origin increases, decreasing the coupling effects. The results of this study as presented
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distance at which a collocated pipeline experiences significant interference increases accordingly.
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The figure also depicts potential levels corresponding to a 20 amp/m? current density for both 1,000 and
10,000 ohm-cm solil resistivity for reference. For the given parameters analyzed, a current load of 250 amps
results in an induced potential of approximately 2 volts at a 50 foot separation distance which quickly
decreases to less than 0.5 volts at a distance of 500 feet. However, a load of 2,500 amps results in an
induced AC potential of approximately 21 volts at a separation distance of 50 feet, and approximately 1.5
volts at a separation distance of 1,000 feet. This is important when determining which pipeline collocations
require detailed analysis, as there is variation among industry guidance documents for the limiting distance.
A limiting distance of 1,000 feet is common practice, however, for HVAC current loads greater than 1,000
amps, significant interference might be possible at distances exceeding 1,000 feet. While the induced AC
potentials magnitudes may appear relatively low in Figure 12, for separation greater than 2,000 feet, it
should be noted this example is considering a single HVAC circuit, and only an approximately 0.5 mile
collocation length. In practice additional interfering circuits collocated for longer distances would result in
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higher induced AC potentials. Further, as discussed in Section 4.2.2, it is possible to have an elevated AC
current density under relatively low soil resistivity conditions, such that AC corrosion is a concern at
relatively low induced potential.

It is necessary to consider separation distance in conjunction with the other factors to exclude a collocation
from further analysis for separation distances within 2,500 feet. At a minimum, operating current, or an
estimate of it, is also necessary when determining if further analysis is required.

4.2.3.2 Collocation Length of Pipeline and Transmission Line

d ] ti o] a g the
ength of collocation. The collocation length is the distance along the ROW that a pipeline
parallels or crosses the transmission line within a separation distance and angle that allow for inductive

coupling. The collocation length affects the magnitude of induced AC potential that accumulates on the
pipeline as it defines the length of the pipeline exposed to the LEF of the phase wires.

To demonstrate the sensitivity of collocation length on pipeline interference, DNV GL created a computer
model simulating a single 10-inch pipeline, parallel to a single circuit vertical transmission line at a 50 foot
offset. The collocation length was varied between the models while all other model inputs remained constant,
to analyze the influence of collocation length alone. Collocation lengths of 500, 1,000, 2,500, 5,000, and
10,000 feet of the pipeline and transmission line compare the maximum induced AC potential in Figure 13.

Maximum Induced AC Potential vs. Collocation Length
at 50 ft Separation
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Figure 13. Maximum Induced AC Potential as a Function of Collocation Length
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As the collocation length increases, the magnitude of induced AC potential on the pipeline increases, as the
length of pipeline exposed to the LEF is increased. Collocation lengths as short as 500 feet are capable of
inducing 2 - 10 VAC or greater considering a single collocated power line operating at 1,000 amps or greater.

The potential levels corresponding to a 20 amp/m? current density for both 1,000 and 10,000 ohm-cm soil
resistivity have been included for reference. Considering a relatively low soil resistivity of 1,000 ohm-cm, the
20 amps/m? current density criteria is exceeded at a 2,500 foot collocation length for all load currents
analyzed.

The results of the collocation length study also accentuate the sensitivity to HVAC load current as previously
discussed in Section 4.2.1. The collocation length required prior to exceeding the 15 volt safety threshold for
the 2,500 and 5,000 amp load conditions is approximately 1,750 and 800 feet respectively, These conditions

are further increased in complex collocations where multiple lines exist.

It is necessary to consider collocation length in conjunction with the other factors to exclude a collocation
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also necessary when determining if further analysis is necessary.
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4.2.3.3 Angle Between Pipeline and Transmission Line
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induction on the pipeline at the crossing. As the angle increases between the pipeline and transmission line,
the magnitude of the induction decreases as the component of the pipeline exposed to induction decreases.

For a perpendicular crossing, with the pipeline crossing at or near 90° to the power line, the induction on the
pipeline is minimized as the effective parallel length is minimized. The magnitude of the current on the
transmission line also has a significant impact on the induced AC potential at crossing locations. Previous
‘rule-of-thumb’ practices throughout industry may have indicated crossings greater than 60° resulted in
negligible induction on adjacent pipelines.? However, recent studies have resulted in HVAC installations with
significantly greater current capacity, which acts to increase the corresponding interference resulting in
cases with induced AC voltage at relatively high angle crossings.

To demonstrate the sensitivity of collocation angle on pipeline interference, DNV GL created a computer
mode! simulating a single 10-inch pipeline, and single circuit vertical transmission line, with similar
configuration as described in Section 4.2.1. The pipeline was approximately 2 miles long and the angle
between the pipeline and transmission line varied between models while all other mode! inputs remained
constant, in order to analyze the influence of crossing angle alone. Figure 14 shows the results of an
analysis of crossing angles between 15 and 90 degrees and the calculated maximum induced AC potential
for each case.
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Maximum Induced AC Potential vs. Crossing Angle

Considering a 2 mile section of 10-inch Diameter Pipe
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Figure 14. Maximum calculated induced voltage at various HVAC line crossing angles

Considering a typical 345kV circuit, and current loads of up to 1,000 amps, a crossing angle of greater than
45° degrees resulted in an induced potential of less than two (2) VAC for the study presented. A crossing
angle of greater than 60° induces minimal potential such that the corresponding current density is less than
20 amps/m? even in a relatively low soil resistivity at 1,000 ohm-cm. Previous industry experience and
general guidance practices across industry appear consistent with this understanding that crossings of
greater than 60° are typically low-severity with respect to induction.

However, as the transmission line load increases to greater than 1,000 amps, it can be shown that crossing
angles up to 60° may induce potentials such that corresponding current density exceeds 100 amps/m?, in
low resistivity soil conditions. Depending on target limits for current density, models show that crossing
angles of 80° can cause high current density in relatively low soil resistivity locations.

The crossing angles discussed above are with respect to induced AC interference specifically. Assessment for
susceptibility to faults, and coating breakdown due to fault voltage, is required for all crossings where
pipelines pass in close proximity to a tower ground,

4.2.4 Coating Resistance

The resistance of the pipeline coating to ground is a significant factor controiiing the ievel of induced
potential that may build up on a pipeline. However, in practice the coating resistance is typically not known
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is a function of the coating type, condition, thickness, and local soil resistivity, all of which may vary along

tynical collocation length,
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In general, a poorly coated pipeline, or deteriorated coating with low resistance to ground allows multiple
paths to ground for AC potential to dissipate. This reduces the buildup of induction, resulting in lower AC
potential and lower current density discharge at any individual holiday. Conversely, considering a well
coated line with high dielectric strength and excelient coating condition, the resistance to earth along the
length of the pipeline is relatively high allowing for greater induction build up over longer distances. For
example, this case may exist with a newly FBE coated pipeline, with minimal holidays, in proximity to a
collocated HVAC power line. Due to the high resistance to ground, and relatively few ground paths, the
induced AC potential can build along the collocation length. This can generate elevated AC potentials, which
may be hazardous from a safety standpoint, but also create a possible corrosion risk, as the AC current can
discharge from a relatively few holidays after a physical or electromagnetic discontinuity, such as the
pipeline diverging from the collocation.

Relative estimates of coating resistance are provided by Dabkoski in the report for Pipeline Research Council
International (PRCI) and Parker?*?®, and summarized in Appendix B for reference, to be utilized in detailed
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4.2.5 Pipeline Diameter and Depth of Cover
The diameter of the pipeiine coliocated with or crossing an HVAC power iine affects the ievei of induced AC
potential on the pipeline. However, historical experience has indicated that the effect is relatively minor
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To demonstrate the sensitivity of pipe diameter on pipeline interference, DNV GL created a computer model
simulating a single pipeline, parallel to a single circuit vertical transmission line for 5,000 feet at a horizontal
separation distance of 100 feet. The pipeline approaches the transmission line at a 90-degree angle and
parallels the transmission line for 5,000 feet before receding from the transmission line at a 90-degree angle.
The pipeline model considered diameters of 6, 10, 18, 24, 36, and 48 inches, while all other model inputs
remained constant, to analyze the influence of diameter alone. The model used a uniform soil resistivity of
10,000 ohms-cm. The results of this study indicate that the magnitude of induced AC potential decreases
with an increase in pipeline diameter, as shown in Figure 15.

As the diameter of the pipeline decreases, the surface area exposed to the LEF also decreases. However, the
magnitude of LEF generated by the transmission line remains unchanged. For a smaller diameter pipeline,
the LEF influences a smaller surface area resulting in greater induced AC potential compared to a larger
diameter line, considering all other variables equal. Further, the pipeline characteristic impedance varies
inversely with pipeline diameter, as presented in previous work by PRCI3?*, Considering all other parameters
equal, a larger diameter pipeline will have a generally lower effective resistance to ground, and therefore a
lower tendency of HVAC interference. For relative comparison, an increase in diameter from 6 to 48 inches
resulted in a 20% decrease in induced AC potential on the pipeline, regardless of the interfering current level,

In the previous analysis, the models used 10-inch diameter pipeline, which will provide a conservative
estimate relative to typical larger diameter transmission lines. This was chosen to clearly demonstrate the
effects of the individual variables.
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Maximum Induced AC Potential vs. Pipeline Diameter
5000 ft Collocation Length at 100 ft Separation
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Figure 15. Maximum Induced AC Potential as a Function of Pipeline Diameter

Similar to pipeline diameter, the pipeline depth of cover has a relatively minor influence on the induced AC
potential on the pipeline. In general, the level of AC interference decreases with increasing depth of cover as
the distance from the individual phase conductors and total resistance to the LEF is increased, though the
effect is relatively minor for typical burial depths. A fixed depth of cover of approximately 5 feet was used in
the sensitivity studies above,

5 MITIGATION

NACE Internationai Standard Practice SP0177-2014 requires a mitigation systern designed for pipelines
where HVAC interference is present.'® Mitigation system design varies across the industry, but in general all
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designs can be either surface or deep grounding designs. Both designs have benefits and detriments

considering performance, cost

and constructabhility.
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Liquid and gas transmission pipelines are regulated under the Department of Transportation (DOT) Pipeline
and Hazardous Materials Safety Administration (PHMSA) Regulations §49 CFR Part 195 Subpart H Corrosion
Control (195.551 - 195.589)?° and §49 CFR Part 192 Subpart I Requirements for Corrosion Control
(192.451 - 192.491)%, respectively. The regulations have various requirements for corrosion control of
which CP and electrical isolation are major factors in compliance. CP systems apply a DC to the pipeline, and
electrical isolation quantifies the surface area or limits of the system. CP systems designed for transmission
pipelines must meet federally regulated criteria.

37

DSD 007660



5.1.1 DC Decouplers
When designing mitigation systems for induced AC and fauits on transmission pipeiines, detrimentai effects
to the CP system must be considered. It is essential to ensure they do not compromise the operation of the
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directly to the pipeline change the operating characteristics of the CP system, changing the surface area
intended for the CP compromising its effectivensss, Direct current decouplers (DCD) alleviate this situation.
However, there are some cases where the design of CP accounts for the mitigation. The decouplers,
designed into the circuit, allow AC current to pass to ground, while blocking the DC CP current, maintaining
the pipeline surface area. There are various types, sizes and ratings of decouplers used depending on the
predicted faults or induced AC and mitigation design. DCDs are also used to block DC current at grounded

above grade appurtenances, such as block valves, metering stations, and launcher/receiver stations.

Decouplers installed across electrical isolation flanges (IF) prevent “burn over” which can occur when an AC
fault current or lightening surge is large enough in magnitude to arc over the gap between flange faces or
exceeds the rating of the IF.

5.2 Surface Grounding

Surface grounding generaiiy refers to one of severai types of mitigation grounding instalied at or near the
surface or pipe depth. Typical designs may consist of bare copper cable, zinc ribbon, or engineered systems
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construction, surface grounding can be installed directly in the pipe trench, or laid parallel to the pipe in an
adjacent trench or bore., This approach allows for cost-effective installation of a significant length of
mitigation at a lower cost relative to alternative forms of mitigation, but is dependent on construction access

along the ROW.1¢

If necessary, connecting additional mitigation ribbon in parallel and even adding shallow vertical anodes to
the circuit will further reduce grounding resistance up to a certain extent. Installing this type of mitigation
system at distributed, targeted locations, optimized from the interference model, reduces the induction
along the pipeline. Additionally, when laid parallel to the pipeline in regions where transmission line towers
are in close proximity, the mitigation ribbon also acts to protect and shield the pipeline from damage
resulting from fault and arcing scenarios.

Analysis of the reduction in ground resistance possible with various installation approaches included a
calculation of the resistance of 1,000 foot long mitigation ribbon in varying soil resistivity, using the modified
Dwight’s Equation for multiple anodes installed horizontally?®. Figure 16 illustrates how this calculated
grounding resistance varies with the number of ribbons connected in parallel at multlple levels of 50|I

determining total resistance than diameter, when considering typical ribbon diameters, therefore this
analysis considers a constant diameter ribbon.
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Grounding Installation Resistance

Distributed Horizontal Parallel Zinc Ribbons (Constant 1,000 ft Length)
—8— 500 ohm-cm 1,000 ohm-cm 5,000 ohm-cm
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1.40
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Figure 16. Grounding Resistance of Horizontal Parallel Zinc Ribbons at Varying Soil Resistivities

As shown in Figure 17, at low soil resistivities, very low grounding resistance results with a single, relatively

ShOi"C ribbon length. As the soil resistivity incieases, so does the achievable grounding resistaice. The data
presented considering multiple parallel mitigation rlbbons to demonstrate that further reduction in ground
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returns exist such that further increasing the extent of grounding at a specific site, beyond a certain
threshold, results in minimal additional reduction, as shown in Figure 16.

The length of vertical grounding installations requires review of economics, construction, and practical
design considerations. Multiple shorter grounding rods can be incorporated to achieve a low resistance to
ground without requiring deep drilling, where parallel surface grounding does not sufficiently reduce the
ground resistance. Vertical ground rods should be separated horizontally by the length of the ground rods at
minimum for optimum efficiency.?®

For locations of high surface resistivity, one drawback for horizontal surface grounding is the length of
mitigation ribbon wire required to achieve a low resistance. Where multiple parallel ribbons are required to
achieve sufficient grounding resistance significant ROW access may be required. As discussed, the shared
utility ROW may limit construction access for mitigation parallel to a collocated pipeline. Additionally, as
pipelines cross physical obstructions, such as roadways, railroads, access may limit the extent of parallel

e i .—-—. r\v\ cvietarmae A I B =Yar=} groun Al ing akill n.-wd- nues tn ko bha neafarrnd mmikiantian fashniaiis and

IlIILs v Dy:l\.ellla IIUVVCVCI, DUIIQ\.C 5 (SIS IR NN \_-’ DUl Wi II.IIIU - LW UC LHC }J ICIl ou IIIILIHQLIUII LC\.IIIIIqUC i
efficiently provide adequate mitigation grounding for a majority of collocations.
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5.3 Deep Grounding

Deep drilied ground weiis (deep welis) offer another form of mitigation grounding, and may pe considered
for select applications. Deep wells generally consist of one or more anodes drilled vertically into the ground

tm mmmlm ke o alaisves e P - A mderaml ol Il Anmdles A +
iin OFdeir Lo adricvo 1uUw BIUUIIU {eSsisStaince. Aliluai uccp Wil ucptilis wa

o~ Loy e~y
e€ds5, wul Uiy

no
generally range greater than 100 feet in depth.

In general, construction costs are generally higher for deep well grounding than for comparable surface
mitigation. However, deep well grounding can be a viable option in specific applications where one or both of
the following criteria are satisfied.

1 The soil resistivity at the surface is significantly greater than (>20 x) the soil resistivity at lower
depths.

2 Horizontal surface grounding is not feasible due to construction obstacles (roads, railways, right-of-
way access, etc.)

For typical mitigation systems, where parallel ribbon and deep grounding are both options, parallel ribbon
proves to be more efficient and economical because it can achieve a lower resistance to ground for lower
overall cost. For comparison, ground resistance calculations were analyzed to determine the approximate
equivalency in effective ground resistance between parallel zinc ribbon, and an individual deep well anode.

Figure 17 below shows a comparison of parallel horizontal grounding configurations compared to a single 6-
inch diameter deep well anode approximately 200 feet deep. The soil resistivity ratio, plotted on the X-axis,
is the ratio between the bulk soil resistivity to a depth of 10 feet for surface ribbon and the bulk soil
resistivity to a 200 foot depth for a deep well. Along the y-axis is the equivalent length of horizontal surface
grounding required to meet the same level of grounding resistance as the deep well anode, The two curves
in the figure below display this trend for single and double surface ribbon installations.
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Comparison of Surface Mitigation with Deep Well Anodes

Based on 200-foot, 6 -inch Diameter Deep Well Anode
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Figure 17. Comparison of Surface Mitigation to Deep Well Anodes

Considering a typical scenario where deep soil resistivity values are of similar order to the surface resistivity,
a single deep well grounding installation would be necessary for approximately every 1,000 to 2,000 feet of
individual parallel ribbon. However, considering a hypothetical location where the deep soil resistivity is an
order of magnitude lower than at the surface (soil ratio of 10), it can be shown that a single deep well
installation could provide a similar ground resistance as approximately 5,000 feet of individual parallel
ribbon. Under certain scenarios, where the ratio between the surface and deep soil resistivity is high, deep
well anodes may become a viable solution to obtain a low grounding resistance. Previous case studies and
project experience have rarely shown soil resistivity ratios of this magnitude, such that deep well grounding
was a preferred option. However, where construction access is limited, not allowing for installing longer
lengths of surface grounding to achieve the required mitigation deep well grounding may be beneficial. In
scenarios where grounding is only necessary at a single specific location on the pipeline, deep well
grounding may be an option.

5.4 Mitigation Comparison

Deep weli anodes may provide a viabie mitigation option under specific circumstances, but industry practice,
historical assessments, and construction practice have generally shown that surface mitigation provides

P N T e s i I e Ve = s i Tai =Y A N s i are e Tar u Ve Te T Tin oo o

] e T 1) o pem bt Al Al
imoie CLUIIUIIIILGI allu CIIIL.ICIH. IIlI\.IBIGLIUII IUI \.IIC IIIGJUIILY UI LUIIULGLIUIID 17 Cases wnere airc snigiding

protection is required to guard against fault scenarios, deep well anodes do no t provide such protection, thus

Qurface mitination can zalso
Surface mitigation can zaiso
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serve as fault shielding, protecting against damage t e pipeline and its coating when properly placed
between the pipeline and power transmission ground.

naceoscitating the installation of su irface ribbon in addition
necessitating iation surrace rippeh in adgition

41

DSD 007664



A primary benefit for surface mitigation is ease of installation and a lower associated cost. Mitigation
installed in the same trench beside the pipe during pipeline construction further reduces installation costs.
Typical industry construction estimates indicate that the cost of a single drilled deep well anode installation
may be ten times the cost of a 1,000-foot surface installation, if installed during pipe construction. This
would indicate that each deep well anode would need to replace approximately 10,000 feet of surface
mitigation before it is economically viable from a ground resistance standpoint alone. That said, the decision
between surface and deep grounding installation methods most often comes down to a number of other
considerations, including construction access, grounding distribution, and contractor preference in addition
to cost alone. [Appendix C contains a simplified summary, presents the pros and cons for various mitigation
materials and methods for reference.] The comparison information provides guidance and demonstrates the
comparative benefits of each approach based on various soil resistivity layers.

5.5 Additional Mitigation Methodologies

The AC mitigation techniques discussed utilize iow-resistance grounding to transmit induced AC voitage to
ground. While grounding can be an effective mitigation technique for many interference cases, recent
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have led to increased power capacity and corresponding operating currents, for some long distance
transmission systems as shown. This increase in operating current has a direct effect on the level of EMI. In
many cases, this has presented a significant challenge for achieving adequate mitigation on pipelines
crossing or collocated with the power transmission lines. In these cases, additional mitigation techniques
should be considered.

In terms of risk reduction or prevention, the approach to AC interference mitigation can be categorized on a
primary, secondary, or tertiary level. Primary prevention targets controlling or reducing the source of the
risk, through elimination or control. Secondary prevention targets reducing exposure to a risk factor, and
tertiary prevention targets treating the response or consequences of the risk factor, generally after exposure
to the risk. By these terms, a standard practice of mitigating AC induction by grounding alone is considered
a tertiary form of mitigation. That is to say, the treatment targets only the consequence of the interference
by reducing the detrimental AC effects at the pipeline level, after allowing the pipeline to be exposed to the
interference risks. While not currently in widespread application, further research of primary and secondary
risk controls should be considered in future development, to reduce overall interference and risks associated
with AC interference, especially considering cases that cannot be effectively mitigated by traditional means.
While the concepts presented may not be readily employed by pipeline operators without further research,
they are presented to address the need for continued research and development of more robust high voltage
interference mitigation methodologies, and pursue improved collaboration between the power line and
pipeline operators.

5.5.1 Primary Threat Control of AC Interference

Although mitigation grounding is a common industry practice, cases exist where grounding aione is
insufficient to reduce interference Ievels on collocated pipelines For such cases, additional techniques should
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modifications to the pipeline or transmission line are possible. The level of interference experienced at the
pipeline is dependent on the magnitude of EMI generated at the source, and the collocation parameters that
limit the EMI levels reaching the pipeline. Specifically, revising collocation routing, and tower and circuit
configuration modifications can reduce or optimize the level of EMI produced. Conductor arrangements can
be designed to balance individual phases producing the lowest levels of EMI for a given circuit configuration.

For a given circuit configuration (single circuit horizontal/vertical, double circuit horizontal/vertical/delta, etc.)
there exists an ideal phase sequence which miniimizes the LEF at the pipeline location and thus resuits ii
lower magnitudes of AC interference. Dabkowski studied the magnitudes of the LEF for varying circuit types
and phase sequence, The results demonstrated that for a single horizontal circuit a reduction of up to 9
percent of the LEF may be achieved, by choosing the proper phase sequence.?® With the single circuit
vertical case, the LEF at the pipeline location could be reduced by as much as 15% with the proper phase

sequence,

The double circuit vertical tower configuration presents a unique scenario for phase sequencing. There are
36 possible phase sequences, classified into five sets of phase combinations: center point symmetric, full roll,
partial roll upper, partial roll lower, and center line symmetric. The LEF magnitude between the various
phasing configurations can vary significantly.?® Generally, the ideal phase sequence for a double vertical
circuit is the center point symmetric phase configuration, which generates an LEF approximately 65% to 90%
less than the center line symmetric phase configuration.?® This is significant when considering this is simply
the result of the physical interaction between conductors, and primary mitigation reduction at the source
reduces the interference levels that ever reach the collocated pipeline. Additionally, optimization of the
phase configuration does not require unconventional installation methods to obtain this reduction in LEF
magnitude.?® It is recognized that for existing installations, pipeline operators generally may not be able to
influence HVAC power design; however, for new construction and power system expansions where
interference is a concern, communication between pipeline operators and transmission owners of possible
effects is recommended in order to review possible interference hazards prior to construction. Where
possible, pipeline and HVAC power line design controls can limit EMI and interference on adjacent pipelines.

The addition of phase transpositions along a given coliocation cain also act to reduce the overall EMI
influencing a collocated pipeline, However, phase transpositions should only considered as part of a detailed
analysis, as the discontinuity presented by a phase transposition can create a localized point of elevated
interference, and may have further impact on the power transmission design.?* However, where appropriate,
phase transpositions can create discontinuities and effectively break up long line interference built up on
long collocations. Further, in areas where construction access may be limited, phase transpositions can be

located strategically to reduce interference at the source.

5.5.2 Secondary Threat Control of AC Interference

With respect to overaii threat reduction, a secondary controi works by means of isoiating a threat from a
structure. In the case of AC interference, this specifically means intercepting and grounding the EMI prior to
reaching the pipeline.

One proposed example is overhead shielding, which is used to mitigate AC interference in other industries
including rail transport systems, but is notably less common in mitigating AC interference on pipelines. An
overhead shielding technique works by placing a conductor, grounded at regular intervals, within a targeted
region between the pipeline and the adjacent transmission line. This shielding conductor, located in the
same LEF generated by the conductor circuit, induces a current and an accompanying LEF 180 degrees out
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of phase with the field generated by the transmission line. In so doing the conductor acts to cancel part of
the LEF generated by the transmission line, resulting in lower levels of induction on the pipeline. Dabkowski
studied the effectiveness of this technique for the same tower configurations discussed in Section 5. 5.1.%
The results indicated a substantial reduction in the induced potential on the pipeline was possible; however,
the mitigating effectiveness was highly sensitive to loading conditions, and the precise location of the
shielding conductor. For the single circuit horizontal circuit, an auxiliary overhead ground wire resulted in a
reduction of approximately 25% in the LEF, and thus the corresponding induction on the pipeline, The ideal
placement of this overhead auxiliary shield wire was approximately the same height as the phase wires,
which for single circuit horizontal circuits may make this solution impractical. For the single circuit vertical
tower configuration, Dabkowski found a maximum LEF reduction of approximately 60% to 75% by mounting
the overhead shield wire at an optimum height on the tower centerline. Reductions in the LEF generated by
the double circuit vertical configuration were found to be range from 50%-95%. However, when examining
slight imbalances of +/-5 to 15% between phase wires, the benefits realized by this auxiliary shield wire
quickly diminished to 20% or less when compared to uniform current across all phase wires of the
circuit.292® While this is generally not a common practice in mitigation of pipeline interference, overhead
shielding has been considered and studied in the past, and is used within other industries. Specific overhead
shielding installations require detailed design, and precise locating but this approach may present an
alternative means of mitigation where ineffective through more traditional means. Further research and
testing is required on a case-specific basis to determine if this is a viable technique.

Fault and arc shielding, which are used to reduce the risk of damage to the pipeline and the coating near
tower grounds during fauit conditions are another form of secondary risk controi. Fauit protection typicaily
takes the form of a parallel shield wire, similar to mitigation ribbon discussed in Section 5.2. However, the
primary function of fault and arc shielding protection acts to intercept transmission line fault current and
transfer to ground prior to reaching the pipeline. For this reason, the location and placement of the arc
shielding mitigation is far more critical when protecting against conductive (fault) interference than for
inductive interference.

5.5.3 Tertiary Threat Control of AC Interference

With respect to overaii risk reduction, tertiary controis reiy on reducing the consequences of the threat after
exposure to the structure Per this definition, typical grounding mitigation can be considered a tertiary
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scenarios occur where grounding alone is not sufficient to reduce interference to acceptable levels.

Ideally, a combination of primary, secondary, and tertiary mitigation techniques would provide the highest
level of threat reduction and protection for the pipeline. However, addressing a threat at the lowest level
possible will provide reduction in severity, increasing the likelihood that mitigation will be effective. That is
to say, reducing AC interference at its source or shielding EMI from reaching an adjacent pipeline can
provide greater risk reduction than simply allowing the interference to pass to the structure and dissipating
to ground via tertiary mitigation methods. In practice however, it may not always be possible or practical to
address interference at a primary or even secondary level. Tertiary mitigation through low resistance
grounding techniques may provide adequate risk reduction for a majority of interference collocations.
However, further research and continued development into additional mitigation techniques would benefit
the industry.

as
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5.6 MONITORING

As mentioned previously, the measurement or caiculation of AC current density has been thne primary
indicator to determine the likelihood of AC corrosion across industry in North America. It is possible to
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or ER probes. A test wire connected to the coupon, routed to the surface and connected to the pipeline
through a test station is an example of a simple installation, By inserting an ammeter into the circuit, an AC

and DC current can be measured which when can be used to calculate the current density at that location.
In many cases, test stations with coupons also include additional instrumentation such as ER probes and
reference electrodes. The ER probes provide a time based corrosion rate while the reference electrodes
provide both and AC and DC pipe-to-soil potentials for comparison.

Using coupon test stations (CTS), and ER probes, real-time monitoring can provide a better understanding of
the interference effects acting on a collocated pipeline. However, as previously discussed, the magnitude of
interference depends on the magnitude of current loads on the associated power lines. Correlation of the
CTS and ER probe data with power line loads provides a thorough understanding of the system performance.
While it has historically been difficult to obtain this information from power line operators, there is a
recognized need to have good understanding of the operating power line loads to determine relevance of
coupon test station or ER probe data. Additionally, best practices dictate obtaining data over a
representative period (days or weeks as relevant) in order to assess the interference response during high
load conditions. A measurement for AC potential or AC current density at a single point in time with
unknown operating current loads may not be representative of the actual risk for interference on the
pipeline.

6 GUIDELINES FOR INTERFERENCE ANALYSIS

The foiiowing steps are provided as best practice procedures for determining where detaiied anaiysis is
recommended based on the results of this study, industry standards, historical technical publications, and

Pipeline operators are faced with many existing and new construction pipelines collocated and crossing
power line ROW. Little guidance exists to assist in selecting and prioritizing collocations for detailed analysis
and modeling. Under certain conditions, it may be possible to justify the low likelihood of AC interference,
and exclude specific locations from further detailed modeling with detailed monitoring, or justification that
the risk due to interference is low.

It is recommended to collect the following information, where possible, to determine if a detailed AC analysis
is required. Appendix D is a sample of data to collect from the powerline company. Use the corresponding
severity limits in Sections 6.1.1 through 6.1.5 to assist with this methodology:

e Peak and Emergency load rating (amps) for collocated power lines

e Line rating (kV) for collocated power lines

e Soil resistivity along the collocation at multiple depths

e Collocation and / or crossing routing geometry for the pipeline and power line
e AC pipe-to-soil (P/S) measurements (for existing pipelines)

« AC Current density using coupons or probes where previously installed

e Maximum fault potential and fault clearing time
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Detailed “analysis” in the context of this document refers either to data collection using detailed monitoring
or to specific application of numerical calculation of interference magnitudes. This analysis is done using
detailed computer modeling or similar application of interference calculation methods.

6.1 Severity Ranking Guidelines

This section provides general guidance with respect to the relative severity ranking for the identified
variables with respect to their impact on the severity of AC interference.

6.1.1 Separation Distance

Separation distance and load current are key factors in determining whether a collocation will experience
significant AC interference. Generally, the separation distance is readily available or easily determined, so it
is often a primary screening variabie. However, it has been shown that significant interference is possibie for
distances greater than 1,000 feet when considering collocations with load capacity greater than 1,000
amps.’ It is therefore recommended to consider coliocations within 2,500 feet, and the decision for further
analysis should also incorporate estimate of the power line current.

Severity ranking for separation distance is provided in Table 3.The following generalized rankings have been
determined through review of industry data, parametric studies, and historical experience.

Table 3-Severity Ranking of Separation Distance

Separation Distance - D (Feet) | Severity Ranking of HVAC Interference
D <100 High
100 <D <500 Medium
500 < D <1,000 Low
1,000 <D < 2,500 Very Low

6.1.2 HVAC Power Line Current

The magnitude of transmission line currents is one of the most influential parameters determining the
likelihood and severity of AC interference. However, there is often debate as to which load rating to consider
for interference analysis and mitigation design. HVAC power lines generally have multiple ratings that
specify the operating ioads allowable during normal operation and peak or emergency load ratings allowable
during short duration scenarios. Ultimately, the load rating considered should be a risk-based decision made
by the pipeline operator, considering the frequency of occurrence for the ioad ievei, typicai duration
throughout operation, and the consequence associated.

From a personnel safety standpoint, it is recommended to consider the maximum load that a power line can
carry for any duration. The terminology for this varies among transmission operators, but it is commonly
referred to as "Emergency Load", defined as the maximum load a transmission circuit is capable of carrying
for a short duration such as during an emergency or maintenance condition. Considering personnel safety,
elevated step or touch potential could pose an instantaneous threat as a shocking hazard, regardless of
duration of the elevated power line current. As the pipeline operator is generally unaware of an emergency
load condition on the power line, it may not be feasible to reduce or prevent exposure during even a short-
duration elevated current load. It is therefore generally best practice to consider the maximum capacity or

46

DSD 007669



emergency loading conditions when assessing the risk of personnel safety threats such as shocking, unless
other provisions can be made to prevent exposure.

However, AC corrosion is a time-dependent threat. The magnitude of AC current density possible on a
pipeline under AC interference will be sensitive to the current load on the adjacent HVAC conductor. While
emergency loads, or other spikes in power line current may cause an elevated current density, the
associated corrosion damage may be low as the duration is limited.

The power line current is often the most controlling parameter influencing the magnitude of AC interference.
For this reason, we recommend obtaining the power line [oad limits from the relevant power transmission
operator when assessing the risk of AC interference on a given pipeline. These limits should include the
various operating ratings (generally ‘Normal’, ‘Peak’, and ‘Emergency’), the allowable duration for each, and
expected frequency of occurrence,

Transmission operating parameters are not always readily available to pipeline operators, and this
rmation may be difficult to obtain. However, the power line current is a primary factor, and the relevance
and accuracy of an AC analysis may vary greatly with the accuracy of the operating current. Where actual
load data is unavailable, published reference currents for various HVAC power line ratings are available in
literature?*. However, these guidelines are for reference only, and may provide over or under conservative
results. In practice, there are cases where the operating currents provided for a specific power line
significantly exceeded these estimates. Additionally, as discussed in Section 4.2.1, increase load capacity on

new and upgraded systems may result in load ratings above the provided reference levels.
Severity rankings associated with HVAC load current for a collocated power line is provided in Table 4.

The following generalized rankings have been determined through review of published technical literature,
industry data, parametric studies, and historical experience.

Section 5.2.1 contains further background and detailed information for effects of power line phase current.,

Table 4-Relative Ranking of HVAC Phase Current

HVAC Current - I (amps) | Relative Severity of HVAC Interference
1>1,000 Very High
500< 7> 1,000 High
250 << 560 Med-High
100< 1< 250 Medium
1< 100 Low

6.1.3 Soil Resistivity

Soii resistivity affects both the magnitude of induced AC and the susceptibility to AC corrosion. The AC
corrosion process, as presented in Section 3.3.1 is a function of the AC current density at a coating holiday,
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generalized severity rankings have been determined based on industry experience and guidance provided in
EN 15280:2013, with respect to AC corrosion.'®
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Table 5-Relative Ranking of Soil Resistivity

Soil Resistivity - p (ohm-cm) | Relative Severity of HVAC Corrosion
p <2,500 Very High
2,500 < p < 10,000 High
10,000 < p < 30,000 Medium
p>30,000 Low

6.1.4 Collocation Length

The collocation length of the pipeline and transmission line affects the magnitude of induced AC potential
accumulating on the pipeline as it defines the length of the pipeline exposed to the LEF of the phase wires.
The following generalized rankings have been determined through parametric studies, and historical

experience.

Table 6-Relative Ranking of Collocation Length

Relative
Collocation Length: L (feet) Severity
L>5,000 High
1,000 < L < 5,000 Medium
L <1,000 Low

6.1.5 Collocation / Crossing Angle

The angle of collocation or crossing of the pipeline and power line limits the influence of induction. The
following generalized rankings have been determined through parametric studies, and historical experience.

Table 7-Relative Ranking of Crossing Angle

Collocation/Crossing Angle - 8 (°) | Relative Severity
0<30 High
30<6<60 Med
0> 60 Low

6.2 Recommendations for Detailed Analysis

The guidance parameters presented are based on industry literature and standards where available. Where
guidance has not previously been provided, qualitative classifications have been provided to aid in severity

ranking and prioritization. The quaiitative guidance parameters have beeén determined based on pubiished
industry guidance, numerical modeling parametric studies, previous analytical experience, laboratory studies,

and f‘“lu'c |||vc.:u Arec far A ~AvreAcian ra Inbnd Anrmaan Tha intanmtinm ic mat A ranlaecn A rormaoua r‘r\{-—\“nd
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analysis from the design decisions, but rather to aid in severity ranking and pr rioritization en determining

where additional detailed analysis and mitigation design is required.

The guidelines within should be used by the operators as part of an overall risk-based decision. The details
within this report and this section can only provide guidance regarding the severity of HVAC interference or
AC corrosion. When determining whether to perform further detailed analysis, add location specific
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monitoring, or where no further action is required, possible consequences must be a part of the decision
process and reviewed on a case-specific basis.

As discussed in Section 4.2, collocations with power lines operating at greater than 1,000 amps are subject
to interference under conditions where likelihood would otherwise be low. Special consideration required for
collocations where the power line loads are greater than or equal to 1,000 amps. For this reason, an
understanding of the power line load current is necessary for evaluating the need for further analysis. The

_ i)

collocations aind crossings eiicountered, based oin

two cases below provide ail assessinei
Case 1 — Current Load greater than or equal to 1,000 amps, pipeline crossing or collocated within 2,500
feet

Case 2 - Current Load less than 1,000 amps, pipeline crossing or collocated within 1,000 feet

6.2.1 Casel

For scenarios where power line current is known or can be estimated to operate at or above 1,000 amps,
and a steel pipeline is crossing or collocated within 2,500 feet of the power line, a detailed analysis is
recommended when one or more of the following conditions are met:

o Collocation Length severity is characterized as “High”
o Soil resistivity severity is characterized as “High” or worse

o Three or more of the variables identified in Section 6.1 are categorized as “Medium” or
worse

6.2.2 Case 2

For scenarios where power line current is known or estimated to operate beiow 1,000 amps, and a steel
pipeline is crossing or collocated within 1,000 feet of the power line, a detailed analysis is recommended

eVl
i
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Phase current severity is characterized as “"High” or worse
Coliocation ength severily is characterized as “High”
Soil resistivity severity is characterized as “High” or worse

Three or more of the variables of severity rankings identified in Section 6.1 are categorized
as “Medium” or worse

o o O ©

High angle crossings, with crossing angles of greater than 60°, while considered low-risk for inductive
interference, are susceptible to fault or lightning arcing, as well as coating breakdown due to fault voltage.
Crossings with an angle greater than 60° may still be susceptible to inductive interference if subject to very
high current load, or multiple HVAC power lines.

6.2.3 Faults

As fault conditions are generaily infrequent and of short duration, it is not practical to obtain measurements
of AC potential during a fault condition. Analysis of fault voltages generally requires numerical modeling.
Fault current levels or estimates of possible magnitudes, are generally obtained by HVAC power line
operators and can vary significantly depending on tower design, power capacity, and location relative to
substation and generation source.
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Whenever a pipeline crosses or is collocated in close proximity within 500 feet an HVAC tower, it is
susceptible to faults. Detailed calculations or modeling is required to determine the possibility of fault arcing
and possible coating damage due to GPR.

6.2.4 Fault Arcing Distance

When a pipeiine crosses or is coiiocated in ciose proximity to an HVAC tower ground, a theoretical fault
arcing radius can be caiculated. The fault arcing radius is the distance from a HVAC tower ground that a

~ owadiiis o i o]y -

MAL-; o Thn i H H
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sustained ||g||\.|||g or fault arc may reach an
function of the fault or lightning current and the Iocal soil resistivity magnitude, and is estimated using

eguations 2 and 3 based on Sunde’s equations for lightning arc distance. 30 The equations presented were
developed to predict a safe separation distance considering an elevated current due to lightning strike, and
can be utilized to provide an estimate of possible fault arcing distance from a faulted high voltage tower

ground as well.
- P If p < 100,000 Q-cm (2)
= 0.08 [l 0% —— 10

= 0.047 }Iacx P if p > 100,000 Q-cm (3)

C

Where: r,= arc distance in m
p= soil resistivity in Q-cm

I = the fault current in kA

6.3 Data and Documentation Requirements

Where the Severity Rankings Guideiines criteria indicated a more detaiied analiysis is necessary, coliect the
following information where possible, to facilitate development of an AC interference model. Appendix D

Pipeline Parameters:

¢ Routing geometry

e Depth of cover

e Diameter

e Coating details

e Coating resistance

e Existing CP installations

s Location of bonds

e Soil resistivity at muitiple depths and locations along the ROW
e Location of insulating joints

Power line Parameters:

e Routing geometry
e Number of circuits
e Conductor conf|gurat|o n (dimensions, orientation, phasing)

50

DSD 007673



e Tower ground resistance
e Maximum fault voltage

e Fault clearing time

e Shield wire configuration

6.4 General Recommendations

As the operating current is a controiiing parameter infiuencing AC interference, it is recommended to obtain
the power line load current from the relevant electrical utility operator when assessing a collocation for the

thireat of AC interference. Historically, iack of collaboration between pii’.‘vE‘:iil € aina powei \ine operatois has
led to projects being assessed without accurate understanding of the power li line data. This can lead to either
an overly conservative and costly design or an under-designed system not adeguately reducing the
interference. Collaboration between the respective pipeline and power line operators is critical t curate

assessment and efficient mitigation of any possible interference effects.

In addition to the assessment described in previous sections, the following general recommendations apply
for collocations and crossings where AC interference is a concern:

« Install coupon test stations or ER probes to monitor AC Current density, a coupon surface area of

is recommended

« During pipeline construction near HVAC transmission lines, confirm that the contractor safety
program complies with the recommended 15 VAC limit for shock hazards, and applicable OSHA
construction standards as referenced in Section 3.2.2.

e Record AC pipe-to-soil potentials along with the DC pipe-to-soil potentials during the annual cathodic
protection survey on sections where AC interference threats may exist. This can provide information,
should the power transmission company change its operating parameters, or unexpected changes

...... P H PR I T P e e PN

occui between the pipenine aind transimission fine.

e Reqguest power line loads corresponding to the time of AC pipe-to-soil potential measurement to

provide thorough understanding of the interference measurements

« Measure soil resistivity at locations where AC interference threats may exist. This data can be used
with the measured AC potentials to estimate theoretical AC current density for specific locations in
the absence of coupons or ER probes.

« Operating personnel should be trained in the hazards and safe practices associated with working on
pipelines subject to HVAC interference

e Suspend work (when possible) along the collocated or crossing section of pipeline during weather
conditions that may lead to a transmission line fault.

Safety precautions are required when making electrical measurements:

e Only knowledgeable and qualified personnel trained in electrical safety precautions install, adjust,
repair, remove, or test impressed current cathodic protection and AC mitigation equipment.

o Properly insulated test lead clips and terminals should be used to prevent direct contact with the
high voltage source.

e Attach test clips one at a time using a single-hand technique for each connection when possible.
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¢ Extended test leads require caution near overhead HVAC power lines, which can induce hazardous
voltages onto the test leads, or present a source of data error.
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Where published, historically identified corrosion defects and pipeline failures associated with AC corrosion
degradation were reviewed and are presented to demonstrate the magnitudes and variability in corrosion
rates possible with AC accelerated corrosion. The general findings, discussion, technical details, and results
are utilized and summarized throughout this document,

This lack of industry consensus on the subject of AC corrosion guidelines has led to varied practices among
pipeline operators in regards to mitigating AC interference on pipelines. As part of this study, The INGAA
Foundation requested a review of industry practices and procedures related to AC inteiference. The INGAA
Foundation provided DNV GL with the procedures related to AC interference or mitigation for 10 pipeline
operators who are members of the Foundation. The primary finding from this review is that there is
significant variation in company procedures with respect to AC interference. Based upon this review, all of
the procedures provided address a safety concern and define a maximum allowable AC pipe-to-soil potential
limit for above grade appurtenances. Faults were included as a concern/risk for pipelines in close proximity
to HVAC power lines in almost all of the procedures. However, few addressed coating stress limit above
which mitigation is required. For current density criteria, severai procedures had cieariy defined iimits, while
others addressed it as a concern for AC corrosion but did not specify a targeted limit of AC current density or
define limits for mitigation.

Case Studies

Numerous studies, both iaboratory and fieid based, have been performed that attempt to determine

Where published, historically identified corrosion defects and pipeline failures associated with AC corrosion
degradation have been reviewed and are presented to demonstrate the magnitudes and variability in
corrosion rates possible with AC accelerated corrosion.

Field investigations reported by Ragault®’’ considering a coated cathodically protected pipeline, identified
corrosion rates between 12 and 54 mpy (0.3 and 1.4 mm/yr), for AC current densities ranging between 84
and 1,100 A/m2.

Wakelin, Gummow, et al*? provided three case studies where field inspections identified defects as AC
corrosion-related degradation. Based on inspection intervals and corrosion degradation, corrosion rates were
identified ranging from 17 to 54 mpy (0.4 to 1.4 mm/yr) for AC current densities between 75 and 200 A/m?,

A German field coupon study, published by Prinz, and Shoneich,” indicated general AC corrosion rates
between 2 to 4 mpy (0.015 to 0.1 mm/yr) for a current density of 100 A/m?, and 12 mpy (0.3 mm/yr) at
400 A/mZ2. However, pitting rates were considerably greater and showed a wider range between 8 and 56
mpy (0.2 to 1.4 mm/yr), with considerably less dependence on AC density.®

A doctoral thesis study by Goidanich presents similar findings concluding that AC current density as low as
10 A/m? may be considered hazardous as the experimental studies showed it nearly doubled the free
corrosion rate of the experimental samples in simulated soil tests,?*

A 1998 report by Wakelin, Gummow, et al published by NACE reviewed several case studies dating back to
the 1960's where AC corrosion was identified or suspected to be the primary mechanism of degradation. The
report summarized recorded details on multiple case studies with specific focus on comparison of corrosion
rates and AC current density where known. In 1991, a failure investigated on a 12-inch diameter pipeline
concluded AC accelerated corrosion after only four (4) years of service. Induced AC potentials measured as
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high as 28 volts. Based on the nominal wall thickness and time to leak, an average pitting rate for the
through wall pit was estimated to be greater than 55 mpy. Two other case studies indicated the average AC
induced corrosion rates for the identified sites between 11 and 24 mpy.

A 2004 paper by Hanson and Smart, published by NACE, presents a case study for a gas pipeline installed in
the summer of 2000.8 The pipeline was collocated in a shared ROW with a 230 kV transmission line for
approximately 9 miles, and then entered a shared power corridor with six power transmission lines, two of
which were rated at 500 KV, ali within sufficient proximity of the pipeline to cause interference. A ieak
occurred within 5 months of installation, before the line was in operation. Several other leaks were identified
shortly after, with four leaks within close proximity. Induced AC potential measurements found AC voltages
as high as 90 volts on the pipeline. The failure assessment indicated the corrosion was due to induced AC
corrosion, and estimated rates in excess of 400 mpy.

The majority of literature reviewed indicates AC corrosion rates in the range of 5 to 60 mpy.> ? 1 However,
cases have been identified with localized corrosion rates significantly greater, in excess of 400 mpy. There is
general agreement that higher AC current density leads to greater risk of AC corrosion. While higher current
density may lead to accelerated corrosion rates, the correlation is not simple or direct.

International Standards

Review and comparison of muitipie internationai standards identified the consistencies and variations across
accepted industry standards.

Recent laboratory and field work has focused on the interaction between AC and DC current density in
determining overall risk of AC corrosion, and the latest European standards reflect this as discussed in
Section 3.3.1.1.1° However, there is no generally accepted method of correlating current density or any
other measurable indicator to an expected corrosion rate. A direct method of approximating the AC corrosion
rate using a buried coupon or probe would provide accurate information.

The Canadian Standards Association (CSA), NACE International (NACE), and the European Committee for
Standardization (CEN) have developed published standards addressing HVAC interference issues, as below:

e CAN/CSA-C22.3 No. 6-13 “Principles and Practices of Electrical Coordination Between Pipelines and
Electric Supply Lines

e NACE SP0177-2014 “Mitigation of Alternating Current and Lightning Effects on Metallic Structures
and Corrosion Control Systems

e CEN EN 50443:2012 “Effects of Electromagnetic Interference on Pipelines Caused by High Voltage
AC Electric Traction Systems and/or High Voltage AC Power Supply Systems”

e CEN EN 15280:2013 “Evaluation of AC Corrosion likelihood of buried pipelines applicable to
cathodically protected pipelines”

Of these standards, the first three primarily discuss safety issues, interference effects, and mitigation
systems but do not explicitly address criteria for AC corrosion control. The European Standard
EN15280:2013 deals specifically with corrosion due to AC interference, and establishing criteria or tolerable
limits for interference effects, as presented in Section 3.3.1.1.

NACE Standard Practice SP0177-2014, Mitigation of Alternating Current and Lightning Effects on Metallic
Structures and Corrosion Control Systems, addresses problems caused primarily by the proximity of metallic
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structures to AC power transmission systems. In this standard practice document, SP0177-2014 defines a
steady state touch voltage of 15 volts or more with respect to local earth at above-grade or exposed
sections and appurtenances to constitute a shock hazard. Findings presented in the standard indicate the
average hand-to-hand or hand-to-foot resistance for adult male ranges from 600 ohms to 10,000 ohms.
NACE uses “a reasonable safe value” of 1,500 ohms (hand-to-hand or hand-to-foot) for estimating body
currents. Based upon work by C.F. Dalziel regarding muscular contraction, SP0177-2014 indicates the
inability to release contact occurs between 6 mA and 20 mA for adult males.!® Ten milliamps (hand-to-hand
or hand-to-foot) is recognized as the maximum safe let-go current. This 15-volt safety threshold is therefore
determined based upon 1,500 ohms hand-to-hand or hand-to-foot resistance and an absolute maximum let-
go current of 10 mA. However, under certain circumstances, an even lower value is required. One such
circumstance specifically identified where a lower touch potential safety threshold should be considered is
“areas (such as urban residential zones or school zones) in which a high probability exists that children (who
are more sensitive to shock hazard than are adults) can come in contact with a structure under the influence
of induced AC voltage.”*° This standard practice document requires remedial measures to reduce the touch
potential on the pipeline where shock hazards exist.

During construction of metallic structures in regions of AC interference, SP0177-2014 requires minimum
protective requirements of the following:

e “On long metallic structures paralleling AC power systems, temporary electrical grounds shall be
used at intervals not greater than 300 m (1,000 feet), with the first ground installed at the
beginning of the section. Under certain conditions, a ground may be required on individual structure
joints or sections before handling.”

e "All temporary grounding connections shall be left in place until immediately prior to backfilling.
Sufficient temporary grounds shall be maintained on each portion of the structure until adequate
permanent grounding connections have been made.”

The intent of the temporary grounds is to reduce AC potentials on the structure, and thus the shock hazard
to personnel during construction. SP0177-2014 advises against direct connections to the electrical utility’s
grounding system during construction as this could actually increase the probability of a shock hazard to
personnel.

Regarding AC corrosion, there are no established criteria for AC corrosion control provided in SP0177-2014.
Further, this standard states that the subject of AC corrosion is “not quite fully understood, nor is there an
industry consensus on this subject. There are reported incidents of AC corrosion on buried pipelines under

inchu-nrl A Far manmv oo
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While not a Standard Practice document, NACE published “AC Corrosion State-of-the-Art: Corrosion Rate,
Mechanism, and Mitigation Requirements™ in 2010, providing guidance for evaluating AC current density,
and providing recommended limits as discussed in Section 3.3.1.1.

The State-of-the-Art report also cites European Standard CEN/TS 15280:2006%, which previously offered
the following guidelines related to the likelihood of AC corrosion:

“The pipeline is considered protected from AC corrosion if the root mean square (RMS) AC density is
lower than 30 A/m? (2.8 A/ft%).
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In practice, the evaluation of AC corrosion likelihood is done on a broader basis:
o Current density lower than 30 A/m? (2.8 A/ft2): no or low likelihood;
e Current density between 30 and 100 A/m? (2.8 and 9.3 A/fE2): medium likelihood; and
e Current density higher than 100 A/m? (9.3 A/ft%): very high likelihood”

EN 15280:2013

The latest revision of EN 15280:2013 was revised to present criteria based upon the AC interference and DC
current due to CP. EN 15280:2013 presents using the cathodic protection system of the pipeline to ensure
the levels of induced AC potential do not cause AC corrosion under the following conditions:

1. AC voltage on the pipeline should be decreased to a target value, which should be less than 15 V
(measured over a representative time period, i.e. 24 hr)

2. Effective AC corrosion mitigation can be achieved while maintaining cathodic protection criteria as
defined in EN 12954:2001

3. One of the following conditions is satisfied in addition to items 1 and 2:

o Maintain AC current density (RMS) over a representative period of time (i.e. 24 hr) less than
30 A/m? (2.8 A/ft?) on a 1cm? coupon or probe

o If AC current density is greater than 30 A/m? (2.8 A/ft?), maintain the average cathodic (DC)
2

current density over a representative period of time (i.e, 24 hr) less than 1 A/m?ona lcm

coupon or probe

o Maintain a ratio between AC current density and DC current density (Jac/Joc) less than 5
over a representative period of time (i.e. 24 hr)

The NACE State-of-the-Art report also references experimental studies by Yunovich and Thompson that
concluded
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corrosion (higher rates of penetration and general attack without applied CP). Further, the authors
stated that there likely was not a theoretical 'safe’ AC density (i.e., a threshold below which AC does
not enhance corrosion); however, a practical one for which the increase in corrosion because AC is

not appreciably greater than the free-corrosion rate for a particular soil condition may exist. &
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APPENDIX B COATING RESISTANCE ESTIMATES
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Pipe Coating Conductance/Resistance

Pipe Line Corrosion and Cathodic Protection, Marshall E. Parker & Edward G. Peattie

Conductance "
Coating Soil Resistance Range
No. . — Range
Quality | Resistivity
pmhos/ft2 ohm-m* ohm-ft* Kohm-ft?

1 Excellent High 1 10 92,903 | 9,290 | 1,000,000 | 100,000 | 1,000 | 100

2 Good High 10 50 9,290 | 1,858 | 100,000 | 20,000 | 100 | 20

3 | Excellent Low 50 100 1,858 | 929 20,000 10,000 20 10

4 Good Low 100 | 250 929 372 10,000 4,000 10 4

5 Average Low 250 500 372 186 4,000 2,000 4 2

6 Poor Low 500 | 1,000 186 93 2,000 1,000 2 1

1 J.\C{
Coatin Soil
No. N g Resistivity Coating Resistance (Kohm-ft2)
Quality
(ohm-m)

1 Excellent 25 Multiply Soil Resistivity (ohm-m) by 5 5 125
Excellent 50 Multiply Soil Resistivity (ohm-m) by 5 5 250
Excellent 200 Multiply Soil Resistivity (ohm-m) by 5 5 1,000
Exccllent 600 Multiply Soil Resistivity (ohm-m) by 5 S 3,000

2 Good 25 Multiply Soil Resistivity (ohm-m) by 2 2 50

Good 50 Multiply Soil Resistivity (ohm-m) by 2 2 100
Good 200 Multiply Soil Resistivity (chm-m) by 2 2 400
Good 600 Multiply Soil Resistivity (ohm-m) by 2 2 1,200
3 Fair 25 Multiply Soil Resistivity (ohm-m) by 0.5 0.5 13
Fair 50 Multiply Soil Resistivity (ohm-m) by 0.5 0.5 25
Fair 200 Multiply Soil Resistivity (ohm-m) by 0.5 0.5 100
Fair 600 Multiply Soil Resistivity (ohm-m) by 0.5 0.5 300
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APPENDIX C MITIGATION COMPARISON SUMMARY
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Zinc Ribbon

Advantages
e Can typically be installed during pipeline construction minimizing installation costs

e Cost of raw material is typically one third the cost of copper

e Can be trenched or plowed in relatively inexpensively after pipeline installation
e Typically results in very low resistances

e Historically has performed as intended

e Surface mitigation ribbon can double as shielding for fault mitigation

Disadvantages
e Zinc clad ribbon is more difficult to work with compared to copper

» Life expectancy is generally less than comparable copper installation

Copper Cable
Advantages
» Can typically be installed during pipeline construction minimizing installation costs

e Can be trenched or plowed in relatively inexpensively after pipeline installation
e Typically results in very low resistances
o Historically has performed as intended
e Surface mitigation cable can double as shielding for fault mitigation
» Depending on the size cable the material cost of a copper installation can be lower than a zinc
installation
Disadvantages
e Cost of raw material is typically higher than the cost of zinc
e Risk of having a more noble metal (cathodic) near or connected to pipeline even if through a

decoupler

Deep Grounding (anodes used as the ground)
Advantages
e May be advantageous when surface resistivity is extremely high

Disadvantages
o Typically high cost for both installation and materials
e Generally not suitable for mitigating ground potential rises (GPR) or arcing issues associated

with faults
hallow Groundin riven ground rods or bored ri nor le
Advantages

¢ Can be used to supplement horizontal ribbon or cable installation if required
o Magnitude of the surface resistivity affects the resistance

Disadvantages
e Generaiiy not suitabie for mitigating ground potentiai rises {(GPR) or arcing issues associated
with faults

Engineered mitigation and/or Additives (no specific product identified)
Advantages
e Could increase design life
Disadvantages
e Typically increases the material costs

Notes:
1) These are typical statements and there are instances where they do not apply.

2) All mitigation installations are considered connected through a decoupling device such that there is
no direct passage of DC current to or from the mitigation.
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APPENDIX D DATA REQUEST TEMPLATE
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Company:
Project:
Project Number:

High Voltage Alternating Current (HVAC) Power Transmission Parameters

No. | Information Requested T-Line 1 T-Line 2 T-Line 3
General
1 Owner:
2 | Power transmission voltage (kV):
3 | Average Tower Span (feet)
4 | Substation ground grid impedance (ohms):
Phase Wires
5 | No. of circuits:
6 | Circuit type:
Conductors:
7 | No. 1 average height (ft):
8 No. 1 average horizontal distance (ft):
9 | No. 1 phasing (degrees):
10 | No. 2 average height (ft):
11 | No. 2 average horizontal distance. (ft):
12 | No. 2 phasing (degrees):
13 | No. 3 average height (ft):
14 | No. 3 average horizontal distance (ft):
18 | No. 3 phasing (degrees):
16 | Other: Cable Sag, Lowest point {feet):
Circuit Loading
17 | Peak loading (amps):
18 | Emergency loading (amps):
19 | Emergency loading time (hours):
Shield Wires
20 | No. of conductors:
21 | No. 1 type:
22 | No. 1 conductor GMR (ft):
23 | No. 1 conductor resistance (ohms/mil):
24 | No. 1 average height (ft):
25 | No. 1 average horizontal distance (ft):
26 | No.2 type:
27 | No. 2 conductor GMR (ft):
28 | No. 2 conductor resistance (ohms/mil):
29 | No. 2 average height (ft):
30 | No. 2 average horizontal distance (ft):
_Fault Current Parameters.
31 | Fault clearing time (cycles);
32 | Average tower resistance (chms).
Beginning of Collocation: Total from left substation
33 from right substation
Midale of Collocation: Total from left substation
34 from right substation
End of Collocation: Total from left substation
35 from right substation
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Company:
Project:
Project Number:

Pipeline Parameters

=
o

Information Requested

Pipeline 1

Pipeline 2

Pipeline 3

General

Pipeline number:

Pipeline owner:

Pipeline name:

Product transported:

Diameter (in.):

Burial depth (ft.):

Wall Thickness (inch):

DN |||~

Length of Collocation (feet/miles):

Coatings

Coating type (majority):

Coating resistance (kohm-ft2):

Coating thickness (mils):

Cathodic Protection

12

Location of cathadic protection:

13

Resistance of cathodic protection groundbed(s):

14

Bonding to foreign pipelines? (Y/N):

15

Existing AC mitigation measures? (Y/N):

16

Describe existing AC mitigation:
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CENSE concerns about pipeline safety for Draft EIS

February 15,2016
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CENSE expresses concerns about the safety risks of locating two transmission lines (operating
at 230 kV and 115 kV, respectively) and two petroleum pipelines in a single narrow utility
corridor. The corridor is only 100 feet wide in some places. Along its 18-mile run through

the Eastside, the corridor passes through heavily populated residential neighborhoods,
schoolyards, parks, and commercial properties. Given its proximity to dense population,

a pipeline fire would be devastating to our community, as described in the Bellevue Fire
Department Standards of Response Coverage: “Given that pipeline incidents continue to
occur in this country, and many for undetermined reasons, the community is still at risk. The
combination of: a highly flammable liquid, in large quantities, and in urban environment

n

translates into a significant consequence risk that approaches the ‘catastrophic’level.

Three risks

Construction risk

If the Energize Eastside project proceeds as proposed, PSE will install steel monopoles
85-130 feet high in the corridor. Heavy equipment will be used to excavate fairly large and
deep foundations close to the pipelines. The pipelines, which are 40 to 50 years old, will be
subjected to vibration and pressure. An accidental nick in the pipeline could cause ignition
of the high-pressure contents, creating a fireball like the one which claimed three lives

in Bellingham in 1999, on the same pipeline. In Texas in 2010, a worker lost his life when
construction equipment hit a buried gas line while digging holes for transmission poles, so
this is not just a theoretical risk. 2

Arcing risk

During EiS scoping meetings, Bellevue resident Lloyd Arnesen described an incident where

a downed power line operating at 115 kV discharged electricity into one of the pipelines,
causing sufficient damage that Olympic had to replace a section of the pipe. Although no
breach was caused in this case, a recent report by the respected risk analyst DNV-GL confirms
that breaching is possible, and would occur more rapidly at 230 kV than 115 kV. According

to the report, “A direct arc to a collocated or crossing pipeline is possible, which can resultin
coating damage, or arc damage to the pipe wall up to the point of burn-through. Even if an
arc is not sustained long enough to cause burn through, a short duration elevated current can

cause molten pits on the pipe surface that may lead to crack development as the pipe cools.”

Arcing can happen even when wires do not fall. Such a possibility is described in a BPA safety
guide available on the web: “Proper positioning of underground utilities is required to prevent

J http://www.bellevuewa.gov/pdf/Fire/Standards_of_Coverage.pdf, p. 66
2 htto://www. wfaa.com/story/news/2014/08/09/13587360/
3http://www.ingaa.org/File.aspx?id:24732, p.19
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an accident in an extreme case when an unusual condition might cause electricity to arc from
the high-voltage wire to the tower and then to ground. This could produce a dangerous
voltage on underground piping..."*

Corrosion risk

The Executive Summary of the aforementioned report from DNV-GL describes risk factors that
can accelerate corrosion of the pipeline. Some of these factors are parallel orientation, length
of co-location, distance between wires and the pipeline, and total current running through
the wires. We were dismayed to find that we rated a “high” or “very high” level of risk on at
least 4 of the 5 risk factors. As a result, we engaged Dr. Frank Cheng, a recognized authority
on the topic of electricity-induced pipeline corrosion, to describe what kind of study would
be required to ensure safe practices are followed in the co-location of this infrastructure. His
report and CV are included at the end of this comment.

Our level of concern is increased by an apparently nonchalant attitude regarding these safety
issues demonstrated by the following remarks from PSE consultant Mark Williamson to the
Newcastle Planning Commission on February 2, 2016:

“ .. ifyou are more than 50 feet from a lattice tower or more than 25 feet
from a single monopole (which is what’s being contemplated here), you
don't need to do any engineering studies. That's far enough that you can
just be laissez-faire and let it go. Everything else that’s closer (and most
facilities in this country are much closer) require good coordination and
studies between the utility company that has electricity and the one that
runs the pipeline so you're sure those interactions don’t adversely affect
either facility.”

We remain unsure which standards or safety practices will be followed. We believe it would
be appropriate for the EIS to provide sound, independent analysis about risks and potential
mitigations. We seek objective information untainted by conflicts of interest. Dr. Cheng’s
report provides a good description of the kind of analysis we would like to see. In addition to
this corrosion analysis, we would like to understand best practices to minimize the possibility
of fires initiated by arcing events.

Sincerely,

Don Marsh, President
CENSE.org

4 http://www.bpa.gov/news/pubs/GeneralPublications/lusi-Living-and-working-safely-around-high-voltage-power-fines.pdf, p. 6
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Bellevue Fire Department Standards of Response Coverage
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Safety of Collocation of Electric Power Lines and Pipelines
Date: February 15,2016

Prepared for M. Don Maish, President

Coalition of Lastside Neighborhoods for Sensible Energy (LENSE)

Prepared by Dr. Frank Cheng, Professor and (anada Research Chair in Pipeline bngineering
Bniversity of Calgary, Calgary, Alberta, Canada (fcheag@ucaigary.ca)

A 230 kV high-voltage alternating current (HVAC) electric power line is proposed by way of
an energy transmission corridor, where two steel pipelines carrying refined liquid petroleum
products such as diesel, aviation fuel and gasoline are collocated and parallel to the power
line for about 16 miles. In this corridor that is as narrow as 100 feet, there is another 115 kV
HVAC line in operation. Furthermore, the corridor passes through heavily residential areas,
including the largest suburbs of Seattle, Washington.

It is generally acknowledged that buried pipelines can be corroded at an accelerated rate

in the presence of AC interference. Recently, there have been mounting evidences of AC
induced corrosion of pipelines and their failures. For example, a natural gas leak occurred due
to a pinhole perforation near the center of pit on a natural gas pipeline in Oswego, New York
in 2002. It was attributed to AC induced corrosion of the pipeline.

Generally, the HVAC affects adversely the integrity and safety of buried pipelines that are
collocated with electric power lines right-of-way by three mechanisms, as briefed below, all of
which are able to result in pipeline failures.

Accelerated corrosion of pipelines and initiation of localized pitting corrosion at high
AC current densities. The dramatic anodic polarization on pipe steels occurring during
positive cycles of AC can cause significant corrosion on the steel. This is particularly
serious at coating defects, where a high AC current density can result in localized
pitting corrosion. This is the key mechanism resulting in pipeline perforation under AC
interference.

Increased disbondment of external coating from the pipeline. An alkaline environment
can generate on the pipe steel surface during AC corrosion. The high solution pH can
weaken and/or break the adhesion of polymeric coatings to steel substrate, resulting in
coating disbonding. Generally, the coating disbondment is increased with the local AC
current density.

Shift of cathodic protection (CP) for corrosion protection. The AC is able to deviate the
potential of the pipeline from the applied CP value, and reduce the CP effectiveness to
protect the pipeline from corrosion attack. Sometimes, misleading information about the
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actual cathodic potential of the pipeline can be caused by AC interference, which makes
it incapable of evaluating CP performance by potential monitoring. 1 potential and
reduced CP effectiveness

In addition to the effects on integrity of pipelines, AC interference also threatens the safety
of operating personnel and the public when they are in contact with the pipeline system or
standing in close proximity to the pipeline and HVAC transmission lines.

To evaluate the potential effect of the HVAC power lines on integrity of the collocated buried
pipelines, a comprehensive study program would be developed prior to construction of

the power lines. This includes collection of relevant information, numerical modeling and
conductance of on-site testing for prediction and analysis of AC interference and the resulting
consequences on the pipelines, acquisition of corrosion data for modeling validation, and
pipeline integrity assessment.

Essential information that is collected from the utility company and pipeline operator includes:

AC source data: Phase-to-phase voltage, load current, tower configuration and
construction material, phase data and frequency, conductor characteristics (material,
height, spacing), and alignment of power lines to pipelines (height, distance, angle,
length in collocation).

Pipeline data: Age of pipelines, outside and inside diameters of the pipe, burial depth,
grade and mechanical properties of pipe steel, inclinations of the pipe, fluid carried,
operating temperature and pressure, and incident history.

CP data: At least two latest CP survey reports, including the CP performance evaluation.

Coating data: Types of mainline and joint coatings, age of the coatings, coating
permeability to water and CP current, distributions of the size and geometry of coating
defects, coating performance (evaluated by direct current voltage gradient, DCVG, and
alternating current voltage gradient, ACVG, methods), and coating repair history.

Tests to be planned and conducted in the field include:

Monitoring of AC potential and AC current density: Testing coupons made of the same
steel as the pipeline and coated with the same pipeline coating are buried at certain
distance intervals in the electric power lines/pipelines corridor. The AC potential and AC
current density are monitored at least 24 hours on the coated steel coupons.

Monitoring of CP potential: Additional batches of testing coupons buried are under
NACE2 recommended CP potential. The direct current (DC) potential of the coupons is
monitored at least 24 hours. The free corrosion potential of the steel coupon in the soils
will be measured.
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Collection of soil samples and analysis of soil properties: The soil resistivity at various
depths along the entire pipeline alignment will be measured. The soil humidity and
oxygen content are recorded. Soil samples are collected at locations where the testing
coupons are buried, and soil chemistry is analyzed.

Analysis of AC corrosion and CP potential of the pipeline: The latest CP survey and
performance evaluation reports will be analyzed to assess the coating performance
status. The recorded AC potential data are analyzed to extract the DC component from
the recorded signals, which will be used to analyze the corrosion activity of the steel.
The recorded AC current density is used to determine the AC corrosion rate of the steel.
The DC potential of the CP-applied coupons is used to determine the "true" cathodic
potential of pipe steel in the presence of AC interference. The soil resistivity and soil
chemistry are used to evaluate the corrosiveness of the soil, and for modeling of the AC
interference.

The field testing and data analysis will be performed by an independent, third party corrosion
solution company. The company will issue the lead authority a formal report including AC
corrosion modeling and measurement results, ranking of the risk of AC interference on the
collocated pipelines, and evaluation of the threat of AC corrosion to the integrity of pipelines,
as well as recommendations of AC mitigation measures implemented to minimize the effects
of interference to acceptable levels.

Dr. Frank Cheng
Professor and Canada Research Chair

T An electrochemical corrosion control technique by applying a cathodic current on protected structures, such as pipelines, to make
them the cathode of a corrosion cell, The structures possess a reasonably negative potential in the corrosion-immunity region. All
buried pipelines must be protected by (P according to requlations.

2 National Association of Corrosion Engineers. An globally recognized premier authority for corrosion control solutions.
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Y. Frank Cheng, Ph.D., P.Eng., FNACE
Professor, Canada Research Chair in Pipeline Engineering
Fellow, NACE International, the Corrosion Society
Department of Mechanical and Manufacturing Engineering
University of Calgary
Calgary, Alberta, T2N 1N4, Canada
Tel: +1(403)220-3693
E-mail: fcheng@ucalgary.ca

HIGCHLIGHTS

* An internationally recognized authority in corrosion science and engineering in oil/
gas and pipeline systems

« Canada Research Chair in Pipeline Engineering

* Fellow, NACE International, the Corrosion Society

* Recipient, 2014 NACE International, the Corrosion Society, H.H. Uhlig Award

+ Recipient, 2015 Shi Chang-Xu Award, Chinese Society for Corrosion and Protection

* Chair, NACE International Task Group 521 "Testing of nonshielding property of
pipeline coatings to CP*

* Member, U.S. National Academy of Sciences (NAS) Committee on Pipeline
Transportation of Bitumen

+ Country (Canada) Leader, NACE International IMPACT Study Program

» Theme Editor, Pipeline Engineering of the Encyclopaedia of Life Support System (EOLSS)
developed under the auspices of UNESCO

* An author of 1 book, 4 book chapters, 145 journal articles (including one
commentary article accepted by Namrs) and 70 conference papers, as well as 18
invited plenary/Kkeynote talks in international conferences

* In Google Scholar, 3980 citations, h-index 37 (there are 37 publications cited over
37 times), and i10-index 103 (there are 103 publications cited over 10 times) (up to

Dec. 2015)

1. EDUCATION

2000 - 2002 Postdoctoral Fellow in Materials Engineering, NOVA Research and
Technology Center, Canada

1996 - 2000 Ph.D. in Materials Engineering, University of Alberta, Canada
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1990 - 1993 M.Sc. in Corrosion, Institute of Metal Research, Chinese Academy
of Sciences, China

1986 - 1990 B.Sc. in Corrosion, Hunan University, China

1. PROFESSIONAL EXPERIENCES

2011 - present Professor, Canada Research Chair in Pipeline Engineering
University of Calgary, Calgary, Canada

2009 - 2011 Associate Professor, Canada Research Chair in Pipeline
Engineering University of Calgary, Calgary, Canada
2005 - 2009 Assistant Professor, Canada Research Chair in Pipeline Engineering

University of Calgary, Calgary, Canada

2002 - 2005 Research Scientist Centre for
Nuclear Energy Research, University of New Brunswick, Canada

1993 - 1996 Research Assistant
Institute of Metal Research, Chinese Academy of Sciences, Shenyang,
China

1. AWARDS

2015 Fellow, NACE International, the Corrosion Society
2015  Shi Chang-Xu Award, Chinese Society for Corrosion and Protection
2014 NACE International, the Corrosion Society, H.H. Uhlig Award

2010 Engineering Students’ Society Teaching Excellence Award, University of
Calgary

2009 Departmental Research Excellence Award, University of Calgary
2000 Industrial Research Fellowship (IRF), NSERC

1999 Excellence in Presentation Award, the 38th Conference of Metallurgical Society
of CIM

Iv. SERVICES

2015 - present: Country (Canada) Leader, NACE International IMPACT Study Program

2014 - present:Chair, NACE International TG 521 "Testing of Nonshielding Property of
Pipeline
Coatings to Cathodic Protection”
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2014 - present:Treasurer and Board Director, NACE Foundation of Canada

2014 - present:Member, International Scientific Advisory Board, Institute of
Oceanology, Chinese Academy of Science

2014 - present:Faculty Advisor, NACE International Calgary Student Section

2011 - present:Member, Editorial Board, the journal Corrosion Engineering, Science and
Technology

2014 - 2015: Chair, NSERC Site Visit and Review Committee for Industrial Research

Chair
(IRC) in Nuclear Materials Corrosion at the University of Toronto

2014 - 2015: Member, Panel for Performance Review of the Institute of Oceanology,
Chinese Academy of Sciences

2014 - 2015: Guest Editor, Special Issue on Pipeline Corrosion, the journal Corrosion
Engineering Science and Technology

2013 - 2015: Member, U.S. Congressional Technical Advisory on Safety of Oil Pipeline
Transportation

2014: Member, British Columbia Ministry of Transportation Panel on "Pacific Gateway"
Kitimat West Douglas Channel Corridor Analysis

2013 - 2014: Member, Alberta Innovate-CEPA (Canadian Energy Pipeline Association)

Crude
Transmission Pipeline Roadmap Project Steering Committee

2012 - 2013: Member, U.S. National Academy of Sciences (NAS) Committee on
Pipeline
Transportation of Diluted Bitumen

2012 - 2013: Member, University of Calgary’s Professorship and Chairs Committee

2009 - 2011: Member, Board of Directors, Canadian Fracture Research Corporation
2007 - 2013: Invited examiner, Alberta Professional Engineer and Geoscientist
Association

2006 - 2009: Honorary Theme Editor in Pipeline Engineering, Encyclopedia of Life Support
System (EOLSS) developed under the auspices of UNESCO

V. CONFERENCE/WORKSHOP ORGANIZATION

2015 Chair, Symposium on Pipeline Integrity, the 25th International Offshore and Polar
Engineering Conference, ISOPE, Kona, Hawaii, USA, Jun. 21-26.

2015 Member, Scientific Committee, International Conference on Mining, Materials
and Metallurgical Engineering (MMME’15), Barcelona, Spain, Jul. 19-21.
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2014 Member, Panel for Asset Integrity - from Selection to Implementation, 2014
Crude Pipeline Integrity Congress, Houston, USA, Nov. 19-20.

2014 Member, Scientific Committee, International Conference on Mining, Materials
and Metallurgical Engineering (MMME’14), Prague, Czech Republic, Aug. 11-12.

2014 Member, Technical Program Committee, the 24th International Offshore and
Polar Engineering Conference, ISOPE, Busan, Korea, Jun. 15-20.

2013 Member, Technical Program Committee, the 23rd International Offshore and
Polar Engineering Conference, ISOPE, Anchorage, USA, Jun. 30-Jul. 5.

2011 Chair, Plenary Session, the 16th Chinese National Surface Engineering and
Technology Conference, Wuhan, China, May 5-7.

2011 Organizer, the 2nd Workshop on Pipeline Material Reliability, Calgary, Canada,
Apr. 3.

2010 Co-Chair, International Symposium on Fracture Control in Engineering,
Conference of Metallurgists 2010, Canadian Metallurgical Society, Vancouver,
Canada, Oct. 3-6.

2010 Organizer, the 1st Workshop on Pathway for Future Collaborations - Network on
Pipeline Engineering R & D, Calgary, Canada, Mar. 3.

2006 Session Chair, the 14th Asia-Pacific Corrosion Control Conference, Shanghai,
China, Oct. 21-24.

2006 Session Chair, the 6th International Pipeline Conference, Calgary, Canada, Sept.
25-29.

VI. EXTERNAL REVIEW

Grant Review

Icelandic Research Fund
Chilean FONDECYT National Research Funding
Kazakhstan National Center of Science and Technology Grant

Chinese National Natural Science Foundation
Canada Research Chairs Program

NSERC Discovery Grant (DG)
NSERC Strategic Project Grant (SPG)
NSERC Industrial Research Chairs (IRC) Grant

DSD 007699



NSERC Collaborative Research and Development (CRD) Grant
NSERC Industrial R & D Fellowship
Canadian Foundation of Innovation (CFl) Leaders Opportunity Fund

Resource for the Innovation of Engineered Materials (RIEM) Grant

Initiative for Automotive Manufacturing Innovation (IAMI) Grant
Tenure Appointment and Promotion Review

University of Wollongong, Australia

University of Western Ontario, Canada

Dalhousie University, Canada

Jordan University of Science and Technology, Jordan
McMaster University, Canada

China Petroleum University (Beijing), China

Huazhong University of Science and Technology, China

SCI Journal Manuscript Review

Review manuscripts for over 30 SCI journals
VIL. TALKS AND SEMINARS

Invited Plenary and Keynote Talks

2015 "Study of early-stage features of corrosion by an electrochemical atomic force
microscope"”, the 8th Chinese National Corrosion Conference, Xiamen, China, Nov.
14-16.

2015 "Effect of steel metallurgy on pipeline corrosion studied by micro-
electrochemical techniques”, 2nd International Conference on Mining, Materials
and Metallurgical Engineering, Barcelona, Spain, Jul. 19-21.

2015 “Corrosion, cracking and risk assessment of high-strength steel pipelines®, 2015
International Pipeline and Line Pipe Steel Conference, Xi-An, China, Apr. 26-28.

2014 "Understanding internal corrosion of pipelines for improved inhibitor/

biocide performance”, 2014 Crude Pipeline Integrity Congress, Houston, USA, Nov.
19-20.

2014 "Preventing pipeline external corrosion by integration of coating with cathodic
protection”, 2014 Crude Pipeline Integrity Congress, Houston, USA, Nov. 19-20.
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2014 "Modeling of internal corrosion of pipelines in oil/gas production”, the 248th
American Chemical Society (ACS) Meeting, Symposium on Challenges and

Opportunities in Petroleum Oil Production, Refining and Utilization, San
Francisco, USA, Aug. 10-14.

2014 "Reliable prediction of maximum operating pressure of pipelines by defect

assessment”, NACE International Sino-Corr Biannual Conference, Beijing, China,

May 19-22.

2013 "Innovation in failure pressure prediction based on defect assessment on

pipelines", the 7th Chinese National Corrosion Conference, Changyuan, China,

Jul. 26-29.

2013 "Analysis of corrosion of oil transmission pipelines in North America”, the 7th

Chinese National Corrosion Conference, Changyuan, China, Jul. 26-29.

2012 "Assessing the impacts of corrosion on pipeline integrity", the Canadian

Institute’s Pipeline Integrity Strategies Meeting, Calgary, Canada, Mar. 19-20.

2011 "Technical challenges of the high-strength steel pipeline technology”, the 4th

Chinese International Pipeline Conference, Langfang, China, Sept. 5-8.

2011 "Pipeline corrosion under disbonded coating”, the 6th Chinese National
Corrosion Congress, Yinchuan, China, Aug. 21-24.

2011 "New trends and challenges in development of high-strength steel pipeline
technology"”, the 3rd Iranian Pipe and Pipeline Conference, Tehran, Iran, May

24-25.

2011 "Recent developments on monitoring of the coating disbondment”, the 3rd

[ranian Pipe and Pipeline Conference, Tehran, Iran, May 24-25.

2010 "Application of micro-electrochemical techniques in corrosion research”, the
2010 National Corrosion Electrochemistry Conference, Hangzhou, China, Aug.

15-18.

2010 "Understand the fundamentals of stress corrosion cracking of high-strength

pipeline steels", the 7th Taiwan-Mainland China Corrosion Conference,
Kunming, China, Aug. 9-12.

2006 "Pipeline stress corrosion cracking: Experimental research and modeling

development”, the 14th Asia-Pacific Corrosion Control Conference, Shanghai,

China, Oct. 21-24,

2005 "Fundamental research in pipeline corrosion and stress corrosion cracking”, the
13th National Conference on Electrochemistry, Guangzhou, China, Nov. 24-28.

Invited Seminars

2015 "Technical challenges in maximizing pipeline integrity and safety”, Safety

Engineering Institute, SINOPEC, Qingdao, China, Dec. 17.
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2015 "Uses of micro- and nano-electrochemical techniques in corrosion research”,
Shanghai University, Shanghai, China, Nov. 18.

2015 "R & D hot topics in pipeline corrosion”, CH2M Breakfast Event, Calgary, Canada,
Jun. 19.

2015 "Corrosion and cracking of high-strength steel pipelines”, Xi-An Jiaotong
University, Xi-An, China, Apr. 28.

2014 "Mechanism, modeling and management of internal corrosion of pipelines”,
Beijing Chemical Technology University, Beijing, China, Dec. 12.

2014 "An overview of microbiologically influenced corrosion of oil transmission
pipelines", SPE-ICoTA Inter-Society Technical Event, Calgary, Canada, Sept. 10.

2014 “An overview of pipeline corrosion research”, Safety Engineering Institute,
SINOPEC, Qingdao, China, Jul. 15.

2014 "Mechanistic understanding and modeling prediction of internal corrosion of oil
pipelines”, Institute of Oceanology, Chinese Academy of Sciences, Qingdao,
China, Jul. 14.

2014 ‘Initiation of pitting corrosion at non-metallic inclusions in X100 steel”, 2014
Pipeline Materials Workshop, University of Alberta, Edmonton, Canada, May 30.

2014 "Canadian pipelines and corrosion management", Pipeline College, Petro-China,
Langfang, China, May 19.

2014 "Pipeline integrity: An overview", ASME Southern Alberta Technical Luncheon,
Calgary, Canada, Mar. 4.

2013 "Pipeline integrity: public concerns, root analysis and technology innovation®,
Engineering Associates Program (EAP) Breakfast, University of Calgary, Calgary,
Canada, Nov. 22.

2013 "Internal corrosion of transmission pipelines in crude oil", Huazhong University
of Science and Technology, Wuhan, China, Nov. 12.

2013 "Canadian pipelines: Opportunities and technical challenges”, Rotary Club of
Calgary Centennial, Calgary, Canada, Oct. 16.

2013 "Innovation in pipeline internal corrosion management by direct assessment”,
SINOPEC, Dazhou, China, Jul. 30.

2013 "Evolution of high-strength line pipe steels and the associated technical
challenges", Capital Steel Group Research Center, Beijing, China, Jul. 25.

2013 “Corrosion at pipeline weld and its correlation with local microstructure”,
Pipeline Materials Welding Workshop, University of Alberta, Edmonton, Canada,
May 29.

2013 "Pipeline as energy highway - An overview of pipelines in Canada®, Generate
2013 Alberta Youth Energy Literacy Summit, Kananaskis, Canada, Mar. 15.
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2012 "A mini-review of pipeline failure mechanisms", U.S. National Academy of
Sciences (NAS), Washington DC, USA, Oct. 24.

2012 "Latest progress in pipeline corrosion and materials research”, China University
of Petroleum (East China), Qingdao, China, Jun. 11.

2012 "The fundamental aspects of pipeline corrosion and the associated monitoring,
predictive and assessment techniques"”, Southwest Petroleum University,
Chengdu, China, jun. 7.

2012 "Mechanoelectrochemical effect of pipeline corrosion”, Beijing University of
Aeronautics and Astronautics, Beijing, China, Jun. 5.

2012 "Corrosion assessment and failure pressure prediction of pipelines under
complex stress/strain conditions", TNO, Delft, The Netherland, Apr. 3.

2012 “"Measurements and mechanism of AC corrosion of pipelines and its effect on
cathodic protection", Elsyca, Leuven, Belgium, Apr. 2.

2012 "Characterization of pipeline coatings and corrosion of steel under coating”,
University of Oxford, Oxford, U.K., Mar. 30.

2011 "Typical scenarios of pipeline corrosion and cracking: micro-electrochemical
uses", Shanghai Jiao-Tong University, Shanghai, China, Dec. 5.

2011 "Metallurgical aspects of corrosion and cracking of high-strength pipeline
steels", Politecnico di Milano, Milan, Italy, Nov. 2.

2011 "Fundamental aspects and research in pipeline corrosion”, Chimie ParisTech,
Paris, France, Oct. 24.

2011 “Studies of corrosion of pipelines by micro-electrochemical measurement
techniques", Xiamen University, Xiamen, China, Aug. 12.

2011 “Risk assessment and integrity maintenance of oil/gas pipelines”, China
University of Geoscience, Wuhan, China, Jul. 18.

2011 "Application of advanced micro-electrochemical techniques in pipeline
corrosion research”, University of Western Ontario, London, Canada, Jun. 1.

2010 "Integrity management to address pipeline corrosion and stress corrosion
cracking”, Pipeline R & D Center of Petro-China, Langfang, China, Aug. 6.

2010 “Canadian pipeline development and research in stress corrosion cracking of
line pipe steels", R& D Center of Wuhan Iron & Steel Co., Wuhan, China, Jul. 29.

2010 "An overview of pipeline corrosion research at the University of Calgary”,
Workshop for Pathway for Future Collaborations, Calgary, Canada, Mar. 3.

2009 "Improved safety and efficiency in pipeline operation”, ASME International
Southern Alberta Section Luncheon Meeting, Calgary, Canada, Nov. 26.
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2008 "Electrochemical measurements in corrosion research I. Macroscopic electrodes”,
University of Science and Technology Beijing, China, Dec. 16.

2008 "Electrochemical measurements in corrosion research Il. Microscopic electrodes”,
University of Science and Technology Beijing, China, Dec. 17.

vIIL. PUBLICATIONS
Book

1. Y. Frank Cheng, Stress Corrosion Cracking of Pipelines, John Wiley Publishing, Hoboken,
NJ, USA, Feb. 2013.

Books

chapters

4. Frank Y. Cheng, Application of Micro-Electrochemical Techniques in Corrosion
Research, in: Green Corrosion Chemistry and Engineering, S.K. Sharma, Editor, Wiley-VCH
Publisher, Germany, 2011, p.71-96.

3. Frank Y. Cheng, Erosion Accelerated Corrosion in Flow System-Behavior of
Aluminum Alloys in the Automotive Cooling System, in: Tribocorrosion of Passive Metals
and Alloys, D. Landolt, S. Mischler, Eds, Woodhead Publishing, Cambridge, 2011, p.
475-497.

2. Y.F. Frank Cheng, Internal Corrosion of Pipelines in Oil/Gas Production, in: Advances
in Chemistry Research, Volume 6, J.C. Taylor, Editor, ISBN 978-1-61728-982-8, Nova
Science Publishers, Inc., New York, 2010.

1. Frank. Y. Cheng, Pipeline Engineering, in: Pipeline Engineering, Ed. Yufeng F. Cheng,
in: Encyclopedia of Life Support System, Developed under the Auspices of the UNESCO,
EOLSS Publishers, Oxford, UK, 2010.

Papers in Peer-Reviewed Journals

145. Frank Cheng, Are our pipelines safe? Natwure, accepted on Dec. 23, 2015.

144. Huiwen Tian, Y. Frank Cheng, Novel inhibitors containing multi-functional
groups for pipeline corrosion inhibition in oilfield formation water, Corrosion,
accepted on Dec. 1, 2015.

143. Zhong Wu, Y. Frank Cheng, Lei Liu, Weijie Lv, Wenbin Hu, Effects of elastic
and plastic deformations on corrosion of an aluminum bronze alloy in NaCl
solution, Corrosion 72 (2016) 33-41.

142. Yuanhao Feng, Y. Frank Cheng, Inhibitive performance of benzotriazole for
steel corrosion studied by electrochemical and AFM characterization, Journal of
Materials Engineering and Performance 24 (2015) 4997-5001.
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141. Huiwen Tian, Y. Frank Cheng, Weihua Li, Baorong Hou, Triazolyl-
acylhydrazone derivatives as novel inhibitors for copper corrosion in chloride
solutions, Corrosion Science 100 (2015) 341-352.

140. Da Kuang, Y. Frank Cheng, Study of cathodic protection shielding under
coating disbondment on pipelines, Corrosion Science 99 (2015) 249-257.

139. Zhong Wu, Y. Frank Cheng, Lei Liu, Weijie Lv, Wenbin Hu, Effect of heat
treatment on microstructure evolution and erosion-corrosion behaviour of a
nickel-aluminum bronze alloy in chloride solution, Corrosion Science 98 (2015)
260-270.

138. Y. Frank Cheng, Pipeline corrosion, Corrosion Engineering, Science and Technology
50 (2015) 161-162.

137. D. Kuang, Y.F. Cheng, Probing potential and solution pH under disbanded
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The Best Alternative

Executive Summary

PSE and CENSE (Coalition of Eastside Neighborhoods for Sensible Energy) may not agree on
the feasibility of the company’s proposed transmission project through four Eastside cities.

But at least we agree on one thing. The five alternative solutions evaluated in the Draft EIS are
not practical solutions to power future growth of the Eastside.

« Alternative 1B (use existing Seattle City Light corridor): Seattle City Light has said they
don't want to share these lines with PSE. We don’t know how to change that conclusion.

« Alternative 1C (underground transmission lines): The state tariff enforced by the
Washington Utilities and Transportation Commission makes it prohibitively expensive for
communities to request undergrounding.

« Alternative 1D (underwater transmission lines): This alternative may be subject to the
same expensive undergrounding tariff, and also raises questions about disturbing a
Superfund site, shoreline issues, and concerns about salmon.

« Alternative 2 (integrated resource approach): The analysis of integrated resources is
based on incorrect or obsolete information, making this option appear more expensive
and less feasible than it actually is.

« Alternative 3 (new 115 kV lines and transformers): With 60 miles of new transmission
lines, this alternative does not seem like an attractive or realistic option to anyone.

Alternative 2 would be the most attractive option for residents and businesses if it were
redesigned using more up-to-date and accurate information. Such a solution would be less
expensive, less damaging to communities and the environment, and safer for homes and
schools in close proximity to the power lines and high-pressure petroleum pipelines.

Sadly, Alternative 2 was not designed or reviewed by experts in new technologies that make
Demand Response and Electrical Efficiency the most important factors in planning the
electrical grid of the future. This is validated by a quote from the Northwest Power Plan' that
was finalized this year:

In more than 90 percent of future conditions, cost-effective efficiency met all electricity load
growth through 2035. It’s not only the single largest contributor to meeting the region’s future
electricity needs, it’s also the single largest source of new winter peaking capacity.

EQL's full report is included following this introduction. The full report is quite detailed and
technical. It may be more appropriate for analysis by industry experts, so this introduction
attempts to distill the main points for the general public.

Y https://www.nweouncil org/media/7149671/7thplandraft_chap01_execsummary_20151020.pdf
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A clear definition of need and cost

In order to determine the feasibility of any alternative solution, it is important to be clear
about two crucial parameters:

1. How big is the need? Or, as the DEIS poses the question in section 2.3.3, what is the
“projected deficiency in transmission capacity on the Eastside?”

2. What is the relative cost of alternatives compared to the cost of PSE's proposed project?

How big is the need?

In section 2.3.3, the DEIS says that Alternative 2 must cover 205 MW of projected shortfall by
2024. It is not clear in the DEIS where this number comes from. It is nearly three times the
shortfall of approximately 70 MW shown for 2024 in PSE's famous Eastside Customer Demand
Forecast:

800
750
700 = — — -
650
System capacity range
600 Customer demand forecast with 100%: of conservation goals met

customer demand forecast with 757 of conservation goals met

550
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

The DEIS explains that Alternative 2 must be evaluated by a different standard than a solution
based on transmission lines because “every solution has a different degree of effectiveness and
reliability” The DEIS seems to dwell on every possible downside of the technologies included
in Alternative 2 while turning a blind eye to the reliability risks of Alternative 1A. For example,
suppose two of the approximately 150 power poles in PSE's proposal fall down (a scenario we

are allowed to consider under N-1-1 contingency planning, and not hard to imagine during a big
earthquake). In that case, the capacity of Alternative 1A would be reduced by 20%, about 140 MW.
It is difficult to imagine a scenario in which an N-1-1 failure would lead to a similar drop in capacity
for Alternative 2. Itimproves reliability by not placing all our eggs in one basket.
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There is evidence that PSE has been gradually skewing requirements to reduce the
competitiveness of alternatives. In April 2015, an update to Quanta’s Eastside Needs
Assessment estimated the shortfall in transmission capacity at 123 MW. A few montbhs later,
the EIS consultant Stantec raised the estimate to 133 MW. In January 2016, PSE’s latest
Integrated Resource Plan pegged the number at 166 MW. A few weeks later, the DEIS was
published with an estimate of 205 MW.

The shortfall has grown by 54% in less than a year, calling into question the stability of the
methodology used to determine this number or the motives of the information source.

The important point is that size matters. The mix of technologies and programs needed to
cover a 205 MW shortfall is different from the mix that would be used to cover a shortfall of
123 MW. One wouldn't simply “scale up” the smaller solution.

It's important to note that CENSE is skeptical of even the lesser 123 MW figure. The Lauckhart-
Schiffman Load Flow Study? exposes errors in PSE's assumptions and simulations that would
dramatically alter the size and timeframe of the need. For the purposes of this report, we
assume that the shortfall is 123-133 MW in order to critique the DEIS, but we do not agree
that this is a realistic estimate.

What is the cost?

The DEIS treats cost as irrelevant for the purposes of evaluating environmental impact.
However, in the real world, cost is an important factor in choosing one alternative over
another.

PSE has not estimated the cost of the project for at least a year. The last cost estimates that
were shared with the Community Advisory Group were in the range of $150 million. EQL
expects the actual cost will be closer to $300 million, for the following reasons:

1. PSE initially thought that two transmission lines could be carried on a single set of
monopoles. However, due to the meanderings of the Olympic pipelines in the shared
corridor, there are many places where the lines must be carried by two poles to meet
safety requirements. The number of poles and construction costs will increase.

2. PSE initially thought that the current transmission poles could be removed before
construction of the new line began. Recently, the company has admitted that operation
of the system with no lines in place during many months of construction would present
a reliability risk. Therefore, the design must be altered to accommodate both sets of
transmission lines in place simultaneously.

2 http://cense.org/Lauckhart-Schiffman%20Load%20Flow%20Study.pdf
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Taller poles will be required to maintain a safe distance between the old lines and the
new lines. Also, the complexity of construction is significantly increased. Both of these
factors will increase the cost of the project.

3. PSE assumed that it would be safe enough to put two transmission lines and two high-
pressure petroleum pipelinesin a utility corridor that is as narrow as 100 feet in densely
settled residential neighborhoods. The DEIS wisely assumes that the corridor will have
to be widened by up to 50 feet. This will require condemnation of homes and new
easements, significantly increasing project costs.

4. Resistance to the project is much higher than PSE expected. The costs of advertising,
public relations, and potential legal actions are correspondingly higher.

EQL's report points out a hidden cost of Alternative 1A. If PSE invests hundreds of millions of
dollars in a transmission project, the amount of investment dedicated to important programs
like Demand Response and Energy Efficiency will be reduced. Consequently, overall energy
use will be higher with Alternative 1A than Alternative 2. That higher consumption must be
matched by new generation, and PSE anticipates that need in the 2015 Integrated Resource
Plan. PSE expects to build nearly 600 MW of new gas generation plants in 2021, just a few
years after Energize Eastside is complete:

Figure 1-7: Electric Resource Plan Forecast,
Cumulative Nameplate Capacity of Resource Additions

2021 2027 2030 2035

Conservation (MW) 411 695 768 906
Demand Response (MW) 130 163 160 172
Wind (MW) - 206 337 337
Combined Cycle Gas (MW) 599 969 1354 1354
Peaker/CT Dual Fuel (MW) - 228 479 707

Alternative 2 could reduce overall energy use enough to eliminate the need for one 200 MW
generation plant, saving ratepayers $300 million. In the long run, Alternative 2 could save
ratepayers the cost of both transmission and generation infrastructure, at least $600 million.
Including both of these avoided costs in the analysis makes Alternative 2 the better choice for
cost effectiveness.
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Expert analysis from EQL Energy

To better understand how Distributed Energy Resources (DER) might contribute to the future
operation of our energy grid, CENSE engaged industry expert EQL Energy from Portland,
Oregon. EQL has been an important contributor to alternative energy solutions in Portland
and other parts of the Pacific Northwest.

EQL possesses a different skill set than that needed to plan transmission lines. These skills
have not been demonstrated by PSE or the EIS consultant Stantec. Consequently, Alternative
2 is not a credible DER solution. The description included in DEIS section 2.3.3.1 would lead
the reasonable reader to conclude that this option is difficult to implement and dangerous for
reliability.

Consequently, EQLs list of technologies and policies differs significantly from those included
in the DEIS:

. EQL

DER program ::‘E, iensglorrzl:)te estimate
(MW in 2024)
Targeted Energy Efficiency 427 30
Distribution Efficiency (CVR) 0 18.8
Combined Heat & Power 0 30
Energy Storage 121 15
Peak Generation Plant 60 0
Dispatchable Standby ? 18.8
Generation
Demand Response 32
(unspecified)
Demand Response (day ahead) 30
Demand Response (10 minute) 11.3
Total 255? 1539
Energy Efficiency

It is difficult to directly compare PSE’s and EQL's estimates of potential savings from Energy
Efficiency. In section 2.3.3.1, the DEIS states that 42 MW of savings would be required, but
offers no clear idea of how that would be achieved: “The potential for additional energy
efficiency on the Eastside is not currently known and would require additional evaluation.
CENSE is disappointed that no more definitive estimate could be made of the potential.

The DEIS claims that savings of this magnitude would be “an aggressive goal.’ Also, “The
additional energy efficiency assumed for Alternative 2 would be triple the amount that PSE
estimated is achievable after 2024, and that additional energy efficiency would have to be

accomplished before 2024.” The DEIS analysis makes it seems pretty hopeless.
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In contrast, EQL has estimated 30 MW can be saved through Energy Efficiency. This is lower
than PSE's goal, and EQL believes it is more easily achieved because PSE and its consultants
are using load data that is decades out of date. The obsolete data makes Energy Efficiency
appear to be less effective than it actually has been in more recent years.

To get more accurate data, a "Request for Proposals” should be issued to companies that
specialize in Energy Efficiency technologies and programs. A competitive bidding process
would yield better estimates of the potential than the obsolete data being used by PSE and
EIS consultants.

Distribution Efficiency

Energy Efficiency achieves savings on the consumer’s side of the electric meter by using less
electricity to accomplish tasks such as lighting, heating, operating appliances and electronics,
and charging batteries. In contrast, Distribution Efficiency increases the efficiency of how PSE
and other utilities deliver electricity to consumers. This reduces overall electricity usage by up
to 4% without any impact on customers. PSE has already incorporated this technology in a
few substations, but the program can be expanded to more broadly reduce peak loads.

EQL included 18.8 MW of savings in its DER estimates, based on a somewhat conservative
estimate of 2.5% of peak load. No estimate is included for Distribution Efficiency in the DEIS.

Combined Heat & Power

Combined Heat & Power is a technology that generates electricity from the waste heat
produced by burning natural gas to heat or cool a building. It is most effectively incorporated
in new buildings, and it provides two benefits. The very efficient use of natural gas reduces
total carbon emissions compared to long-distance transmission of electricity, and local
generation of electricity can provide a degree of immunity from power outages. Widespread
use could reduce the need for new generation facilities and transmission lines, benefitting all
customers.

Bellevue has a special opportunity to incorporate this technology due to the number of
new buildings planned for construction in downtown Bellevue and the Spring District. If
these projects are contributing to the need for Energize Eastside, it seems fair to ask them
to help solve the problem of increased energy use. It is not fair to place the burden of rising
downtown energy use on residential neighborhoods with increased industrialization and
lower property values.

EQL estimates 30 MW of savings due to Combined Heat & Power. No estimate is included in
the DEIS.
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Energy Storage

DEIS section 2.3.3.4 describes a battery solution that would provide 121 MW to serve peak
demand. However, the practicality of such a system is immediately dismissed: “An energy
storage system with power and energy storage ratings large enough to reduce normal overloads
has not yet been installed anywhere in the world. For comparison, the largest operational
transmission scale battery facility in the U.S. can provide 32 MW of power for about 40 minutes.”
The DEIS analysisi makes it sounds like you'd have to be crazy to consider this idea.

EQL proposes a battery solution with a capacity of only 15 MW, approximately 8 times smaller
than PSE’s solution. For comparison, Southern California Edison is funding a project to install
batteries with 250 MW of capacity. EQL's proposal is 16 times smaller, and by PSE’s metric, 16
times more feasible.

But what about cost? EQL found a major error in the cost analysis included in the Strategen
report referenced in the DEIS. Strategen ignored the cost of avoided transmission, leading
to the improbable assumption that we would build transmission lines and battery storage
units. When the error is corrected, the cost of batteries is approximately two times more cost
effective than building new transmission lines. And battery costs will continue to fall, while
the cost of transmission lines usually rises due to increasing property values.

Even PSE admits that battery storage will become a game changer as we increasingly rely

on intermittent renewable energy sources like wind and solar power. We can prepare for

the future by investing in small amounts of battery storage now, so we can learn from our
experience and advance the state of the art. If possible, we should use products like grid
batteries manufactured by the Mukilteo-based company UniEnergy. That's a smart investment
in our energy future and our economy.

EQL estimates 15 MW of battery storage. The DEIS estimates 121 MW, but notes that the
consultants skipped evaluation of a summer scenario because “energy storage would not be a
feasible stand-alone alternative” This is an odd criteria to apply to energy storage, because the
components of an “integrated resource approach” are designed to work together, not as stand-
alone pieces.
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Peak Generation Plant

DEIS section 2.3.3.1 describes “three 20 MW generators to be implemented in combination
with the other components described for Alternative 2.” As an important caveat, the DEIS
notes that “PSE had eliminated this option from consideration” because “these types

of generators produce a high noise level that would be incompatible with [residential]
surroundings.” In discussion with Bellevue city council members, CENSE has learned that there
is little political will to consider these generators.

EQL’s proposal does not rely on gas-fired peak generation plants. The DEIS assumes 60 MW of
capacity.

Dispatchable Standby Generation

Dispatchable Standby Generation (DSG) generates power on a customer’s site, as explained
in DEIS section 2.3.3.3. The DEIS mentions many technologies that could be used for this
purpose, such as gas turbines, microturbines, reciprocating engines, fuel

EQL's proposal does not rely on gas-fired peak generation plants. The DEIS assumes 60 MW of
capacity.

Dispatchable Standby Generation

Dispatchable Standby Generation (DSG) generates power on a customer’s site, as explained
in DEIS section 2.3.3.3. The DEIS mentions many technologies that could be used for this
purpose, such as gas turbines, microturbines, reciprocating engines, fuel cells, and anaerobic
digesters. However, no estimate is given regarding which ones are most practical or how
much energy they might be expected to generate.

EQL describes a solution that they helped design in Portland, Oregon. Generators owned by
businesses, hospitals, and government buildings are networked to the utility company. These
generators are usually idle unless there is a power failure, when they are turned on to supply
emergency power. The utility is provided a way to remotely control the generators when
electricity demand peaks. The owner gets an attractive incentive for participating, and the
generator reverts to its previous purpose (backup power) if an outage occurs.

Using the Portland program as a template, EQL used a scale factor to determine DSG potential
for the Eastside. EQL estimates 18.8 MW of additional energy produced by DSG. The DEIS
provides no estimate.
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Demand Response

The importance of Demand Response as a primary part of future energy planning is
underscored by the recently published Seventh Northwest Power Plan from the Northwest
Power and Conservation Council, as well as a major victory for the Federal Energy Regulatory
Commission in the U.S. Supreme Court? A 2015 article in Forbes explains how Demand
Response will save U.S. consumers billions of dollars.*

DEIS section 2.3.3.2 mentions some rather vague ways to implement Demand Response
programs, including real-time monitoring, utility control of heating and cooling systems,
programmatic options to reduce peak demand (nothing specific), incentives and pricing
structures to shift peak demand, continuous wireless signals to the utility (huh?)

The DEIS doesn't provide any realistic estimate of how much energy can be saved through
these programs, but it says it must be at least 32 MW. According to the DEIS, “this would triple
the expected rate of adoption of demand response in PSE’s Integrated Resource Plan...”

EQL is more specific. There are actually two types of Demand Response programs: one
anticipates needs one day before peak loads materialize (it's not hard to predict very cold
weather one day ahead), and one responds to emergency needs with 10 minutes’notice.

EQL estimates 30 MW of savings for day-ahead Demand Response (4% of peak load based
on a conservative estimate from industry analyst Navigant), and 11.3 MW for the 10-minute
program (1.5% of peak load). The DEIS cites a goal of 32 MW, but is not specific or optimistic
about achievingit.

0B A B0 s B 8B e Sk e

3 https://www.washingtonpost.com/news/energy-environment/wp/2016/01/26/the-supreme-court-just-gave-a-great-
explanation-of-our-baffling-electricity-system/

4 http://www.forbes.com/sites/jamesconca/2015/02/24/5olving-americas-energy-future-requires-a-demand-
response/#5964a1457a9f
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Conclusions

The DEIS vaguely describes Alternative 2 using a resigned, pessimistic tone. The alternative
seems risky and infeasible, because it was not developed or reviewed by experts with the
specialized experience to accurately assess the technologies and potential energy savings.

EQL has described a more realistic way to achieve these energy goals in a manner that is cost-
effective, better for the environment, better for our local economy, safer for residents, and
more in sync with the Eastside’s leading edge, high-tech roots.

Alternative 2 has another advantage. PSE’s transmission line is an all-or-nothing proposal. It
won'’t deliver a single electron until every pole is installed and every wire strung. It will not be
operational until PSE’s customers have spent at least $300 million for it.

By comparison, Alternative 2 can be built incrementally. According to PSE's famous chart,

the Eastside Customer Demand Forecast, there will be a shortfall of approximately 10 MW

in 2020. It should be easy to meet that shortfall in the next four years using a subset of the
technologies described by EQL. Two years after that, we need to find another 15 MW. That
shouldn't be too hard. As time progresses, technology will improve, and batteries will become
cheaper and more efficient. We may find that it’s pretty easy to meet these goals.

But there's another possibility. What if we have another recession? Or what happens if the
ridiculous rate of growth (2.4% per year) that PSE is predicting doesn’t materialize? In these
cases, we could scale back ongoing investments in Alternative 2, saving PSE’s customers
hundreds of millions of dollars.

The DEIS describes many risks, but it doesn’t explain this one. A huge investment in
Alternative 1A could create a technology dinosaur that industrializes the Eastside, does
nothing to mitigate greenhouse gas emissions, and saddles our children and grandchildren
with higher utility bills, leaving less money to invest in the energy technologies of the future.
That doesn’t seem like a very smart investment.

CENSE.org
February 24,2016
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1 Introduction

EQL was asked to comment on Alternative 2 “Integrated Resource Approach” discussed in
Chapter 2 of the Energize Eastside Draft EIS January 28, 2016.

EQL has reviewed and commented Energize Eastside studies and has participated in several
PSE IRP advisory group meetings, EQL has commented on the following topics through
Energize Eastside and iRP Advisory process:
1. Distributed energy resources (DER), (e.g., energy efficiency, demand response,
dispatchable standby generation, solar, storage, EV charging, CHP, distributed
generation, etc.),

Demand Side Resource and transmission alternatives to Energize Eastside.

Integration of transmission and distribution planning/costs into the utility least cost
pianning process,

4. Resource adequacy modeling and methods (e.g., EUE expected unserved energy,
focus on resource types), and

5. Reliability in IRP, Transmission Planning, and SAIFI/SAIDI statistics, as well as
scenario and sensitivity analysis.

EQL is an energy industry consultancy started in 2010 to assist utilities, utility customers, and
vendors deveiop smart grid technologies and business cases that lower cost of utility service,
improve reliability, and integrate renewable energy. Our staff has supported IRPs throughout
the Western Electricity Coordinating Council and MISO since 1993. Since 2010, our work has
been related to smart grid technology evaluation/planning, and integration of renewable
energy and distributed energy resources (DER).

EQL’s comments are those of EQL, and are meant to promote improved least cost utility
planning.
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> Critical Points on EIS Alternative 2

Alternative 2 if done properly could meet criteria for Eastside expected growth in peak

foniinainrn ~

Inad | linfartinmnatalis tha wiavie anAd A f Albnvmativia O i tha CIC ic Annfiicines
vau. UIIIUII.UIIG.I.UIy, IS WUIR al iU UISLUOSIUTT Ul ANGITTIALIVS < HI UIC LIW 10 UUIIIUDIIIH,
insufficient to determine feasibility, uses bad data and forecasts, and demonstrates very
little attention by City of Bellevue and PSE.

Many utilities around the world are considering Distributed Energy Resources (DER) to defer
or avoid transmission infrastructure, including ConEd (NY), SCE (CA) BC Hydro (BC), BPA
(OR/WA), etc.!, DERs include targeted energy efficiency, demand response, dispatchable
standby generation, solar, storage, EV charging, CHP, distributed generation, etc.

2.1

A proper analysis would include accurate peak load forecast, cost effectiveness analysis, and
ideally an all source RFI. A rule of thumb Eastside forecast is provided in Figure 1 below.

To put it simply, Alternative 2 DER would avoid ratepayer funding for transmission,

Hictrihidinn nanaratinn and anuvirnnmantal naate To maat the nask lgad ﬂrn\uth Diinat QaninAd
GISWNOWICH, generaliChi, and SiiviUniniicrital LUolo.: 1V TTISTL T podan ivdu yivwlin 1 uyot oUul v

Energy will request to spend over $300MM on Energize Eastside and another $300MM for a
peaking power plant (PSE 2015 IRP). If we assume that expected peak load to be met is 200
MW, the capital expenditure would be $3,000/kW. Most DER, TODAY, can be installed and
operated for less. When you consider expected cost reductions and performance
improvements Alternative 2 is the lowest cost choice.?

1 https://www.raponline,org/document/download/id/4765

2 storage cost reductions expected to be 50% over next 5 years, Internet of things, sensors and controls for
demand response will become more cost effective and prevalent, EV charging control to avoid peak.
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Figure 1: DER potential at PSE above the DSR 100% forecast

% of winter

DER Measure peak
System Winter Peak load
Solar 0.0%
Targeted Energy Efficiency 4.0%
Distribution Efficiency (CVR) 2.5%
Combned Heat & Power (CHP) 4,0%
Storage 2.0%
Dispatchable Standby
Generation (10 minute) 2.5%
DR Day Ahead 4.0%
DR (10 minute) 1.5%
Total 20.5%
If PSE proceeds with transmission and generation, then DER will becoime less cost efiective
In fact, Idaho Powe after finishing construction of their Langley Gulch gas plant tried to shut
off all their demand response programs. You don’t need DER capagity if your trying to pay off

a new gas plant.

22 Alternative 2 assessment is insufficient to determine feasibility and
lacks credible analysis or estimate.

The EIS provides only a theoretical example of technology that could address winter peak
load reductions which has no value in determining feasibility. See example graph in Fig. 2-14
in EIS.

(EIS Fig. 2-14) Theoretical example of Energy conserved or distributed generation
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In order to properly assess an Integrated Approach the EIS should either hire independent
consulting firm to estimate cost effective DER on Eastside, or issue an all source RFP for all
DER in affected eastside area. This process would include all avoided costs and provide
actual estimates for DER capacity amounts and cost, as well as real vendors estimates. This
process is being used in New York’s Brooklyn-Queens Demand Management program which
started in 2014. New York utility ConEd is expected to invest $200MM to implement DER to
avoid transmission build.

2.3

PSE has been changing the required winter peak load reduction on the Eastside throughout
the Energize Eastside planning process. (see figure below). PSE has a history of changing
methods and pianning standards when justifying capitai expenditures, e.g., peaking power
plants. In the 2015 Integrated Resource Plan, PSE changed their planning standard, which

lad tn an incraaca in 2021 naale lnad of R4 MWW Finure 1 halow summarizee the eource and
ied 0 an ihcreace In U211 peaxt T VIVY, Figure T DeloWw summanzes ine seurce anc

WA W W

the estimate of peak load reduction required to meet Eastside load requirement.

Figure 2: Range of Estimates for Eastside Peak Load increase through 2024

E3 Non-Wires Study 70 MW Oct 2014

Quanta - Eastside Needs Assessment 123 Apr 2015 Page 19

Stantec Review Memo (referenced in 133 July 2015 Page 1-7 Draft

EIS) EIS

PSE 2015 IRP 166 Jan 2016 IRP Ch.5 page
31

Draft EIS (2016) 205 Jun 2015 EIS Page 2-34

* Assumes peak load after planned baseline energy conservation

The Draft EIS discusses 205MW non-transmission resources needed by 2024, which is a
likely mistake. This value stems from an email from Jens Nedrud, Energize Eastside
project manager, where he explains that the amount of conservation required to be
equivalent to transmission capacity is 205 MW. ir. Nedrud only mentions conservation,
not other DER. Mr. Nedrud is the project manager for Energize Eastside, so estimates
from him should be questioned.
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2.4

Figure 2 below shows how peak load is historically flat, then suddenly takes off in the

T R N SRS T T 1 JU [ - IR T RSt T MR o, ¥ o P [ 7P PP I Sy Wt (VIR [pERpR IR |
TUtuire. YOU il Ting uiis 10 De iue Willl roC s pPrevious pedih 1040 101ecdsis. | Uriuersidiiu
that forecasts are, by their nature are wrong, but PSE has a habit of overestimating peak

Figure 3: PSE 2015 IRP Figure 5-21: Electric Peak Demand Forecast before DSR 2015 IRP Base
Scenario versus 2013 IRP Base Scenario Hourly Annual Peak (23 Degrees, MW)
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Winter peaks have gone down in the Pacific Northwest in the last 5 years, and growth in the

winter peak will continue to be less than the increase in growth in energy use. PSE’s winter
peak decreased by 11 MW from 2013 to 2014. This holds true because:

1.

2.
3.
4

Electric heating load is saturated. l.e., new growth does not include electric heating
that contribute to winter peak,

Fuel Conversion from electric to gas and propane are reducing winter peaks,
Milder winter temperatures reduce chance of extreme cold weather, and

Higher growth in multifamily and commercial,

PSE’s 2011 IRP had peak forecasts rising from 2011 forward.2 This is not happening.

Notice in Figure 5-27 from PSE’s 2015 IRP, the peak demand does not begin to increase until

2024.

3 hitp://www. utc. wa.gov/_layouts/CasesPublicWebsite/GetDocument.ashx ?docID=42&year=2010&docketNumber=1 00961
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Normal Peak (MWSs)

Figure 5-27: Electric Peak Forecasts by County (MW), after applying 2013 IRPDSR
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3 Other Points on EIS Alternative 2

3.1 PSE local needs assessment is not a local cause

PSE has suggested the transmission need is based on local winter peak demand on
the eastside. This is only a small part of the story. The issue arises by modeling a
series of unlikely regional wholesale power scenarios (e.g., plants offline, Canadian
imports, transmission line outages, and high winter peak demand) that creates: 1) high
winter power flows South to North thiough the PSE’s eastside transmission coiridor,
and 2) increased loads on eastside substations. These modeled events would lead to
equipment exceeding their thermal limits and the need to shed load at substations or

limit power flow on the PSE 115kV system through eastside.

Based on the 2012 Memorandum of Agreement between PSE, Seattle City Light
(SCL), and BPA, PSE has agreed to provide expanded transmission service through
Puget Sound Area. SCL agreed to projects that would limit flow through their system by
piacing series inductors at two of their substations. This demonstrates that the issue
and needs are indeed a regional one, not just local

This local problem, if it were ever to occur, would happen for a few hours of the year
during extreme cold days and hours of peak load on eastside. The EIS extreme
scenarios suggest up to 13 days this could occur, but does not forecast number of
hours. Given PSE’s winter peak is in morning (8am) or evening (6pm) The load
reduction would need to be for a few hours during these times. EQL’s experience
suggests that the winter peaks come in 2-3 day consecutive days (cold snaps) and last
maybe one to two hours per day.

According to EIS scenarios, in 2026 eastside load will need to shed 133MW to
accommodate flows to Canada over PSE 115kV system.

Another troubling area is how PSE attributed winter peak demand reductions to
forecasted energy efficiency measures. It is impossible to determine how PSE and its
coniraciors did this conversion. However, EQL Energy is famiiiar with the issue that
load shapes used in the Pacific Northwest to attribute capacity reductions from energy
efficiency are inaccurate and out of date. Some end use load shapes (ELCAP) date
back to the 1980s. The topic of inaccurate load shapes and hence capacity contribution
of energy efficiency has been consistently discussed and agreed upon by the
Northwest Power and Planning Council, as well as the Regional Technical Forum on
energy efficiency.

3.1.1 The Problem - several days and a few hours in the winter

The problem PSE has identified in their Energize Eastside proposal comes about
through a series of unlikely events that lead to high winter power flows South to North
through the Eastside and creates overloads on certain substations. This problem, if it
were ever to occur, would only happen for a few hours of the year. PSE has not
estimated the number of hours because the scenarios and stress cases they use don’t
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lend themselves to firm estimates. If PSE could estimate the number of hours they
would need winter peak demands to be reduced, it likely would come in 2-3 day
consecutive days (cold snaps) and last maybe one to two hours per day.

If Energize Eastside or one of the alternatives were not to be pursued, power outages
would not be imminent during these peak demand hours unless at least three failures

occur in the grid, a scenario that exceeds NERC reliability requirements. The total
number of customers affacted hy these Ilh|IkP|\I outages wol iId be 3 {0 5 percent of the

1.1 million customers that will pay for the prOJect Wlth higher electricity b|IIs for the next
40 years.

3.1.2 The DER Solution

Distributed Energy Resources are weii suited for targeting winter peak demands in the
Eastside Area. Many North American electric system operators invest in DER to avoid

tranemigsion and neaking oeneration. These DER include demand resnonece. storace
M CAI IWITHWWWINWE T LA T H\-’ul\ll |v s\-’ Wi CaLivwi DUNT e bl 1IN T TR A IVUHV |\JU, A=A u&v

EV charging control, DSG, and Distribution Efficiency. If the problem is less than 60
hours per year, it is often much less expensive to manage demand than build
Transmission and Generation. Efficiency and CHP tend to provide reductions
throughout the day, but can be targeted for time of day contributions. Figure 4 shows a
sample peak day load shape for the Puget Sound area with a stack of resources
deployed both throughout the day and during a dispatch at 5:30PM during the peak to
depict what could happen in the event of an outage.

Figure 4: Sample DER Contribution tc Winter Peak Day Load Shape!
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4 Data source for load shape: Puget Area Net Load for 12.20.2008
http:/Aransmission.bpa.gov/Business/Operations/Misc/default.aspx
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* This is not an Eastside area load shape, but is representative of typical winter peak load patterns for NW
utilities.

3.2

Utilities like Puget Sound Energy are way behind other areas of the country in investing
in DER, especially demand response. For example, the rest of North America relies on
over 60.000MW of demand response, and has eiiminated biiiions of doiiars of
investments in peaking generation and transmission. The Northwest Power and
Conservation Council in their recently released 7th Power Plan, identified 4,300

megawatts of regional demand response potential. PSE currently has no demand
response resources it can rely upon.

One example of a DER approach to avoiding transmission project is New York’s
Brooklyn-Queens demand management project.> Growth began to occur in this area
from gentrification and employment growth. The utility ConEd estimated the cost to
meet this growth would require a $1Billion investment in expanded transmission and

miibambabkimin mmimmmibir Jim NAAA A Gl Plclalin O i simm M Al ke m P -
SuosLlalivli bapauty. 112Ut < LNE ruwiie oervive VUITHTHODIVUTN appluvuu e DIUUr\IyIlI
Queens Demand Management program to invest up to $200MM to avoid the larger
infrastructure costs.

The Northwest is not new to Non-Wire Alternatives. In the 1990s BPA was considering
transmission across the Cascades to support Puget Sound Area growth and reliability.
The transmission cost assessment led to a plan that included aggressive demand side
resources in Puget Sound Area, and use of series capacitors for voltage support.
These iower cost aiternatives deferred the project to the point of never being buiit.

3.3

The negative impacis of Aiternative 2 were primariiy associaied with peaking
generation and storage located on the Eastside, and relate to land and greenhouse

nac (CHEGEY amiccinne
3“0 \\-Al |U’ T INIDIVT IV,

EQL Energy, however, is not suggesting any new reciprocating engines, or peaking
power units as part of EiS Ait. 2. We would expect primarily Combined Heat and Power
(CHP) to be constructed in this alternative. CHP often uses biomass/biogas as well as
natural gas, and would contribute to GHG, or could have noise impact. CHP has the
benefit of also being “energy efficient” because the low value heat is used in industrial
or commercial processes. Puget Sound Area has examples of CHP, e.g.,

a. Renton, WA South Treatment Plant that can produce up to 8MW of power. 6

eattle, WA Enwave Seaiile uses biomass and natural gas to produce 50 MW
of electricity, and 35 MW of heat equivalent.

o

[
u.

5 hitp:/mww.neep.orgfile/2414/download ?token=bNV2vVea, hitp://documents.dps.ny.gov/public/Common/
ViewDoc.aspx?DaocRefld=%7B83594C1C-51E2-4A1A-9DBB-5F15BCA613A2%7D

6 hitp://iwww.kingcounty.gov/services/environmentivastewater/resource-recovery/Energy/Renewable/
cogen.aspx

EQL Energy LLC | Puget Sound Energy 2015 IRP Comments Page 11 of 27
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c. Univ. of Washington has 5SMW natural gas CHP
CHP would require capacity on natural gas infrastructure.

A Dispatchable Standby Generation (DSG) program would have to go through air
permitting compliance, but it is a permittable use. PSCleanAir has suggested that a
DSG program like PGE would follow EPA NESHAP RICE rules.

oo P s a PV a Ve " -~ =

ctGL cnergy would not recomimend mwagc |||||.J|c mentation as described in Alt. 2 of
EIS. Six acres of storage does not make much sense. Energy storage highest value is
utility owned and managed, yet behind the meter at a customer site. This means
customers get backup and reliability, and utility can use for system issues, e.g., winter
peak demands. This also avoids the 6 acres of storage containers suggested in the EIS
draft (which is ridiculous). Fire and environmental authorities are becoming comfortable
with both Li-ion and flow battery technology. PSE is working on a Li-ion storage system
at Glacier. State of Washington is also granting $40MM to projects in grid
modernization and storage.

Alt 2 would cost less than Alt 1 and provide secondary benefits to customers through
improved reliability and resiliency.

Alt 2 would have less risk during weather and natural disasters. DERs would provide
backup power during intermediate or sustained outage.

3.4 Alt 2 works with PSE Economic Study of Flexible AC
Transmission (FACTS).

Flexible AC Transmission systems on high voItage lines would protect PSE

transimission facilities from u:.'dunilg thermal limits while pluwuulg leqmlcu seivice o

loads. Combining this alternative with appropriately procured and analyzed DER
nrn\ndeq a nnnd alternative in Draft EIS,

See PSE Economic Study request at link below.

http://www.oasis.oati.com/PSEI/PSEldocs/
Oct 31 PSET Economic Study Request from EQL.PDF

4 Alternative 2 Issue Details

In estimating Non-Wires Alternatives (NWA) like Alternative 2, PSE and its contractors
have miscalculated both the technical and cost effective potential for DER in the
Eastside area. They have used outdated information and methods, overestimated
winter peak demand, improperly calculated “cost effectiveness”, and have not
considered forecasts of technology cost and performance improvements.

EQL Energy LLC | Puget Sound Energy 2015 IRP Comments Page 12 of 27
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4.1

PSE relies on 2013 Cadmus report and a 2014 E3 report to estimate DER potential on

I.IIG UdblblUb‘ IllUbb‘ dlldlybib UUI.II lId.Vb' Ubb'u Ud.u or UUI.'UI'Ud.I.b' Udld., IillplUpb‘l
analysis, and have underestimated the DER potential for the Eastside.

E3’s 2014 Screenlng study”has bad data and prowdes no data or description of DER
£~

A AalIvAan Hanmt viinva Ammai irdAavad Aot A A tlha DOEC lhacalimas
HiGaourco I.IIG.I. WCIT LULUIOIUTICU UUDI. Clc LAIVU IJUyUI IU Ui I Il vaoulltic,

i. Estimated cost of Energize Eastside at the time of the Screening Study
was $220 MM. The cost has been stated to be between $150 and
$300MM.

ii. Avoided cost analysis should use avoided cost of Transmission,

Caonoratinn and Distribition oyver 10 vear narind A nnn_ \Anvao st 1idv ehAnilAd
GCNCTaUltnN, anlG wistniCuuln OVET 1v yuarl punivu, M iivini=witvus oluly SNCUIG

be performed that combines EE project deferral ($155/kW-yr) with avoided
cost of peaking Generation Capacity ($184/kW-yr) and generic T&D
deferral ($23/kW-y8). The sum of these ($362/kW-yr) will buy PSE more
DER than that forecasted by E3 and PSE. Other avoided costs that could
play a role include environmental costs, customer cost savings, etc.

PSE’s proposal to rebuild Sammamish-Lakeside-Talbot 115 kV line to 230
kV (Energize Eastside) is a project PSE says is needed to support a 65 to
133MW load growth in PSE’s eastside. This transmission project is
estimated to cost $300MM or $1,500/kW, about the same capital cost of a
200MW reciprocating engine. By integrating cost of transmission with
system generation the cost to serve this 200MW load growth is $600MM or
$3,000/kW capital cost.

iii. DER alternatives and cost estimates are not well defined, so it is difficult to
evaluate the accuracy of Alternative 2.

iv.  Include backup generators to be used as contingency reserve (e.g.,
Portland General Electric).

7 http://www.energizeeastsideeis.org/uploads/4/7/3/1/47314045 /attachment_5_=
ni | if

8 E3 2014, page 23 PSE’s IRP team also provided avoided generation capacity cost of $184/kw-
year and an avoided generic T&D cost of $23/kW-year, which are both represented in 2014
dollars. For this analysis, we assumed that PSE’s generic T&D avoided cost and the specific
transmission line deferral value related to PSE upgrades are additive. This additive assumption
presumes that load reductions in King County can defer the need for more general planned
distribution system upgrades, in addition to deferring the construction of the specific Eastside
upgrades.

EQL Energy LLC | Puget Sound Energy 2015 IRP Comments Page 13 of 27
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v.  Storage is quickly becoming more cost effective and accepted as an
alternative to T&D investments.

Recommendation. PSE should redo DSR, DR, and DER forecasts on Eastside using
all levelized costs, including transmission (e g., Energize Eastside) distribution, and
bupply blue resouice altE}”_lal.lveb Hllb WIII UIIUUUULGUIy Illbledbe UIB aimount Ul UDH

and DER PSE has forecasted in the Draft IRP.

2016 PSE all source RFP. In 2016 PSE is expected to issue an all source RFP for
distributed resources. WUTC should ensure that the avoided cost for resources in the
Eastside accurately reflect all avoided costs, e.g., transmission, generation,
distribution, customer benefits, environmental costs, etc. Through needs assessment of
Energize Eastside, PSE’s Eastside zone needs winter capacity resources to address
transmission congestion and reiiability by 2018. The IRP analysis supports addition of
further distributed energy resources by 2021.

4.1.1 Defining distribution located resources

PSE shouid move away from current categories of distribution-side resources towards
resource descriptions that meet utility requirements (energy, capacity, reserves, etc).

As mentioned above these reguirements naead hettar dasarintionsg than iust MW and
32 LTIV VW UWvw ve Llivo \l\1u|| Wl ILD IO Mw il v uwl Hl Wi I el j ivi e Al

aMW. These requirements need amount, duration, time of day/season, etc.. The
distribution located resources PSE has used 3 categories of distribution located
resources seen in Cadmus report 2014:°
1. DSR, Demand Side Resources, energy efficiency. (which uses bad estimates
for peak demand reductions (MW)
2. DR, demand-response
Residential DLC- Water Heat
Residential DLC — Space and Water heat
Residential Critical Peak Pricing (CPP)
C&i CPP
C&l Load Curtailment
3. DG, dlstrlbuted generation, solar

o0 Tw,

Figure 5 is suggests a better way to describe all distribution level resources. This
categorization allows planners to place different values on a resource based on its
quality and location. For instance, getting dispatchable capacity for winter peaks is
more valuable ($/kW-year) than non-dispatchable capacity.

9 hitps://pse.com/aboutpse/EnergySupply/Documents/IRPAG Cadmus presentation 2014-12-08.pdf
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Figure 5: EQL Categories of Distributed Energy Resources

4.2 Energy Efficiency contribution to peak demand reductions
underestimated

PSE and its consultants use end use load shapes that are out of date to calculated

pUdl\ Ub'illd.llu IUUULLIUII IlUlll UII&Igy UlllblUllby plUgld.lllb IVId.IIy Ul ] Ib‘be IUdU blldeb

are based on end uses and technologies from the 1980s. This leads to lower peak
reduction (MW) per unit of energy efficiency (MWh). The Northwest Power and

Conservatlon CounC|l has been bU|Id|ng a busmess case to update these load shapes,
and is expected to pursue this work in 2016.10

4.3 Puget Sound DER and DSR avoided Cross-Cascades
Transmission in 1990s

In the 1990s BPA was considering transmission across the Cascades to support Puget
Sound Area giowth and reliability. The trainsimission cost assessinerit ied to a plan that
included aggressive demand side resources in and use of series capacitors for voltage
suppart. These lower cost alternatives deferrad the nrmnr't to the point of never hnmn

bU|It

NED wihhan Annt ~AfF Tramamianisam im Aammmaidavrad will imAavanaas Avarmsatina I Eatimatan in
i, wi IUII wUOolL UI ||a| IOIIIIDDIUII 10 LUIIDIUTICU, Wil 111IuLICAoT Ulalllatlually otLlnawco il
Figure 2 below are estimates based on EQL estimates from WECC and NPC
forecasts.

10 http://rtf.nweouncil.org/subcommittees/enduseload/

EQL Energy LLC | Puget Sound Energy 2015 IRP Comments Page 15 of 27
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4.4 Western electricity markets

On March 5, 2015, PSE announced it would participate in the California ISO energy
imbalance market that will provide imbalance energy via locational marginal pricing.
This decision by PSE management to participate in Eilvi, demonsirates inat PSE

believes in a planning and operational paradigm that explicitly recognizes locational

value of nnnnrnfmn and demand-gide resources
g a SIGe resCurces.

PSE participation in Western energy imbalance market will allow better management of
existing transmission assets to existing generation and load balance. In Energize
Eastside assessment, PSE has not considered the operational improvements that will
exist for generation, demand management, and DER.

PSE joinmg e EIM does not have much effect on capacity procurement, except a

..... Dm o Fom £] o T 3 R

. - e L- i
pUbDIUIU IG UcC tIU LI NGAIL l.y IUL'LIIIGI ISl 106 TEeDUUITULEDS.

5 Assessment of Eastside DER Potential

EQL Energy expects PSE could add over 160MW of capacity to Eastside DSR forecast
by 2021. below. Using an Avoided Cost analysis that includes avoiding cost of
Transmission, Distribution, and supply-side generation should include:

Capital Cost ($/kW) $1,500/kW Transimission

Capital Cost ($/kW) $1,500/kW  Thermal Resource (e.g., Peaker)
Capital Cost ($/kW-yr)$31.00 Distribution

O&M Fixed $/kW-yr $10.55

O&M Variable $/MWh $2.96

5.1 DSR and DER Contribution

The terminology around resources on the distribution side can be confusing. PSE uses
DSR or demand side resources, which includes energy efficiency, demand response

ari IU UiblliUUlUU HGIIUICI.I.IUII IIIU I:.l: LJULaUIIIUIILD We IUVIUVVCU IUbUD vl c;uc;lgy UIIIL;IUI lby

and do not fully address DSR and its impact on peak capacity (MW). Analysis that is
renorted in Annual Average Megawatts (aMW) provides limited useful informatinn for

analyzing for transmlssmn and dlstrlbutlon mfrastructure needs.

In our report, we distinguish between DSR and DER forecasts and work to not double
count resources.

DSR - Demand Side Resources: efficiency, demand response, and distributed
generation (detail and types are unknown in PSE EE analysis). Cadmus 2013 IRP DSR

EQL Energy LLC | Puget Sound Energy 2015 IRP Comments Page 16 of 27
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assessment does not include kW or peak contribution, nor do they provide DR
assessments.

DER — Distributed Energy Resources: EQL uses this term to refer to all resources on
the distribution system, including distribution efficiency (CVR and power factor
correction), demand response, combined heat and power, dispatchable standby
generation, and storage.'!

DER and load management in critical areas is an opportunity to invest in measures that
address infrastructure costs and regional load growth while engaging and benefitting
customers, just like energy efficiency. Through the evaluation of Energize Eastside it is
unclear the extent to which PSE has considered the use of distributed energy
resources (DER) in their modeling, either as a resource or as a means to reduce load.

The DER resources described below should be considered in addition to the PSE’s
DSR contribution to the 100% conservation load forecast.

~ree

lVld”y of these DERSs are UISdeCﬂaDle IHCIUOIHg demand response mspatcnaole
standby generation (DSG), and energy storage and can therefore target peak load and
reduce the need for infrastructure expansion in transmission and distribution.

5.1.1 Distributed Resource Planning

The DER contribution to peak ioad shouid be appropriateiy aiiocated among exisiing
and future Eastside substations such that DER quantity reasonably matches the load

eiimad tn ha nragent a t these e||he+9hnne
WALl IWrd LW r-l A" 1Y ul I WA LLALIV I,

Figure 8 below shows substation locations in the Eastside area that have historically
fecorded higher ioad and imay be more iikely to serve iarger customers sites with high
DER potential such as commercial/industrial, multifamily residential, institutional,

government, campus and hospital loads.

Distributed Resource Planning is a process which more accurately calculates capacity
and value for DER in specific areas of a utility distribution system.

On February 6, 2015 the CPUC released a ruling providing guidance to IOUs with
respect to the DRPs that are to be filed by July 1, 2015. The document!2 provides
additional guidance to utilities beyond AB 327. The guidance specifics 11 components
that are to be included, at a minimum, in the locational DER benefits analysis.

Flgnrp A Distrihuted Resou Plsmnlng Value Anqlusgs

Locatnonal Value Component

IAvoided Sub-transmission, Substation and Feeder Capital and Operating
1 [Expenditures: DER ability to avoid Utility costs incurred to increase capacity
to ensure the system can accommodate forecasted load growth

11 In California Distribution Resources Planning they include energy efficiency into their DER analysis.

12 Docket R14-08-013 DRP Guidance: http://docs.cpuc.ca.gov/PublishedDocs/Efile/GO00/M146/
K374/146374514.PDF
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Avoided Distribution Voltage and Power Quality Capital and Operating
Expenditures: DERs ability to avoid Utility costs incurred to ensure power is
delivered within required operating specifications, including transient and
steady-state voltage, reactive power and harmonics

W

Avoided Distribution Reliability and Resiliency Capital and Operating
Expenditures: DERs ability to avoid Utility reliability related costs incurred
to prevent, mitigate and respond to routine outages (Utilities shall identify
specific reliability metrics DERs could improve), and resiliency related costs
incurred to prevent, mitigate, or respond to major or catastrophic events
(Utilities shall identify specific resiliency metrics DERs could improve)

Avoided Transmission Capital and Operating Expenditures: DERs ability to
avoid need for system and local area transmission capacity

IAvoided Flexible Resource Adequacy (RA) Procurement: DERs ability to
reduce Utiiity fiexible RA requirements

Avoided Renewables Integration Costs: DERs ability to reduce Utility costs
associated with renewable integration (for this line item, the Utilities shall
attempt to coordinate their efforts with the development of the updated
RPS Calculator and the Renewables Integration Charge)

Any societal avoided costs which can be clearly linked to the deployment of]
DERs

Anv avnidad nn
\II’ AV A P\J n

deployment of DERs

Definition for each of the value components included in the locational
benefits analysis

10

Definition of methodology used to assess benefits and costs of each value
component explicitly outlined above, irrespective of its treatment in the E3
Cost-Effectiveness Calculator

11

Description of how a locational benefits methodology can be a into long-
term planning initiatives like the Independent System Operator’s (ISO)
Transmission Planning Process (TPP), the Commission’s Long Term
Procurement Plan (LTPP), and the California Energy Commission’s (CEC)
independent Energy Policy Report (IEPR), including any changes that could

be made to these planning process to facilitate more integrated analysis

Figure 7: DRP locational value components (CPUC DRP Guidance)

Al mdm s
NULSS.

The Resource Adequacy (RA) program, administered by the CPUC and CAISO is a 1-
year forward bilateral capacity market. Utilities must procure sufficient resources to
meet their expected peak load. Since it began in 2006, utilities were required to
procure system-wide peak capacity resources, and local resources as needed in
constrained areas. In 2013, a flexible resource requirement was added.

EQL Energy LLC | Puget Sound Energy 2015 IRP Comments Page 18 of 27

DSD 007745



Figure 8: Bellevue Substation Peak Load Heat Map (2006)

Sources:

Data: City of Bellevue substation peak load for 2002 and 200513

See Appendix A for data table

Map: EQL (using Microsoft Excel/Bing Maps)

Note: PSE’s transmission topology in this area has changed and is expected to
continue to change to serve changing load patterns, therefore this rendering is for

sample purposes oily.

PSE’s existing 115 kV network in the Eastside with suggestions of areas that may
experience higher load growth, may require additional infrastructure such as new
substations, and therefore would represent advantageous locations for PSE and/or
other appropriate parties to incentivize and site distributed energy resources.

DER adoption behavior and demand for services is customer driven based on broad
socio-economic factors and technology advancements —not strictly regional or based
only on energy cost.

Customer desire for self-reliance is increasing

13 City of Bellevue Comprehensive Plan Utilities Element Update, November 2006
http://www.ci.bellevue.wa.us/pdt/PCD/PSE_System_Plan_Update_November_2008.pdf
(accessed 06.08.2015)
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* Ernst & Young: 33%of the multi-national firms are expected to meet a greater
share of their energy needs through self-generation over the next five years

* Navigant: nearly 75% of surveyed residential customers have “concerns
about the impact electricity costs have on their monthly budgets, and 63%
are interested in managing energy used in their homes”

* Best Buy: 36% of residential customers desire to “financially and physically
protect the home” (Home Safeguarding persona)

5.1.2 Distributed Solar

PSE currently has 2,800 customers and 17.4MW of capacity producing 17,037MWh of
energy a year. As mentioned above, the Cadmus March 2015 memorandum has many
errors regarding PV Solar forecasting and should not be reference by PSE. EQL
suggests the following as an estimate of growth in energy from distributed solar.

Figure 9: Range of Distributed Solar by 2030
MW Capacity Energy
MW MWh aMw
Minimum 5 5,000 0.57
BaseCase 50 50,000 5.71
Maximum 400 400,000 45.66

5.1.3 Distribution Efficiency (aka CVR)

In 2007 Puget Sound and 12 other Pacific Northwest Utilities participated in a
Northwest Energy Efficiency Alliance (NEEA) pilot to evaluate the energy and capacity
savings from operating Conservation Voltage Reduction. 4 The study tested and found
a 2 to 4 percent capacity reduction through distribution efficiency projects. An updated
2014 NEEA study found that over half the CVR projects operating in the United States
are used for peak demand reductions versus energy efficiency. '5

Wide scale adoption is beginning. One hurdle to adoption was mentioned in NEEA
paper as, “hurdle to CVR implementation includes the lost customer revenue due to
CVR rollout. End users reduce energy consumption with CVR and thus lower utility
revenue. Utilities are often reluctant to recuperate lost revenue through rate increases,

especially during times of slow or no load growth in the utility service area. Utilities can
recuperate lost revenue from CVR more easily during neriods of more rapid load

Ed LRSI i e Y

growth. BPA currently offers incentives for CVR initiatives, which can help with utility
cost recovery.”

14 https://www.leidos.com/NEEA-DEI_Report.pdf

15 http://neea.org/docs/d
distribution-efficiency.pdf?sfvrsn=>5 (page 45)
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In Washington, Energy efficiency standard 1-937 is currently a main driver for CVR
implementation for IOUs in Washington State. I-937 mandates IOUs to undertake cost
effective energy efficiency measures, such as CVR.

PSE has implemented Conservation Voltage Reduction (CVR) on three to six PSE
substations before energy is sent to customers, thereby reducing customers’ electric
power consumption at the point of consumption on the customers’ side of the meter.

CVR will be useful to PSE during winter peak load events due to the influence of
resistive loads during those times. Reducing voltage is more effective for winter
resistance heating load than for other types of load such as motors that experience
greater use in summer for cooling loads.

CVR Target: 2.5% of peak load

5.1.4 Demand Response

By 2021 NPCC estimates the Pacific Northwest states will obtain between 600 and
1,080 MW (or 3%) of winter peak through demand response. At present, only a fraction
of that quantity is operational. The Council is currently preparing their 7t power plan
and has been working with regional utilities and industry stakeholders. 16

In a 2015 report for NPCC, Navigant estimates that by 2030 Northwest utilities will
have achieved nearly 9% of winter peak load from demand response.

The estimated cumulative DR market potential for capacity programs
represents nearly 9% of winter peak load by 2030. This estimate is in line with
estimates of other DR potential studies conducted both in the Northwest and

other paris of ihe country.!’

Cadmus 2013 DSR report for PSE IRP (page 7) suggests that by 2033 PSE could
expect 4.7% of winter peak to be reduced by Demand Response. Cadmus (2013) is
approximately half of Navigant (2015) winter peak reduction forecast.

Two types of DR are likely to be beneficial for eastside areas:
1. Day-Ahead natification peak load reduction DR
2. Emergency 10-minute response DR

Because PSE identifies a peak load resource requirement for the Eastside, we have
identified a need to study a demand response program to operate during these times,
when PSE’s most expensive resources will likely be supplying power. DR programs
are often cost effective when displacing this expensive generation, such as PSE’s

Al _ 4 ™ —

peaking units in Whatcom County. When combined with the additionai vaiue of

16 https://iwww.nwcouncil.org/news/meetings/2015/06/

17 hitp://imvww.nweouncil.org/media/7 148943/npcc _assessing-dr-potential-for-seventh-power-plan updated-

report 1-19-15.pdf
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providing an infrastructure alternative, the cost effectiveness of such a DR program is
improved. Many utilities have implemented day-ahead notification DR programs that
call upon enrolled customer or 31 party resources to reduce their demand for a
specified duration, typically 2-4 hours.

In addition, emergency DR programs have successfully been implemented that are
capable of fast response for contingency reserve purposes. An example is a 10-minute
response program run by Southern California Edison.'® These programs are typically
of higher value due to the short notice time and reliability service provided. SCE’s
program pays customers $240/kW-year for capacity that successfully participates.

For purposes of the EIS analysis, we have requested conservative DR quantities,
shown in Figure 10, for the eastside area that are reflective of percentages of peak
load that have been achieved in other areas and below those estimated by Navigant
(2015).

Figure 10: Eastside Area DR by 2021

Eastside DR Estimate
il aA MND A0/
Day r\llcau LI qquILILY “T/0
10-minute DR quantity 1.5%

Because PSE has indicated it may include DR at a level of approximately 2.7% of load
by 2020, the 4% DR estimate above for day-ahead programs is incorporated into the
100% conservation forecast used by PSE."?

WECC rule Bal-002-WECC-1 was referenced by PSE20 as one of the reasons the
reserve amounts are increasing. This same rule allows a balancing authority to use a
number of different resources to meet this requirement including demand response:

“* A resource, other than generation or load, that can provide energy or

radiiro anaroyv concrimntinn
(AVIAV LV LVIVER W) | Ivluy WA I L |~LI\J| 1

* Load, including demand response resources, Demand-Side Management
resources, Direct Control Load Management, Interruptible Load or
Interruptible Demand, or any other Load made available for curtailment by
the Balancing Authority or the Reserve Sharing Group via contract or
agreement.”

5.1.5 Dispatchable Standby Generation (DSG)

Portiand Generai Eiectric’s DSG program can be used as an exampie for one designed
to provide enhanced reliability in the Eastside area. The DSG program connects

customer l—\af-lzl In ganerators to tha Adietrihitinn Arid nieina narallal e\ulfr-hmaar at citae
WD LWWIT I LI P 3 PTIDIUWWII O W Lo Wial I aLivia g SIIU Ui |Is Hul CANIWE VYL lu CAl UL Vit

such as hospitals, commercial/industrial, and government buildings. PGE remotely
dispatches the generators, which are capable of providing uninterrupted service to

18 https://www.sce.com/NR/rdonlyres/7 A1BC024-698D-44A0-98D1-ABD8DEESE451/0/
NR572V20810_BIP.pdf

8 May 19 PSE IRP Advisory Group meeting materials
20 PSE IRP Chapter 6 page 16
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customers in the event of a grid outage. As part of the program, PGE invests in and
owns some of the interconnection equipment, pays for fuel, and performs ongoing
testing — required for units at many sites such as hospitals.

DSG potential is determined by using a simple proportion of peak load to DSG capacity
installed at PGE and applying it to PSE, as shown in Figure 11 below.

Figure 11: Potentiai DSG by 2021
Y

DSG Potential MW
2018 PGE System Peak 4000
Current PGE DSG Capacity 94
DSG MW per System MW 2.5%
2018 PSE System Peak 6000
2018 Eastside Peak Load Forecast 750
PSE System DSG Potential 141
PSE Eastside Area DSG Potential 18.8

program capacity to 125 MW in the next 5 years. Using the proportion method

Aname ihad alh~ Caatoida NMOM ~ntantial ilA inAvanan NN 7 ARMAT
GesCrinea GUUVG, CasiSiGe vou }.)UI.GIMIG.I wWGouia IIIUICGDU I.U oo, IVivy,

While the simple DSG potential figures provided here are adequate to inform planning
at this stage, additional detailed analysis of DSG capacity will be valuable to PSE and
Eastside reliability regardless which transmission projects are built. PSCleanAir has
suggested that a DSG program like PGE would follow EPA NESHAP RICE rules. Developer of
DSG program would have to go through air permitting compliance, but it is a permittable use.

PSE evaluated using DSG as part of a stipulation in Washington Utilities and
Transportation Commission (WUTC) Order 06 in docket UE-130617, in which both
parties agreed that PSE should perform an evaluation. Specifically, the Settlement
agreement states: PSE agrees to evaluate the PGE Dispatchable Standby Generation
(DSG) program, described in the testimony of staff witness Juliana Williams, and either
provide a report to the Commission of PSE'’s conclusions and recommendations by
December 1, 2014, regarding the financial and technical feasibility of PSE

implementing a similar DSG program in its territory, or file a tariff implementing DSG
carvice by December 1 2014,

VIVD Ly

EQL evaluated the PSE report and finds it evasive, inconclusive, and provides the
following feedback.

Snecific Comments on PSE DSG Findings and select sections. (Dec. 1, 2014)

The primary benefit of the PGE DSG program has been the ability to True
use the standby generators as a cost-effective resource to meet non-spin
operating reserve obligations.
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PSE does not have a near-term need for non-spin operating reserves

events

and has maintained more than adequate operating reserves during peak

PSE can use DSG to meet winter
peak demands.

While originally established as peaking resource, PGE’s use of its
distributed standby generator fleet as a peaking resource has been de
minimis during the life of the program

True. Program is not used as
peaking resource.

that limit operation and testing on diesel-fired emergency standby
generators create uncertainty and potential operational constraints
during times of peak need

New Environmental Protection Agency (EPA) emissions requirements

True that EPA rules are in flux
for legal reasons. Current laws to
watch are state and local air
permits. PSCleanAir has
suggested that a DSG program
like PGE would follow EPA
INESHAP RICE rules

Under normal conditions, PGE’s standby generator fleet is not
economic compared to other alternatives during dispatch decisions

IDSG resources are not part of
normal dispatched resources

PSE lacks sufficient market research of its customers that would
justify investment in aDSG program including potential participation
rates and standby generator inventory

Getting this information would
be very easy

any near-term capacity needs given time, resources, and current
systems capability

Tt is unlikely PSE would be able to implement a DSG program to meet

PSE has time to develop DSG

Section 4.6 Compliance

Section 5.2 Constraints and Opportunities

Market Barrier. The 2011 CBRE market search led to no customers
expressing interest in further engagement with PSE to interconnect a
standby generation system to the grid.

PGE Customers are not that
different than PSE Customers. It
takes a clear customer value
proposition and a few key
customers to gel it started.

Monitoring and dispatch. PSE does not own software that allows for
monitoring and dispatch. PSE need operational and technical
knowledge to operate new software.

EQL can assist.

generators. PSE does not have interconnection agreement

Interconnection. PSE needs specifications for interconnecting standby

EQL Team can assist

PSE has several low-cost resources to meet non-spin reserve
obligations.

Contradicted in IRP

Operating reserves exceed need by 200-400MW in most peak hours,

IContradiction with IRP
forecasts

The NERC contingency reserves standard (BAL-002-WECC-22") applies to the NW
Power Pool Reserve Sharing Group (RSG), and requires the RSG to carry the larger
of: 3% of load + 3% of generation OR the Most Severe Single Contingency (what is
this for PSE?). Contingency reserves can be comprised of any combination of seven
types defined in the standard. DSG is categorized as the Operating Reserve —

Supplemental subcategory of Contingency Reserve. This

21 http://www.nerc.com/files/BAL-002-WECC-2.pdf

reserve type was formerly
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defined as Non-Spin reserve, but was changed to supplemental in the current standard
to be inclusive of demand side management pursuant to FERC Order 740.22

ES incorrectly ruled out DSG in their 2014 non-wires study for Energize Eastside. They
wrote,

“The US Environmental Protection Agency (EPA) prohibits PSE from relying on customer-
sited backup generation for peak shaving of utility loads for resource planning purposes

wihinkh DQE nlanmnarae halia nt thAam fram nlanmina arid annditiang that v
Williull 1T O paliniGio DEIEVE vvuulu PIGVUIII. WICHT HUIT pianinnny yiia vui 1GILONS nat |U|y 018}

backup generation to defer transmission upgrades. This regulation exists primarily to
protect local air quality. Therefore, customer-sited backup generation was excluded from
the DG non-wires potential estimates.”

5.1.6 Combined Heat and Power (CHP)

,,,,,,

prowde heat When properly de3|gned CHP IS capable of operatmg at hlgher
efficiency than typical central station power plants.

PSE’s Non-Wires Screening Study23 CHP analysis, performed by E3 and informed by
earlier work by Cadmus, found approximately 1 MW of peak CHP resource by 2023
across all of PSE’s King County service area. Because this quantity can reasonably be
achieved in a single building, the previous estimate is likely not reflective of actual
potential. In order to determine this potential, a new study is warranted, especially in
light of the amount of growth expected to occur in Bellevue and PSE’s need for peak
capacity resources.

With the cost of capacity to utilities often exceeding $100/kW-year, infrastructure
deferral benefits and electricity sales revenue are components that contribute to cost
effectiveness determination and would inform the ultimate potential of this resource.
PSE needs over 1000 MW of new capacity by 2025, according to recent IRP
development information.24

150 MW of load growth could occur in the Bellevue downtown and Bel-Red areas in
the next 20 years.25 The new development represents a large opportunity because
many DER technologies such as CHP make the most sense when incorporated during
the design phase and provide further benefits when central utility plants serve multiple
buildings. But such a strategy requires deliberate planning and clear leadership to
become successful.

Because Downtown and Bel-Red will consume significant quantities of natural gas
regardless of PSE’s electricity infrastructure decisions, the extent to which this gas can
be put to use generating electricity should be studied. Additionally, the civil
construction work to occur in these areas in future years points toward investigation of
co-locating energy infrastructure and potentially common use infrastructure such as
district energy where central utility plants supply heating, cooling and electricity to a
potentially large development, such as the Spring District.

22 hitp:/mvww.ferc.gov/whats-new/comm-meet/2010/102110/E-6.pdf

23 hitp://www.energizeeastsideeis.org/uploads/4/7/3/1/47314045/attachment_5_-_screening_study.pdf
24 May 19 PSE IRP Advisory Group meeting materials

25 Exponent Reliability Study
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Recommendation: Explore 3@ party or PSE owned central utility plants with CHP in
parts of the Eastside that will experience the most new construction.
Figure 12: Base CHP Quantity 2021

Eastside CHP Estimate

CHP 4% of peak load

Note:

Transmission topology alternative D adds Eastside generation. Because a larger
central plant CHP project should be considered for this option, selection of this
alternative could result in a substantially higher CHP penetration.

5.1.7 Energy Storage

Energy Storage is receiving a great deal of attention right now due to the cost declines
seen in recent years and an increasing number of predictions for continuing storage
cost reduction.26 PSE, Avista, and Snohomish PUD have received $15MM to study
use of energy storage.

Figure 13: Energy Storage Quantity 2021
Eastside Storage Estimate
Storage 2% of peak load

5.1.8 PSE DER Potential & Interconnection

Many existing and fuiure commerciai, muitifamily residentiai, institutional and corporaie
campus sites are centered near downtown Bellevue, Bel-Red and South Redmond-
areas that are driving the need for new transmission and distribution infrastructure.
Cost effectiveness of DER investments in these areas stands to be influenced to the
extent they can substantively contribute to load service and reliability needs. In other
words, a next-generation energy system, which is being pursued by leading utilities,
will make full use of DERs by integrating their capabilities into utility planning and
operations, a step that may well deliver cost reductions to PSE ratepayers — and one
that will require developing appropriate compensation mechanisms to DER owners. In
addition, PSE or 3 parties could own DERs that may be designed to provide benefits
directly to specific customers (i.e. storage installed behind-the-meter), while
simultaneously providing infrastructure deferral benefits enjoyed by all ratepayers.

DER interconnection and operations practices will become more important as these
resources grow in quantity and take on additional performance obligations related to
reliability and system resiliency. Should PSE and Eastside communities decide to
move to make full use of DER options as part of a strategy to support and enhance
regional growth, appropriate technical interconnection and operations procedures and

26 Sample media story addressing storage:
http://cleantechnica.com/201 5/03/04/energy-storage-could-reach-cost-holy-grail-within-5-years/
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standards will be needed. DER best practices are emerging from California, New York,
and Hawaii, states that have taken the lead. The standards by which PSE designs and
operates the 12.5 kV distribution system will be important for DERs so as to ensure
maximum utilization of the system, including supporting 2-way power flows.

Most distribution systems move electricity in one direction — from power plants to
substations to customers. But when customers interconnect generation resources,
their power will flow the other direction, serving other customers and in some cases
flowing power back to the substation itself and serving load further upstream, possibly
at higher voltages. While there is no fundamental reason why these new flows of
electricity cannot occur, investments in additional monitoring equipment and advanced
control technologies will be needed.

These types of investments, involving software, communications, controls, and
switching equipment, are also likely to provide reliability benefits by enhancing the
ability of utilities to automatically switch customers to alternate feeds in the event of an
outage on a given distribution circuit.
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Heidi Bedwell, Energize Eastside EIS Program Manager,

372 people have signed a petition on Action Network telling you to Correct flaws in the Energize
Eastside Draft EIS.

Here is the petition they signed:

Dear Ms. Bedwell,

| am very concerned about Puget Sound Energy's “Energize Eastside” project, which
proposes to build 18 miles of high-voltage transmission lines through four Eastside cities
(Alternative 1A).

PSE tries to justify the need for the project using an impossible scenario that would cause
regional blackouts, according to the Lauckhart-Schiffman Load Flow Study, available at
CENSE.org.

Alternative 1A would place new lines and poles much too close to aging petroleum pipelines.
Responsible safety standards require at least a 50 foot separation. A construction or
operational accident could cause a catastrophic pipeline explosion like the one that killed
three Bellingham residents in 1999. This risk is not adequately addressed in the EIS.

Alternative 2, the Integrated Resources Approach, is a safer and less costly alternative. But
the solution described in the EIS was not developed or reviewed by independent experts that
have suitable experience with modern electrical grid technologies, including Demand Side
Management and Distributed Energy Resources. The costs and capabilities are based on
inaccurate and obsolete studies. As the Northwest Power Council’s Seventh Power Plan
makes clear, a carefully developed plan would easily beat alternative 1A in cost, safety, and
support for the environment.

The other transmission line options (1B, 1C, 1D and Alternative 3) are not practical for
financial or political reasons.

Ratepayers are asked to spend more than a billion dollars over the lifetime of PSE’s
transmission line. The Draft EIS must answer these basic questions in order to convince
residents that we are getting the best possible plan for our energy future.

You can view each petition signer and the comments they left you below.
Thank you,

Don Marsh

1. Limei Xie (zip code: 98006)

2. Susan Smith (zip code: 98006)
The safety of residents living near the natural gas pipelines should be of the utmost concern. Building
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high voltage transmission lines on top of aging pipelines puts my family and my neighbors at risk.
Please reconsider the necessity and safety of "Energize Eastside" proposal.

3. li_qin xie (zip code: 98006)
negative impacts on environments; safety issues to our communities;

4. Aaron Peloquin (zip code: 98056)
5. Jenny Choi (zip code: 98006)

6. meifang zhou (zip code: 98006)
It is a disaster, too dangerous to control if happening accidence

7. Aileen Wu (zip code: 98006)
Please do not sacrifice the environment for us and our future generations so PSE can make big profit
by selling power to Canada!

8. Gary Albert (zip code: 98006)

The experts (USE, Stantec, etc.) who have reviewed the PSE Energize Eastside project did not
complete an independent "load flow" analysis to determine the actual "need.” They said the
procedures PSE used were standard for the industry. That's garbage in garbage out without an
independent load study. If you set up the criteria for the load flow to tilt heavily in favor of PSE, as
PSE has done with energy directed to Canada and not utilizing peaking power, then there has never
truly been an independent review. PSE said numerous times they would allow a citizen review of their
load flow study, i.e. someone from CENSE, if they could get the appropriate security clearances.
When CENSE located a retired PSE manager willing to help answer this question and able to get the
appropriate security clearances needed, PSE changed their position and said EE had already been
independently verified by several other experts and CENSE therefore did not have a need to know.
What are they afraid of, a little sunlight on their boondoggle to pad the bottom line with unnecessary
infrastructure building while sticking unsightly power poles dangerously close to fuel petroleum lines.
Time for a real review by picked by someone not influenced by the city or PSE.

9. Annie Everett (zip code: 98927)
| am definitely opposed to the new PSE power lines!

10. Alice wang (zip code: 98006)

Please stop PSE from using "energize Eastside" as its excuse to expand their international business
to push up revenu at the expense of forcing local residents to lose their property value, beautiful
environment, school and street Safty, neighborhood lift style. PSE will benefit financially while local
residents will suffer the consequences and pay the high price for PSE's corporate gain!!! If PSE truly
want to energize Eastside, not their corporate wallet, they should go with alternative 2!!!

11. Aileen Leo (zip code: 98006)

12. Eng Teck Po (zip code: 98006)

DSD 007756



13. Anna Coy (zip code: 98005)
From everything | have seen or heard, we do not need to have this huge power line gouged through
Bellevue!

14. Amy Lee (zip code: 98008)
15. Yan Zhen (zip code: 98006)

16. Andrea Borgmann (zip code: 98005)

Despite PSE's alarmist statements about the imminent threat of blackouts starting in less than two
years (2018!), PSE has not validated the need for this project. PSE's report "validating" the need
assume significant transfer to Canada during peak load times (1,500 MW) and turning off local gas
generation plants. These assumptions are not defensible or reasonable as fundamental assumptions
in assessing local electrical needs.

The EIS process must seriously assess the question of need in order to assess reasonable
alternatives. The City's role is not simply to take at face value the utility's assertions.

The proposed project will come at significant cost to ALL PSE ratepayers due to the WUTC's
allowance of billing for capital projects for 40 years with a 10% rate of return. There are simply more
cost effective, more appropriately scaled projects to meet the Eastside's electrical needs over the
coming years.

17. Angela Byers (zip code: 98006)

18. Anna Ceberio-Verghese (zip code: 98027)
Listen to CENSE.

19. Anne Kim (zip code: 98006)

20. WEI TUNG (zip code: 98006)
GAS pipeline underneath the proposed route is a major safety issue during construction and future
operation.

Also need to consider underground line option, at least for the residential area.
21. April Tan (zip code: 98006)

22. Allen Rauschendorfer (zip code: 98056)

PSE has not established a need to expand the existing grid. Generating and transferring power
through my Olympus neighborhood so PSE can sell power to Canada is an unacceptable situation.
The on going health risks, property devaluations, and making an already high risk proximity of a gas
line to high voltage power lines situation even worse is not only unacceptable but unfathomable. PSE
is taking profits over public safety and we cannot stand and watch them do it!

23. archana verma (zip code: 98006)
We believe that Energize Eastside is a misguided project driven only by a motivation for corporate
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profits. It will sacrifice the well being of families living close to the proposed power towers. Plus
independent studies have shown that the claims made by PSE to the effect that Energize Eastside is
needed for future customer demands are false and misleading. We strongly oppose Energize
Eastside and we believe that PSE has not proven at all the need and validity for going ahead with this
project. Please stop PSE.

24. Astrid Zuppinger (zip code: 98005)

PSE is attempting to build an unnecessary project in one of the most educated areas in the world.
This will harm the Puget Sound with huge transmission poles and wires and we will be targeted to
have more health issues. If you love the beautiful Northwest, then allow the intelligent Engineers in
this area to come up with a better solution then doing a quick wiring up that will effect the world
around us.

25. Any Tappen (zip code: 98008)
26. Bill Jacobs (zip code: 98056)

27. Paul Gibbons (zip code: 98006)
My Rate for Power should not be used to pay for "RETURN ON INVESTMENT" for a foreign company.

28. Peiqi Shen (zip code: 98006)
Devastating impact to environment and people's health | Put cables underground.

29. Fran Kutoff (zip code: 98006)

Please take the time (there is NO hurry) and study the safest and most community-friendly and
environmental-friendly solution to this issue. Bellevue is a beautiful city; let's not muck it up with huge
power poles!

30. Beibei Chen (zip code: 98006)

31. Barbara Braun (zip code: 98006)
Please, please, please pause the EIS process to evaluate the alternatives properly using independent
experts

Also pass city ordinances to insure the proper safety regulations are in place around the pipeline
especially given the earthquake danger.

32. Rebecca Peck (zip code: 98006)
We don't need Energize Eastside. Please read the honest, unbiased Lauckhart-Schiffman load study.

33. Beth Billington (zip code: 98004)
34. Binchi Zhang (zip code: 98006)

35. William Weston (zip code: 98005-3154)
Poles and lines as high as 15 story buildings should be avoided if humanly possible.
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36. W. Robert Moore (zip code: 98006)
Demand forecast not credible, project does not analyze alternative sources of energy, and public
safety is at risk.

37. Cindy Williams (zip code: 98006)
Consider this me signing this petition. | agree with Russell.

38. Robert Wiley (zip code: 98006)
This project is unnecessary and must not go forward.

39. Bonnie Lau (zip code: 98006)
| am very concerned about Puget Sound Energy's “Energize Eastside” project, which proposes to
build 18 miles of high-voltage transmission lines through four Eastside cities (Alternative 1A).

40. Michael Boyce (zip code: 98006)
Energize Eastside is DUMB:
D-Dangerous

U-Unnecessary

M-Misguided

B-Boondoggle

41. Brett Fidler (zip code: 98005)
We do not need more towers and lines. Let's use a smarter grid and new alternative energy sources.

42. Michele Brown-Ruegg (zip code: 98006)

| do not support your proposal to build new high-voltage power lines across the eastside and through
family neighborhoods

43. Brian Schafer (zip code: 98006)
44. ellen kerr (zip code: 98005)
45. Sheng XU (zip code: 98006)

46. Hengyu Xu (zip code: 98006)
It will bring lots of negative impacts on environments and safety issues to our communities.

47. Carol Xiang (zip code: 98006)
Effect health of the Newport high school students.

48. Carol Almero (zip code: 98008)
Stop PSE from this scare tactic to capitalize on outdated technology.
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49. Cheryl Shannon (zip code: 98033)
50. Cherie Carchano (zip code: 98008)

51. Carin Chatterton (zip code: 98056)
Use the proper data for this study. New lines ARE NOT NEEDED!

52. Lauren Ulatoski-Root (zip code: 98008)
This plan has been appalling from the start.

53. Tyler Armstrong (zip code: 98007)

54. Hong chang (zip code: 98006)
Negative impacts on the environment; not safety to our community.

55. Chen Zhao (zip code: 98006)
56. Mei Chen (zip code: 98006)

57. Lin Gong (zip code: 98006)
We do not need a new PSE transmission line.

58. Richard Guttu (zip code: 98006)
We oppose the intrusion this would cause.

59. Chris Burges (zip code: 98005)

EIS is a project of greed, not of necessity. Why would EIS tell the City Councils and the public a much
higher percentage growth (7%) rather than .5% that it tells WECC? There are so many problems with
the information they put out. Switching to LEDs had greatly decreased load at many homes and
businesses. There is no mention of this, or of so many other factors in what energy is needed.
Building these huge transmission lines won't create more electricity. It will just allow PSE to sell more
electricity to Canada - which should not be a cost that PSE citizens will have to bear.

Greed. PUre greed.

60. Chris Liang (zip code: 98006)
61. Cindy Fang (zip code: 98006)
62. Xue Song (zip code: 98006)

63. Carol Kunde (zip code: 98052)

| don't not understand why people living in established communities have to be subjected to huge
structures in their neighborhoods without a vote of the residents. For some of my neighbors, the
proposed power lines will be placed, literally) in their back yards.
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64. Qing Ye (zip code: 98006)
For better environment and community!

65. David & Claudia Lee (zip code: 98005)

We are Woodridge residents, and are opposed to the Energize Eastside project which proposes to
build 18 miles of high voltage transmission lines. As proud residents of our community, these high
voltage transmission lines would devalue our property as well as deface the community.

66. Corrin Ponte (zip code: 98006)
Stop the lies! Save our homes and our trees!

67. Wei Wei Chen (zip code: 98006)
Negative impacts on environments; safety issues to our communities.

68. Dan Wu (zip code: 98059)
Please correct.

69. Dana Luhr (zip code: 98058)
70. Daniel Kaner (zip code: 98011)
71. David Luk (zip code: 98006)
72. Deb Engevik (zip code: 98005)

73. Debra Burges (zip code: 98005)

Energize Eastside is unnecessary for the energy needs of the eastside until 2058. PSE has been
unwilling to be honest in where their predictions come from. THey have not used available resources
to generate extra power when it is needed. They have dismantled an emergency power plant without
authority of regional energy planning boards, and now want to reap more profit building unnecessary,
ugly, dangerous power lines. Digging to build 230 watt lines over gas lines is crazy. Taking trees down
in our "City in a Park" in areas where they help clean the air from incessant traffic is environmental
terrorism. The only reason this is needed is to make money for the Australian investors that don't care
at all about our region. Trying to block the legal authority of East Bellevue Community Council to block
this removal of 300 trees is incredibly troublesome. EIS will require removal of 8,000 trees. We cannot
even remove a diseased tree that threatens our home without City permits, but a corporation can bully
their way into devastating our environment. It is not necessary. It is ugly. It is unethical. It is dishonest.
It is pure greed.

Encourage energy preservation. Encourage CLEAN energy. Value our environment. Value property
values. Do not blindly do what a corporation wants without considering what is best for the people of
the region.

74. Joe Michaels (zip code: 98005)

75. David Herbig (zip code: 98006)
There is no need for this project at this time. PSE is only doing this to increase revenues to PSE and
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49. Cheryl Shannon (zip code: 98033)
50. Cherie Carchano (zip code: 98008)

51. Carin Chatterton (zip code: 98056)
Use the proper data for this study. New lines ARE NOT NEEDED!

52. Lauren Ulatoski-Root (zip code: 98008)
This plan has been appalling from the start.

53. Tyler Armstrong (zip code: 98007)

54. Hong chang (zip code: 98006)
Negative impacts on the environment; not safety to our community.

55. Chen Zhao (zip code: 98006)
56. Mei Chen (zip code: 98006)

57. Lin Gong (zip code: 98006)
We do not need a new PSE transmission line.

58. Richard Guttu (zip code: 98006)
We oppose the intrusion this would cause.

59. Chris Burges (zip code: 98005)

EIS is a project of greed, not of necessity. Why would EIS tell the City Councils and the public a much
higher percentage growth (7%) rather than .5% that it tells WECC? There are so many problems with
the information they put out. Switching to LEDs had greatly decreased load at many homes and
businesses. There is no mention of this, or of so many other factors in what energy is needed.
Building these huge transmission lines won't create more electricity. It will just allow PSE to sell more
electricity to Canada - which should not be a cost that PSE citizens will have to bear.

Greed. PUre greed.

60. Chris Liang (zip code: 98006)
61. Cindy Fang (zip code: 98006)
62. Xue Song (zip code: 98006)

63. Carol Kunde (zip code: 98052)

I don't not understand why people living in established communities have to be subjected to huge
structures in their neighborhoods without a vote of the residents. For some of my neighbors, the
proposed power lines will be placed, literally) in their back yards.
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64. Qing Ye (zip code: 98006)
For better environment and community!

65. David & Claudia Lee (zip code: 98005)

We are Woodridge residents, and are opposed to the Energize Eastside project which proposes to
build 18 miles of high voltage transmission lines. As proud residents of our community, these high
voltage transmission lines would devalue our property as well as deface the community.

66. Corrin Ponte (zip code: 98006)
Stop the lies! Save our homes and our trees!

67. Wei Wei Chen (zip code: 98006)
Negative impacts on environments; safety issues to our communities.

68. Dan Wu (zip code: 98059)
Please correct.

69. Dana Luhr (zip code: 98058)
70. Daniel Kaner (zip code: 98011)
71. David Luk (zip code: 98006)
72. Deb Engevik (zip code: 98005)

73. Debra Burges (zip code: 98005)

Energize Eastside is unnecessary for the energy needs of the eastside until 2058. PSE has been
unwilling to be honest in where their predictions come from. THey have not used available resources
to generate extra power when it is needed. They have dismantled an emergency power plant without
authority of regional energy planning boards, and now want to reap more profit building unnecessary,
ugly, dangerous power lines. Digging to build 230 watt lines over gas lines is crazy. Taking trees down
in our "City in a Park" in areas where they help clean the air from incessant traffic is environmental
terrorism. The only reason this is needed is to make money for the Australian investors that don't care
at all about our region. Trying to block the legal authority of East Bellevue Community Council to block
this removal of 300 trees is incredibly troublesome. EIS will require removal of 8,000 trees. We cannot
even remove a diseased tree that threatens our home without City permits, but a corporation can bully
their way into devastating our environment. It is not necessary. It is ugly. It is unethical. It is dishonest.
It is pure greed.

Encourage energy preservation. Encourage CLEAN energy. Value our environment. Value property
values. Do not blindly do what a corporation wants without considering what is best for the people of
the region.

74. Joe Michaels (zip code: 98005)

75. David Herbig (zip code: 98006)
There is no need for this project at this time. PSE is only doing this to increase revenues to PSE and
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is ignoring the impact on rate payers.
76. Diane Fern (zip code: 98006)
77. Denise Dice (zip code: 98006)

78. Alison Dildine (zip code: 98056)

| do not approve of PSE's plan to install larger power poles and lines through our Olympus
neighborhood. There is no urgent need for them and they will ruin our great neighborhood. PSE has
not been up front about supplying CENSE with the requested documents to back up PSE's claim that
this project is needed.

79. Jason Hong (zip code: )
80. David Xie (zip code: 98006)

81. Bruce Williams (zip code: 98056)

The Energize Eastside project will do a huge amount of aesthetic and environmental damage while
placing residents in danger of pipeline explosions. A complete and accurate load study proves the
project is not needed.

82. Don Miller (zip code: 98006)

The City of Bellevue is failing to fulfill their responsibilities as the Lead Agency on this EIS process.
Action by concerned and informed citizens has been repeatedly rejected in favor of the deceptive and
profit motivated actions of this foreign owned company. You can take steps now to avoid the
permanent burden on all Puget Sound rate payers but you have to accept that the work done by
citizens in our community is driven neither by profit nor deception. Do the job you are expected to do.

83. Hu Dong (zip code: 98006)

84. Yan Dong (zip code: 98006)

85. Donald Lionetti (zip code: 98005)
86. Don Marsh (zip code: 98006)

87. Donald Ray (zip code: 98005)

A 100 year old problem with the same 100 year old solution.

1. A fully independent and fair analysis still has not been accomplished. Most who works on this study
are still attached in someway to the conclusions.

2. Variable "time-of-day-rates" is too quickly dismissed when peak power, not total demand, is the
reason for this huge capital and old school solution. 3. We need a solution that is geared to a
managed approach. | would even pay more to get a future system in line with greater energy
management and not just charge me for an increase in capacity.

Can't we manage our peak power differently today? Please verify what century we live in.
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88. Devon Shannon (zip code: 98033)
89. Jessie Xu (zip code: 98006)

90. tong wu (zip code: 98006)
Make it underground and don't impact our neighborhood

91. Eva Downs (zip code: 98056)
Not only is this project dangerous, disruptive and damaging to neighborhoods and families, there is
no need to build these huge transmission poles.

92. Elizabeth Minkin (zip code: 98006)
| am very concerned about the safety of placing new high voltage lines too close to aging petroleum
pipelines and the possible risks and damage to proximate residential properties.

93. Qinghui Liu (zip code: 98006)
My family and | would love the keep the view of our community as it is, not with the huge power poles.
We don't want to live under those poles either.

94. Edward Huang (zip code: 98006)
We don't need new PSE transmission line!l!

95. S Ekelmann (zip code: 98007)
96. Kenneth Vasilik (zip code: 98006)
97. Erica Johnson (zip code: 98006)

98. Erin Kenway (zip code: 98005)

We recently moved to the Woodridge community because of the gorgeous views, great location,
strong community and quality of schools. These amenities are what bring up the value of our homes
and keeps our community strong. This project would have an extremely negative effect on home
values in a community that is consistently ranked among the top in the nation.

99. Wenchun Lo (zip code: 98006)
100. Jamie Moy (zip code: 98006)

101. Dena Fantle (zip code: 98006)

Dear Council members, please represent myself and all the other the residents of our wonderful city
and ensure a thorough due diligence is done on PSE's Energize Eastside project, including a full
review of the concrete findings in the CENSE report proving the project is absolutely not necessary (&
possibly motivated by the greed of this privately held utility). In addition please implement a 6-12
month moratorium prior to moving forward with a phase 2 EIS for this unnecessary project. Thank you
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102. Fran k Bosone (zip code: 98006)
Stop this ridiculous project now. Keep Bellevue beautiful.

103. feifei zhang (zip code: 98006)
| am very concerned about Puget Sound Energy's power lines project.

104. Phyllis Flood (zip code: 98006)

105. Ying Zhao (zip code: 98006)
Oppose the PSE project

106. Frances Lee (zip code: 98006)

THIS PROPOSED HIGH-TENSION CABLE IS AN AFFRONT TO OUR HEALTH (REGARDLESS OF
WHAT YOUR "EXPERTS" CLAIM) AND UNJUSTIFIABLE INVASION OF OUR ABILITY TO PAY
OVER THE LONG RUN. CEASE YOUR ATTACK ON OUR FINANCES AND ENVIRONMENT.

107. Steven Fricke (zip code: 98007)
108. Guanghai Zhang (zip code: 98006)

109. Gang Zhai (zip code: 98006)

We think the high voltage power line should not be close to schools and residential community
because

1. it's dangerous for kids

2.the high voltage power tower and power lines cause health issues.

3. the high voltage power tower and line will hurt the real estate value.

thanks
110. Gabriele Neighbors (zip code: 98004-8610)
111. Dee Mulford (zip code: 12302)

112. Glenna White (zip code: 98056)
I support and adopt the objections to the draft EIS as raised by CENSE. Do the right thing!

113. Glenn Gregory (zip code: 98006)

114. Stephen Lee (zip code: 98006)
Against power line in Somerset neighborhood

115. Margaret Niendorff (zip code: 98004)
Please review PSE's assumptions - they appear overblown and unnecessary. And "Energize
Eastside" harms our City in a Park.
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116. Margot Smith (zip code: 98006)

PSE's Energize Eastside proposal and in particular, its preferred 1A alternative are deeply flawed on
many counts. | am among many Bellevue residents opposing Alternative 1A and urging that the
Integrated Resources Approach (Alternative 2) be given comprehensive consideration. The EIS under
consideration does not include reliable and complete information by independent experts qualified in
these technologies.

117. Grace Li (zip code: 98006)

118. Julie Chen (zip code: 98006)
We don't want this project in our neighborhood for many reasons, which are probably already
addressed by many residents.

| just wanted to say this project is going backward from the trend--- while other countries and cities
are going underground, PSE is doing the opposite.

119. Patricia and Bruce Brown (zip code: 98006)
120. Gregg Smith (zip code: 98006)

121. Gretchan Lindsey (zip code: 98006)
As a rate payer and citizen, | expect your data, scenarios and options to be up- to- date using
current data and methods, accurate and not misleading.

122. Roy Grinnell (zip code: 98006)
To: Heidi Bedwell, Energize Eastside EIS Program Manager
From: Roy Grinnell, P.E.

Dear Ms. Bedwell,

| am very concerned about Puget Sound Energy's “Energize Eastside” project, which proposes to
build 18 miles of high-voltage transmission lines through four Eastside cities (Alternative 1A).

PSE tries to justify the need for the project using an impossible scenario with improper and flawed
assumptions that would cause regional blackouts, according to the Lauckhart-Schiffman Load Flow
Study, available at CENSE.org.

Alternative 1A would place new lines and poles much too close to aging petroleum pipelines.
Responsible safety standards require at least a 50 foot separation. A construction or operational
accident could cause a catastrophic pipeline explosion like the one that killed three Bellingham
residents in 1999. Pipeline corrosion along this line is already a problem. This risk is not adequately
addressed in the EIS.

Alternative 2, the Integrated Resources Approach, is a safer and less costly alternative. But the
solution described in the EIS was not developed or reviewed by independent experts that have
suitable experience with modern electrical grid technologies, including Demand Side Management
and Distributed Energy Resources. The costs and capabilities are based on inaccurate and obsolete
studies. As the Northwest Power Council’s Seventh Power Plan makes clear, a carefully developed
plan would easily beat alternative 1A in cost, safety, and support for the environment.
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The other transmission line options (1B, 1C, 1D and Alternative 3) are not practical for financial or
political reasons.

Ratepayers are asked to spend more than a billion dollars over the lifetime of PSE’s transmission line.
The Draft EIS must answer these basic questions in order to convince residents that we are getting
the best possible plan for our energy future.

123. Grace Drone (zip code: 98006)
Dear Ms. Bedwell,

| am very concerned about Puget Sound Energy's “Energize Eastside” project, which proposes to
build 18 miles of high-voltage transmission lines through four Eastside cities (Alternative 1A).

PSE tries to justify the need for the project using an impossible scenario that would cause regional
blackouts, according to the Lauckhart-Schiffman Load Flow Study, available at CENSE.org.

Alternative 1A would place new lines and poles much too close to aging petroleum pipelines.
Responsible safety standards require at least a 50 foot separation. A construction or operational
accident could cause a catastrophic pipeline explosion like the one that killed three Bellingham
residents in 1999. This risk is not adequately addressed in the EIS.

Alternative 2, the Integrated Resources Approach, is a safer and less costly alternative. But the
solution described in the EIS was not developed or reviewed by independent experts that have
suitable experience with modern electrical grid technologies, including Demand Side Management
and Distributed Energy Resources. The costs and capabilities are based on inaccurate and obsolete
studies. As the Northwest Power Council’s Seventh Power Plan makes clear, a carefully developed
plan would easily beat alternative 1A in cost, safety, and support for the environment.

The other transmission line options (1B, 1C, 1D and Alternative 3) are not practical for financial or
political reasons.

Ratepayers are asked to spend more than a billion dollars over the lifetime of PSE’s transmission line.
The Draft EIS must answer these basic questions in order to convince residents that we are getting
the best possible plan for our energy future.

124. haili sun (zip code: 98006)

125. Hannah Ge (zip code: 98006)

I'm very concerned about this project. My suggestions: first, let's evaluate if this project is indeed
needed and have no alternative solutions e.g. green energy or other lower energy consumption
approach for households or commercial estates in Bellevue, second, let's find out if the project can go
through a less invasive route than have to cut through residential areas including schools and busy
shopping areas.

126. Norm Hansen (zip code: 98005)
Phase 1 EIS needs a final report since the line may not be needed. See new load flow studies by
CENSE. Phase 2 would be a waste to rate payers if not needed.
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127. Helen Si (zip code: 98006)

128. Helen Tian (zip code: 98006)
129. Li Han (zip code: 98006)

130. David Herman (zip code: 98056)
131. Angela Allison (zip code: 98006)

132. Richard Howell (zip code: 98056)
PSE needs to listen to us. This project is not needed nor welcome. This is simply a corporate profit
grab at the expense of the rate payers and eastside residents.

133. Huatong Sun (zip code: 98006)

134. Hui Lu (zip code: 98006)
Against Energize Eastside project!

135. Huiying Ye (zip code: 98006)

136. Dana Tillson (zip code: 98005)
No need for new transmission lines

137. Chuanzhong Nie (zip code.: 98006)

138. Kevin Iden (zip code: 98056)
| am very concerned about Puget Sound Energy's “Energize Eastside”!!!

139. Irene Kearns (zip code: 98005)
140. LU ZHANG (zip code: 98006)

141. Test Cense (zip code: 98006)
A little comment

142. Jennifer Pinkowski (zip code: 98006)
143. Julie Huang (zip code: 98005)
144. Jacqueline Becker (zip code: 98006)

145. jamie kim (zip code: 98005)
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| am very opposed to this project because it appears independent evidence contradicts the need for
this project.

146. Jing chang (zip code: 98052)
147. Barbara Bobbitt (zip code: 98007)

148. Jane Kim (zip code: 98006)

NO HIGH POLE AND WIRE TOWERS in our neighborhood. There is eminent danger of hitting the
gas pipeline. Higher transmission wires and poles create sound and health dangers to people as
well.

149. JC McCabe (zip code: 98006)

150. Judy Mock (zip code: 98006)
Thank you for your time and concern with this important issue.

151. Jeffrey Byers (zip code: 98006)

152. Jennifer Xu (zip code: 98006)
No PSEG high voltage power line

153. Jennifer Wilson (zip code: 98006)

154. Jessie Chow (zip code: 98034)
We need to find a better solution for the future of our children and the environment, not for the short
term Corp profits.

155. Jeff Felix (zip code: 98005)
Based on all of the analysis that I've seen, we don't need this project.

156. Jian Chen (zip code: 98006)
157. Helen Liang (zip code: 98006)

158. NAN ZHU (zip code: 98006)
STOP PSE PROFITIBG AT LOCAL'S COST

159. JD Yu (zip code: 98006)
According to expert lauckhart-schiffman load flow study, there is enough capacity margin to serve
growth on the eastside for 20 to 40 years. There is no need to build new transmission line.

160. John Laughlin (zip code: 98006)
I'm concerned about safety with respect to the pipeline and neighborhood character.
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161. Linda Galluzzo (zip code: 98056)
162. Julie Lionetti (zip code: 98005)
163. Jodi Gable (zip code: 98006)

164. jodis zhu (zip code: 98006)
this is not good for our living environment

165. Joe DeGennaro (zip code: 98056)
To: Heidi Bedwell, Energize Eastside EIS Program Manager
From: Joe & Cathy DeGennaro

Dear Ms. Bedwell,

| am very concerned about Puget Sound Energy's “Energize Eastside” project, which proposes to
build 18 miles of high-voltage transmission lines through four Eastside cities (Alternative 1A).

PSE tries to justify the need for the project using an impossible scenario that would cause regional
blackouts, according to the Lauckhart-Schiffman Load Flow Study, available at CENSE.org.

Alternative 1A would place new lines and poles much too close to aging petroleum pipelines.
Responsible safety standards require at least a 50 foot separation. A construction or operational
accident could cause a catastrophic pipeline explosion like the one that killed three Bellingham
residents in 1999. This risk is not adequately addressed in the EIS.

Alternative 2, the Integrated Resources Approach, is a safer and less costly alternative. But the
solution described in the EIS was not developed or reviewed by independent experts that have
suitable experience with modern electrical grid technologies, including Demand Side Management
and Distributed Energy Resources. The costs and capabilities are based on inaccurate and obsolete
studies. As the Northwest Power Council’s Seventh Power Plan makes clear, a carefully developed
plan would easily beat alternative 1A in cost, safety, and support for the environment.

The other transmission line options (1B, 1C, 1D and Alternative 3) are not practical for financial or
political reasons.

Ratepayers are asked to spend more than a billion dollars over the lifetime of PSE’s transmission line.

The Draft EIS must answer these basic questions in order to convince residents that we are getting
the best possible plan for our energy future.

166. John Merrill (zip code: 98006)

167. Robert Jones (zip code: 98056)
Why are we wasting time on Puget Sound Energy's proposal when it is not needed, not safe, a blight
on the communities involved, and its only purpose is to make money for their investors?

168. joy paltiel (zip code: 98006)
| am signing this petition instead of writing my own letter simply because | share the concern of others
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and don't need to rewrite the message in any other way in order for you to get it. There are so many
reasons to stop this disaster from happening. | trust you will recognize that this because the
transmission lines need to be stop... for all the right reasons. Thank you for your attention.

169. Joy Phelps (zip code: 98006)
This unnecessary project exposes the greed of PSE, which puts the 9.8% ROI it will gain ahead of
public safety.

170. Yanping Liu (zip code: 98006)
171. Janet Berg (zip code: 98006)

172. Angela Juan (zip code: 98006)
| live right by the side of the trail along with the tall power line and Olympic Patroleum pipline in
Newport Hills Bellevue. It is scary enough already for us to live by those thing every day.

We definitely don't want Pugent Sound Energy to build even more taller, bigger, and stronger power
line by our house. These tall power lines will threaten our lives in the future if there's something
wrong with it and it will cause the explosion with the petroleum pipline and burn us into ashes in one
second!

If there's an seismetic gigantic earthquake which is expecting, happen in the future in our or our
children lifetime, these tall power lines will cause even more damage such as fire and burn down all
the houses and all the people when they fall from the earthquake because they are so Huge! We
don't need More Tragedy on top of the catastrophe! We PREVENT it!!!

We got way enough radiation already everyday live by these tall power lines, we Don't want those
huge tall power lines to NUKE us even more everyday in our life. We want to live healthy and Not to
get life threatening Cancer from those Huge power lines in our life.

We work hard in our life and finally we could afford to buy the house we live in now with 30 years of
mortgage. We Can't afford to lose our house value dropped by 20% or more because of those Huge
power lines!

Eastside is a very nice neighborhood here and we Don't want PSE to build those Huge Gigantic
power line to destroy and to threaten our lives, our health, our peace of mind, our property, and the

beauty of the nature where we live! So NO Giant Power Lines in Eastside!!! Seriously!!! Please and
Thank You!

173. Judith Mercer (zip code: 98006)
Please reject the PSE's Energize Eastside. It is unnecessary, expensive and dangerous.

174. Julia Chan (zip code: 98006)
No new energize project at somerset

175. kenn gennari (zip code: 98006)

176. Kalai Socha-Leialoha (zip code: 98005)
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We live in Bridle Trails. | agree with CENSE that what PSE wants to do is unnecessary on many
levels. | would not like to see their current plan go through if at all possible.

~ thank you,

Kalai Socha-Leialoha

177. Karen Xu (zip code: 98006)
Building high voltage power line at residential area and schools are huge potential hazard to local
community.

178. An anonymous signer (zip code: 98005)
As a homeowner | am Opposed the the proposed towers in Woodbridge; look beyond these
residential neighborhoods!

179. Katherine ma (zip code: 98006)
180. Kathleen Sherman (zip code: 98006)

181. Kathy Judkins (zip code: 98006)

Alternative 1A could cause my over a million dollar home to be demolished due to the 50 foot
clearance required from the pipeline. Also during construction | would have no access to my garage
or street on the easement. | will fight this plan until | die.

182. Kathleen Millen (zip code: 98059)
183. Kathy Woodman (zip code: 98005)
184. Kausik Kayal (zip code: 98056)

185. Keith Collins (zip code: 98005)
The whole process was flawed from the start. City hall seems to be in the pocket of PSE. Stop this
nonsense now!

186. Grace Zhang (zip code: 98006)

187. Kenneth YAMAMOTO (zip code: 98006)

The upgraded evidence convinces me that we do not need this extensive upgrade that PSE
proposed. If we can wait for the battery backups in in 10 to 20 years a less expensive and simpler
solution will be the way to go.

188. Kristin Quam (zip code: 98006)

| support the no action alternative because it gives the community time to increase conservation
efforts and to harness technological advancements. If alternative one is approved there will be no
going back. Please do what is best for our neighborhoods and community. PSE can find another way
to satisfy their foreign investors.

189. Karen Esayian (zip code: 98006)
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190. Kristi Weir (zip code: 98006)

DEIS should be about protecting the environment. The best thing for the environment would be NOT

to build Energize Eastside as it is to needed. We can meet our energy needs by renewable resources
as well as conservation through building design. It would be hard to replace the carbon sequestration
that 8000 tree provide and which Energize Eastside would cut down.

191. Steven Shimamoto (zip code: 98006)
NO POWER LINES!!

192. Shioon Kim (zip code: 98006)

Before PSE processes the high voltage project, they needs to prove it is safe or not for electric
magnetic field.

It looks like for them for their business grow but not for our residents.

193. Eri Koizumi (zip code: 98056)
After all, please think about what if your house is in this zone.

194. Kathleen Quam (zip code: 98006)

| support a no-action alternative. With the 15 year anniversary of the Nisqually earthquake, | am
reminded of the unique safety concerns our region faces. The proposed transmission lines are too
close to the aging Olympic pipeline.

195. Krishna Nareddy (zip code: 98006)
Please do not abuse the existing easement to install a high powered power transmission line whose
main purpose is to sell power to Canada.

Our neighborhoods will pay the price and that's not fair!
196. Kristen McSherry (zip code: 98005)

197. Larry Johnson (zip code: 98056)
| support and adopt the objections to the draft EIS as raised by CENSE. Do the right thing!

198. Laura Liutkiene (zip code: 98006)

199. yueqin wang (zip code: 98006)
Protect our beautiful home. Please give up or change new high voltage power line design in
Somerset. Thanks.

200. Laura Boylan (zip code: 98008)
201. Leah Willert (zip code: 98027)

202. Leslie Milstein (zip code: 98006)
Let's have better studies of the project.
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203. Anita Li (zip code: 98006)
204. Jeanette Liao (zip code: 98006)

205. Steve wu (zip code: 98006)
support CENSE, keep our community safe for kids.

206. Linda Anderson (zip code: 98005)
207. Lindsey Kaner (zip code: 98055)

208. liping ke (zip code: 98006)
Make it less impact to our neighborhood make it environmental friendly

209. Lisa Howard (zip code: 98006)

210. Lori Elworth (zip code: 98056)

Pause this EIS here and get the truth. Determine energy need that is unbiased. The city of Bellevue,
as the lead agency, should determine need. You have the responsibility to control this process with
regard to safety and cost. Use your independent technical experts and legal council and pause the
DEIS. PSE is not providing answers to questions asked by CENSE. | am a member of CENSE.

211. Lori Wheatley (zip code: 98006)
To: Heidi Bedwell, Energize Eastside EIS Program Manager
From: Lori Wheatley

Dear Ms. Bedwell,

| am very concerned about Puget Sound Energy's “Energize Eastside” project, which proposes to
build 18 miles of high-voltage transmission lines through four Eastside cities (Alternative 1A).

PSE tries to justify the need for the project using an impossible scenario that would cause regional
blackouts, according to the Lauckhart-Schiffman Load Flow Study, available at CENSE.org.

Alternative 1A would place new lines and poles much too close to aging petroleum pipelines.
Responsible safety standards require at least a 50 foot separation. A construction or operational
accident could cause a catastrophic pipeline explosion like the one that killed three Bellingham
residents in 1999. This risk is not adequately addressed in the EIS.

Alternative 2, the Integrated Resources Approach, is a safer and less costly alternative. But the
solution described in the EIS was not developed or reviewed by independent experts that have
suitable experience with modern electrical grid technologies, including Demand Side Management
and Distributed Energy Resources. The costs and capabilities are based on inaccurate and obsolete
studies. As the Northwest Power Council’s Seventh Power Plan makes clear, a carefully developed
plan would easily beat alternative 1A in cost, safety, and support for the environment.

The other transmission line options (1B, 1C, 1D and Alternative 3) are not practical for financial or
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political reasons.

Ratepayers are asked to spend more than a billion dollars over the lifetime of PSE’s transmission line.
The Draft EIS must answer these basic questions in order to convince residents that we are getting
the best possible plan for our energy future.

212. Luxi Ji (zip code: 98006)

213. Lorraine Meyer (zip code: 98005)

| do not feel that this project is in the best interests for the Eastside and the residents. The logistics of
installing these mammoth poles in our area is certainly unreasonable due to access to the proposed
area.

214. Lucy Regan (zip code: 98006)
| am against locating the proposed power lines in close proximity to aging petroleum pipelines, next to
Tyee middle school to put potential safety risk to our neighborhood and students.

215. Matthew Luhr (zip code: 98058)
Enough is enough.

216. Lori White (zip code: 98005-1353)

217. Laurie Wick (zip code: 98005)
Go back to the drawing board! The need for Energize Eastside as proposed has NOT been
demonstrated.

218. Michelle Liu (zip code: 98006)
Negative impact to the environment, safety issues for the community.

219. Lily Yin (zip code: 98006)
EIS program will definitely damage all scenic view from eastside. We love this land because it is
becautiful. We enjoyed the land and against any program would destroy the view.

220. Lynn Ang (zip code: 98006)

There is no need for a 18 foot overhead transmission line. Any new lines should be underground. It's
ugly, outdated and dangerous to have such a thing in a neighborhood. It's also expensive and destroy
the beauty of our neighbour.

221. Lynne Prevette (zip code: 98056)

Because the DEIS used PSE's Load Flow data to prove the actual need for the project, it seems
glaringly flawed. | would encourage a fair report. Certainly the cost of your own Load Flow Study
would look small compared with the cost and damage of Energize Eastside.

Thank you.

222. Linda Young (zip code: 98056)
STOP THIS NOW - IT IS NOT NEEDED.
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YOU CANNOT DESTROY HOMES AND WRECK FAMILIES LIVES

YOU CANNOT CHOP DOWN 8000 TREES

YOU CANNOT PUT PEOPLE IN DANGER - OLYMPIC PIPE LINE IN THE EXACT SAME PATH AS
230 VOLTAGE - DO YOU WANT TO BE RESPONSIBLE FOR PEOPLE BEING BURNT TO DEATH?

223. mingmei xu (zip code: 98006)
pse is crazy for money. They think of none for local residence.

224. Lisa Beelin (zip code: 98005)

225. Marcia LeVeque (zip code: 98006)

Please be progressive in planning to keep Bellevue a safe place for all our neighborhoods without
high voltage poles near an oil pipeline. It's important to consider different alternatives that other states
are already using to help provide the power we need for our beautiful city.

226. Marty Arnot (zip code: 98006)
Let's not destroy our neighborhoods with unneeded power poles. There are better solutions for the
Eastside

227. Mei Qi (zip code: 98006)
228. Melinda Carbon (zip code: 98008)

229. Michael Evered (zip code: 98006)
This project is not needed, would endanger pubic safety and would be a visual blight on our City

230. Linda Meyer (zip code: 98005)
| do not feel it is necessary for large high wire lines. If energy is needed their is other options. Do not
believe energy is needed for this area.

231. Mark Grossbard (zip code: 98005)
232. Michael Kenway (zip code: 98005)

233. Tomiko Teramoto (zip code: 98056)

We are retired couple and hope to end our life here. If our home is purchased by PSE, we can not get
similar value and environment house any more. We can not get mortgage because we live with
limited income.

You are destroying our life!
234. Michael Zwilling (zip code: 98007)

235. Michele Miller (zip code: 98005)
Enough is enough | already have the four lines of power and two pipelines. The people that maintain
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these utilities forget the properties belong to the home owners and not them. All this happens on less
then an acre of land. My family has owned this property since 1971. This is all about PSE selling
more power outside this area and making money not protecting us for the future.

236. Mina Peterson (zip code: 98005)

As a full time real estate professional for 30 years, | can say unequivocally putting any visible towers
in this or any neighborhood will dramatically devalue homes considerably throughout the
neighborhoods and have a continued impact indefinitely.

The impact will be felt immediately and even the possibility of this project proceeding will and is
something that buyers who might be considering a move to the area are asking about and rethinking
the locations they are considering.

Whether or not the energy companies care or consider our home values, Buyers and Homeowners do
care.

| know many many buyers and property owners believe, living near these towers can cause cancers
and have other potential harmful health effects. This belief is particularly evident with the wave of
many cultures new to the area. It is definitely seen as bad luck and bad energy.

Just having the power towers that currently run through these areas or any other, | can attest to the
fact that 80% or more of the potential buyers to a particular home in close proximity to these current
towers will NOT purchase a home due to health concerns alone, real or not real.

The values of homes with views will drop as well just having the eye sore of possible huge towers, not
just possible health concerns.

RUN THE CABLE UNDERGROUND AND IN CABLES ON THE FLOOR OF LAKES! NOT
THROUGH OUR NEIGHBORHOODS.

237. Mary Lynne Poole (zip code: 98005)
Puget Sound is pushing ugly, unnecessary and dangerous high tension wires throughout the East
side. Please rule against Puget Sound.

238. Min Chen (zip code: 98006)
239. Michelle Molan (zip code: 98006)

240. Margaret Moore (zip code: 98006)
PSE cannot be allowed to move forward with this project as planned. There is ample evidence that it
is poorly conceived for many of the wrong reasons. Help us now!

241. Money Wan (zip code: Wa98056)
Do not agree with PSE plan .

242. Mindy Suurs (zip code: 98006)

243. Mei yan (zip code: 98006)
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244, Natalie Duryea (zip code: 98005)
Save our City!!!l

245. Thomas Neighbors (zip code: 98004-8610)

246. Hao Wang (zip code: 98006)
Dear Ms. Bedwell:

We are very concerned about PSE's proposal to build 130 ft tall power lines that potentially go
through several Bellevue residential neighborhoods. The concept to build high voltage transmission
lines in the middle of residential homes is extremely irresponsible. It will creat significant risks to the
people who live in the adjacent areas. Our city is located in a seismic active zone. And those
transmission lines are too close to the petroleum pipelines and residential homes.

As a public official, you are in the position can change this project into right direction. We ask you to
listen to the voices of local residents. Please don't let the big cooperation dictate the future of our
beautiful city.

Thank you very much!

Sincerely yours,

Hao Wang

Yingli Xu
Emily Wang

247. Choy Leng Yeong (zip code: 98006)

248. Judith Odell (zip code: 98006)
Please do not have these built.

249. Orville Gunnoe (zip code: 98007)

There is a reason why responsible power/utility companies found their origins as government-owned
organizations. PSE could learn lessons by not trying to bulldoze or steamroill its customers to submit
to poorly devised and flawed plans for the future.

250. Ontie Griebel (zip code: 98005)

251. Michael Oldham (zip code: 98006)
| am against any new power transmission lines being added next to the Lake Lanes corridor.

252. Jin Wang (zip code: 98006)

253. Eugen Pajor (zip code: 98056)
Please stop the "not needed" and unsafety PSE project

254. Patricia Magnani (zip code: 98006)
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255. Patricia Janes (zip code: 98005)

The PSE proposal is dangerous, will destroy the views of many, will send the power to Canada, will
send the profits to Australia at the expense of all the rate payers in All the cities involved. There are
alternatives that would give the extra power, if really needed. These have been neglected by PSE.
The city of Bellevue and others involved deserve more respect. Please ask for it Thank you.

256. Paul Kim (zip code: 98006)

257. Pal Nichoson (zip code: 98052)
This "Energize Eastside" project by Puget sound Energy is a badly flawed idea that is not needed.
Lets put a hold on this now.

258. Julie Baker (zip code: 98005)
We are very concerned about the PSE powerline project and do not believe that adequate research
has been performed to justify the need for these proposed towers.

259. PING CHEN (zip code: 98006)

260. Penny Bahner (zip code: 98005)

The PSE's Energize Eastside project is shown to not be necessary per the Lauckhart-Schiffman Load
Flow Study and it is just another way that a government agency believes we, the people, are stupid
and uninformed. | am absolutely not in favor of this project being jammed down our throats.

261. Peter Wise (zip code: 98007)
Please think harder and more deeply about how you can improve service without putting Eastside
residents in danger and destroying our views with giant poles and pylons.

262. Petra SixI (zip code: 98006)

| have great fears regarding safety in our area and communities. In the Seattle Times on Sunday,
2/28/16, was an article about a Quake drill in June. The article says, the next Quake will be far more
damaging then the one in 2001, magnitude 9, which is equivalent to 35,2 billion tons of TNT and will
last 4-5 minutes.

| think, we all should keep this in mind when we plan for our future!

263. Phil Sherman (zip code: 98006)

264. Margie Pietz (zip code: 98056)

| really resent the way PSE is trying to ram this project down our throats. It will not only be a huge
blight to our neighborhood but take away some of our homes. PSE has not shown that this project is
needed and the net result of building this mega project is we get to pay for it and PSE makes money
selling the extra power to Canada, etc.

265. ping yin (zip code: 98006)

266. Huimin Huang (zip code: 98056)
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267. Qiang Zhang (zip code: 98006)
negative impacts on environments; safety issues to our communities; et al

268. Li Qiao (zip code: 98006)
To: Heidi Bedwell, Energize Eastside EIS Program Manager
From: [Your Name]

Dear Ms. Bedwell,

| am very concerned about Puget Sound Energy's “Energize Eastside” project, which proposes to
build 18 miles of high-voltage transmission lines through four Eastside cities (Alternative 1A).

PSE tries to justify the need for the project using an impossible scenario that would cause regional
blackouts, according to the Lauckhart-Schiffman Load Flow Study, available at CENSE.org.

Alternative 1A would place new lines and poles much too close to aging petroleum pipelines.
Responsible safety standards require at least a 50 foot separation. A construction or operational
accident could cause a catastrophic pipeline explosion like the one that killed three Bellingham
residents in 1999. This risk is not adequately addressed in the EIS.

Alternative 2, the Integrated Resources Approach, is a safer and less costly alternative. But the
solution described in the EIS was not developed or reviewed by independent experts that have
suitable experience with modern electrical grid technologies, including Demand Side Management
and Distributed Energy Resources. The costs and capabilities are based on inaccurate and obsolete
studies. As the Northwest Power Council’s Seventh Power Plan makes clear, a carefully developed
plan would easily beat alternative 1A in cost, safety, and support for the environment.

The other transmission line options (1B, 1C, 1D and Alternative 3) are not practical for financial or
political reasons.

Ratepayers are asked to spend more than a billion dollars over the lifetime of PSE’s transmission line.
The Draft EIS must answer these basic questions in order to convince residents that we are getting
the best possible plan for our energy future.

269. Qi Li (zip code: 98006)

270. Angela qu (zip code: 98006)
271. Bin Xu (zip code: 98006)

272. Rachel Ting (zip code: 98006)

273. Rajendra Kuramkote (zip code: 98056)
To: Heidi Bedwell, Energize Eastside EIS Program Manager
From: Rajendra Kuramkote

Dear Ms. Bedwell,
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| am very concerned about Puget Sound Energy's “Energize Eastside” project, which proposes to
build 18 miles of high-voltage transmission lines through four Eastside cities (Alternative 1A).

PSE tries to justify the need for the project using an impossible scenario that would cause regional
blackouts, according to the Lauckhart-Schiffman Load Flow Study, available at CENSE.org.

Alternative 1A would place new lines and poles much too close to aging petroleum pipelines.
Responsible safety standards require at least a 50 foot separation. A construction or operational
accident could cause a catastrophic pipeline explosion like the one that killed three Bellingham
residents in 1999. This risk is not adequately addressed in the EIS.

Alternative 2, the Integrated Resources Approach, is a safer and less costly alternative. But the
solution described in the EIS was not developed or reviewed by independent experts that have
suitable experience with modern electrical grid technologies, including Demand Side Management
and Distributed Energy Resources. The costs and capabilities are based on inaccurate and obsolete
studies. As the Northwest Power Council’'s Seventh Power Plan makes clear, a carefully developed
plan would easily beat alternative 1A in cost, safety, and support for the environment.

The other transmission line options (1B, 1C, 1D and Alternative 3) are not practical for financial or
political reasons.

Ratepayers are asked to spend more than a billion dollars over the lifetime of PSE’s transmission line.
The Draft EIS must answer these basic questions in order to convince residents that we are getting
the best possible plan for our energy future.

274. William Rambo (zip code: 98006)

Marylin an | have attended many PSE meetings at City Hall, Hotels and neighborhood discussions.
We have done it:

- Out of SAFETY concerns with the gas lines (Possible fires will run up the hill very fast).

- The PSE forecast on growth in demand vs actual expectations seem to be greatly overblown.

- PSE's inputs into the simulations neglect the supplemental generation that the "rate payers" have
already funded for peak shaving in emergencies.

- the analysis gives no importance to the negative property value impact of the industrial look on one
of the largest and best Puget Sound Basin/ Olympic Mt. view subdivisions which invested in
underground distribution to protect the views.

We don't see a need or justification for this significant investment at the expense of rate payers.

Respectiully,
Marylin and Bill Rambo

275. Randy Chung (zip code: 98056)

276. Russell Borgmann (zip code: 98005)
Please address fundamental flaws in EIS assumptions and the EIS process.

277. Michael Davis (zip code: 98006)
Very concerned about damage to pipeline and noise from wires. Our house is very close. and
existing electrical line crosses over our backyard. The pipeline also is in our backyard.
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278. Frank Song (zip code: 98006)
this is not good for our environmemt

279. Rebecca Kinnestrand (zip code: 98052)

| do not believe PSE has the welfare of the citizens of this area in mind. Building power lines over the
gas pipeline is an extreme danger to our house and my children who play within 20 yards of the
buried pipeline. The Eastside does not need more power, that is only what PSE is saying to push
through this project.

280. Rebecca Laughlin (zip code: 98006)

281. Rhee Eliker (zip code: 98006)
| strongly believe, based on the research done by CENSE, that this project is neither necessary nor
safe for the citizens of Bellevue and the surrounding communities.

282. Richard Chen (zip code: 98006)

283. Bo Han (zip code: 98006)
Dear Ms. Bedwell,

| am very concerned about Puget Sound Energy's “Energize Eastside” project, which proposes to
build 18 miles of high-voltage transmission lines through four Eastside cities (Alternative 1A).

PSE tries to justify the need for the project using an impossible scenario that would cause regional
blackouts, according to the Lauckhart-Schiffman Load Flow Study, available at CENSE.org.

Alternative 1A would place new lines and poles much too close to aging petroleum pipelines.
Responsible safety standards require at least a 50 foot separation. A construction or operational
accident could cause a catastrophic pipeline explosion like the one that killed three Bellingham
residents in 1999. This risk is not adequately addressed in the EIS.

Alternative 2, the Integrated Resources Approach, is a safer and less costly alternative. But the
solution described in the EIS was not developed or reviewed by independent experts that have
suitable experience with modern electrical grid technologies, including Demand Side Management
and Distributed Energy Resources. The costs and capabilities are based on inaccurate and obsolete
studies. As the Northwest Power Council’s Seventh Power Plan makes clear, a carefully developed
plan would easily beat alternative 1A in cost, safety, and support for the environment.

The other transmission line options (1B, 1C, 1D and Alternative 3) are not practical for financial or
political reasons.

Ratepayers are asked to spend more than a billion dollars over the lifetime of PSE’s transmission line.
The Draft EIS must answer these basic questions in order to convince residents that we are getting
the best possible plan for our energy future.

284. Rita Lei (zip code: WA98006)

285. Robert Zapalski (zip code: 98056)
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286. Ronda Woodcox (zip code: 98006)
287. Rachel Primeau (zip code: 98007)

288. Ronald Redpath (zip code: 98056)

The justification for this project appears to have been manipulated to arrive at the desired answer. In
addition, | am very concerned about the safety of this project in that it shares space with the Olympic
Pipeline.

289. Ruth Marsh (zip code: 98006)

290. Kathryn Behrens (zip code: 98006)

Many children play in the Forest Hill Neighborhood park which is adjacent to the Olympic Pipeline, not
to mention the homes that are also adjacent to this pipeline. Please do not place new poles and lines
close to these aging pipelines, parks, and homes.

291. Ryan Shan (zip code: 98006)
292. Shannon Rome (zip code: 98033)

293. Sandra Alston (zip code: 98004)
Please make available to customers more info to explain contradictory findings. This would include--
need,cost.and hazards.

294. Sandy Seppi (zip code: 98027)
295. Sarah Daniels (zip code: 98006)
296. scally liang (zip code: 98006)

297. Scott LeVeque (zip code: 98006)

Please hold PSE accountable to respond to the numerous concerns raised against this project. I've
attended multiple meetings where PSE simply deflects, or refuses to answer, questions which get
raised that challenge their own internal agenda.

Thank you.

298. Sean Cox (zip code: 98006)

299. Kayla Laughlin (zip code: 98056)

| am yet to be convinced we need this expensive project. | am very concerned for neighborhood
safety, and the detrimental impact on our communities and environment. | now hear that homes in my
neighborhood may need to be removed to expand the easement that runs through Newcastle (which
has two gas pipelines)! If and when this project is needed, we all know there are other alternatives
with less impact on our neighborhoods and our pocketbooks.
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300. Yanbing Wang (zip code: 98006)
| have two little kids. | am really concern the impact on kids' health.

301. Sam Esayian (zip code: 98006)

302. Susan Hagensen (zip code: 98006)
Please consider the findings of CENSE.

303. Sharon Chen (zip code: 98006)
304. Shi Sun (zip code: 98006)

305. xiao Meng (zip code: 98006)
We don't want power line going through Somerset area.

306. Jamie Tan (zip code: 98006)

307. Zhi Sun (zip code: 98006)
| am against the PSE's plans to build 230kv 130-foot power poles though Somerset and our city.

308. helen wu (zip code: 98006)
no high voltage power transmission line in Somerset area, we want Green tree and safety park for
family.

309. Shyan Griffith (zip code: 98006)

We want to preserve the appearance of our neighborhood and protect the environment for our
children by fighting against PSE's plans to build 230kv 130-foot power poles though Somerset and
our city.

310. Sirisha Dontireddy (zip code: 98006)
311. Steven Geagan (zip code: 98056)

312. LeMoin Beckman (zip code: 98006)
Please do not let this ugly, costly, and unnecessary tragedy happen.

313. Charles Cobb (zip code: 98006)
Bring Sanity back to Bellevue. Stop this unneeded corporate ripoff

314. Chao Song (zip code: 98006)
315. Sonia Zwilling (zip code: 98007)

316. sue johnson (zip code: 98007)
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| don't believe PSE really needs to do this and that it is simply a way to increase their profits.
317. Sorin Gherman (zip code: 98006)
318. Spencer Hinds (zip code: 98006)

319. Sue Stronk (zip code: 98056)
Stop this process now and unite Lauckhart and PSE in front of EFSEC and settle NEED once and for
all!

320. Star Evans (zip code: 98006)
The eagles have a nest in the tree above my house and the lines would literally span OVER the top of
my house!

321. Stuart Campbell (zip code: 98006)
Is this really necessary?

322. mary lienhard (zip code: 98005)
im against this project

323. Stanislav Rumega (zip code: 98006)
324. Su Yamamura (zip code: 98006)
325. Xun Sun (zip code: 98005)

326. susan wu (zip code: 98006)
We need keep our community safe.

327. Suzie Lyons (zip code: 98005)

Please take Cense's viewpoint very seriously. These types of big business pushes happen all over
the world because individuals do not have the time or resources to respond to the bully tactics of
wealthy businesses. Cense is doing something positive for the individuals of Bellevue (and
surrounding communities) so please listen.

328. Terry and Kari Block (zip code: 98006)
Please correct the flaws in the Energize Eastside draft EIS. Protect our neighborhoods!

329. Tammy Alford (zip code: 98006)
330. Yuhong Liu (zip code: 98006)

331. Tanya Franzen-Garrett (zip code: 98006)
The lack of regulation, oversight and accountability with regards to PSE and their proposed
"necessary project" greatly disturbs me. A privately, foreign owned company should not be allowed to
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bully it's will and profit gain onto the backs of unwilling citizens. Not only will it cost us Millions of
dollars, but it will greatly affect our neighborhoods, the esthetics that we have worked hard to build
and maintain, and our property values.

332. Thomas Cezeaux (zip code: 98056)
I don't believe PSE's rationale for the need of this project is accurate.

333. Randy Tada (zip code: 98006)
Please eliminate this wasteful and unnecessary project to protect our neighborhoods and our
pocketbooks.

334. Irene Endow (zip code: 98006)
| am very concerned about the enormous poles being so close to the pipeline. No good can come of
this combination. Please don't let this unnecessary plan go through.

335. Richard Kaner (zip code: 98006)
336. erich kirsch (zip code: 98005)

337. Tim liu (zip code: 98006)
support CENSE, keep our community safe for kids.

338. Todd Johnson (zip code: 98006)
339. Ron Wilson (zip code: 98006)
340. Todd Dunlap (zip code: 98005)

341. Trent Wheatley (zip code: 98006)

To: Heidi Bedwell, Energize Eastside EIS Program Manager
From: Trent Wheatley

Dear Ms. Bedwell,

| am very concerned about Puget Sound Energy's “Energize Eastside” project, which proposes to
build 18 miles of high-voltage transmission lines through four Eastside cities (Alternative 1A).

PSE tries to justify the need for the project using an impossible scenario that would cause regional
blackouts, according to the Lauckhart-Schiffman Load Flow Study, available at CENSE.org.

Alternative 1A would place new lines and poles much too close to aging petroleum pipelines.
Responsible safety standards require at least a 50 foot separation. A construction or operational
accident could cause a catastrophic pipeline explosion like the one that killed three Bellingham
residents in 1999. This risk is not adequately addressed in the EIS.
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Alternative 2, the Integrated Resources Approach, is a safer and less costly alternative. But the
solution described in the EIS was not developed or reviewed by independent experts that have
suitable experience with modern electrical grid technologies, including Demand Side Management
and Distributed Energy Resources. The costs and capabilities are based on inaccurate and obsolete
studies. As the Northwest Power Council’s Seventh Power Plan makes clear, a carefully developed
plan would easily beat alternative 1A in cost, safety, and support for the environment.

The other transmission line options (1B, 1C, 1D and Alternative 3) are not practical for financial or
political reasons.

Ratepayers are asked to spend more than a billion dollars over the lifetime of PSE’s transmission line.
The Draft EIS must answer these basic questions in order to convince residents that we are getting
the best possible plan for our energy future.

342. Terry Sinclair (zip code: 98006)

Fixed-income senior, home is part of my retirement plan. This unneeded project will depreciate home
values & is high safety-risk to implement. No justification for the project, if one is honest about load
study assumptions.

343. Tom Weir (zip code: 98006)

This project is not needed and the there are other technologies to use to meet any future demand
which are less harmful to the environment and would make the system more flexible and less prone to
blackouts.

344. Yuqgiong Liu (zip code: 98006)

345. Gary A. Johnson (zip code: 98006)
Supports Alternative 2

346. ning wang (zip code: 98006)
Negative impact on environment.

347. William Herling (zip code: 98006)
To: Heidi Bedwell, Energize Eastside EIS Program Manager
From: William Herling

Dear Ms. Bedwell,
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| am very concerned about Puget Sound Energy's “Energize Eastside” project, which proposes to
build 18 miles of high-voltage transmission lines through four Eastside cities (Alternative 1A).

PSE tries to justify the need for the project using an impossible scenario that would cause regional
blackouts, according to the Lauckhart-Schiffman Load Flow Study, available at CENSE.org.

Alternative 1A would place new lines and poles much too close to aging petroleum pipelines.
Responsible safety standards require at least a 50 foot separation. A construction or operational
accident could cause a catastrophic pipeline explosion like the one that killed three Bellingham
residents in 1999. This risk is not adequately addressed in the EIS.

Alternative 2, the Integrated Resources Approach, is a safer and less costly alternative. But the
solution described in the EIS was not developed or reviewed by independent experts that have
suitable experience with modern electrical grid technologies, including Demand Side Management
and Distributed Energy Resources. The costs and capabilities are based on inaccurate and obsolete
studies. As the Northwest Power Council’s Seventh Power Plan makes clear, a carefully developed
plan would easily beat alternative 1A in cost, safety, and support for the environment.

The other transmission line options (1B, 1C, 1D and Alternative 3) are not practical for financial or
political reasons.

Ratepayers are asked to spend more than a billion dollars over the lifetime of PSE’s transmission line.
The Draft EIS must answer these basic questions in order to convince residents that we are getting
the best possible plan for our energy future.

348. Baicen Wang (zip code: 98006)
349. Yuan Li (zip code: 98006)
350. Wendy Dore (zip code: 98006)

351. JOHN WOO (zip code: 98056-1796)

Home/property was purchased in 1987 knowing that Olympic Pipeline was in "my backyard", safe
from further development. Boy was | wrong. If Alternative 1A moves forward, my home/property will
be "MARKED FOR DEATH". Why should | continue to pay Property Tax if the only value left is with
PSE?

352. Le Wang (zip code: 98006)

353. Wolfgang Sixl (zip code: 98006)
Please correct the flaws

354. Xudan He (zip code: 98006)
No new high voltage power lines in the neighborhood please. Thanks.

355. Xiaohong yang (zip code: 98006)
Please don't build the new powerline in our neighbor. It's not safe, and lower our neighborhood
environment.
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356. Xiao Shang (zip code: 98006)
Not safe for dense neighborhoods

357. Xin Yu (zip code: 98006)

358. Xueyi Wang (zip code: 98006)
Strongly support CENSE!

359. Yan Jiang (zip code: 98006)
please don't hang power lines over our neighborhood schools. our kids need a safe environment to
grow up.

360. Yan zhou (zip code: 5402301158)
| strongly object this project since it will have an negative effect on environment and people.

361. Allen Su (zip code: 98008)
The right thing needs to be done. The proper assessement should be made before reaching any
decision.

362. Grace Huang (zip code: 98006)

To: Heidi Bedwell, Energize Eastside EIS Program Manager
From: Grace Huang

Dear Ms. Bedwell,

| am very concerned about Puget Sound Energy's “Energize Eastside” project, which proposes to
build 18 miles of high-voltage transmission lines through four Eastside cities (Alternative 1A).

PSE tries to justify the need for the project using an impossible scenario that would cause regional
blackouts, according to the Lauckhart-Schiffman Load Flow Study, available at CENSE.org.

Alternative 1A would place new lines and poles much too close to aging petroleum pipelines.
Responsible safety standards require at least a 50 foot separation. A construction or operational
accident could cause a catastrophic pipeline explosion like the one that killed three Bellingham
residents in 1999. This risk is not adequately addressed in the EIS.

Alternative 2, the Integrated Resources Approach, is a safer and less costly alternative. But the
solution described in the EIS was not developed or reviewed by independent experts that have
suitable experience with modern electrical grid technologies, including Demand Side Management
and Distributed Energy Resources. The costs and capabilities are based on inaccurate and obsolete
studies. As the Northwest Power Council’s Seventh Power Plan makes clear, a carefully developed
plan would easily beat alternative 1A in cost, safety, and support for the environment.

The other transmission line options (1B, 1C, 1D and Alternative 3) are not practical for financial or
political reasons.

Ratepayers are asked to spend more than a billion dollars over the lifetime of PSE’s transmission line.
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The Draft EIS must answer these basic questions in order to convince residents that we are getting
the best possible plan for our energy future.

363. Ying Liu (zip code: 98006)
| live close to the power line. There're studies showed that the high voltage power lines have negative
effects to children's development. It's unfair to sacrifice my children's health to "energize Canada”

364. Yiting huang (zip code: 98006)
i strongly against this PSE project

365. Maya Keselman (zip code: 98006)
No to new power lines.

366. Yun Li (zip code: 98056)

367. David Zhang (zip code: 98006)
Save our environment! No Powerlines!

368. yong zhang (zip code: 98006)
The power line is too close to tyee middle school. It also damage housing market in my
neighborhood. | am strongly against it

369. Mingyan Li (zip code: 98006)

370. Wei Zhuang (zip code: 98006)
negative impacts on environments; safety issues to our communities

371. Zhenming Jiang (zip code: 98006)

372. jian zhang (zip code: 98006)
Pse shiuld consider the safety and property value of local residents, in stead of only corporate profit.

DSD 007791



Gary Albert
4629 142nd PL SE
Bellevue 98006

albert.gary@gmail.com

Tammy Alford
14006 SE 44th Place
Bellevue 98006

tammyandmichael@comecast.net

Angela Allison
15053 SE 44th St
Bellevue, WA 98006

hopkinsangela@gmail.com

Carol Almero
15812 SE 24th St
Bellevue WA 98008

carolalmero@gmail.com

Sandra Alston

10555 main st. Apt 414
Bellevue 98004
sandraal2@comcast.net

Linda Anderson
2515 122ND AVE SE
BELLEVUE 98005

linda anderson30@yahoo.com

DSD 007792



Lynn Ang
4408 Somerset Blvd SE
Bellevue, WA 98006 98006

lynn ang@hotmail.com

Tyler Armstrong
Bellevue 98007

cense@junglemonkey.us

Marty Arnot
Bellevue 98006

martyarnot@comecast.net

Penny Bahner
2001 123rd Ave SE
Bellevue 98005

penny.bahner@ssamarine.com

Jacqueline Becker
4918 136th PI SE
Bellevue 98006

jacquibecker@comcast.net

LeMoin Beckman
5209 Lakehurst Lane
Bellevue 98006

skipbl126@gmail.com

DSD 007793



Lisa Beelin
13604 SE 18th St
Bellevue, WA 98005

mail@lisalberlin.com

Kathryn Behrens

5333 134th Avenue SE
Bellevue, Wa 98006 98006
rwbehrens@comcast.net

Janet Berg
6224 129th PI SE
Bellevue 98006

ishbergl@comecast.net

Beth Billington
Bellevue 98004
beth@bethbillingten.com

Terry and Kari Block
6027 Hazelwood LN SE
Bellevue 98006

tablock@comcast.net

Barbara Bobbitt
2511 155th Ave SE
Bellevue 98007

janebobbittl@aol.com

DSD 007794



Russell Borgmann
2100 120th Place SE
Bellevue 98005

rborgmann@hotmail.com

Andrea Borgmann
2100 120th Place SE
Bellevue 98005

andrea_sato@hotmail.com

Fran k Bosone
4544 Somerset Dr SE
Bellevue 98006 98006

fbosone@comcast.net

Michael Boyce
4932 131st Place SE
Bellevue 98006

boycewest@centurylink.net

Laura Boylan
Bellevue 98008

Iboylan95@gmail.com

DSD 007795



Barbara Braun
13609 se 43rd pl
Bellevue 98006

bbraun@stratery.com

Patricia and Bruce Brown
4700 Lakehurst Lane SE
Bellevue 98006

gregerbrown@gmail.com

Michele Brown-Ruegg
4570 Somerset Blvd SE
Bellevue 98006

brownruegg@yahoo.com

Debra Burges
3312 131st Ave NE

Bellevue WA 98005-1335 98005
debraburges@hotmail.com

Chris Burges
3312 131st Ave NE

Bellevue WA 98005-1335 98005

chrisjcb@hotmail.com

Jeffrey Byers
12989 SE 46th Pl
Bellevue 98006

jeffreypbyers@gmail.com

DSD 007796



Angela Byers
Bellevue 98006

angela.hung.byers@gmail.com

Stuart Campbell
12608 SE 61st St
Bellevue 98006

stuart.c.campbell@gmail.com

Melinda Carbon
390 160th PL SE
Bellevue 98008

melindacarbon@hotmail.com

Cherie Carchano
Bellevue 98008

ccarchano@netscape.net

Anna Ceberio-Verghese
18524 SE 60TH ST
ISSAQUAH 98027

annaceberig@yahoo.com

Thomas Cezeaux
8403 128th AVE SE
Newcastle 98056

tcezeaux@yahoo.com

DSD 007797



Julia Chan
somerset Dr se
Bellevue 98006

juliac@prudentmortgage.com

Hong chang
Bellevue 98006
changh0210@hotmail.com

Jing chang
Redmond 98052

jane_jingchang@hotmail.com

Carin Chatterton
8449 129th Ave SE
Newcastle 98056

cchatterton@cgmcast. net

Min Chen
3814 139th Ave SE
Bellevue 98006

mmchenb6@yahoo.com

Julie Chen
14506 SE 46th St.,
Bellevue 98006

greenhousetex@comecast.net

DSD 007798



PING CHEN
SE 45th COUNT
BELLEVUE 98006

pchenchen@126.com

Mei Chen
4624 139th Ave SE
Bellevue 98006

chennei5555@gmail.com

Jian Chen
131stPL
Bellevue 98006

jianchen06@gmail.com

Beibei Chen
13353 se 43rd st
Bellevue 98006

bbchen8l@gmail.com

Sharon Chen
4460 144th Ave SE
Bellevue 98006

sharonchen@hotmail.com

DSD 007799



Wei Wei Chen
4544 130th pl Se
Bellevue 98006

cvivianw@yahoo.com

Richard Chen
7337 169th pl se
Bellevue 98006

rickvchen5199@gmail.com

Jenny Choi
5301 135th PL SE
Bellevue 98006

ahoychoi@yahoo.com

Jessie Chow
6012 142B ct se
bellevue 98034

jessiechow8@gmail.com

Randy Chung
Renton 98056

randythechung@gmail.com

Charles Cobb
13126 SE 47th St
Bellevue 98006

skywalkr@rocketmail.com

DSD 007800



Keith Collins
2155 120th PL SE
Bellevue 98005

kc2travel@gmail.com

Sean Cox
Bellevue 98006

seanozelcox@gmail.com

Anna Coy
12419 NE 28th Street
Bellevue, WA 98005 98005

amcoy@msn.com

Sarah Daniels
4817 134th PI SE
Bellevue 98006

sarah.daniels 1@outlook.com

Michael Davis

4924 131st Pl. SE

Bellevue, WA 98006 98006
rdavist@aol.com

Joe DeGennaro
12814 SE 80th Way
Newcastle 98056

joeyd1269@vahoo.com

DSD 007801



Denise Dice
12524 SE 65th Street
Bellevue, wa 98006

diceplace@hotmail.com

Alison Dildine
8455 128th Ave SE
Newcastle 98056

dildinea@comcast.net

Yan Dong
Bellevue 98006

dongyanlll@gmail.com

Hu Dong
13106 SE 47th St
Bellevue, WA 98006 98006

donghul974@hotmail.com

Sirisha Dontireddy
Bellevue 98006

sirishareddy@hotmail.com

Wendy Dore
Bellevue 98006

wbdore3@comcast.net

DSD 007802



Eva Downs
8507 129th PL SE
Newcastle, WA 98056 98056

e2downs@msn.com

Grace Drone
13715 SE 58th PL
Bellevue 98006

gskwed@yahoo.com

Todd Dunlap
3827 134th AVE NE
Bellevue 98005

todddun.home@hotmail.com

Natalie Duryea
12825 NE 32nd St
Bellevue 98005

n_duryea@hotmail.com

S Ekelmann
Bellevue 98007

eoghania@yahoo.com

Rhee Eliker
5900 119th Ave. SE, #C103
Bellevue 98006

reliker@all-about-income-tax.com

DSD 007803



Lori Elworth
Renton 98056

[[demail@comcast.net

Irene Endow
4735 133rd ave se
bellevue 98006

theendows@msn.com

Deb Engevik
Bellevue 98005
debbye68@hotmail.com

Sam Esayian
4601 135th Avenue, SE
Bellevue, WA 98006 98006

sesayian@aol.com

Karen Esayian
4601 135th Ave SE
Bellevue, WA 98006

kesayian@aol.com

Star Evans
5041 Lakehurst Lane
Bellevue 98006

starevans@msn.com

DSD 007804



Michael Evered
4502 Somerset Blvd. SE
Bellevue 98006

mevered@earthlink.net

Annie Everett
Issaquah
WA 98927

aleverett@me.com

Cindy Fang
15919 SE 44th Way
Bellevue 98006

cindyfang90@amail.com

Dena Fantle
4722 130th Ave SE
Bellevue, WA 98006

fantle@comcast.net

Jeff Felix
2033 135th place
Bellevue 98005

ifelix@sig.org

Diane Fern
Bellevue 98006

dianefern@hotmail.com

DSD 007805



Brett Fidler
3417 122nd PL NE
Bellevue 98005

brettfidler12@gmail.com

Jon Fleming
4225 129th Place SE, Apt 2
Bellevue 98006

jonfleming@gmail.com

Phyllis Flood
4573 144th ave se
Bellevue 98006

floodsyphy@aol.com

Tanya Franzen-Garrett
4613 141st Court SE
Bellevue 98006

tanya.franzen@comecast.net

Steven Fricke
14430 SE 19th Place
Bellevue 98007

fricke family@msn.com

DSD 007806



Jodi Gable
5700 143rd PL SE
Bellevue 98006

jodigable@gmail.com

Linda Galluzzo
Renton 98056

jlaalluzzo@comecast.net

Hannah Ge
3746 138th PL SE
Bellevue 98006

hannah.ge@gmail.com

Steven Geagan
8330 127th PI. SE
Newcastle 98056

sigeagan@yahoo.com

kenn gennari
4441 145 Ave se
Bellevue 98006

k.gennari@comcast.net

Sorin Gherman
4223 135th Avenue SE
Bellevue 98006

soring@gmail.com

DSD 007807



Paul Gibbons
5625 Pleasure Point Lane
Bellevue WA 98006

at i ns@msn.com

Lin Gong
Bellevue 98006

cherrvyt@yahoo.com

Glenn Gregory
4527 137th Ave SE
Bellevue 98006

glenngregory@agmail.com

Ontie Griebel
2409 131st PL NE
Bellevue 98005

ogriebel@comcast.net

Shyan Griffith
4421 145th Avenue SE
Bellevue, WA 98006

shvan@intven.com

Roy Grinnell
17500 SE 46th St
Bellevue 98006

grinnellrm@comecast.net

DSD 007808



Mark Grossbard
1850 123rd Ave SE
Bellevue, WA 98005 98005

mharossbard@gmail.com

Orville Gunnoe
15243 NE 6th St
Bellevue 98007

odgunnoe@comcast.net

Richard Guttu
13028 SE 45th Ct
Bellevue 98006

chickmk@comcast.net

Susan Hagensen
4806 131st Ave SE
Bellevue 98006

sghagensen@hotmail.com

Li Han
Bellevue 98006

henrylihan@gmail.com

Bo Han
14007 SE 49th PI
Bellevue 98006

rideralert@gmail.com

DSD 007809



Norm Hansen
3851 136th Ave.NE
Bellevue 98005

hansennp@aol.com

Xudan He
Bellevue 98006
xdh30@yahoo.com

David Herbig
4911 SOmerset Drive SE
Bellevue 98006

dherbig@jps.net

William Herling
13825 SE Somerset Lane
Bellevue 98006

ahoowas@ix.netcom.com

David Herman
8018 128th ave S.E.
Newcatle W 98056

hermvel@comcast.net

Spencer Hinds
4548 144th AVE S.E.
Bellevue 98006

spencerhinds.1992@amail.com

DSD 007810



Jason Hong
Bellevue, Washington

dingdinghzg@msn.com

Lisa Howard
14931 SE 64th Street
Bellevue 98006

lisajhoward@comecast.net

Scott Howell
2827 Mountain View Ave N.
Renton 98056

howellrs@nmwa.com

Grace Huang
4583 144th Ave.S.E
BELLEVUE 98006

vhuang 2001@hotmail.com

Edward Huang
4609 130th Ave. SE
Bellevue 98006

em?2life@gmail.com

Huimin Huang
8410 128th ave SE
Newcastle 98056

powerfulmin80@hotmail.com

DSD 007811



Yiting huang
4583 144th ave.s.e
Bellevue 98006

yitinggracehuang@Gmail.com

Julie Huang
Bellevue 98005

j20huang@yahoco.com

Kevin Iden

5121 Ripley Ln N
Renton 98056
idenkr@comcast.net

Bill Jacobs
12831 SE 84th St
Newcastle 98056

atcbill@mac.com

Patricia Janes
12424 N.E. 28th Street
Bellevue 98005

patriciajanes@frontier.com

DSD 007812



Luxi Ji
Bellevue 98006

loucie_ji2005@hotmail.com

Yan Jiang
bellevue 98006
vanginger@hotmail.com

Zhenming Jiang
Bellevue 98006

zjiiang8199@gmail.com

sue johnson
15351 SE 23rd St
Bellevue 98007

soozalyce@gmail.com

Larry Johnson
8505 129th Ave SE
Newcastle 98056

larry.ede@gmail.com

Todd Johnson
4565 140th Ave SE
Bellevue 98006

tmjohnson2323@amail.com

DSD 007813



Erica Johnson
Bellevue 98006

ericalwz@gmail.com

Gary A. Johnson
5706 145th PI SE
Bellevue, WA 98006

v.jchnson5706@comcast.net

Robert Jones
8434 128th Ave SE
Newcastle 98056

jonesroberte@hotmail.com

Angela juan
6140 127th PI SE
Bellevue 98006

juanshuyvi@hotmail.com

Kathy Judkins

4324 136th PI SE
Bellevue WA 98006
kathyjud46@comcast.net

Richard Kaner
6025 Hazelwood Lane SE
Bellevue 98006 98006

thekaners@comecast.net

DSD 007814



Lindsey Kaner
Renton 98055

lindsevkaner@outlook.com

Daniel Kaner

19115 112th Ave ne
Bothell 98011
daniel.kaner90@gmail.com

Kausik Kayal
Renton 98056
kausik.kayal@gmail.com

liping ke
13810 se Newport way
98006 98006

lipinake@hotmail.com

Irene Kearns
2530 121st Ave SE
Bellevue 98005

ikearnsus@gmail.com

Erin Kenway
1861 123rd Ave SE
Bellevue 98005

erin@michaelkenway.com

DSD 007815



Michael Kenway
1861 123rd ace ne
Bellevue 98005

michael@michaelkenway.com

ellen kerr
4255 134TH AVE NE
BELLEVUE 98005

bugsykl@hotmail.com

Maya Keselman
4586 144th Ave. SE
Bellevue 98006

vkeselman@elitemail.org

Jane Kim
4425 137th Ave SE
Bellevue 98006

janekimrealty@gmail.com
Anne Kim

4460 141st Ave SE
Bellevue 98006

anneckim@hotmail.com

DSD 007816



Paul Kim
14009 SE 44th Place
Bellevue 98006

paulkimrealty@gmail.com

jamie kim
928 137th PI SE
Bellevue 98005

jamiekimmd@amail.com

Shioon Kim
4725 Somerset Dr. SE
Bellevue 98006

kimshioon@yahoo.com

Rebecca Kinnestrand
7612 135th PL NE
Redmond 98052

rebecca buscher@yahoo.com

erich kirsch
13520 ne 29th pl
bellevue 98005

tighthead_3@yahoo.com

Eri Koizumi
8313 126th PL SE
Newcastle 98056

koieri@gmail.com

DSD 007817



Carol Kunde
7609 135th Placee N.E.
Redmond, WA 98052 98052

cjkunde@yahoo.com

Rajendra Kuramkote
8613 129th Court SE
Newcastle 98056

rajrlé@comecast.net

Fran Kutoff
12225 SE 47th Pl
Bellevue 98006

backtomak@comcast.net

Bonnie Lau
4806 140th pl.se.
Bellevue 98006

bonywlau@hotmail.com

Kayla Laughlin
8316 127 PISE
Newcastle, WA 98056 98056

seattlekay@comecast.net

John Laughlin
11221 SE 50th PI.
Bellevue 98006

iklaughlin@laughlinsupply.com

DSD 007818



Rebecca Laughlin
Bellevue 98006

rebeccalaughlin@outlook.com

Amy Lee
3068 169th Ave NE
Bellevue 98008

amy.n.lee@gmail.com

Frances Lee
4740 Lakehurst Lane SE
Bellevue, WA 98006

frances.lee@comcast.net

David & Claudia Lee
12214 SE 18th Place
Bellevue, WA 98005

claudialee@comcast.net

Stephen Lee
4419 132nd Ave SE
Bellevue WA 98006 98006

glvlyman@gmail.com

Rita Lei
13508 se 42nd pi
Bellevue WA98006

ritaleius@gmail.com

DSD 007819



Aileen Leo
Bellevue 98006

alohaileen@yahoo.com

Scott LeVeque
4417 134th pl se
Bellevue 98006

scott.leveque@comcast.net

Marcia LeVeque

4417 134th PL SE

Bellevue, WA 98006 98006
marcialeveque@comcast.net

Yun Li
Renton 98056

yvunlidi@hotmail.com

Anita Li
14210 se 60th st.
BELLEVUE 98006

lianita0l@hotmail.com

Grace Li
13606 SE 51ST PL
Bellevue 98006

graceimasaki@gmail.com

DSD 007820



Mingyan Li
12563 SE 52nd st
Bellevue 98006

zhao_li_2010@yahoo.com

Qi Li
13243 se newportway
Bellevue 98006

gilirich@gmail.com

Yuan Li
Bellevue 98006

water9ly@hotmail.com

scally liang
4995 highland dr.
bellevue 98006

scallyliang@gmail.com

Chris Liang
Bellevue 98006

chrisliang2004@gmail.com

Helen Liang
Bellevue 98006

jie_lian .com

DSD 007821



Jeanette Liao
14028 SE 44th St.
Bellevue, WA 98006 98006

liaojt@yahoo.com

mary lienhard
124th ave se woodridge
bellevue wa 98005 98005

studiovogue@earthlink.net

Gretchan Lindsey
15422 SE 47th ST
Bellevue 98006

gretchanl@hotmail.com

Donald Lionetti
2008 123rd Ave SE
Bellevue 98005

nli microsoft.com

Julie Lionetti
2008 123rd Ave se
Bellevue 98005

jlionetti@comecast.net

DSD 007822



Yugiong Liu
14124 se 49th pl
Bellevue 98006

ukingliu@hotmail.com

Tim liu
somerset
bellevue 98006

timliu99@gmail.com

Yuhong Liu
13170 SE Newport Way, APT N101
98006 98006

tanglyh@gmail.com

Yanping Liu
4625 144th at SE
Bellevue 98006

jgiuS18@msn.com

Qinghui Liu
Bellevue 98006
elser1001@yahoo.com

Ying Liu
4207 136th PL SE
Bellevue 98006

ing.liu.2 mail.com

DSD 007823



Michelle Liu
Bellevue 98006

Ixdanielle@gmail.com

Laura Liutkiene
4400 132 ave se
Bellevue 98006

laurytelt@gmail.com

Wenchun Lo
14631 SE 45th st
Bellevue 98006

erislo@hotmail.com

Hui Lu
14922SE 58th. st.
Bellevue 98006

huibailu@yahoo.com

Dana Luhr
3220 SE 12th Street
Renton 98058

dana.luhr@gmail.com

Matthew Luhr
Renton 98058

luhrm@uw.edu

DSD 007824



David Luk
4460 144th Ave SE
Bellevue 98006

davidt_luk@hotmail.com

Suzie Lyons
12840 SE 3rd St
Bellevue 98005

suzielyons2000@yahoo.com

Katherine ma
Bellevue 98006

katherinekmma@gmail.com

Patricia Magnani
13300 SE 44th PI
Bellevue 98006

pamagnani@gmail.com

Ruth Marsh
4411 137TH AVE SE
Bellevue 98006

ruthmarsh@live.com

JC McCabe
Bellevue 98006
jcmccabe@gmail.com

DSD 007825



Kristen McSherry
417 130th Ave SE
Bellevue 98005

kristennmcsherry@gmail.com

xiao Meng
4223 135th ave se
Bellevue 98006

shirley. mx@gmail.com

Judith Mercer
4679 Highland Dr
Bellevue 98006

judeme@hotmail.com

John Merrill
Bellevue 98006

john@merrillimages.com

Lorraine Meyer
3406 134th Ave NE
Bellevue 98005

Irm4k4@gmail.com

Linda Meyer
13601 NE 26th pl
Bellevue 98005

mevyer.stout@gmail.com

DSD 007826



Joe Michaels
3441 134th Ave NE
Bellevue 98005

derhai@outlook.com

Kathleen Millen
8820 140th Ave SE
Newcastle 98059

kathymillen@gmail.com

Michele Miller
3839 136th Are NE
Bellevue 98005

millermi@live.com

Don Miller
5205 Lakehurst Lane SE
Bellevue 98006

donald ¢_miller@hotmail.com

Leslie Milstein
5007 Lakehurst Lane SE
Bellevue 98006

lesliemilstein@gmail.com

DSD 007827



Elizabeth Minkin
Bellevue, WA 98006

elizabethminkin@yahoo.com

Judy Mock
4616 132nd Ave SE
Bellevue 98006

jedotsonmock@gmail.com

Michelle Molan
13805 SE 58th Placr
Bellevue 98006

mmolan58@gmail.com

W. Robert Moore
4707 135th Place SE
Bellevue, 98006

bmooreii@comcast.net

Margaret Moore
4707 135th Pl Se
Bellevue 98006

mmooreii@comecast.net

Jamie Moy
4455 137th Ave SE
Bellevue 98006

I n_m@hotmail.com

DSD 007828



Dee Mulford
Glenville Town of 12302

getsetl3@gmail.com

Krishna Nareddy
4627 135th pl se
Bellevue 98006

krishnanareddy@gmail.com

Gabriele Neighbors
1106 108th AVE NE, Apt 502
Bellevue 98004-8610

agabriele.neighbors@comcast.net

Thomas Neighbors
Bellevue 98004-8610

neighbors.thomas@comcast.net

Pal Nichoson
6610 143rd Ave NE
Redmond, WA 98052 98052

paulnicholson400@gmail.com

Chuanzhong Nie
13806 se 42nd pl
Bellevue 98006

hzhuamu@hotmail.com

DSD 007829



Margaret Niendorff
1336 Bellevue Way NE, #4
Bellevue 98004

gniendorff@comcast.net

Judith Odell
6503 125th Ave SE
Bellevue 98006

odell.jk@mcomecast.net

Michael Oldham
6039 Hazelwood Lane
Bellevue 98006

oldhammike@live.com

Eugen Pajor
8441 129th Ave SE
Newcastle 98056

paj_eugen@yahoo.com

joy paltiel
13615 S.E. 58th Place
Bellevue 98006

jovmillerpaltiel@hotmail.com

DSD 007830



Rebecca Peck
14511 SE 47th Pl
Bellevue 98006

beckypk5@ail.com

Aaron Peloquin
12802 SE 80th Way
Newcastle 98056

aaron@peloquin.us

Mina Peterson
123rd Ave SE
Bellevue 98005

minapeterson@chbain.com

Joy Phelps
4548 144th Ave. SE
Bellevue 98006

joyphelps@joyphelps.com

Margie Pietz
8508 129th PL SE
Newcastle, Wa 98056

pietz@msn.com

DSD 007831



Jennifer Pinkowski
Bellevue 98006

j.pinkowski@pobox.com

Eng Teck Po
13647 SE 37th St
Bellevue 98006

alvin_po2002@yahoo.co.uk

Corrin Ponte
6915 128th pl se
Bellevue 98006

cponte@comcast.net

Mary Lynne Poole
3518 129th Ave. NE
Bellevue, WA 98005

mlp@mlpconsulting.com

Lynne Prevette
8114 128th Ave SE
Newcastle WA 98056

[yvnnepre@comecast.net

Rachel Primeau
Bellevue 98007

rprimeaul983@gmail.com

DSD 007832



Mei Qi
4675 Highland Dr
Bellevue 98006

meigil@gmail.com
Li Qiao

14512 SE 45th PL
Bellevu