
1 
 

 

BEFORE THE PUBLIC UTILITIES COMMISSION  
OF OREGON 

Docket No. PCN-2 
 

In the Matter of Tillamook People’s Utility 
District’s Petition for Certificate of Public 
Convenience and Necessity (PCN-2)  

 

 

) 
) 
) 

Oregon Coast Alliance’s Response 
Testimony 

  
  Oregon Coast Alliance (ORCA) submits this responsive testimony in the above-

captioned matter along with the following exhibits:  Exhibit A (PGE power lines linked 

to wine country fires); Exhibit B (Quantifying the Economic Risk of Wildfires and Power  

lines in San Diego County); Exhibit C (Tillamook County Staff Report); Exhibit D 

(Transmission vs. distribution power lines); Exhibit E (Difference between Transmission 

and Distribution Line).   

I. The project is not practicable.   

 Petitioner and Staff allege that the practicability standard – that the project is 

feasible and will be effectively and efficiently constructed – is satisfied.  ORCA 

disagrees.  Staff fails to take into account several variables that prevent the project from 

being effectively and efficiently constructed.  First, the Petitioner’s land use application 

before the County cannot be approved as a matter of law, as demonstrated below, and, 

therefore, the project is not feasible. 
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 Second, given that Petitioner is proposing to wield eminent domain across so 

many properties and against so many property owners, the legal process and cost for 

eminent domain will not be efficient.  Petitioner and staff have not addressed why such 

dramatic use of eminent domain would be efficient.   

 Third, it can be hardly effective or efficient to create the possibility of significant 

fire hazards by proposing high-transmission lines where only distribution lines are 

permitted.  The costs of a fire are extraordinary and the liability of Petitioner in the event 

of a fire caused by transmission lines would be significant.  See Exhibit A (Article: 

“PG&E power lines linked to Wine Country Fire”); Exhibit B (Quantifying the Economic 

Risk of Wildfires and Power Lines in Sand Diego County).  Neither Petitioner nor staff 

have attempted to quantify the possibility of fire in the community from the high-voltage 

transmission lines.   

II. The project is not adequately justified 

The standard for the “justification” of the project is that the petitioner must show 

sufficient reason for the project to be built and the Petitioner must consider the public 

benefits and costs of the project.  Where possible, PUC will rely on benefits and costs 

that can be quantified in economic terms.  

Staff’s and Petitioner’s allegation that the project is justified are mistaken because 

the costs outweigh the benefits and the public interest does not favor a finding that the 

project is justified.  The costs recited by staff include (1) increase in customer rates, (2) 

impact to private property owners, (3) loss of land interests, (4) safety concerns, (5) 

possible loss of land value, (5) and related impacts, impact to natural areas, and (6) 
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construction impacts to the community.  The alleged benefits are quantifiably fewer, 

including (1) increased reliability, (2) avoidance of safety hazards; (3) ensures power is 

available to future customers, (4) increases flexibility in system, and (5) reduces outages.  

Increasing reliability and reducing outages are essentially the same.  And while a benefit 

is alleged to avoid safety hazards, the reality is that the introduction of high-voltage 

transmission lines (instead of the conditionally permitted distribution lines) into forested 

and resource land creates a significant fire hazard that has not been addressed.  See 

Exhibits A and B.  Less than a year ago, downed transmission lines in northern California 

resulted in a fire that lasted 22 days and burned across more than 70,000 acres, destroying 

549 homes and killing two people.  Id.  Here, safety cannot be included as a benefit 

because it creates the potential for a serious disaster.  In other words, by introducing 

high-voltage transmission lines (that are not even conditionally permitted in all zones 

subject to the project), the Petitioner is creating a significant safety risk that otherwise 

would not exist in the area.  PG&E, the owner of the downed transmission lines from the 

Santa Rosa fire, is facing millions in fines and lawsuits.  See Exhibit A.  Therefore, the 

cost-benefit analysis does not favor a finding that the project is justified. 

Moreover, the alleged increase in reliability and decrease in outages purport to 

benefit primarily Netarts and Oceanside.  For those alleged benefits to small 

communities, the Petitioner is gambling with serious safety considerations outlined above 

and increasing rates across the board.  As noted in other testimony, there are much more 

efficient and cost-effective ways of accomplishing what the Petitioner desires.  Again, the 

cost-benefit analysis does not favor a finding that the project is justified.     
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Furthermore, affected landowners are overwhelmingly opposed to the project: 

“Staff is concerned by the lack of support from affected property owners for the proposed 

transmission line. It points to potential issues with public engagement and collaboration.” 

Staff Exhibit 100, Gibbens 15. Staff then dismisses this lack of support and lack of public 

interest because “after reviewing the process that TPUD underwent to work with the 

public, Staff believes that the utility has performed its due diligence.”  Id.  Justification, 

however, is not contingent upon due diligence.  Staff asks a question at Exhibit 100, 

Gibbens 15 about due diligence but due diligence is not a component of the public 

interest or the justification of the project.  Therefore, a rationale to find justification must 

be based on the standard, including whether the Project is justified in the public interest, 

not “due diligence.”  There is a significant difference between attempting to minimize 

impacts – including employing eminent domain and creating serious fire risks – and 

actually minimizing those impacts.  Again, the cost-benefit analysis does not favor a 

finding of justification.     

ORS 758.015(2) requires an investigation but the integrity of that investigation is 

undermined by the Staff’s finding that there are “no issues or concerning items related to 

the safety of the proposed project.”  Clearly, there are concerns about the placement of 

transmission lines – especially where only much lower voltage distribution lines are 

allowed for – in forest zones and other resource zones.    
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III. The project is inconsistent with the County’s land use regulations, comprehensive 
plan, and statewide goals 

 
Staff found that the CAG “prioritized avoidance of residential and commercial 

areas within the City of Tillamook,” which necessarily biased the location of the route.  

That process, however, is inconsistent with the Tillamook County Comprehensive Plan.  

The Tillamook County Comprehensive Plan, Goal 16, 6.5(2) requires a particular 

prioritization when siting “new energy facilities and utilities”:   

“2. In selecting sites for development of new energy facilities and utilities, 
priorities are, from highest to lowest: 

  a. non-shoreland sites; 
  b. shoreland sites;  
  c. Estuary Development (ED) zones;  
  d. Estuary Conservation 2 (EC2) zones; 
  e. Estuary Conservation 1 (EC1) zones;  
  f. Estuary Natural (EN) zones.” 
 
Staff has not even addressed this criteria in its review, and from the statement about 

prioritizing “residential and commercial” areas from Staff’s alleged investigation, it 

appears that the Petitioner has acted contrary to this provision.  Furthermore, failure to 

even address this plainly applicable provision casts significant doubt on staff’s 

“investigation” that is required under ORS 758.015(2). 

 Second, staff’s statement that the project is compatible the County’s land use 

regulations is incorrect because the project violates setback standards in the Forest (F) 

zone.  Specifically, TCLUO 3.004(2) requires that the “minimum front, rear, and side 

yards shall all be 30 feet,” but the Project Petitioner concedes that three pole structures 

are located within the 30-foot setback.  See Exhibit C, County Staff Report at 15.  

Petitioner argues that “the three pole structures which are located within the 30-foot yard 
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setback are detached structures accessory to the primary use of the properties and are in 

conformance with the requirement of TCLUO Section 4.040(1)(b)1.”  Id.  Petitioner’s 

argument that the poles – and apparently only these three poles – are accessory uses is 

incorrect because an accessory use must be accessory to and related to the primary use.  

There is simply nothing about forest use on the property that makes a utility pole an 

accessory use.  Indeed, in a similar case, LUBA found that “it would be inconsistent with 

the rule for a county to allow as an outright permitted ‘accessory’ use a use or structure 

that the rule categorizes as a listed conditional use.”2  Central Oregon LandWatch v. 

Deschutes County, 52 Or LUBA 582, 597 (2006).  Here, Petitioner cannot waive 

applicable provisions in an attempt to characterize the utility poles as “accessory uses.”   

 Third, Petitioner’s land use application cannot be approved as a matter of law 

because the uses allowed in the Estuary Conservation Zone do not include electrical 

transmission lines, only distribution lines.  See County Staff Report at 5.  There is a 

significant difference between transmission and distribution lines.  See Exhibits D and E.  

The former – sought here – carry a bulk electricity at higher voltages, whereas the latter 

carries a much lower voltage.  Id.  Thus, as a matter of law, the proposed use is not 

allowed in the Estuary zones.    

                                                            
1 TCLUO section 4.040(1)(b) provides that “An accessory structure that is separate form 
the main building may be located in the required rear and side yard, except in the 
required street side yard of a corner lot, provided that it is at no point located closer than 
three feet to a property line.”   
2 This case addressed uses allowed under the administrative rules for forest zones but 
applies equally to the County’s land use regulations.   
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 Fourth, Petitioner’s land use application cannot be approved as a matter of law 

because the proposed use (transmission lines) is not similar enough to distribution lines 

for it to fall under the Estuary zone’s conditional uses.  Again, this argument ignores the 

differences between distribution and transmission lines that even the County recognizes. 

See Exhibit C, County Staff Report at 4 (“It is fair to note that in addition to the higher 

voltage carried through transmission lines (important potential safety differences) and 

that the structures supporting the transmission lines are taller than those structures 

supporting distribution lines, the footprint of a transmission line structure is also 

generally larger.”).  Throughout the TCLUO, the County specifically uses transmission 

lines and distribution lines separately.  So much so that in a particular zone, distribution 

lines may be allowed outright, whereas transmission lines are only allowed conditionally.  

The Petitioner cannot overcome that longstanding distinction through interpretation.  

Clearly, a distinction exists between the two that has been specifically recognized by the 

County and cannot be dismissed based on mere “similarity.” 

 Fifth, the County’s determination of a “similar use” is not discretionary is 

mistaken.  County Staff Report at 5 and 37.  The County’s determination that a 

“transmission line” is similar to “distribution line” requires discretion, including legal and 

factual judgment and policy.  A determination of “similar use” requires a separate Type II 

land use application because it requires the County exercise discretion.  Therefore, the 

County has not employed the correct process.     

 Sixth, segments of the proposed transmission line, including estuary segments 

38EC1 and 43EC1, are identified in the Comprehensive Plan as “[a]reas needed for 
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recreational and aesthetic uses.”  Here, the transmission lines would be inconsistent these 

aesthetic – and even recreational – uses.  The Comprehensive Plan requires that for the 

“Estuary conservation 1 (EC1) zones,” the County’s management objective is to “provide 

for the long-term maintenance of the aesthetic values of estuarine areas, in order to 

promote/enhance low intensity recreational use of estuarine areas which are adjacent to 

rural or agricultural shorelands.”  Comprehensive Plan, Chapter 16, 5.2(2)(c) 

(management objective (3)).   

IV. The project is not safe 

 As explained above, the project introduces a serious safety risk to the community 

like the disaster that recently happened in northern California.  Staff noted that 

environmental impacts were reviewed, including “soils/vegetation, floodplains and 

wetlands, cultural resources, threatened and endangered species, fish and wildlife 

resources, air quality, water quality, aesthetics, among others.”  Exhibit 200, Hanhan 5.  

Neither Staff nor petitioner have accounted for the possibility of increased fire risks as a 

result of placing the high-voltage transmission lines in forest and resource zones.  This 

type of risk must be accounted for in determining whether the project is safe and in the 

public interest.  Indeed, Staff’s analysis of safety does not appear to even contemplate the 

public interest.   

V. The project is not necessary 

 The relevant necessity standard requires that Petitioner demonstrate that 

“Oregonians will forego something desirable and useful without” the project.  Petitioner 

alleges that the project is necessary in order to “[i]ncrease reliability, accommodate load 



growth, and help replace aging infrastmcture." Aging infrastiu cture can be addressed by 

upgrading existing, outdated infrastiu cture. Upgrading existing infrastmcture can, in 

tum, also increase reliability accommodate future growth. 

In response to the question of "[h]as Tillamook PUD's system experienced 

growth," Staff responds that Petitioner alleges that "it is expecting load growth," not that 

it has experienced such growth. Exhibit 200, Hanhan 8. This demonstrates that the 

project is speculative, not necessa1y. Staff conflates actual growth for projected growth, 

but the two are not the same. 

Next, Petitioner alleges that energy conservation efforts can reduce customer 

demand but do not address aging infrastru cture or reliability issues. Both of these issues 

can be addressed by upgrading existing infrastmcture. As such, the project is not 

necessary because it is not necessary that Oregonians forego something desirable or 

useful in the absence of the project because infrastructure and reliability can be addressed 

through upgrades. 

VI. Conclusion 

For the reasons above, the Staffs determination that the project complies with the 

County's comprehensive plan and land use regulations. 

Respectfully Submitted, 

Isl Sean Malone 
Sean Malone (OR Bar # 084060) 
259 E.5th Ave, Ste. 200-C 
Eugene, OR 97401 
Tel: (303) 859-0403 
Fax: (650) 471-7366 
seanmalone8@hotmail.com 
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Exhibit A 

As the first reports came in Sunday night of numerous fires that would grow into one of the most destructive wildfire disasters in 

California history, emergency dispatchers in Sonoma County received multiple calls of power lines falling down and electrical 

transformers exploding. 

Receive our Wine Country Fires breaking alerts and latest news updates in your 
inbox. 

SIGN UP 

In all, according to a review of emergency radio traffic by the Bay Area News Group, Sonoma County dispatchers sent out fire crews to at 

least 10 different locations across the county over a 90-minute period starting at 9:22 pm to respond to 911 calls and other reports of 

sparking wires and problems with the county's electrical system amid high winds. 

State fire officials said Tuesday that they are still investigating the cause of the blazes, which as of late Tuesday had killed 17 people and 
destroyed more than 2,000 homes in Sonoma, Napa and other Northern California counties. 

But the reports of the power equipment failures began to turn the spotlight on PG&E, the giant San Francisco-based utility, raising 

questions about how well it maintained its equipment in the area and whether it adequately cut back trees from power lines to reduce 

fire risk - as required by state law. 

https://www.mercurynews.com/2017 / 1 0/ 1 0/pge-power-li nes-li nked-to-wi ne.-country-fires/ 1/3 
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ELECTRICAL PROBLEMS IN SONOMA COUNTY 
Sonoma County dispatchers responded to numerous reports of fallen 
Power lines. exploding electrical transformers and fire over a 90-minute 
period starting at 9:22 p.m. on Sunday. Emergency reports during that 
period: 

Exhibit A 

PG&E officials issued a statement Tuesday evening, acknowledging the equipment troubles even as a company spokesman called the 
questions about maintenance "highly speculative.• 

"The historic wind event that swept across PG&E service area late Sunday and early Monday packed hurricane-strength winds in excess 

of75 mph in some cases," said PG&E spokesman Matt Nauman. 

Have a comment about this? fain the comoersation at our Facebook P~!:: 

"These destructive winds, along with mill ions of trees weakened by years of drought and recent renewed vegetation growth from winter 

storms, all contributed to some trees, branches and debris impacting our electric lines across the North Bay," he added. "In some cases, 

we have found instances ofwiies down, broken poles and impacted infrastructure. Where those have occurred, we have reported them 
to the CPUC and CalFiie. Our thoughts are with all those individuals who were impacted by these devastating wildfires.• 

PG&E and other large utilities in California have a long history of being found responsible for major wildfires because of inadequate 

maintenance oftheiI power lines. 

In April, the state Public Utilities Commission fined PG&E $8.3 million for failing to maintain a power line that sparked the Butte Fire in 
Amador County in September 2015. That fire burned for 22 days, killing two people, destroying 549 homes and charring 70,868 acres. 

CalFiie announced last year that it will seek to force PG&E to pay $90 million in firefighting costs. More than 1,000 lawsuits and claiins 

are still pending against the utility. 

"It was more than just a lack of maintenance. It was a complete disregard for theiI requiiements of vegetation management in rural 

areas," said Burlingame attorney Frank Pitre, who sued on behalfof the victiins. 

Reading this on your iPhone or iPlld? Check out our new Apple News app ch_,mn!J here and dick the+ at the top of the page to save to 
your Apple News favorites. 

Pitre said his law firm has already started fielding questions from Sonoma County residents who said they saw transformers exploding 

and downed wiies sparking in theiI neighborhoods before they went up in flames. They wondered if the utility would be held liable, he 

said. 

"This is very definitely on people's radar of what caused a number of fires to break out all at once," Pitre said. 

"If downed wiies are deemed the cause of the fire," he added, "PG&E could be strictly liable for the cost of damages.• 

In 1994, PG&E was found guilty of 739 counts of negligence and fined nearly $30 million by state regulators when trees touched its 
high-voltage wiies in Nevada County in the Sierra foothills, sparking a fire near the town of Rough and Ready that destroyed 12 homes 

and a 19th century schoolhouse. Afterward, prosecutors found that PG&E had diverted nearly $80 million from its tree-cutting 

programs into profits. 

State Sen. Jerry Hill, D-Redwood City, said he sees similarities in PG&E's problems with maintaining its power lines to the utility's 

failures to properly maintain its natural gas lines that led to the 2010 San Bruno explosion that killed eight people and destroyed 38 

homes. PG&E was fined $1.6 billion by the PUC, and a federal jury last year convicted the company on five charges of violating federal 
pipeline safety regulations and one charge of obstructing an official National Transportation Safety Board probe into the blast. 

"If it turns out that PG&E is responsible for this fire and negligent for not putting in the resources or for diverting the resources," Hill 

said, "then I will be the first one to stand up and say we need to dissolve PG&E as a private company and form a public utility. We would 

not have the confidence or trust in them in the future. Nor should we.• 

Officials for the PUC did not provide a safety official to answer questions Tuesday about the wine country fires, or PG&E's records in 
maintaining its power lines and tree-trimming responsibilities. 

"It may take some time for fire officials or utilities to determine the possible cause of the fires," said Turrie Prosper, a spokeswoman for 

the PUC, which regulates big power companies such as PG&E. "Once that occurs, if it appears that a utility line may have been involved, 

the PUC will investigate.• 

For multiple fires to all start around the same time in the middle of the night, lightning or arson could also have been a cause. But Ken 

Pimlott, chief of the California Department of Forestry and Fiie Protection, ruled out lightning at a news conference on Tuesday. 

Pimlott did, however, note the high winds. 

"When we have a wind event like this - 50 mph winds bearing down on areas - every fire that starts has a significant potential to grow 

into a large fire very quickly," he said. 

https://www.mercurynews.com/2017 /10/10/pge-power-lines-linked-to-wine..country-fires/ 2/3 
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According to Sonoma County fire radio traffic, after the first vegetation fire at 310 Buckingham Drive in the heart of Santa Rosa was 

reported at 9:22 p.m. Sunday, an electrical call went out seconds later at 1047 Maverick Court about 10 miles north. The next minute 
firefighters were sent to a "possible transformer explosion" at Fulton Road at Old Redwood Highway more than two miles west. 

By 9 :25 p.m., trees began falling at Ida Clayton Road in Calistoga, about 17 miles north. 

The downed power lines and trees continued as firefighters raced to a rapidly increasing number of structure and vegetation fires. 

Not only did arcing wires and transformer problems potentially spark new fires, quickly spread by fierce winds, the downed trees 

blocked firefighters and emergency personnel from responding quickly. At about 9:52 p.m., a firefighter reported that Highway 128, in 

the center of the battle to contain the flames, was completely blocked by trees and branches. And Highway 101 access through the heart 

of Santa Rosa was shut down because of downed wires. 

Get top headlines in your inbox every afternoon. Get the free PM Report 
newsletter. 

SIGN UP 

Frank Wolak, a professor of economics and an energy expert at Stanford University, said if PG&E's lines are responsible, there will be a 

vigorous debate in front of the PUC about financial liability. 

"My guess is that they will say no one expected the winds to be this strong for that long," Wolak said. "If the PUC buys their story, then 

they aren't liable. But if the PUC finds they were negligent, then they could have liability and penalties. If I were PG&E, I'd be very 
hopeful that I'd done everything the PUC had told me to do up there.• 
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Abstract 
San Diego Gas & Electric Company has proposed retrofits to seven of its transmission lines to 
reduce the lines’ potential for igniting fires and to increase their ability to withstand damage from 
wildfires. Since the company’s ratepayers will ultimately pay for the cost of these retrofits through 
electricity rates, the benefit of the projects in terms of wildfire risk reduction is a matter of public 
policy interest. This study estimates the range of potential monetary losses that the company could 
incur due to wildfires and compares those losses to the costs of the transmission line retrofits as a 
means of evaluating their risk reduction benefit. The study uses a Monte Carlo simulation to 
estimate the losses for the company from wildfires in a given year. The model outputs the number 
of ignitions from the transmission lines, the acreage of the resulting wildfires, the property 
damage caused by those fires, the length of transmission line damaged by wildfires, and the costs 
of repairing those lines. The model is parameterized using empirical observations of transmission 
lines ignitions, wildfire sizes, and property values for San Diego County. Results suggest that 
although the expected value of losses is not large enough to justify the investment in the retrofits, 
the high risk of losses (driven by rare but extremely damaging events) may justify the investment. 
The transmission lines in closest proximity to populated areas are the best candidates for retrofits. 
The study provides a possible framework for regulators and electric utilities to discuss the public 
benefit of safety-related infrastructure investments as part of the regulatory process. 

  

Exhibit B
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1.0 Introduction 
Electric power infrastructure is vulnerable to disruption and damage from natural hazards, and 
disasters that strike electricity infrastructure can imperil public safety. High-profile events such as 
the catastrophic failure of the Fukushima Daiichi nuclear power plant following an earthquake 
and tsunami and widespread electrical outages in the northeastern United States following 
Hurricane Sandy have focused attention on the vulnerabilities of the electricity system and their 
consequences for both the public and utility companies. Disasters such as these are often followed 
by calls to strengthen the electricity system to withstand hazards and protect public safety. Efforts 
to increase the resiliency of electricity infrastructure can often entail significant costs, which can 
increase the price of energy paid by consumers. Policymakers responsible for approving 
resiliency measures must therefore balance the potential damages of a disaster against the costs 
of protection. For this reason, it is important to quantify the risks that natural hazards pose to 
energy infrastructure and compare those risks to the costs of resiliency measures. 

This study looks at wildfires in San Diego County as a case study for evaluating the benefits of 
strengthening electricity infrastructure against natural hazards. This case was chosen because of 
the unique relationship between electricity infrastructure and the nature of the wildfire hazard: 
transmission lines have both ignited major fires and been destroyed by wildfires. Following major 
wildfires in 2007, the local electric utility, San Diego Gas & Electric Company (SDG&E), has 
undertaken multiple initiatives to reduce its exposure to wildfire risk. One of these initiatives 
involves fire-hardening transmission lines in high fire risk areas to reduce the potential for ignitions 
from the lines. This study evaluates the potential fire risks for the transmission lines proposed for 
fire-hardening retrofits and compares those risks to the costs of the retrofits to evaluate the net 
benefit to the company. 

2.0 Background 
The climate and ecology of San Diego County create a landscape that is prone to frequent, 
intense wildfires. The County has a dry, semi-arid climate characterized by mild winters and hot, 
dry summers, with most precipitation falling between October and April (Sugihara, van 
Wagtendonk, Shaffer, Fites-Kaufman, & Thode, 2006). High summer temperatures and low 
summer precipitation contribute to wildfire risk by drying out available fuels (Sugihara et al, 
2006). The County also experiences seasonal outbreaks of hot, powerful winds known as the 
Santa Ana winds that flow downslope from the interior deserts to the coasts (Sugihara et al, 
2006). These winds often result in multiple outbreaks of highly destructive, fast-moving wildfires. 
Finally, periodic droughts exacerbate these existing conditions by causing vegetation die-back 
that contributes to a dry fuel load ready to burn (Keeley, 2009). The major vegetative cover 
types in the County support and in some cases depend upon periodic wildfires. Major fire-prone 
plant communities in the region include coastal sage scrub, chaparral, oak woodlands, and desert 
scrub (Minnich, 1988). Chaparral, consisting of woody evergreen shrubs 1-5 meters in height, is 
notoriously fire-prone (Minnich, 1988).  

The wildfire regime of San Diego’s natural ecosystems becomes a hazard when humans build in 
those wildfire-prone landscapes. Increasing human settlement in the wildland-urban interface, “the 
area where human developments meet or intermingle with undeveloped wildland,” increases the 
potential for the wildfire hazard to become disasters that affect people and property (Grossi, 
2008). San Diego County has experienced several major wildfire disasters over the past five 
decades, reflecting the growing amount of human development in the wildland-urban interface. 
Three of the twenty most destructive wildfires in California state history, measured by number of 
structures burned, occurred in San Diego County: the Cedar Fire of October 2003 (273,246 acres 
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burned, 2,820 structures destroyed, 15 deaths); the Witch Fire of October 2007 (197,990 acres 
burned, 1,650 structures destroyed, 2 deaths); and the Laguna Fire of September 1970 
(175,425 acres burned, 382 structures destroyed, 5 deaths) (California Department of Forestry 
and Fire Prevention, 2011). Development in the wildland-urban interface is expected to escalate 
in the future, increasing the exposure of human life and property to wildfire hazard (Grossi, 
2008). 

One critical component of human development is the provision of utility service, specifically 
natural gas and electricity. In the San Diego area, the local electricity and gas utility is San Diego 
Gas & Electric Company (SDG&E), an investor-owned utility that serves 3.4 million customers in a 
service territory covering 4,100 square miles of San Diego County and southern Orange County 
(San Diego Gas & Electric Co, November 13, 2007). That service territory includes significant 
areas of wildfire-prone landscape. SDG&E’s obligation to serve customers in the wildland-urban 
interface requires the company to extend power lines through high fire risk areas (San Diego Gas 
& Electric Company; Southern California Gas Company, January 5, 2012). As a result, the 
company incurs the risk of damage from wildfire and the risk of significant financial costs in the 
case that the company’s infrastructure ignites a fire. 

In October 2007, the local climate, human settlement of the wildland-urban interface, and SDG&E 
infrastructure interacted to create a devastating wildfire disaster. Low rainfall in the winter of 
2006-2007, a mid-winter cold front that killed vegetation, and a dry summer led to a build-up of 
dead, dry fuels by the fall of 2007 (California Department of Forestry and Fire Protection, 
Governor’s Office of Emergency Services, U.S. Forest Service, 2008). Between October 20 and 
23, the County experienced a multi-day Santa Ana wind event with hot, dry winds of 20 to 40 
miles per hour and gusts of up to 80 miles per hour (Cal Fire et al, 2008). The gusting winds 
damaged several transmission lines owned by SDG&E, leading to the ignition of three fires: 

1. The Witch Fire was ignited on October 21 on SDG&E Tie Line 637, between the 
communities of Ramona and San Ysabel (Cal Fire et al, 2008). Two energized conductors 
on the 69-kV tie line made contact in the high winds (CPUC Consumer Protection & Safety 
Division, November 12, 2008). The resulting sparks ignited dry vegetation underneath the 
line, and the high winds caused the fire to quickly grow in size (California Department of 
Forestry and Fire Prevention, 2008). It eventually burned 197,990 acres, destroyed 
1,624 structures, and led to 2 deaths (Cal Fire et al, 2008). 

2. The Guejito Fire was ignited on October 22 in the San Pasqual Valley (Cal Fire et al, 
2008). A lashing wire for a communications cable, co-located on SDG&E utility poles, 
made contact with an energized 12-kV conductor during high winds (CPUC CPSD, 2008). 
The fire eventually merged with the Witch Fire. 

3. The Rice Fire was ignited on October 22 in northern San Diego County when a sycamore 
tree limb fell onto a SDG&E 12-kV conductor during high winds (CPUC CPSD, 2008). The 
fire eventually burned 9,472 acres and destroyed 248 structures (Cal Fire et al, 2008). 

Firefighters had to contend with five additional fires in San Diego County during the same time 
period, further straining their resources (Cal Fire et al, 2008). In total, the 2007 fire siege in San 
Diego required the efforts of more than 6,200 firefighters, 100 aircraft, $41 million in 
firefighting expenditures, and 18 days to bring under control (County of San Diego, 2008). 
Evacuation orders were issued for over half a million residents in San Diego County alone (County 
of San Diego, 2008). Total economic damages from the San Diego County fires exceeded $1.5 
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b illion (County of San Diego, 2008). SDG&E estimates that its total legal costs related to the fi res 
will exceed $2.4 billion (San Diego Gas & Electric Co., 2013). 1 

In the aftermath of the 2007 wildfires, SDG&E initiated a suite of programs and projects to 
reduce its exposure to risk of both financial liability and infrastructure damages from wi ldfires. 
One of the most visible of these is a series of investments in the company's 69-kV transmission and 
1 2-kV distribution lines to reduce the likelihood of the equipment ignit ing a fire and to reduce the 
potential damage resulting from wildfires (San Diego Gas & Electric Co., July 3, 201 3). These 
projects, referred to as fire-hardening, replace wooden utility poles with steel poles, insta ll 
heavier conductors, and make associated substation upgrades (SDG&E, 201 3). Steel poles a re 
generally stronger and thus better able to withstand extreme wind gusts associated with high f ire 
risk Santa Ana wind conditions (SDG&E, 2013). Stronger steel poles can support a wider spacing 
of conductors, which, when combined with heavier conductors, lowers the likelihood of high winds 
causing contact between conductors that could result in line faults, sparking, and potential ignit ions 
of ground vegetation (SDG&E, 2013). The installed steel poles are taller than the wooden poles 
they replace, so conductors are raised higher above potential ground f ires which have the 
potential to damage line insulation or cause excessive line sag (SDG&E, 2013). Fina lly, steel poles 
are more resistant to damage from ground fires than wooden poles. 

SDG&E has proposed to undertake a set of fire-hardening projects on 69-kV lines located in 
areas of its service territory identified as having a high f ire risk (SDG&E, 2013). The tota l cost of 
these projects approaches $500 million, and SDG&E has indicated that it will recover the costs of 
the pro jects through its rates charged to retail customers and in FERC-authorized electric 
transmission rates (San Diego Gas & Electric Company, 2012) (San Diego Gas & Electric 
Company, 2013). However, the public Applications to Construct f iled with the California Public 
Utilit ies Commission (CPUC) lack information on the value of these projects in reducing wildfire risk 
(San Diego Gas & Electric Company, 2012). The applications contain a total cost for each project 
and a narrative description of the benefits, but they do not attempt to quantify the reduction in 
risk exposure that the company hopes to achieve through the projects. Since SDG&E uses pub lic 
safety to justify the investments, and since the rate-paying pub lic will ult imately pay for the 
project through their electric rates, the public should be provided with some estimation of the risk­
reduction benefit of the projects. 

Table I. List of proposed SDG&E 69-kV fire hardening projects. Information comes from the Applications to Construct filed 
with the CPUC. 

Project Location Length Construction Source 
(miles) cost (millions) 

TL 637 Ramona 14.0 $30 - $50 SDG&E A.1 3-03-003 
TL 6931 Boulevard 5.2 $34 SDG&E A.12-12-007 
TL 625 Cleveland N.F. 22.5 $91.7 ± 5% SDG&E A.12-10-009 
TL 626 Cleveland N.F. 18.8 $68.7 ± 5% SDG&E A.12-10-009 
TL 629 Cleveland N.F. 29.8 $145.8 ± 5% SDG&E A.12-10-009 

TL 682 Cleveland N.F. 20.2 $66.3 ± 5% SDG&E A.12-10-009 
TL 6923 Cleveland N.F. 13.4 $46.0 ± 5% SDG&E A.12-10-009 

1 Although SDG&E has settled hundreds of lawsuits related to the 2007 f ires, it has not admitted l iability for the f i res 

in the settlement agreements (Jones & Lee, 2012). Similarl y, the company has not admitted w rongdoing in its 
set tlements with the CPUC regarding the role of its equipment in the fi res. 

Page I 4 



Page | 5  
 

3.0 Research Question 
The goal of this analysis is to quantify the corporate benefit to SDG&E of seven fire-hardening 
projects by estimating the potential for these projects to reduce wildfire risk. Wildfire risk can be 
estimated from the probability of SDG&E equipment igniting a wildfire and the monetary 
damage to structures and property that result from wildfires. The analysis will define risks in terms 
of the monetary value of wildfire damage to human-built structures and will not consider the 
social costs of human health impacts or impacts on ecosystems from wildfires. This definition of risk 
in purely monetary terms is justified for the purposes of this analysis, which seeks to understand 
the investment decisions of a loss-minimizing corporate entity. The company’s legal costs following 
the 2007 fires have included settlements related to public health and ecosystem damage (Jones J. 
H., 2013). For example, the City of San Diego sued SDG&E to recover damages related to 
emergency response expenses and ecological damage; the City and SDG&E later settled for $27 
million (Jones & Lee, 2012). However, the breakdown of SDG&E’s settlement expenses by 
category (property damage, human health impacts, lost revenue, ecosystem damage, etc.) is not 
public information. For this reason the analysis considers risk only in terms of monetary damage to 
property because property values are publically available through the San Diego County Tax 
Assessor.  

The analysis will examine two related questions regarding the potential risk reduction from 
SDG&E’s fire-hardening projects: 

1. What is the range of potential losses due to wildfires that the company could experience? 
2. What is the optimal level of wildfire protection for SDG&E to purchase? 

The answers to these questions can help policymakers and the general public make informed 
decisions about SDG&E’s investments.  

4.0 Approach 
We characterize wildfire risk and the effectiveness of potential protection strategies using a 
probabilistic analysis informed by historical data. The financial risk resulting from liability2 and 
damages is characterized with the probability distribution of losses that SDG&E would 
experience in a given year due to wildfires on the seven tie lines that are candidates for retrofits. 
The benefits of the potential risk-mitigation strategies are characterized through a fire cost 
minimization curve that compares the cost of each fire-hardening project to the reduction in 
expected losses resulting from the project. The probability distribution of losses is estimated 
through a Monte Carlo Simulation model that uses information on past wildfire events to estimate 
a range of damages for future wildfires.  

4.1 Monte Carlo Analysis 
A Monte Carlo simulation was created to estimate the probability distribution of potential losses 
from wildfires for a given year. From this probability distribution, the expected value and 
variance of annual wildfire losses can be estimated and compared to the costs of fire-hardening 
strategies. Figure 1 summarizes the Monte Carlo Model. Yellow circles represent random 
variables with probability distributions taken from historical data and geospatial analysis, as 
explained in section 5. Orange rectangles represent calculated costs for one iteration of the 
Monte Carlo simulation, based on independent random draws from each of the random variables. 

                                            
2 The term “liability” is used in this study not in its strict legal sense, but rather as a shorthand for the settlement costs 
SDG&E might bear should its equipment ignite fires. As discussed above, SDG&E has not admitted liability for the 
2007 fires in its legal settlements. 

Exhibit B



Exhibit 8 

The red rectangles represent the probability distribution of costs resulting from 10,000 iterations 
of the Monte Carlo simulation. The model is used for each of seven transmission lines, and the 
expected tota l losses are evaluated for each line and for the system as a whole. 

Expected losses from wildfires for 1 year on 1 t ransmission line .... . - - -·-·-·-·-·-·- - - - - -·-·-·- -
" ,, '." 
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' ---.---+ 

10,000 iterations 

~~--------------------------------------------------------------------------------------------~~-

°'· \ 
' 

Figure 1. Monte Carlo model schematic. Yellow circles represent random variables; orange rectangles represent outputs for 
one iteration; red rectangles represent outputs over 10,000 iterations, The simulation is repeated for seven transmission 
lines. Each iteration represents the wildfire•related losses for a single year, 

Total losses are the sum of liability costs and repair costs. The fire-related loss incurred by SDG&E 
on a given line in a given year is the sum of liability for fires ignited by that line and the costs of 
repairing that line from wildfire damage. Total losses for the company are found by summing the 
losses across all seven transmission lines. Total losses are given by: 

Loss = Li=1 [Liabilityi + Replacementi] (eq. 1) 

where: Loss = tota l financial costs incurred by SDG&E in a given year, in dollars. 
Liability = SDG&E liability for damage from fires caused by transmission lines, in dollars. 
Repair = cost of replacing transmission lines damaged by wildfires, in dollars. 
i = index of transmission lines considered for fire-hardening retrofits, 1 through 7. 

The company's annual liability for f ires on a given line is a function of whether a line ignites a fire, 
the size of the ignited fires, and the location at which the fire sta rts. Liability is given by: 

Liabilityi = F(Ignitioni, Fire Sizei, Locationa (eq. 2) 

where: Ignition; = random variable representing whether or not an ignition occurs on line i. It 
follows a Bernoulli distribution (i.e. takes the values of either O or 1 ), as explained in 
section 5.1.1. 
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Fire sizei = random variable representing the area burned by a fire ignited by line i, in 
acres. It is assumed to follow an empirical distribution based on historic fire sizes, as 
explained in section 5.1.2. 
Locationi = random variable representing the point along line i at which the fire ignites. It 
is assumed that the location refers to one of a finite set of points along the line spaced at 
0.5 kilometer intervals, as explained in section 5.1.3. 

To take one random draw of Liability for a particular line i, we first take a random draw from 
Ignition. Since Ignition has a Bernoulli distribution, no acres are burned if there is no ignition on 
that line (i.e. if Ignition takes a value of 0). If Ignition takes a value of 1, then a random draw 
from the Fire size distribution for line i is taken, along with a random draw for the Location 
random variable. The specific Location along the line, combined with information about the Fire 
size, allows the identification of the specific Area burned and permits estimating the Liability costs 
that fire event. Liability costs vary from line to line even for fires of the same size, because fires 
differ in their proximity to densely populated area. The data used to develop the probability 
distributions for the Ignition, Fire size, and Location random variables is discussed in Section 5.1. 

The company’s annual repair costs from wildfires on a given line is a function of whether a 
wildfire damages the line and how much of the line is damaged. Repair costs are given by:  

𝑅𝑒𝑝𝑎𝑖𝑟𝑖 = 𝑊𝑖𝑙𝑑𝑓𝑖𝑟𝑒𝑖 ∗ 𝑊𝑖𝑙𝑑𝑓𝑖𝑟𝑒 𝑠𝑖𝑧𝑒𝑖 ∗ 𝑅𝑒𝑝𝑎𝑖𝑟 𝑟𝑎𝑡𝑒 (eq. 3) 

where:  Wildfire = random variable representing whether or not a wildfire affects a given line. It 
follows a Bernoulli distribution (i.e. takes the values of either 0 or 1), as explained in 
section 5.1.4.  
Wildfire size = random variable representing the length of line damaged by a given 
wildfire. It is assumed to follow an empirical distribution based on historical wildfires at 
the location of the lines, as explained in section 5.1.5.  
Repair rate = a fixed per-mile repair and replacement cost, estimated to be $1.92 million 
per mile of line. 

To take one random draw of Repair for a particular line i, we first take a random draw from the 
Wildfire distribution. Since Wildfire has a Bernoulli distribution, no miles of line are burned if no 
wildfire occurs on that line. If Wildfire takes a value of 1, then a random draw from the Wildfire 
size distribution for that line is taken to determine the length of the Line burned, in miles. The length 
of Line burned is then multiplied by a flat repair rate to calculate Repair costs. This process is 
repeated for all line segments. 

Table 2 below lists the elements of the Monte Carlo simulation. The data used to parameterize 
specific elements is discussed in more detail in Section 5.1.  
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Table 2. List of Monte Carlo simulation elements. 

Random Description Unit 
Variable 

Ignitions Ignitions caused by power lines in a given year. Follows Bernoulli Ignit ions 
distribut ion {0, 1} for a given line. per year 

Fire size A rea burned by a given fire. Drawn from historica l fi re size Acres 
distribut ion. Indexed by cause (t ransmission line or not). 

Location Location along a given tie line at which a fire starts. Follows a uniform Marker 
distribut ion with equal probability of occurring at each 0.5 km marker number 

W ildfire Wildf ires affecting power lines in a given year. Follows Bernoulli Wildfires 
distribut ion {0, 1} for a given line. per year 

W ildfire size Length of line burned by a given wildfire, d rawn from an empirical Miles 
probability distribution based on historical wildfires. 

Output Description Unit 

Area burned A rea burned by fires ignited by transmission line in a year. Acres 

Liability Liability for burned area in a year. $M 

Line burned Length of line burned by wildfires in a year. Miles 

Repair Cost of repairing and rep lacing transmission lines damaged by fire in $M 
a year. 

Monte Carlo Description Unit 
Output 

Expected Expected liabilit y and variance in expected liab ility for fires caused $M 
liabilit y by transmission lines in a year, over 10,000 runs. 

Expected Expected replacement costs and variance in expected replacement $M 
repair costs for fi res in a year, over 10,000 runs. 

Expected Expected total costs [ liabilit y + replacement] and va riance in $M 
total loss expected tota l costs for a ll fires, over 10,000 runs. 

4.2 Fire Cost Minimization Curve 
Protect ion from wildfire damage, whether in the form of firefighting response capabilit ies, 
vegetative fuels treatment, or infrastructure hardening, carries obvious f inancial costs. SDG&E 
does not have a public mandate for unlimited spending on wildf ire protection. For example, 
burying the seven 69-kV t ransmission lines underground would probably be more effective in 
reducing the risk of accidental ignitions than the proposed aboveground f ire-hardening projects, 
but undergrounding would cost 4-5 times as much (based on transmission cost factors from 
Southern California Edison and published with CAISO). Finding the opt imal level of f ire protection 
requires ba lancing the costs of protection with the potential damage from wildfire. 

The classic approach to finding the opt imal level of wi ld f ire protection, first described by 
Sparhawk in 1 925, is to minimize the sum of protection costs and wildfire losses. The basic 
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premise is that increasing expenditures on wildfire protection reduces financial losses due to fires 
(Sparhawk, 1925). For example, hiring more fire crews and purchasing more equipment will allow 
firefighters to bring fires under control more quickly, thereby limiting the fires’ geographical 
extent and damage to timber and buildings. At some level of protection, however, the costs of 
protection exceed the losses that could arise from the wildfire, and purchasing additional 
protection is not justified. For example, burying a transmission line at a cost of $10 million to 
prevent the potential for fire that would cause at most $1 million in damage over the lifetime of 
the line is a sub-optimal allocation of fire protection resources.  

If the amount of losses after a given retrofit could be known with certainty, then this “cost plus 
losses” formulation could be applied to the analysis at hand to state that the economically 
efficient level of wildfire protection is that which minimizes the sum of fire-hardening retrofit costs 
plus the damages from fires following the retrofits: 

min ∑ (𝑅𝑒𝑡𝑟𝑜𝑓𝑖𝑡𝑖 + 𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝑙𝑜𝑠𝑠𝑖)
7
𝑖=1  (eq. 4) 

where:  Retrofit = the present-value cost of fire-hardening transmission line i; and 
 Reduced loss = the present value of losses following a retrofit of line i over the project life. 
  
However, the amount of wildfire-related losses that SDG&E may incur after a retrofit is an 
uncertain variable. Therefore, to account for the impacts that a retrofit has in reducing the 
company’s exposure to risk, we have chosen to compare the retrofit costs with a Risk-weighted 
reduced loss metric that accounts for both the average losses and the variability in losses after a 
retrofit: 

𝑅𝑖𝑠𝑘 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑟𝑒𝑑𝑢𝑐𝑒𝑑 𝑙𝑜𝑠𝑠 = ([1 − 𝛼] ∗ 𝐸[𝐿𝑜𝑠𝑠]) + (𝛼 ∗ 𝑆𝑡𝑑. 𝐷𝑒𝑣. 𝑜𝑓 𝑙𝑜𝑠𝑠) (eq. 5) 

where:  Risk weighted reduced loss = a measure of the potential losses that could arise from line i 
after a retrofit;  

 Expected value of loss = expected value of annual total loss for line i after a retrofit; 
Standard deviation of loss = standard deviation of annual total loss for line i after a 
retrofit; and 

 α = the risk premium, used to weight expected value of losses and variability in losses. 

In this formulation we allow the risk premium α to take a value between 0 and 1. If α = 0, the risk 

weighted loss reflects only the average loss. If α = 1, the risk weighted loss reflects only the 

standard deviation of loss (i.e. the variability in potential losses). At intermediate values of α, risk 

weighted loss reflects both average losses and variability in losses. The specific risk premium used 
by decision-makers in the company is not known, so the analysis considers a range of risk premium 
values to demonstrate the sensitivity of results to the risk premium used. This formulation is a 
simplistic utility function based on a linear combination of expected value and standard deviation. 
There are many other functional forms for a utility function that better represent the risk 
preferences of a company or a regulator charged with protecting public safety. For details, see 
Christian Gollier’s “The Economics of Risk and Time,” MIT Press, 2001. 

To estimate the expected value and standard deviation of losses after a retrofit, we take the 
probability distribution of losses generated by the Monte Carlo simulation described above and 

multiply by a parameter β that represents the effectiveness of a retrofit in reducing wildfire risk. 

The assumed risk reduction potential β takes a value from 0 to 1. If β = 0, the retrofit is assumed 

to have no effect on reducing potential losses over the project lifetime; if β = 1, the retrofit is 
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assumed to completely eliminate all potential losses over the project lifetime. Intermediate values 

of β reflect realistic risk reduction benefits of the retrofits. 

𝐸[𝑟𝑒𝑑𝑢𝑐𝑒𝑑 𝑙𝑜𝑠𝑠𝑖] = 𝛽 ∗ 𝐸[𝑙𝑜𝑠𝑠𝑒𝑠 𝑏𝑒𝑓𝑜𝑟𝑒 𝑟𝑒𝑡𝑟𝑜𝑓𝑖𝑡𝑖]  (eq. 6) 

𝑆𝑡𝑑. 𝑑𝑒𝑣. 𝑜𝑓 𝑟𝑒𝑑𝑢𝑐𝑒𝑑 𝑙𝑜𝑠𝑠𝑖 = 𝛽 ∗ 𝑆𝑡𝑑. 𝑑𝑒𝑣. 𝑜𝑓 𝑙𝑜𝑠𝑠𝑒𝑠 𝑏𝑒𝑓𝑜𝑟𝑒 𝑟𝑒𝑡𝑟𝑜𝑓𝑖𝑡𝑖  (eq. 7) 

where:  Reduced loss = the present value of losses following a retrofit over the project life; and  

 β = assumed risk reduction potential of the retrofit project. 
 

Note that β is applied to financial losses only, not to the physical parameters contributing to losses 

(e.g. the rate at which transmission lines ignite fires, the area burned by fires, or the concentration 

of property value in proximity to the lines).3 In other words, the risk reduction potential β does not 
provide information on how the retrofits reduce losses (e.g. by reducing ignition rates or by 
reducing the occurrence of very large fires). A more realistic treatment of the Reduced loss 
variable would use information from mechanistic models that explain how retrofits reduce ignition 
rates and fire sizes. However, this information is not in the public domain, since the Applications to 
Construct the tie line fire-hardening retrofits do not include quantitative estimates of the reduction 
in fire risk achieved by the projects.  

Because the Monte Carlo simulation estimates the distribution of annual losses, we can simulate 
such losses for each year but need to convert them to present-value costs. This conversion allows 
the comparison between annual potential losses that could occur in any given year and the up-
front cost of a long-lived retrofit project. The risk weighted loss is converted into a present value:  

𝑃. 𝑉. 𝑟𝑖𝑠𝑘 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑙𝑜𝑠𝑠𝑖 = 𝑅𝑖𝑠𝑘 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑙𝑜𝑠𝑠𝑖 ∗
[1−(1+𝑟)−𝑛]

𝑟
 (eq. 8) 

where:  P.V. risk weighted loss = the present-value of risk-weighted losses over 30 years for line i;  
Risk weighted loss = Linear combination of expected value and standard deviation of 
annual loss for line i; 

 r = the discount rate; and 
 n = the asset useful life, in years. 

The base value of the discount rate is 8.4%, which is the regulated rate of return for SDG&E 
investments in their Application to Construct for the tie line 637 fire-hardening project (SDG&E, 
A.13-03-003). The base value of the asset useful life is 30 years, taken from the SDG&E 
Application to Construct for the tie line 6931 fire-hardening and wind interconnection project 
(SDG&E, A.12-12-007). 

Finally, the net benefit is calculated by subtracting the retrofit costs and the reduced losses from 
the present-value risk-weighted losses before retrofits: 

𝑁𝑒𝑡 𝐵𝑒𝑛𝑒𝑓𝑖𝑡𝑖 = 𝑃. 𝑉. 𝑟𝑖𝑠𝑘 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑙𝑜𝑠𝑠𝑖 − 𝑅𝑒𝑡𝑟𝑜𝑓𝑖𝑡𝑖 − 𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝑙𝑜𝑠𝑠𝑖 (eq. 9) 

                                            
3 It is possible that, even after retrofits, a transmission line could ignite a fire that grows to a very large size and 

destroys significant amounts of property, because the destructiveness of the fire is ultimately driven by local patterns 
in weather, fuel loads, and settlement that are not affected by the retrofits. This analysis assumes that, once a fire 
starts, its eventual size and destructiveness are not influenced by the retrofit.  
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A positive net benefit means that the retrofit project lowers overall present value costs to the 
company. A negative net benefit means that the retrofit project increases overall present value 
costs to the company. The results of this analysis will be discussed in Section 6.2 below. 

5.0 Data and Methods 
The following sections describe the data sources and methods used to estimate the main elements 
of the Monte Carlo simulation, the random variables Ignitions, Fire size, Location, Wildfire, and 
Windfire size, which are combined with fixed parameters to yield the main model outputs. 

5.1 Parameter Estimation 
5.1.1 Ignitions 

The random variable Ignitions represents the possibility of SDG&E equipment igniting a fire. It is 
modeled as a function of a fixed “spark rate” and the length of transmission line segment. This 
methodology was adapted from the testimony of Dr. Joseph Mitchell of the Murray Grade Road 
Alliance in testimony before the CPUC on fire issues related to transmission lines, and data from 
SDG&E disclosed as part of the Sunrise Powerlink transmission permitting and approval process 
was used to parameterize Ignitions (Mitchell). 

The spark rate was estimated based on SDG&E records of all fires started by the company’s 
equipment. The dataset covers March 16, 2004 to October 22, 2007 (the date of the Rice and 
Guejito fire ignitions) and includes 121 separate events, mostly caused by the company’s 
distribution and secondary line systems (n = 98). 16 events were attributed to the transmission 
system, of which 9 were attributed to wind or to equipment failure. In some cases, the voltage of 
the lines could be determined by cross-referencing with SDG&E records of faults on their system 
covering the same time period. Finally, the total length of SDG&E’s transmission lines at various 
voltages was gathered from its Form 1 filings with the Federal Energy Regulatory Commission. 
These data were combined to estimate the rate at which SDG&E power lines ignite fires, based 
on the formula:  

𝑆𝑝𝑎𝑟𝑘 𝑟𝑎𝑡𝑒 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑖𝑟𝑒𝑠

𝑆𝑦𝑠𝑡𝑒𝑚 𝑙𝑒𝑛𝑔𝑡ℎ∗𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑
 (eq. 9) 

The following table shows the estimated rates at which SDG&E power lines ignite wildfires, 
measured as number of fires per year per circuit-mile of line. In general, the transmission system 
ignites fires at a lower rate than the distribution and secondary system, probably because 
transmission lines have taller utility poles and wider conductor spacing. Possible avenues for 
ignitions include contact with tree limbs, large birds touching multiple conductors, and wind 
blowing conductors into each other, all of which would presumably happen less frequently with 
taller poles and wider spacing (San Diego Gas & Electric Co., July 3, 2013). The table also 
contains the estimated rate of fire ignitions from wind or other equipment failures on the 
transmission system, as opposed to fires caused by other agents (birds, mylar balloons, vandalism, 
or vehicle crashes, for example). This distinction could have potential ramifications for the 
company’s liability: it seems doubtful that the company would be held liable for a fire resulting 
from a vehicle collision with a utility pole, whereas it would be liable for a fire resulting from a 
failure to maintain equipment in good working order. Finally, in seven cases the voltage of the 
transmission line could be determined by cross-referencing with recorded system faults. Ignition 
rates were calculated by voltage from these seven incidents, although these rates should be 
considered the minimum ignition rate because nine transmission system-caused fires could not be 
tied to specific voltage levels. The transmission system ignition rate of 0.00244 fires mi-1 yr-1 
was used as the spark rate in the model for the seven transmission lines considered. 
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Table 3 . Fires caused by SDG&E power lines, March 2003 • October 2007. 

System Fires Years Circuit miles Spark rate (fires yr-1 mi-1) 

Distribution & secondary 98 3.6 6759 0.00403 
Transmission, all 16 3.6 1820 0.00244 
Transmission - wind/ failure 9 3.6 1820 0.00137 
Transmission - 69 kV 3 3.6 886 0.00094 

Transmission - 1 38 kV 1 3.6 269 0.00103 
Transmission - 230 kV 3 3.6 387 0.00215 

The possibility of an ignit ion on a given transmission line segment is a function of the spark rate 
and the length of each t ransmission line. The expected number of ignitions was estimated by: 

E[lgnitionsd = Spark rate * Line lengthi (eq. 10) 

The expected number of ignitions was assumed to equa l the expected value of a Bernoulli 
variable with values of {O, 1 }. Thus, the expected number of ignitions represents the probability of 
an ignition on a given line. For the Monte Carlo simulation, Ignitions = 1 if p < E[lgnifions], 0 if 
p>E[lgnifions], where p represents a random draw. The table below contains the line length and 
E[lgnitions] for each of the seven transmission line segments. 

Table 4 . Expected ignitions per year for each transmission line. 

Line Segment Length (miles) E[I] (expected ignitions/ yr) 

TL 6931 5.2 0.013 
TL 637 14.0 0.034 
TL 6923 13.4 0.033 
TL 682 20.2 0.049 

TL 626 18.8 0.046 
TL 625 22.5 0.055 
TL 629 29.8 0.073 

5.1.2 Fire size 
Once a fire is ignited, the next major function of the model is to estimate the ult imate size to which 
the fire grows, the random variable Fire size, measured in acres. To determine the range of sizes, 
geospatia l data from historical wildfires were examined to define a set of p lausible wildfire 
events. Cal FIRE provides a geospatial dataset of historical wildfire perimeters across the state of 
California, stretching back to 1879. All fire events from 1950 to the present located partia lly or 
fully within the borders of San Diego County were extracted from this dataset. The resulting 
dataset is summarized in the table below. As the table makes clear, the distribution of wildfire 
sizes has an extreme right-hand tail. The variance of fire burned area is also very large, as 
reflected in the high coefficient of variation (ratio of standard deviation to mean). Since Ca l FIRE 
includes information on the initial cause of wildfires, when known, the subset of f ires caused by 
power lines was extracted from the dataset. We determined that three fires init ially not included 
in the list of fires caused by power lines did in fact belong to that set, based on CPUC testimony 
and Cal Fire summary statistics: the Laguna fire ( 1 970), Witch fire (2007), and Rice fire (2007). 

From the table and figure below, it is clear that f ires caused by power lines tend to be much 
larger in size than average f ires. One possible explanation for this finding is the contribution of 
high winds to both power line failures and to large fires. High winds can lead to power line 
failures that cause fires, as seen in the Witch, Rice, and Guejito f ire ignitions. Fires that start in 
high wind conditions are harder to control. For example, attempts to control the Witch Fire by 
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dropping water from an air tanker were thwarted by high winds (Ca l Fire et al, 2008). The high 
winds also contributed to the rapid spread of the f ire through spotting, or small fires started by 
wind-borne embers carried up to ½ mile ahead of the main f ire (Cal Fire et al, 2008). 

Table 5. Fire si%e distributions for all fires and for power line-related fires. 

Count 
Sum (acres) 
Mean (acres) 
Std. Dev. (acres) 
Minimum (acres) 
1st Quartile (acres) 
Median {acres) 
3rd Quartile (acres) 
Maximum (acres) 

0.9 
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Figure 2. COF of fire sin for all fires is derived from empirical data. COF of fire sin for power line fires is approximated by 
a cubic regression of the empirical COF on log-10 fire sin. 

The fire burned area data from Cal Fire was used to create a probability distribution of fire 
sizes. The fires were ranked in ascending order to calculate the cumulative probability of a fire 
reaching a certain size in acres and produce the cumulative density function (CDF) shown in Figure 
2. This process was repeated for f ires caused by power lines, although the small number of such 
fires (n = 12) means that drawing from the empirica l distribution for the Monte Carlo simulation 
would result in dozens of iterations returning the exact same burned area. To increase the 
potential variation in burned area, continuous probability distributions were fit to the empirical 
data to allow for the prediction of va lues between and outside of the observed values. For all 

fires, a gamma distribution with shape parameter (k) of 8.8 and sca le parameter (0) of 0.3 
offered a good approximation of the log-base 1 0 transformed fire size distribution. For the 
power line fires, a cubic regression of empirical CDF on log-base 1 0 transformed f ire size gave a 
good approximation of the CDF, with the form: CDF = 0.0141 *sizeA3 - 0.148*sizeA2 + 
0.670*size - 0.52 1, truncated to include only values between O and 1. The distributions are shown 
in the figure above. 
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5.1.3 Location 
The location at which a fire starts influences the quantity and value of property it eventua lly 
damages. Fires ignited in close proximity to dense human settlement have the potent ia l to cause 
much more property damage than f ires ignited in sparsely populated wild lands. To model the 
influence of geospatial locat ion on fire destructiveness, a location random variab le was added to 
the Monte Carlo simulat ion model. First, potential ignition points were modeled along the 
transmission line routes at 0.5 kilometer spacing using A rcGIS. Next, the assessed improved va lue 
of each property (i.e. the value of the st ructure, separate from the land value) within 20 
kilometers of the transmission lines was obtained from San Diego County G IS Services. For each 
property, the assessed improved value was then weighted by the wildfire threat index, as 
measured by Cal Fire, to create a potential damage value. This weight ing process was used to 
avoid inflating damage est imates by including structures in very low risk areas, such as urban 
areas, that would be unlikely to burn in the event of a wildfire. Cal Fire's assessed fire threat is 
based on the f ire return interva l (less than 100 years for most of the study a rea) and the 
flammabilit y of the f uels. The weights used were: Little or no threat, 0,0; Moderate, 0.25; High, 
0.5; Very high, 0.75; and Ext reme, 1.0. The Cal Fire methodology for assessing fire threat is 
intended for state-wide application, not for the estimation of the potential for damage at a 
specific location, so the calculated potential damages should be considered rough estimates. 
Finally, the potential damage va lues within radii of Oto 20 kilometers to the ignition points, 
corresponding to fire sizes of O to 300,000 acres, were summed. The resulting table contained the 
potential damage for a f ire size of Oto 300,000 acres for each of the 390 potential ignit ion 
points. 
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Figure 3. Potential property damage from fires ignited by transmission lines. Potential damages consist of the sum of 
building values within certain radii of ignition points along transmission lines. Building values are weighted by the fire 
threat assessed by Cal Fire for each building location. 

The figure above shows the potentia l damage values for each ignition point, grouped by 
transmission line. The maximum potent ial damage from a very large fire is much higher for some 
lines (625, 637, 682) than others (6923, 6931 ). For example, the maximum potentia l damage for 
a fire ignited on line 625 is $4.9 b illion, while the maximum potentia l damage for a fire ignited 
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by line 6931 is only $97 million. The western termini of lines 625 and 637 are located in 
densely-settled areas, the communit ies of Lakeside, Alpine, and Ramona, which explains the high 
potential for damage from fires ignited in those a reas. However, even those lines pass through 
areas with much lower concentrat ions of property va lue where a fire might do much less damage. 
The minimum potential damage for a 300,000 acre f ire on lines 637 and 625 is $7 16 million and 
$840 million, respectively - much lower than the potential for damage from a fire ignited on the 
western ends of the lines. For a 300,000 acre fire, total potential damages range from $250 per 
acre to $15,600 per acre. The total est imated liability for SDG&E for the 2007 fires 
(approximately $11,600 per acre) lies near high end of this range, as do the per-acre insured 
loss estimates for three other major southern California f ires, the Witch, Cedar, and Old fires 
(Insurance Information Institute, Inc, 2014). 

The random variable Location allows the model to take into account variability in potential 
damages by location of ignition. We assume that every point on a transmission line is equally 
likely to ignite a f ire, and hence assign to each point a probability of being the location of 
ignition: 

Prob. of marker k being ignition point on line i 1 

Total number of markersi 
( eq. 1 1) 

For each fire event (Ignition = 1 ), a random d raw of Location is evaluated to determine the 
ignition point at which the fire starts. The potential damage table then provides the damage 
caused by that fire by indexing the ignit ion point and the expression of the Fire Size random 
variable. 

5.1.4 Wildfire 
The random variable Wildfire represents the incidence of naturally-occurring wildfires that 
damage transmission lines in a given year. It is modeled as a function of the annualized 
probability of a wildfire for each transmission line, based on the wildfire return interval (i.e. the 
average number of years between f ires) for that line. The wildfire return interval for each section 
of line was estimated from historica l observat ions using the Cal Fire wildfire perimeter dataset. 
The number of fires observed a long the location of each segment of line was counted for the time 
period of 1 950 - 201 2. The length of line with different fire frequencies are shown in the figure 
below. Based on the historical record, certain lines (626 and 637) experience fires at a higher 
rate than others ( 6931, 629). It should be noted that this analysis is based solely on geospat ial 
overlays of historica l fire perimeters and the transmission line locations. The extent of damage to 
structures within the fire perimeters is not known. In other words, a transmission line could be within 
the perimeter of a historical fi re but could escape damage. 
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Figure 4. Fire frequency by length of transmission line, 19S0 - 2012. 
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The historical incidence of fires a long the t ransmission line routes was converted into a sing le 
annual probabilit y of a wildfire occurring on the line. The probability of a wildfire is given by: 

4 ,Fires· 
Wildfirei = L

1
·_0 t--;:;-1 * Length1-] / Total Length 
- Years 

where: Wildfire = the annual probability of a wildfire on line i; 
Fires = the number of historic wildfires on segment j of line i; 
Length = the length of segment j; 
Years= the time period, in this case 62 years; and 
Total length = the tota l length of line i. 

(eq. 12) 

The annualized probability of a w ildfire for the entire line thus reflects the average number of 
fires experienced by the line over the time period (the basis of the fire return interval), weighted 
by length of line. For segments of line where no fires were observed over the time period, an 
annual fire probability of 1 % was assumed, corresponding to a fire return interva l of 1 00 years. 

For each line, the occurrence of a w ildf ire is assumed to follow a Bernoulli distribut ion {0, 1} with a 
probabilit y equa l to ( 1 - Wildfire). If a random draw from Wildfire exceeds this fire probability, 
a wildfire is assumed to affect that line. The table below shows the annual probabilit y of wildf ire 
for each of the line segment s. 

Tobie 6. Historic wildfires along transmission line routes, and estimated annual probability of wildfire for those lines. 

Length Length, Length, Length, Length, Length, Weighted Annual 
Line (miles) 0 fires l fire 2 fires 3 fires 4 fires # of fires probability 
625 22.4 2.0 14.0 5.7 0.7 - l.23 2.07% 
626 18.8 0.4 0.9 11.8 4.0 l.7 2.30 3.73% 
629 29.7 2 1.5 7 .8 0.4 - - 0.29 1.19% 
637 13.6 l.5 2.4 8.2 l.5 - l.72 2.88% 
682 20.4 6.6 12.2 1.6 - - 0.75 1.54% 
6923 13.4 6.2 6.5 0.6 - - 0.58 1.40% 
6931 5.2 5.2 0.1 - - - 0.01 1.01% 

5.1.5 Wildfire size 
The random variable Wildfire size represents the length of line affected by potentia l wildfires. It 
is modeled as a uniform random variable, with values drawn from empirica l observat ions of the 
length of line that affected by historica l fi res. To develop this random variable, the individual 
perimeters of all fi res that intersected the transmission lines were extracted from the Ca l Fire 
dataset in A rcGIS. The t ransmission line routes experiences bet ween 1 (Tl 693 1) and 1 2 (Tl 625) 
separate fi res over the t ime period of 1950 to 20 12. Next, the length of line affected by each 
individual fire was calculated. Most fires affected only a small portion of the line routes ( 1 0% or 
less), a lthough the most destructive fires affected 50% or more of the line length. Fina lly, each fire 
w as ranked in ascending order of line affected to create a cumulative density function for the 
amount of line affected by each individual fire. The result s are shown in the figure below. 
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Figure S. Portion of total line length affected by individual historical wildfire events. 

The Wildfire size random variable draws from the empirical cumulative density function of 
wildfire size displayed above. Wildfire size is modeled as a uniform random variable such that, 
for each line, each level of observed fire damage is equa lly likely. Although this approach 
reflects the historical occurrence of fires on line routes, it does not capture the potential for future 
fires to damage greater portions of line than have past f ires. For example, the model limits the 
maximum amount of damage sustained by line 6931 to 1 % of the total length, reflecting the low 
incidence of wildfires in the past (i.e. the only fire to have affected that line route burned 1 % of 
the total route). In reality, local fuel and weather conditions could lead to fires on that route 
burning much greater sections of line. 

The company's repair costs are estimated by multip lying the mi les of transmission line damaged 
by wildfires by the repair rate. A flat repair rate of $ 1.92 million per mile was used as a base. 
This va lue comes from SDG&E's cost estimates for new 69 kV sing le-circuit transmission lines, 
pub lished with CAISO. This value should be viewed as a worst-case scenario for repair costs. By 
comparison, after the 2003 Cedar Fire SDG&E repaired 45 miles of line at a cost of $7 million, 
while after the 2007 firestorm the company repaired 56 miles at a cost of $ 16 million (San Diego 
Gas & Electric Company, 201 2). Those repairs cost approximately $ 150,000 to $300,000 per 
mile, much less than the cost of constructing new line as modeled in the Monte Carlo simulation. 

6.0 Results 
6.1 Monte Carlo Simulation Results 
The Monte Carlo simulation was run with 10,000 iterations to estimate the range of potential 
losses that could result from fires, both system-wide and for each individual line. Total losses, 
including liability and repair costs, were calculated for each it eration. Liability was a lso 
calculated a second t ime for each iteration using the Fire Size distribution d rawn from historical 
fires caused by powerlines; these results are denoted Liab ility - Extreme in the following 
discussion. Average Liability, Liab ility-Extreme, Repair costs, and Losses were ca lculated from the 
10,000 iteration results, as was the standard deviation in those outputs. 

The following figure shows a histogram of liab ility and liability-extreme results over the 10,000 
simulation iterations. Iterations with liab ility or liability-extreme of $1 M or less are not shown on 
the diagram, but the vast majority of iterations had costs in this range: 92% of runs had liability 
less than $ 1 M, and 86% of runs had liability-extreme of less than $ 1 M. The histogram shows a 
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very long right-hand tail of extremely costly events with very low probabilities of occurring (e.g. 
only 10 iterations out of 10,000 had liability-extreme of $1 B or more). 
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Figure 6. Histogram of liability and liability-extreme over 10,000 iteration runs. Results lower than $1M were excluded for 
display purposes. 86% of runs had liability-extreme less than $1 M; 92% of runs had liability less than $1 M. Labels indicate 
the count of liability-extreme results in each range. 

One useful tool for risk analysis is the exceedance probability curve, which shows the reciprocal 
of the cumulative probability d ist ribution function (i.e. 1 - CDF) of losses (Grossi & Kunreither, 
Catast rophe Modeling: A New Approach to Managing Risk, 2005). Such exceedance probability 
curves portraying the annual probability of exceed ing certain levels of liab ility-extreme, based 
on the results of the Monte Carlo simulation, are shown below. The results suggest an 80% chance 
of zero liability in a year, a 1 % chance of liability greater than $500M, a 0.1 % chance of 
liability greater than $ 1 B, and a 0.02% chance of liability g reater than $ 1 .5B in a year. In other 
words, the most damaging, worst-case fi re events have a very low probability of occurrence. 
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Figure 8. Exceedance probability curve for total liability• 
extreme in a year, focused on events greater than $1 B 

The table below shows the annual liability, liability-extreme, repair cost, and losses. In this case, 
losses were calculated by summing the liability-extreme and repair cost for a g iven iteration. 
From the table, it is clear that average liability and repair costs are dwarfed by the average 
liability-extreme costs. Average liability and repair are relatively minor ($2.5 M / year) g iven 
the scale of the p roposed retrofit investments and SDG&E's annual income. The liability-extreme 
costs are much higher than liability or repa ir costs, reflecting the fact that the fire size d istribution 
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of powerl ine-re lated fires leads to much greater fire sizes and subsequent property damage. The 
other major finding from the table is the extreme variability in the results: the average values are 
dwarfed by the standard deviat ion (high coefficients of variation). This finding further highlights 
the role that very low probability, high-cost events have in driving potent ia l losses. 

Table 7. Average costs (liability, liability•extreme, repair, and losses) and standard deviation of costs. 

Liability Liability - Extreme Repair Losses 

Mean ($M) 1.7 19.1 0.8 19.9 
Std. Dev. ($M) 20.1 106.3 3.7 106.5 
Maximum ($M) 807.7 2,975.0 43.7 2,975 

Losses were calculated for each transmission line in addition to system-wide losses. The figures 
below show the average losses, standard deviation of losses, and maximum losses for each tie 
line. Losses were calculated by summing liability-extreme and repair costs. The results show 
considerable variability: the standard deviations in losses are much g reater than the average 
losses and are in turn dwarfed by the maximum observed losses. All three measures vary g reatly 

by transmission line, with the greatest losses arising from lines 625 and 637. The losses on other 
lines, especially 693 1 and 6923, are relatively small, reflecting the low concentration of p roperty 
value in proximity to these lines. 
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Figure 9 . Average losses per line and standard deviation of 
losses per line. Losses are the sum of liability-extreme and 
repair costs. 
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Figure 10. Maximum losses per line resulting from the 
Monie Carlo simulation. Losses are the sum of liability• 
extreme and repair costs. 

The remainder of this ana lysis will focus only on tota l losses produced by the liab ility-ext reme 
results, since these losses are generally large enough to warrant f urther analysis of retrof it cost­
effectiveness. 

6.2 Fire Cost Minimization Curve Results 
The annual losses and va riability in losses for each line segment were used to evaluate the cost­
effectiveness of the retrofit p rojects using the f ire cost minimizat ion curve framework. First, annual 
expected losses were converted into p resent value risk-weighted losses using equations 5 and 6. 

For the initia l ana lysis p resented below, a risk p remium of 10% was used to weight the variability 
in potential losses (a= 0.1 ). Next, the retrofits were assumed to reduce the present value of r isk­

weighted losses by 75% (~ = 0.75). The resulting reduced losses were then added to the costs of 
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each retrofit project. The difference between the risk-weighted loss and the sum of reduced loss 
and ret rofit cost is the net benefit of the project. 

The figure below shows the net benefit of the retrofit projects w ith a r isk premium of 1 0% and 
retrofit effectiveness of 75%. Given these assumpt ions, retrofitting lines 625 and 637 has a 
positive net benefit. For the other lines, the retrofit costs exceed the expected losses, so 
retrofitting has a negat ive net benefit. For example, the costs of retrofitting line 629 are 
approximately 3 times larger than the present va lue of all potent ia l losses on that line over 30 
years, so the retrofit has a negat ive net benefit of more than $1 00 million. 
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Figure 11. Net benefit of retrofit projects. Loss w /o retrofits represents the present value of risk-weighted loss with a= 0.1. 
Loss w / retrofit represents the reduced loss with I}= 0 .7S. The net benefit is the change in present value associated with 
building the retrofit. 

The components of the net benefit analysis a re added on a cumulative basis to create the f ire cost 
minimization curve, shown in the figure below. 
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Figure 12. Fire cost minimization curve. The optimal level of fire protection is the minimum of the sum of retrofit costs and 
reduced losses {retrofits + losses, dark red). Under these assumptions (alpha = 0 .1, beta = 0.7S), the optimal level of 
protection is to retrofit lines 62S and 637; any further retrofit projects increase tota l costs. 

The fig ure shows how system-w ide costs ("Retrofits + losses" ) decline w ith the fi rst two retrofit 
p rojects on lines 625 and 637, but then begin to rise w ith each subsequent project. The cost­
minimizing level of p rotect ion (or the maximum net benefit) occurs with the retrofit of these two 
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lines only. For transmission lines 629 and beyond, retrofits actually increase tota l system costs 
beyond the base level of risk-weighted losses with no retrofits. In other words, the retrofits are 
more costly than the risk-adjusted expectation of losses from fires themselves. 

Assumptions about the effectiveness of fi re-hard ening retrof its and the risk premium of decision­
makers a re ext remely influent ia l in determining the cost-effectiveness of va rious f ire-hardening 
projects. Assuming that retrofits reduce losses by 1 00% makes those retrof its more valuable than 
if they are assumed to reduce losses by only 50%. Similarly, assuming a higher risk premium will 
generally make the retrofits more attractive investments, since the averag e potential loss is much 
smaller than the varia bility in potentia l losses. The following f igure shows the positive net benefit 
front iers for each of the transmission lines. These frontiers show the minimum combinations of 
retrofit effectiveness and risk premium that a re required to achieve a positive net benefit. For 
examp le, a t a 50% effectiveness and 50% risk p remium, lines 637, 625, and 626 have positive 
net benefits. 

100% 

90% 

en. 80% .. .. 70% QI 
C: 
QI 

.2:: 60% 
t; 
QI 50% --QI 40% -:.:: 
~ 30% 
qj 
°' 

20% 

10% 

0% 
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Risk premium (a) 
637 625 - 626 - 682 - 6923 - 629 - 6931 

Figure 13. Positive net benefit frontiers for each transmission line. Each curve represents combinations of effectiveness and 
risk premium assumptions for which the retrofit has a net benefit of zero. The retrofit has a positive net benefit for all points 
above the curve. Line 6931 does not have a positive net benefit for any combination of risk premium and effectiveness. 

7.0 Conclusions 
This section summarizes the key find ings of the analysis, d escribes potential refinements to the 
model and analytical approach, and suggests implica tions of the results for policymakers a t the 
company and elsewhere. 

7 .1 Model findings 
Five key insights from the analysis a re d iscussed below. 

1. Wildfire risks are spatially dependent. The g eospatia l analysis undertaken as part of this 
study showed clear spati al patterns in the d istribut ion of both f ire history and propert y 
va lues. In general, the greatest f ire frequency is found in the Cuyamaca Mountains and 
Cleveland National Forest in the central portion of the County, with a dditiona l high­
frequency pockets in the northwest on Camp Pendleton and southwest near Jamul. The 
t ransmission lines in these areas, notably 625, 626, and 637, experience frequent 
w ild fires over most of their routes. The remaining lines in the study experience wild f ire less 
frequently and only a long isolated sections of their routes. The distribution of risk-
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weighted property value also follow broad patterns, with the greatest concentrations of 
potential damage located in the communities to the west of Cleveland National Forest such 
as Alpine, Ramona, and Lakeside. The lines in closest proximity to those communities, 
especially 625 and 637, create a much greater exposure to liability than lines near less 
populated areas.  

2. Risk exposure is driven by extreme events. The distribution of annual losses generated 
by the Monte Carlo simulation has a very long right-hand tail of very low probability, 
very high impact events. For 80% of the model iterations, total losses were zero, implying 
no ignitions, no land burned, and no wildfires that damage lines. In iterations in which fires 
cause losses for the company, losses are generally minor compared to the company’s 
annual revenues or to its liability for the 2007 fires. Only in a small number of cases 
(0.1%) do total losses exceed $1 billion. The discussion of the cost-effectiveness of the 
retrofit projects should reflect the importance of these low-probability, high-loss events.  

3. Liability exposure dwarfs repair costs. Liability costs, not repair costs, were the main 
drivers of total losses. The maximum system-wide liability in a single year observed over 
10,000 simulation runs was $2.97 billion, whereas the maximum system-wide repair cost 
in a single year was $44 million. Similarly, the expected value of liability costs was $19.2 
million, versus an expected value of repair costs $0.79 million, over the 10,000 iterations. 
This result broadly reflects the financial impact to SDG&E of the 2007 fires, in which 
liability (an estimated $2.4 billion to settle all claims) dwarfed the costs of repairing lines 
($16 million to repair 56 miles of line) by orders of magnitude. Although the costs of 
repairing fire-damaged lines are mentioned in Applications to Construct as justifications 
for retrofits, the results of this analysis indicate that expected repair costs alone are not 
sufficient grounds for retrofitting the lines. 

4. The fire size distribution matters. As discussed in Section 5.1.2, fires ignited by power 
lines appear to burn larger areas than fires ignited by other causes. The analysis 
investigated this dynamic by comparing liability generated from draws from the “all fires” 
size distribution with liability-extreme generated from draws from the “power line fires” 
size distribution. In general, the losses resulting from the “all fires” distribution are not 
large enough to justify retrofits: the expected annual value of losses is only $1.7 million, 
with a standard deviation of $20 million and maximum observed loss of $808 million. 
Retrofits can be justified under certain risk tolerance and effectiveness assumptions if we 
expect the fires ignited by the transmission lines to follow the power line fire size 
distribution, i.e. to attain much greater sizes. This finding could provide justification for 
retrofits that address wind-related line failures (i.e. heavier conductors, wider conductor 
spacing, etc.) due to the nexus between wind speeds, line failures, and large fires. 

5. Risk tolerance and effectiveness assumptions determine net benefits. The net benefit of 
retrofitting a given line depends on assumptions about risk tolerance and retrofit 

effectiveness. For a risk-neutral investor (i.e. risk premium α = 0), only the retrofit of line 
637 could be justified, and only then under assuming that the retrofit reduces losses by 
80% or more. As the risk premium and assumed effectiveness increase, more retrofit 
projects have a positive net benefit. If the actual risk premium used by SDG&E decision-
makers were known, or the actual effectiveness of the retrofits in reducing losses, this 
framework could be used to determine which retrofits have positive net benefits. Even 
without these values, however, the analysis provides a framework for prioritizing retrofit 
projects from most to least cost effective, with the most effective projects requiring the 
lowest risk premiums and effectiveness assumptions to be justified.  
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7.2 Potential refinements 
This study examined the risk of wildfires using a probabilistic approach based largely on past 
fires. The decision to use this probabilistic approach was driven largely by the availability of 
data in the public domain with which to conduct the analysis. With additional time and data, the 
analysis could be expanded and refined to more accurately model the dynamics at play. Three 
potential refinements are discussed below. 

1. Multi-year time horizon. The Monte Carlo Simulation is formulated to provide the 
wildfire-related losses in a single year, so the probability distributions of the random 
variables are the same for each model iteration. This formulation does not capture the 
change in fire risk over time. For example, the growth of chaparral vegetation might 
increase the probability of a fire over time as fuel loads build up on the landscape. 
Explicitly modeling a multi-year period could capture this dynamic. Similarly, the 
probability of future fires is conditional on past events due to changes in fuel loads and 
vegetative cover following a fire. If a fire burns all available fuels, fire risk would be 
reduced below the pre-event baseline for several subsequent years while vegetation 
regrows. Conversely, if a fire leads to the replacement of native chaparral vegetation 
with invasive grasses, the fire risk for that area could be elevated above the pre-event 
baseline for future years. In addition, human settlement of the wildland-urban interface is 
expected to continue in the future, which will change the concentrations of property values 
in proximity to the transmission lines. Expanding the analysis to explicitly model a multi-
year time horizon that extends through and beyond the useful life of the retrofits could 
allow for better representation of these changing risks and their impact on potential losses 
over the project life. A multi-year analysis could also provide a framework for examining 
the potential impacts of climate change on fire risk. 

2. Geophysical fire spread models. The model does not consider local terrain or vegetation 
when evaluating the area burned by a fire ignited by power lines. Instead, the fire is 
represented as a circle centered on a marker point along the transmission line, and the 
amount of area burned is determined by a draw from the fire size distribution. In reality, 
the local terrain and fuel conditions at each potential ignition point would influence how 
large a fire grows and what specific locations it burns. For example, the Witch Fire 
burned westward and southward from its initial ignition point due to winds, topography (it 
burned downslope and down canyons), and fuel availability (Cal Fire After Action). A fire 
spread model could consider terrain and vegetation cover in determining where a fire is 
likely to burn after initial ignition, how large a size it is likely to attain, and which 
properties it is likely to threaten. Incorporating such a model into the analysis would 
provide a more detailed and realistic estimation of the potential liability for fires ignited 
along different portions of the transmission lines. It might also reveal particular segments 
of the line with very high fire risk that would benefit from targeted mitigation actions, such 
as vegetation management, that reduce risk without requiring retrofits. 

3. Additional fire costs. This study only considered damage to property in evaluating the 
potential financial losses from fires ignited by transmission lines. SDG&E’s public 10-K 
filings do not disclose the extent to which non-property costs contribute to the company’s 
overall liability and legal defense costs related to the 2007 fires, so these costs were not 
included in the model. In reality, the social costs of wildfires include many more 
components beyond structure damage. Possible costs that could be included in the analysis 
include firefighting expenses, liability for human injuries or deaths, evacuation and 
disaster response costs, lost economic output, costs of electrical service disruption, costs of 
ecological damage, and fines and penalties. Adding estimates of these costs to the model 

Exhibit B



Page | 24  
 

would provide a more realistic estimate of the social costs of fires beyond the liability 
faced by the company. Potential ecological damages from wildfire (e.g. sedimentation in 
burned watersheds, replacement of native vegetation with invasive species, loss of critical 
habitat, etc.) in particular could be added to geospatial fire spread modeling to improve 
understanding of the spatial variability in fire costs. Adding these costs to the model would 
allow decision-makers to consider costs borne by society, not the company, which might 
influence the evaluation of the retrofits’ benefit to ratepayers. 

7.3 Policy implications 
The confluence of fire-prone chaparral vegetation, widespread settlement in the wildland-urban 
interface, and intense Santa Ana winds creates a significant wildfire hazard in San Diego County. 
For this reason alone, wildfire risks should have particular salience for managers at SDG&E. The 
company’s experiences in the aftermath of the 2007 fires, including major legal costs, scrutiny by 
regulators, and negative publicity, have spurred SDG&E to make wildfire risk mitigation a major 
priority of the company (San Diego Gas & Electric Co., July 3, 2013). The 2007 fires also spurred 
the CPUC to initiate a major rulemaking to examine and revise its safety regulations related to 
wildfires, Order Instituting Rulemaking I.08-11-005. Both regulator and regulated entity clearly 
have an interest in reducing wildfire risk for the benefit of the public and the company.  

Quantification of wildfire risks and the risk reduction potential of mitigation projects could help 
both regulators and SDG&E evaluate protection options. As this study has shown, different 
transmission lines contribute differently to the company’s overall risk exposure. Decision-makers 
therefore need information on those risks in order to prioritize between different fire-hardening 
projects and between fire-hardening and other fire mitigation options. From the regulator’s 
perspective, requiring risk quantification data and analysis in applications for project approval 
could help ensure that investments in fire-hardening are cost-effective in reducing fire risk. From 
the company’s perspective, quantification could help target investments at the elements of its 
infrastructure with the greatest risk of fire.  

A related issue is the need for discussion about the level of residual risk acceptable to the 
company, the regulator, and the public. This analysis shows how the net benefit of retrofits is 
sensitive to the risk premium used to estimate the utility function for losses. However, different 
decision-makers might weight risks differently (for example, by placing greater weight on the 
maximum possible loss or a different moment from the loss distribution). Because of these different 
risk weightings, different parties could look at the same set of mitigation projects and arrive at 
divergent conclusions on the projects’ benefits. The discussion of project benefits in a regulatory 
context could benefit from dialogue on the different risk tolerances of the public and company.  

Finally, policymakers should consider the social equity implications of fire protection projects. 
Utilities have an obligation to serve customers in high-hazard areas, which exposes their 
infrastructure to hazards, but the costs of mitigating those risks or restoring service post-disaster 
are generally borne by the utilities’ broader customer base. An alternative approach might 
include efforts to apportion the costs of fire protection to the customers whose choice to live in 
high fire threat areas drives the company’s risk exposure. This approach might take the form of a 
fire risk surcharge added to monthly bills for rural customers. Rather than spreading the costs of 
fire risk (both protection measures and realized losses) across all customers in the service territory, 
including those living in low-hazard areas, this approach would push those costs onto customers 
whose choice to live in high-hazard areas contributes most to those risks.  
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10.0 Appendix 

Map 1: Fires in San Diego County, 1950 - 2012 
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Map 2: Power line related fires in San Diego County, 1950 - 2012 
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Map 3: Fire frequency in San Diego County 
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Map 4: Fire frequency on 69-kV transmission lines 
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Map 5: Potential property damage within 20 km of fire-hardening transmission lines 
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Map 6: Maximum potential damage for fires ignited by 69-kV transmission lines 
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Map 7: Fire threat assessed by Cal Fire 
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Maps were created using ArcGIS® software by Esri. ArcGIS® and ArcMap ™ are the intellectual 
property of Esri and are used herein under license. Copyright © Esri. All rights reserved. 
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TiUamook County 

Exhibit C 

DEPARTMENT OF COMMUNITY DEVELOPMENT 
BUILDING, PLANNING & ON-SITE SANJTATJON SECTIONS 

15 IO - B Third Street 
Tillamook, Or~gon 97141 

,vwv.r. ti1lamoo k.or. us 

Building (503) 842-3407 
Planming (503) 842-3408 

On-Site Sanitation (503) 842-3409 
fAX(503) 842-1819 

Toll Free l (800) 48&-8280 

Land of Cheese, Trees and Ocean Breeze 

CONSOLIDATED REVIEW OF CONDITIONAL USE REQUEST (1851-17-000448.:PLN~Ol), 
FLOODWAY/ESTUARY/FLOODPLAIN DEVELOPMENT PERMITREQUES1'(851-17-000448-PLNG), 

and ADMINISTRATIVE REVIEW REQUEST (851-17-000448-PLNG-Oll: 
TILLAMOOK-OCEANSIDE 115kV TRANSMISSION LINE 

STAFF REPORT 
Date: February I, 2018 

(This is not Building or Placement Permit Approval) 

Report Prepared by: Hilary Foote, Planner and Sarah Absher, CFM, Director 

I. GENERAL INFORMATION: 

Request: 

Location: 

Zone: 

Applicant: 

Property Owner: 

The Consolidated Review of Conditional Use (851-1'7-000448-PLNG-Oi). 
Floodway/Estuary/Floodplain Development Permit (851-17-000448-PLNG), 
and Administrative Review (851-17-000448-PLNG.:02) requests for the 
proposed Tiilamook-Oceanside l l 5kV Transmission Line Project (Exhibit B). 

The proposed project spans multiple properties within Township l South, 
Range 9 West and Township 1 South, Range 10 ·west of the Willamette 
Meridian, Tillamook County, Oregon. Exhibit A to the Staff Report contains 
a map and a list of impacted properties. 

Segments of the proposed transmission line project are located within the Fann 
(F-1) zone, the Forest (F) zone, the Estuary Natural (iEN) zone, the Estuary 
Conservation (ECl) zone, t11e Rural Residential 2-Acre {RR-2) zone and the 
Rural Commercial (RC) zone. 

The Tillamook People's Utility District, 

Exhibit A to the Staff Report contains a map and a list of impacted properties 
and ownership information. 

Co11diiio11al Use. 851-17-000448-PlNG-0J 
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rt{JNNiimmn-'1-<'fi a,rt~Wtiillt.& d I be!£Jt1£·i! liita,d Itri iiflf:Jf!,I'Jl'iiiikaiii£!H ,att¥$1JJflW JJ;-)tlfJ.l(t-mtuJ ttt4.llhH .. libdJf_i:t.,,;;"ttttt 
uo1ril:hwn:!tl~:u1npJ)].'Jl.f.HJf!iii£,::FEiiiiJ:iildHJftutli.rf!;.i1#ro 1ifl!/JpJif.fijuii.@db.1df.i.ii.tblft,d! tm diii.">s'aJYwtttenlth~~rs 
1 dfil:JtJ-gtucttm:li!iHn'irt;_gg!l·,?.m1rmtv:. 



Exhiqit-G __ _ 

(t{#.l4iitliiidnni l f1?KJpiili?mm1tff::,,,1"'JJ.11tliitiwf lfi.iin:Tl£.~~jli.._qiti.?J-WJf!J't!!!~if Pifif.f tJ,yftiiis'i'&-:tiiimt,Hilli !fH.iPe 

![iiliinwdl!. 

__ rf!!;t~::/tl:~:~:1::::i~~::~:t::1r~t!~t:~:~;~:r::;:~1:::i1!::;:::::::-;;~r::~:::: 
Hi.lnmf!,ffSmiif;-;;~,:ai1-dHnmi-ii-yg,;_;a,-.;;--al-mti~ i-itN M.tU-:;.iiilb.rt{t[iialf.ii,{!._f.?Jviiliii fihf(j.Jlffo1,"iigJ-$J~<piiil}l! ,­
({{i/flfi1.:rHhiiilii iJ{.f[.JIJ?i1'1Uf..Jtiitdf irmtL?f [lfifT#(l/f.lfliiruurr..4Hiirmttipf9:miiitiiim ma&.iilii.at[f {Eitili iit(J./J)_(fj})} t;J:J!fiJ,'t£"•-, 

;;.;:nc13,,1rt,frz.liitiflfiJJif iiJS.il7JJW.(l£kwJtmrlflMi-1ii"IJftn~f!.?Jr1l:li{('fvtii1.~'(f]fik=r,qJ«"pff~'fi:t1m.ti1tm:iiUUd:f&~-i.iiwrudd.1m1 
~i'~f!fb,T&1¥>.:titmilfiurrifJlfJP!t>··'.$.mitmilff?i1"Jlf}Irt!Jl!fi &.m. 

ffiimii~t~-mi~Th..~~i.,<Ja,.'ht:f!.iiP-.mi:i~fgl.i-ritn:wnir~~fli?~tl~t-tjgl~~_IUL~litiire; 
ira.rclt~~i~ITn\1,m:n:~7~~,.>,i-iii/111rn.iin:ttH~~.;a1ri:~JJffi_iimri~~rtorit~-p~qp"'S:"~~n.iilii.fairoJtliii~ 
amifawiil\-s',-'tmfhv.utl:i t1fu.t;4~~1rniiumtitu.f:f~_ti t\lm»ltt$-riud1iite1ITn\~f¢J~~J_m:~tm~tfontra<1fof,:.H'[l£t~, 

~=:~::::=:~;r:;:::;~~!~~y=~~!;~~:J:~::=!:·:N~~~ 
===~=;J.~=~:;:;::::;~.:'.10~==~===~;: 

~ . 'film"~~ ~~'1iliom~~!~»ff!.~•~gi.mmlm~fff.w ~~n ,1ftfWw.itru:'T'{@flil~ md:U ~ ttfu.nriik 
aRtmii~um~:------ --
Jt[;J ".i't,1!._f!,if.Ei.11hi\"i{1F'f.atJmgifj/~jpriiim1-~w..ftia.iiiur.a.n..,,-::1i{-ij/iteif ! _ 

_ _ _ ---Hi.W Hfi.fjij({fllfij_!j.i.m_f f.li1mf.fiiiiJ.c.--amff htMf!'i'fllii:cr.tj_fli.Jm!f.Tllt"J.Jt:mmm.J.~.;,i=f.tillmi~~;:rmiiffik-.:mfiiin'fi&J1i13.rp_1· 
tiiiY_.Jillillwliitft..;i;;~"W\.'Wiii.a..~1!iiw;ii~~--1t?.lih111n1iffi:iinru~i!fiil.rnff..r-;_/jjrt1iiin~v-iillii,."-Nirt~r1;/lfiliib:0 

N!Ja'&.i1s~.rpif!J!iv3J1Hia~1/ Ililimtroii};[fYui:1-};f·w.Tt..ff..urn:.'ffW.iJiii;."'i.A'i'iiimiiiNl.RikiiiJ..11,,a:utl!li '1lrt1ikmri.iI 
,1f:iJ.1iiHfifui£,f:iWHiddm,fNiie<e""1r 

(!i}))"ff.E°W?tJ.!:fffi.~,(({ztllfJ,.~{fffmn-aiilbJiiimt'fjjmr,s;_,_rtlfii}:gffHtmmi..Jik!--EJ.fik.c"'ii('mnV,-~"'!T11iiJihn-nfffiilis 
.;~atmffi.imtifJ-gftiwtih11t-i.itlih_ 

;gr,;~f~i~i:.eii~~~?EiEi;r;;~, 
fihnr;_ 

; [%_,;.ti !ii ii_V,,~°l[!."!tJlf!Jll'Aiiuii ! l ti£ita:t11.w.if tmt1si a&!;t]ktt.~"PSi f L.-trim i ;fn "f;f_, dffu.iw;_ mii~-~. 
(t(}H Em,u-r jjj7,';i-if1:I£.iCJ'U-pJi-fig,<; rxm-
iff J}) f_t.'JJm•iJr1 wi1ttr.<U.t.f;',J,!?$;{1i-,-ntqp iiro:i lii i1~ a.1~ijjuwi ti.om '>ViHm.1 ~ wi mr.d lft:rff1!.lri lil1 it l lf;J!f.;; rmr 
f{{i_j}JfBaaru;w-!l.l[!ittiti1rrH[{/iliU1"f.-w:sa.ulifl1&.-tu..r1PJJfttpjitw,,"lmt1m-:nJ>e~,-,,-iflrumnm.1L"tlqpttt&dn'-i'-I.J!iiw.iilnitt 

HiofiiiWf~'liiiM.--<s ra:n-
/4_1J}Airnii;iiim.i f ltmmm ittEi_Jjiifi[tl}..;it11n\?'-~jll.tiimiii,f!p~witt itttif!dt-11$§§! a{5-~".i} (Q[J1Wit tf dn liit,1/!JiJW .. "Jljj f 



Exhibit C

-,,iiJ.iiriltt\:of!iRif{jj,antiiiyfli_ggrd#..!';.xijipridm-ffhfiiihtt1wilia!s:,. 
,fHti:ii:ciiktfrmrJ#td:Jx@itX1ld;miiil:.-.;riff1iJJf!WAfuir11x?_;{j_lt/!j/ta!if[(lf_t-t.mm,,,vm(ii .. ijfW&,tfiim1tt oJ{tiflm'iim, 
e niil I ftwJ f tintt~a:?£'i-i.Itlrff ami iiiiimuniI!ll]imi A-mi im i!fii-i.>rrtiatttiiitmH !l/liiW.i.'miiin ti flJlFivfiHnfii ii1Ttiwi ii.a~.-, 
n,'iJlll-Ji,.mmtiihfij_i#iiJ.,tJJ~;;p.;,rllliJb-,'tmttnff1.ttt]J},'i!JIJiiauifHWiliiil&:. 

((!#_1,m lftttv.T,?mnf!mHirtxtt1lj1&>:I.uii! trj{tliim.w1iW??f{lJJf-YS~flHttiti.mnfhi il,'$.,mtai iiudf hi'iiiiiira:m:mzf ism-ff l 
iiilt!ffiJid iinw.,:·"vii_ii_iti-r..JJiHii11vlitf1ft.:,,,:t1ptr1w:c: .• 

~mni.iin:,~:Jffitiltumt\ S'illt":£{1fut\ htr.:qrqw_roo. fuh,;cii~1mr.,"rtt p,>,iiU h1"{! 1 i im:tHte.gr 1-f(,,->filfu"Ilt nnri.¼;-a; n:ril~-;mili:i 
_--l*.rrumnN.tllbif§;.."Ullfl;',TI:}.'{fil-lrigg~v,it[tirnt\tr,<j.ritjnrmm\futffim:t.,-,~.ilii:iiiR:rf~);f\filJ1DJilflttfu&:-ra.1.,vfu\'efilrtttft' 
==~P~illfi1Jimri'.RP:f~~~~ppw.nrtt1adri-"~~;tfiltin1rrrnan~tu1titH1tit!i~i~~giiit--jtl}Irrtttfr,mn1w~rr 
, illr~h.nmllirttN.iitihiniinruimnlilirtfu-:-ar~;_.;,\';i,ini1llllliD~urt~~-rnnmrtt_rflv:Wfrhm~-...WJilli~~t1.iJL>¥-.V'1}) 
anmfflT111Rv/-1i!i.~-grm,i.riL4:idh:mtm'ii.'1&tttimarmrlfmi:iim_.tlli:!itt1iregpn.Ir1:~!~1mntrgrilWNum.1tinE2,w~t 
tifur&.~~.rttimcmertri..=-0.ntltim-;trhtih_~lf'iin',f]TT'f.'tJfffi''':u}#JJ~J(i'i)Jn:f@i;rnuctiiim~p:rr~fP~iniiiru,attonn.o:n­
IT_ij_µlli:1nrb_hffimE~JJ_f~~wyg~:i~i~:-~1illiiiiir1.tiifllihHfO~_p~d~~n.Plri~~:~mtUii~~)llihifff~~mrrrrn.nili::~tfut-1-'- -­
'::-:UUolUhHK0~!i~~ll.ft'.~!1)1If!?.mili;ai1Vmiliilinnfifa'.!~pp:m,Yil ltlkcirhµp-oo-~'nffiliirigg.itm.1~ihifnn jre: 
,gm.ii~rniHmflf~nfrfartifa1fu!±rmr,:-,frfatrerriii~1hun~µimmmn1·,,furumJ~iitrte:,Jfuttimil:him.ii 
((fmnJ-ttmr7TnJ;7nfirf/tfunnffi"i.hffitt\W/Efu.di~~~~,r{rHffi\W"-IWJmri:ntff1JlliriiillriJf~)~+-~rtlrtJ~G¼.\'ffi?t.41~ 
D1Ili-mrirtt_ 

~E<c 'Tilnfl.fil~Hfl~OJI'~~~~imnft~'tmci~~ia~' 
'tf. DYif.i!H!itmiii!J,'i;l!$Jflmt1mtntr:Hhiili:..:Fliif:xwHiJiiilHtj:grmm-iz'ustmi.d.Jt1timiHmiHm.1"'1adtim1itHi1i1Im1_4w{t.lfi1i1t 

ifflr1..u-YYf?./ii.{1I&=qilElJ11.YJJJfj_lIJliII:-iftf!Jl8f)_l.flitfi.it:tliL~t..~iiiffl:ilkfiirrrJfik7Ip"!fl/fft~efif11aJiin·n.?"1114J.~V~tllfEliffliit~" 
iiittrg-gijw r{f}iun 1Jiif.1IiJ.I.A]JilBiJJ'JJII.J:lifl SJ'JIEf/dii'fc,Hninnih&•-lNi w,2am~c;:,Nhi J! fcrtmmii !D\,'iiffhtHl1.zSfiaa.,, 
0Jif1m1il.HHn..W'???_,._wirt/.ljf/Jjiec:;nc(qll1~~I/rmt1te1n1t1uuegstun;pB)..~t:~'-''J"~iJP'fJe.at:rtHbc¥;-'ia,x1nliflif!f,,, 
armttJ:mtfi,j).v-Qf]i.imiitfdi!d i!iiiEJicwt!!i.fi,miif idiifoJ?Yfii11/.Hiatttflfl!itiinii.il.-F!Fn.W::,c'Htiiim([f})Jj~.m !ifarmri iiI'&~ 
t1ff_tittfiiif iP¥flfJ..f~%1fiadJii)if.}-Fl'"iii!#tr11.tt1.riii.w-t?!ij_{1~l(?."ii-:11tfik.YiifllJJfiJ1iflTJJlliillJllJ.Ldfi!. -~1-lfJ!fL",frIJttfituti{lalt±." 

-&'if:t.YIIiii.,HT~v ... "f'fldtinrHX;_'l.T/i.t,Hl'u:,.,.ffn,g,i!fgp,2!lngi?fbl?Xlm_(ff]1°tdi1,gp"~,:,.pf?c'lritiJlnm,;_"'-1XLflP&iitiJ1n£i/ffi&,, 
:cit it'". 

([{]} !Jhiilinn aniiifm;, g,t?W&E\ aniff (liii&m- '#iJJiI1&-wt, am±itmdiq..g_i-rrdff ,-,.£<--.WtrA'-'~- ,utff!.£J..J;W£-0.f diitiiitr:; 

Jtmf.!H!tltatiilmz,n'k'-:<.Xmnwi ti.m:,:Hni i !Hitqprf:'$,;":i'J>:Jififirtlmm mil !t'lq:qitnxfffirtfifuiir;q-a;.'vtN iiamxHl'!EiirtEJmwnt t 
HiwdiMmtfifa2,,·1fiiv,pdliJft';fib,Siililw. 

TTHmii~.; ,Nimµi:mmtu:rmritim.ctm!B.m.11iu.1mll~-ru.1ur._"s;'z;trl:M,:'.N,\iittiimhr._"s:/lfili~!um.riiilin-r:-unmfufun.nitk<.Utli'.::: 
rrll¥{-=i-g,.,nifffimntllimumi~;:;.mili.ru1.ro.ggiui'tlo.m:mtilunti~~~-tli:miivB.nltiiifut1tiµ~L~t1t,;:1fo~prpp-~ 
Hfu/~z-sI(~iiitihiL~)- 1X~.mirnn1nthha.s_,mnmitttmttttr,:mmHJJgrigg,,,i.ttt_tt~~rfil;:.,_-rr}tf~TTrTTi{(f,''.~Yim, 
((~l.liiliii~)- ·:1&rncm1nw.nttt3_mn_Hfus.mptiLi.rritinrn"ww,-CTt~~~mnnt lfu.-"+fur-e:,D.fa,'11.riri.e:Hfu~tWmiton, 
{)L_'flfrm:. 

~~!~ ilfu~~~iiD.m~llill~~~~~(~1l~1m}~ 
1If!IlJJIJfff11-.JJi1!3Ji iirn"I'?J_(fJlFtiJ.!l!i !E~/¥ffffJL~_-
((t.j}) ?]Jjjt,.l.p /ur,rp1..w., {j/~i_ffJ,2ffii~titft_)LHrruJ-'-i ii-st t1.,g1-attiJ.crtu mi bmziiirtti inlffii)m'tiHmiti·f {lingmifi&'{,amif l 
7rrtff!faimtitm"B;rmd.#liim,.'t1z1tm1:,·,&mJ,.'i:iti.mtit..~'r'iiiiet,iii1ii_tJfJrmtHtlii1u,!'0rei:.-JI.-L{ !}i1,UJ]W1I1Lliu1-rBh11rif_ft,.1,;,~\, 
; JpTr.fiti(!!JSiliiirtf-H:zrnP.B iki dimi iimmtilefft ,tu d ii foiv ,liifmr1..i_n..FJfifa rt mr.s,1rmJl[Ililiifa.,, i iiifr llf[p.rtlit,mtf h miH 
J)Tt~JJ;-;1miiidiL~-;N1JHJtIFJiJP7Ji;Mf!.riii,,.1,:~y.4111n.m.t.~,a1ri{{lfihanf ti'.vlfl i[ltHkliiJtatt (LmtifrflJmriii11h1iNautf.iiimp;rn¥f.• 
[ fiin YJflii i jJWJ{fti ir,-, .. wt@mnrif !Hnli fb@..fillUU..~,vtWtx:JXJllJt{i._V-

!lf}J/lifos,S'-:!.Inw,HitJJ."'Htemupp/iifr1HttJD! fimii'fsd ii.rifbrmauHktc.-c;ltf11~vi ftnt!ii.licC0_nlJpB'iiitmiiW,HRim:. !J.Jffo: 

p p;rr;Niitim:;3J{f_fliirrJH?a1niiJ,J.f{lWJJt fit1£f~{iixn.rtt!f i mi iypHiiiiit.:,-uff_fiib",lkfo~IJ/'JJ'.~diwii i iJHiIRit1,nJJ.-c;,,i-Hil h?.&,"tHb" 
,1"wyiiiwmE11h:;tjfIJJ1&CJ!Jh1!Jffl1rZ!E555 autf.IIJlbTlt ifm{lilllii .I!f!iLw 1iiiiiin11m1J[mtWkir,:rEt attf.f ;1Jifa,~.t,tmiiirrtds 
:1.m1liiiiif.H1J1'1!ift'dtiii..~.Jm,a1rriii1tmriiidtfm;m rmmt1:.2.am1,w"",:,iiiffjfma--waIJHmili11!$-;_ 



Exhiqit-C-··· 

'_l~Il<~~~ff&1i~i-0~f~ffiJJ~{'.a:Jli~~li~~:~,f~\li~~:u~=11-~~-~~~t B;~~B~{~~l°:~~!;;i:;~tlsi~tt::'.: 
~lm:t'E!!., tlm!JTum~.-,~mmm i.,mnru rt fl~ • .:mnutrouh~. J:n$s .. uun~-,. nu, lt;l,_~\lUll-R-=ti ,,_,furt, rn, :untt nr.a~. 
;v;,&,1:t-Jik.tiH..tJ:tttn,;miii'iiJ11i t iiHM.'51\V hi~ 4::£/}~t'IJ)-.;,;;,, lifa,g;f.Y•i I pud Ji1f.ff}l~~~""l!P~iitlf °dffrhfillfflr7J/J17J.'l?P.fJ7J , 
;:n~,.;-dfu1iitrfuWrrni~tfom~.~~itK~w:~tn:-ooiHfilmifoJr;;ilili.b:mnilitro.rail~4:0l~'.~:.:nn~m1 
;.."etffi.itti !iri t:.ft11.1.LUI.!1}l:ra.r(nl~~}i7Ritliii:tW$ll.&.WH:tntiiih&~j. 

fHiifffultt!i~Htatt Ht-.r;~pj:liiooit1~,m:1:m~tg;,~1itm'#:•.ntn-rir,.;1 ttmttni~nri l hM\<tl iil:i.intn~'ffi1ti~ffi¥w~rnnrtti..tf-; 
,.:,x®2.ill}lffiJi:~lirrw.iifilit.~HmIB1Iimfiltlro.ttritr;.~gm)P}~iu.~~i~,<lllh.\w;:,-ii~ruriliiiiumiMsiiiriHtt:-ffinJ.~fllim-i:;:: 
~Sl.ltj_~.t1n.;~imudfon;..nfifum1nu.iiifun.lfa~,ifuv,,;:,.ritbirat~tfffrtHfo:iiiW".llffl:.rJ;EHUl~{ffi}im:uh1fitvtrH1~mt 
i±~nil:tft,ivi:iicifai,ro.,-ndn.rw~dtlilli~'-'-t.. 

i~JJJ!J!l.llJ/HftI1iiio-d7J/fI!J/-fl(tY7fil!iJfI!J~7J.7}.WE:Ji''ti!Jiffi7J.JfJJfii1fl7Jif8 __ 
(t?J}lliI:mttlaifiiikit11sa-mtt!lik-.ifi:r1p1KLJttiii1tiiii,Hr.0)1ru•;:f/f.df!!-gJJ;_flfe-w1tw..ill.klfJJi~"4vN~'ii.mriiim.'a/i,mfil.~s-
mww1J©,""f-ftiiirii-w~7il!llll@l/Wltti.lH;,~:$'fl,iHtii:J..m}Xlf!lpJf,J': • 

:C}J!H1.,.rt1iiriiim111?1lf,1Js_itr~r1Jt;m1iif-:fiili?,:~~ii~l'!f!!d-iffb0::0il_{fi..>t:i. 

filfuli~ '.4:{m\inmrtlB:ffl1tlfill.it.tH~.H lti~Wi~WJ ilil ~1rmrez.mftfrrm'.to.;,U~~ii:s£illiH.fn.ru~3,~1n11.¼~ 

~=;Ji~~!~~~:{;-:.:r~:tt!:~~;-~;?::1.:::~~m:~::;.~~:.::!!i~~ 
~;:;:?:=~~;=:~::(:;~~=~:=~~~~~::::~~:~:=~~~~~==~~;~;~~:~~;~=-

-__ .a-nif MililWffelrir /iEXl.:f!i!JPi fin"f i&.1fmJJ,Jif'i1tft ;?J'fli?:!!JtFiiili_t_f5Jlriihjfb1..WJ'/!WtPf tfi ff JI{!'4tiii&l! lfii1Uitti!i~i.i.1tt!W g:piiiiti. 
iliaJ?t/];tfibfilA.'fllitfiilmtfiiw~fjr"i!.li Will (JJJ'1J!P,'-'JJ{\f iiivtl$ffi.,itihit~~)- :fHtfffifili d~fttlnu tnbgrrJJHH}~tjwfu:.nrnHi 
;;'t,ui~munrH.ro.."iiiml:~\b"lltfumnv~1tiiLl-tt-~&...~tpnnm:n~tmllliulih.<orH~.illi~.;;~n~.;::. 

Tl~Tflf%tltFE-fiJJJiti111liilQl~-«_:;~f'i17f!J· 1~'7fr?i..~·t1J!ll~lllllllif!l:?l!llfJ.t"...41'IfBJJJJJ~7"~f_.i'N.1SflflJf:i.7.}illlllt!JJ1l.ililfff!fllfl71tJ.B.l?i71 . 
Z!;_QJJWE_i:::; 

;~:.;~;:;;_;:;;;=~;;if ;:;~:.:~::;,;;r;;;;;r;r;e~; 
,,l'<tJ.1it®,fttJXlr.lf,,.,,m u,,><,_,_.iam,,tlkJ}J1lW.~ , ,-,,.(lt®-;flJllltfMJ>,1tl.J'J:1'k,,tll1l1/:;.:,.;3'!I:t<...~lW,\O,ll(,(~Ull'Jlla,-Y11,~-

i7J¾l;iii1ifirifiifae£1Jiii1nt{l__q_¢JiBJ;'F."1\:'iliittii!..1t~p,iiw~~fi..--ujffIF,$1amf~'Jl_EJ.n;itiliiitfjfiHfiJhiiiltiiwi.ite::: 

(il.W ~vi!} ii~~-m~'tf ~~~uzt1~trii~H llfi:3.·,~iei!/;~t1!iil±f !~ji~:iifiut!._ _ _ _ , , _ _ , ", _ ", 
iiJ..JEilli?iWfn?£.<rt,tlf!11{1W!;{1m11mx;m1m:11.m.¥l~''rm.~-..wom1t.,i;;f:Jt?.!'"$JliD"Ki!J!Jil(!llltlmJ:n!,tmw.1.· ;;/£,;;::;:::f:tf~~:::::t±t1~1~!iii1J~~H,;ita-dt;;;.~utitm!.Y;;1~tfbr~£!£liaifl(tit~iiW.lJYt(aiiitA<J·tor, 

.H1. [ffli.11.:;:mutw1ttt~~ffiflJ.~1 r!Ht1ri'M.,!i,~ili!ti.,.'."Sff!JiIQ1'~,,1 ii!l..adJ.J;.}a ~~!'.ffil../;;~itl:in:,:;; Jilfa 'd Umil ii-rJ].-J.WriH 
~;ttti:f1.11itn:tl.-<jiimifiiinfudl/;ttntH 
4:;~jf}l~i'Ji.¥is.ru.::.&miititd8viiithii-iitff}i'fL't'lt/;X:-f11'iiiiimmdl1. 

/ fih-iJ-;·1·,1·1· 1-rr_,,i,;,,'-.jf.i>'i!X(. "~"'-n1· iiif;i'.J1• --•-n/·-'l-it'1'i-..=r,1't··,-,, ,,-"fi"H hl'l1-"' fi"Ht't, Hb<.ct...-i-1/indtlhfff;ff""'Pll"t'a.· '•1· i••1-rr_1 ;-·a."'"'"''f(. ,-.,,,~_., ,f 1{. ,-w ;,~;_,.,,' _.-t~:-':-' J. , ,.~._.., ... , . 1,r.;•-: ,. uc 1:-,~.: .. ~e;,,su .,.>,,_.~ V- •~ . ~~~ ... ,\ __ $:.~ff~> -4-1'~·.-" ~.> .A""2"'~._! ·· >Jh,· ' ···-·. · .I u ,._,_~ ... p~::>.. '.f,f"-'">: ~~;--> ~ 11,,i,.J . L.r~~-
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;~,rii~), ,~ romm.tmres:1--1imtt1irom1~.r~fil;~':flrertti-v,um ihrmHtr;~;,iifoiiij,~v:iff!1?dL~nl~~~~u---:mtt..,,__,.f; 
thatthro~'i:i tv.i-iil n:h::.HinaaHi.m ro.mH-r.,~Jii~mli\'ff.W.J'nU;.:!t-ID.f2i .anrutit.~~ lto.imiiili-i.iriru\ 1-lfS'Z·{W.iilli:ifa~~). 
·.mril:inmru~:BW.JnD:u-i,'lm.'m1rtfu~.~~"fm1;·~~{riru:}I~wl.Zhdi:ilittii.1titin1·Hu-udfut11-iiimm11-=t1funt-mm::.~j,1fmgg1i~ 
ntrntHmnfjfilDfv\\1-i~rHii.i.~TII:Uoprm·loocvfilicth:w,mililliha-efii~.uat-jtltist!ie:-.:grn:mir~~---mm~:rtit1..ruriili!-w·---• • --
;-a_irui:gtlirrem11t1:l:ii~½frfv.i!rton1Jfk~I~;jil..tm'.-tfai~ii:.tm1iiiiimi.~nµ~m-~.mmgJ~rt!1PiY.$:i.;JIToertt~~ 
iilltitlli~~r.7hllm;{~~H~). -· 

1 

i'.~yJii.imnt.~IIB"s'-~tlitJ u"lltrq~p,Wll!>;4P.fuf1V,M ii l:fu,,:dticw.gotltl.vMiliri 1ttlt1dJ,~_R~.ne-;/.w.il l:fu,jtj_o.rtttiilfav-tirlintilk:, 
raj})_it.-s&.w:,1.ylfur\\½ilifUYllEMreriIL--uJll=~llinrl-tl,c't'Enfilililliili~.,,..iJlitnmtl.tirn.i.!~..m111r~--fflmtp1}:nrtHtooii.t~=.:m1i 
,,mm:umilii"'.g,n:p:QWJrii:i~{~~t~4). ~ffi:tifrlGih®tUatt~ffiPirr:mttti~-rPJPVOOiU:~tro~.filRP.fan.ppp:r~xim~J,y 
m~.&.-miiti:-~:guri fonnfffltu:q1rnnr.mBili lT(U{mf-.:nilib~}l:rl.ilif-.;iu:.1rw-a~:g:m itoJtlcl ~nmi ih1 trr,_'lj~~WJffi:W\iJi~~-iJ:L---• --



Exhiqit-C-··· 

~E~~i~~~Si:~~§gt] 
;)µt!-WJES.tiinnrrffi!t?'di:l!11timi~-cl.i-;tnlmmt¥ilrttimlHi"l~kZOrof'al-r.tli~Jrro~iiillttW:l'tt!Wrf3rnatl-~~ffu.1r 
tff~ti~il-fui.zamii@UUV~lli~miJ,m:-~fu"!UtJ.'!!~11;,j,iifiiti:11_ajjW,~,tl~~,,rmuJi-{~ltiilitiB.W-HZ14-...~S:tlli${ititim.i 

..... -··t11~:~::~~=::::~~;~~;~===~;:~ii-::~=:!n~~~:~:f.:~:~~l~~~; 
l=!PJ"_mf~l t1mti.nri~run] iimt:illtU~:;IDUi:.ittifoJntt.~QJ)ltmttra.mffu~\.fQ}'mini"l:m~ ;',\>Jltclib,J?Rwrul½yi imU i.tit.~ 
;'-fk-::ifo.i.ii~±<slln.llil1affdfu.lt'l?>"'1tt.tti:m11i1Jm~\&1nlihm.mh11Jffi!Wiifo:na··-mbmni.ittlmr.~~iinr1,.~iiig,.,{ri.ffutru~t,~ 
"~~riri~;~!-filli fu."'iitinr,~.rl"&..ifum-ili.Jtl*andfrl.i"i:t~~~1~:fofiF;l:fui-rigun:d~.u~J!hi ru&rtai hfillp~: ~4~g\fri.u.·tHBi-tt~ti£~H.hnt 

t=~=:i======H~~=:;t=···· 
(UJ~ ww;'.Jrt~ltretU~vJffa-m~---wmUii!s.-411i,:rn~"tw.::-fffr.riffm~u~ . 

• .ffili:r.1~'jaltmf!l~.:maifili§B,roili~,illi"lmri..c:tt.~~0%~i~tin-mrtt1tili11ttru41pJR~.,,Ylli~jMHW•:s.it.mr'1:.PJP,IJ}.J$ill 
;1p:i.w~..rh'½,P/mri:bm.thbiiliitc,"'WQ~~1':h~tru,~~irimf~w.ilii:Uifili½)-~rnTiifumt,~r& ... .-dm,tntiru\µitlli1Jl 
iii"tJWm.f:;-rnnt1mrtmnlrti4}!flllt1i1.1}Pl!ltiti.1tr«=",1fil'~nm(lfl;Iffitlj~"tl~:,-'Jmlf~~:J.tl~.rtmtirfrib.,mfm1.miti.ni"atmmii.:: 
imp~;:,.,,lli.h.iliiw,itll!:iu:;z.fffi.fui1im-fiftittmtini~.i"'1i'ii,iitii~)._/_(~P.li.l0.rort~itn.~<tttiait!pf"1;''.HUiro¥".,,:,=arl:fum.m.1ttr.mmre.:.~tf:.· ··· 

~~::=~a:!::::~t-::~;=~~~:~~~i=~:::=~~i~.1~hf'-;,1ntt~tr .. ~?.·.ctti;.~t{ufi!:0Bf 

~.<IiIB"ntmB&"mo;;J-~fmiim.nti B;--i~<1nim.tnb9ro:pp~a:rtmF.ari~un1iiljo,.m.--nl·fu~ntiittthlt--um1r:lf-Wit.inri11 
~@ocfifutfillf.--rri~ -\~iimin~-:c"tllT[llirot\i,ifil;$.~IB,"1ut~~t,titJOR,":l!~""fO.fi1u.!;!$lttlhc.illiliiHro.on-Ht;~~Jn1ttlhc 
IlPJAlJi.-....,~-Wli~~tilillit~J:lT~ir;~~i~..,~~~p:t~~~ip~mw_'_~l:'.nml.i,y~~~trrflfurm~, 
11m\iimtu:rn.n-~mirinumililiiniinili.i~itiJmH~:~1tiitii~}. 

1Illi:t.n."'tm,~ttflHe:.1,.~~ttim.ia;-~-"n1.HiuffrHhg:prpp.~4i:Htrru:mii.ati.nrtiii11e;v;_ggnmi1t,,\i.~Htri11tt¼'..:,1;.'llit1mJtt""JUatmt-:it.we2-
iii-=,:l=ifint•1m~y:u.:mt-4illllien1~(~"+l-i1)\,t1tilic.ZOm:•~~8.ftfl:~,~-£#nrtiil=!F'6:re.~ ... ~,._ro,1fetltio\l,yiffi:m:.,mrl±iElmmtr-eill-i'~-;m:n 
,.arr~i~££flfu.mit1Kmt~irt~tn:iliimn~;~~lrfcii!.t-Yf!1tl:iii~J~~-.mtirm(~•ttiifu~t:i#afil.rru~}./~)pprorutt 
] iro:~1 n::rwfi:ltmi½i.,;;.i:iliftiitlfil S.$Jm ,mriiS.fo.u-<~~lli~-rutl~~--3.'"imniiia.k~~r,tl}[l tciin::.liltlnuclll11wmhlh ,:;mJiti.i}~'' • •• -• 
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!iri:ru:mmirunmnill~.mrd! h1%ri:m;llimf.ti];,:nffflikJHirmuzum .. :Htrm.i,;;m1lnv1P~:lml11fo-JHtN-z:mum.k~rnllirtnfrl1iu;"=' 
P:fJJ!r,H,t'-.ittrtmmn~unriilit>.:G~f,,,1"ii:lhi"'L~)-%mfi.-1unw:ctrilmtrt1m~_iim:m1fllre?,-um..dc'31Jlff]J;."llifolfo•-4,irt1a1Jl'.nt~ 
·-1~..l:ti=iiio.-~tinmi@i1t.cutiJt,.wt,j&',c:iitatfao:i:fuiinfiM~nn1va~r.;-ou __ u~;iiimm;wJ.ttt11tlh~:--amtliimf.;.ctffrr-2-~enm-::c: 
, ifrfi1tr;-rttn1~:nit2irmtl l iiu;1g:rq.:ip~l m~Wt/~J,/s:l.JJij:ec1frd~'mrrizmim:,an1ri1gicts~"";iliiirt\~fuiri1if;mu1Y£,":' 
~~i:re-v~-:~)f:itf ~JJfJJJml~1!1ttW-£_4JJ21fuH{l\~Y---------

~:rt~~:;:::;~::1:::~;~~:;:;!:~~;:;:~~~~~~~=~::!~:,~~~~~i:;:;~=~ 
mnil.i1ru!~~ru',_rfu:,,'tur-hmn:0}1I~t~ti.m]f,;!iri~-mmlfffim'>'twil1rmiu.iJ.ID:,z-evraiiigt-iinmt'~""i.i:ithrtkt1+1,ln1fau.ra:s.: 
,,Btla'~jj,il?µm.'il mffiilliffiilru1m.ruiiill"i~y}.fil.-llrutt,f~~lrliiiiiffiN) 

({ff}_)IliT8.t /Jl'-¼llflf:1..~iiliatf =·vi~7ll h-n1Jt.-/fil1:1.1u:I.-ftfjtifi1Hntai.l l=-W..fjg,.~t-,-v,r,'BniitiiiFJ:~c:g.t.fii1 JI:.~niJ~v~r..:~~; , -~-1viitif i'3J?&~y 

c.WJrtfh1....."fiunn:y§fb.'mEJ.·umHiiuidniiili--,. 

_ffiiimi.itm~=~~ltitgme11titt1Ir~.:fil.lli~~~~i"~~V~\.tilriJJ~¥3IBJI~mE.ifilI~~~~i~cfU~V,!1rtHnliit~~i~-=---
\;,vfaiintitL=zsi-ri:iiriiM,/tiffi~TTTQWf4""nB-b·jJmtt.;,vful:m:iii:m7Ulfo. 1 intlm:fum ... v-i1ridfui.,1i < tf~ti rim (%.~iliiiiiJ,a.~f :-Hhffrl 
ff fuili:1msffi.Juni};-~,rrre-arrifattl:ffirt rrritlifarrt'.1 tlhg~a:ml:Y~.:tf fuml:i 11:rrciii tiM:-i jj, t ttilf:Hri.uiii.w;. jf,_l:tit'ffirttktttmttille" 
RffJ'"ROJc~ii.i~,,_~il ~~hhil@G.J.i-u.--m1l:'.nnit hfl'F...mt.,n1ts.,:;..~it:tiiggc-~tii'fil;.nt'~;~~-',§"mGl~¥="'"'@.1.~,y:m.mv1m-irim·, 
-?W!~~fUT\\M UlTIHTlll~ _ 

((fjffl@mr"lffflY£fJ.1iE&'eiii:iliirm){v;-x,mJiiiliJif-i-g,1fii'f.t.Tri/¾J1au:g?J)1jHiifiqffutJiiiiu.-c1,anif.~,;71jf,";?,s:;;rii-tilintwr;jfiu11mfti 
_f!jh1fi-b;11iws1 mf(jJi11iJHJ-f;;yfi-bGm·til. 

/~qftiamml-±.sr1+1rriiiL~,'url:L'%li.ciHi...~pti"nn.-ffrHru:Matifrnrt~p:rp~efurtmrnTIIB%inrllill'.:.:tnifu:-mll"timtinn 
lin:11fuii:IT'a.liinifaH11iirJlitltiri_i~c;;;;~-HtiiliHR~:-an:filtimw.1Htattfr1wttrrij_c~ift;;~~~l_'iJrtn1• 

- ., &'1M·-u1Ee, [(fo~p}iiwlf/--';"o\--'§W1i1,ml 2.rlJ[RdJi_tiiht f iiwifffrtttdf f iidiiilmm#.iHfriii4r,zhf-m,_,s,m.1t1E.W1-::iHfifu)HIJfIS 
t,n_,vm1iii.utts.d f ffe;1i#fd.mdiin.';;:a.1µzw:ijJ,yil'iii'i.n\'-[ffn ,"£"titli i I tinuif f.'g>;r&Hrtfffl/lflad_i}¥ttui! tJgl.J! '<V Hi fir, f fit_,c,.--•-,,mttri ff 

__ ----I1Jil tinm111.ikHfii i ff_:t_,t111ridFtlim-&E..,l1..1Ii.uzmitiliG.1mxlf4,;.711riU1 ii lin,~[fJ"i,rr fii.UttYnefi} iJ-'f'J/f_Wmi.H.,a1!JWiJ,Udl'iJwxeutI 
sriii-utd titmttU1pnn-YH1t1t1JaaN.,;inNtit linmtM1ti{i!JUJittlmltlli"t:/.;' • 

= · 'Hftprc,wufib0·0Jii dtiiln~4'f}-f,t.."'7iii,fr!Umg_pwJ..,i.iimtaijiyl URHilJ..m1.J11imt1ill,ifitt H-beJi!ll.i m-.. wii-#Hfii liyy;mill,JH 
ft'f!,vHfe:J!ff.l/P"l;:s,r:.-,fH!J"hrf_j_~..,1tmtihiiilwm1iidi!.f_v--;,r;,ii:lam;.iff-,2mmiiiEit4lfct1tfI.I/JJhwr;:ni}J/i-21t-if.!J-i.ym1nmltilf!fHmliff 
tifki ilmpjh-,JfrifiFimitifflfr-• 

= ··JW{f;iiilifil, iitE{~ai iii1g/1ijj_imltw.wttm.,-:.c., rm:Hr.ili'ilttlib, v'liih!.f ih..'"<'.,a"ti.P-.Jtfm:,mtii df i.di-t.Jiimtttinn! i /ifff;iittii i.-is~m,s?:R· 
Rltl'ffe?:lrtcdi.lf b.wifi:'J3J.-m&'f:c.'iiif!.,lfmttr"f!}8{~wD.'iith,mEU, Jlit&rdll-,mfffi'f.,air_g.,cfj_fi"!i-&,i fUffr.-'aiiii,;·f tt!/fJ.: iiitalmtr;y 

;:!::~:~:::::.::::~1-:~ji~:::;;~;,=:~:::::;!;::::::
1
r!::::::;;f t~:~~~ltI~, ?l1!,J1lltl(JflaffllllfCTiffi.'. 

Pdrr.rlilT'i.i nnnk"!ri.ffil6f~um:~ls~fttiifnm:-i lfuU~1~}~ifilitqgfi-Y~tifiP:'!w~i:tfifattmmmr;.-:B11ilififir.1n-rru~iIUn~~:!~E 
3.µ.£iis\tl~-ttiJ~1rim.~2;:,3,§nrertR:d:rt1ik-mn~.a. .. ~H1~1ra.-m;:dii'tntl1innHromttm.1imtiL~liIC-zmre::. 

1Thillfillff~ilm1iiiliI~D..'~t~iln~ffifitro.li-ttll1t1h~~-ti1!1:~.n-O.l-t~~~iriffeaaTunrtiurmirttf~~jtirr~-O.e.c­
;}&m<rilhl1fil;1xuJrltu5;.:-s:'~iii:c;;_rtfrHttyp:rmn.wtirtnm:n1-i-ii.:iinriliit1.di,..r'"3f".rlrrrintie--.1,"'-W"'~"----mitrE. 

Hrumt';ill111e-i$iri'fffifldis1~1mtigmm;~1rre\',,..,F,,. . .-,..,.,xrrudHirffintm.mu1rr,~,,'¼1iH~mrreglimri.rrutl:lroiiimt.~"'tlk'i'~.ffrrZ»"fi, 
_m,mrufui-rimJiiifr.::dft..:.mfuJIIlllint,Jfuurt!thttaa-:0i~~tEiiL4'~'i!!f!iti,.:.m1t-:;Tiffi-Hftraiil.wilren:-.!>filnJP.fi?i-lliti-'..,..;.t11k--.: 
JTftHPa~?.tffi11r~ti~i-ri_nt-!lihnt.:rrrotfr,.ji:h1~\~nlUc.1rOOijrrGJljrumt1ttdnarrin~~-Gl..'\~itirigg-gp_i!1rili:csa.c.e~a?~trrJOOE-s 
rrnrii.rinriiii~tP.:E<ftfJ:1irlmnmnfffonP.n-'.Tfflf{lD.iu.'¾iliippw..n1tt~'liiihtt~i;-fHmfffi11HttHMtttlafJ~n1if~¥mtmrrtn 
, ,iiffimn:-"spo..---mirrnu.ii:ifuifu;-:nmi~:H ill1¼,.--w.illi;·ttnitliqf!J~~ff2>,~1ill'-,.¼1!1µ-pn.,"lltl l ffim_Ufili i in.HtcitfolTIEl·L~E'fillffi1 
: t1m.ttilt®~l±mh'..G~1rrliL~~ii&--niiifumttta..i~-•nlE1WfilUffi.Il1JjiifuQru,wJmlliTu.~"~4:pnnmt(~fo}rii itirtllib1m.Ll4)). 

-·:~ 
~:_,: 
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:=::t::~:~!!1=i~:i=~t::;~:~~:===~~~:~=i::~:~=~ 
lllf~h:m~-

.. ·· ····{ilf!!l!il!i;F=:'iflf:.::/.':::!:'Z:J;:;::.~7:::::::=;::::~o;:::::t:= 
tmJH-tnjt,gJffiumatdi{(#ftmiHfkriiift;; 
fr'pJN'PiJiii-itiiiE.BXf!f1tldtitti-rriujlflf1iiiii:frmw,Uf}:ffjnr:_l'f.mJt;{flllIJ)ff:zm1r1;rfJfjp:§jijfffii-t.:,.· 
(if))_.f-,;Wii;iinii':r.,dm.m-imdlflli,,r;.~.:L'?l&:1;lTfili-e:/Jif/{4trtJ1)/]1'J.,Y1E!l!ll.£,iti.m.dHH'tlif[l]Jodlii!1,,!{[mif.~m~riil('!-11nii-@.""4:tike.11, 
timift't;1.ik.'lffJ111:£,;1_(fj]J.ti1pf1.iifilir:; 

~~:1:;::Jr::::::;:;:!!1;:;i,::;:;::~;:~:~;;~~ii;ia~~ufJhfi!~•iWlt&Jrattilkw{fnutif~tiifr.1&l;tf1Jifg!iii11w, 
atrrif.f;:;.E-Y&r:NiifJ:<J;';,cyjl-~f{;-(arriHJ.hii#J{-.::.i/ifJ!;,IIJdliiimn.~·usa/_j_fr.lptiiiifjf!ima!fft.mtt.#J:;······ 
t_{{Jl"flfftfflmuiiititiiim [}.'tli ii HL1lm:dim1Ji i}_pp'JJ1-·,,ii ltii_g,£,lfi;"riiii ~o muiH.11.1.1 ,.tt !JtilfiiiiiJFb,p,mniril-f}li ttt?m:s ;fl_ff!p,± iii! 
flti'-t1mHfu:artif-iitff.Ht=J.Jttzrrtiiiiriri~l!ittrr, . .::j_"{JJ01J.HfJ}lt.#.fttll~tll-"J;'':, -- • -
.-':~'?~-;:[~~-~I½" ri~i.h-l;:.;-:n.-:o>.il'tt "l. ·jiif-h l~X>:>s"" .............. . .,.,.;.1~1'E;~j;JZH· =.,,.i;i- ~n~J,,'::lt-;:;: .. ·;. · . .. : 1 · ·1 ~J,> • • , ,;::~ "1-~h-i · :..:i;v-:'o i~-i1'1 . ,,"Vri ~, ..,. , _; : ir,~ .-=1£ud.:B., t,,,, i;f£-'=· 1 l,1,1,..__{=-•.SH,;,.S;;;!f/.,_. __ _ .=-·•d «i;-/p~'•.f,p.,=o._~yi!,,,ln,l ·r:-;,l><' .... li:!!.i-,_,;,,_b\.,..U~L l,u,, m .... ,t_i,.tJUli 

(f{J.(!f!.firsu~>:itiii,1tffiiiur£~vHiv1z&'f.llHJ.filifua1~"!.'.~::4lNfipejiilif!ifLnJtHhraaiii:1~rrttIDm"1lpnf.iitJiijtJ{!ji>di-ititi1° 
e"Wti.ti nr.t,. -

d#J,Wttiizitiiilrift-ec[f}ittmdo,tx1!7!!/t'A'llira;,,,._7~1viiim1Hi~viiiif..-fpp1.ti.tiil!!li1flriillHzzmiiI4ti~u,~vNiii.HhwiiltJ£.,!fiiE. , 
t11'iiAtrjj}?Jhrdtli,"rg. __ -

(fffjfiilffiIBHiHS·s~_"lfJ.r?!il'lJHu{PdH11dill~wsrfj_Apft>.tliili[!HmJiHirm:niikJtiieffjiliJu-i.iJfg:<ttmiii:ai:iisanr~giiiJ'Jlf.· 
ilR'.i:f'b~IfilHN-.0 • -

___ ,{()t;-riiih-a:mvum:trt-rWiti.tnautiltw.tii:atm1tiilifi,pp~t'!,-,,,..,.>nJJ~trJ,""£Nililll1i,..1an111ihJ-mHirL1mmtgJ,tfttflitatitim7, 
,;tIUiq/µr;11m!Hatm.lifrrt.1lt"lmm.1Ht1£,'.irne:.::~'rt;-f.t1f1url~­

((i/j,Ull!!mtmnli.liattmJ!.li:liiw__¾l/Nwsu11.M:tiJliii1~•1i:.f::£HiE.,amJ:HmziiHttt.r,tp:-c-ewttf!fi1111iiir.ml Mliiipp.,Ec:1mflitt.n-.,-;rtf.Z 
rnm~mmtf[tmltit:.fm il1 f titifim7 il l#.liuif ifJF;Jt!fifih.fifl.;,1 mit/,tp:.tatf iftf;-;}.1tih I ti niiiif inm:_~lflrnlt!Hh mffff!J_,.iHnH io:.t.;im; 
nmt!iiuiH.·mn_µ,_'tf ffotildiig/Jimn i~ri?tlO tiiintdJilfri.1"; 11m,r.rj_flv..w1?=!-ttie.ft11JpForf_ffom!r!f ti&;--frJ..,.ibrw1mii.lmwHo..rrt{(rliftJ, 

::!:~!;:~::;!1t.;;;::::::::.~;~~:::t:1~:!:~::!!::!~r::;!::;;:;;;::~;!t:~:::11:;;:;:;:~!~:1~:t~-- --
i..WJ!tJ.limnno..e:i;..,,1,yfiif{!!.Ji.1'1Hr'f1:F;}!'lttiti1,rg~fl'tillffJe,Jj."!Jifniitrtm/gi{mt!i:rJf,hdilfi1--¥fJ!Sfiiiiv-uq=1!ll]X},:iif{ 

(i,,1.l'f!AV-E·{fifJt!J!If.J:t(f!f}l~1:}f!lli.!lf.llifJY/Ili.f!JifJ:i1VFdii~i!EifS 
(({j;jj~~i1ft1a1w:L~°.wt1:1a:,ti~t:a~'",~;!iii:dmiiiiil!ihJ,1l-mi¥mt'JrW,s:Sih~{!J.k-:-x-ffii~i~tt1m.dHvi-ii.Hnmtl!J.miff.xtmi!i1iiilttJy 
i..=r.."/NlJVJ18.t!lt,~$!J{UUtttlJhltJJJ.lt{llll1trt.(JW_: 

%!tiF:?:Jiffif:f!::E.~:t•]f £i:::::~:::~;::::=:~::.::::::: 
~";;::!!i$f~~?:if E!iJl£;f :::,=J,~Ef;~:;;£ifi;!Eifl;:: 

_. JJ:llfl,TfM'fEF,1T._t&~•ll(-{;--aa1.,r1a.."'!?.mtm1ita.;n1uuung,~ammmtmmvmfumJt/l.a.m1uwsJ.uUr.tilrflf.1ll!inmrlJ!f.Jr-::;Q]'l§--:t:J.~J:mt1v1, 
titifd.FPdI(Nlft_t1ilf.a~1tHw:-:f{f.ilJ,t;i:J.iJ.ntt<!H/J.1/lf.Jf-{lmwd_fij~~tl!JftXdlii{f1imd&jpilhm11m:kriiiW,~jf_~#V. 
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.Hmdili~;)~~J?Plmfliifaq.1~psm_9gti.rrle~"'im11'31:1B"'F1~Y!~ilici.h:ritt1lttn:~funHfooii~~~,UmilE"~-i11iron:1N.iiiit1 
[i!fl\.W!frl~:muajirrgiciiil:i:jfilrtti~~'Y.~T'tl!JJ?PT'&«infili"'4}:,z-TI:f1Arufiltm3.-~tnbt>1trr:Hk;,.~nmia_;i/t"R,mtililtl~)-::illimT 

1=:.!~i;;==~ij_~~t~:~:::;::;::;::,::J:1~~.rtmv.,,nric:~tfil~.riliun,;illtH~~~mtl~~-~---

IJlJ!JIJl.lll.HJiP21ifntiH1JV1f!~JJ!lPJld)Wfm1irfflii.f..flffB.· 

!i:f~:::rf t:::{~1:::::!:~~~;!r::!~~:;;:t::~~i'iaiiiUY!!!l~Itb~.:ftitdliiin!ii11L1},'rt1imtit~.J:t.1irmu~~ca.11f1t, 
iiiw1,_Hi..a<Jti.1ppnJii:ili:1fm.;5--&.~-<t1!'1J§Jdl:e.rmn"E'&itltti.ct!ihttt1.u1iif-im-_i;fid:Jiittiii;1mf!JJ>-~:;tft.r;.\!,a:tmppfiiiJ!ntumu;tu_ 

{ic.Yl:kn.wdfitd.h1:amnuiJIU;3:1iifa,.-,,T.1litiJ..~:-HtirwJ!1t-m--rrrii£maiii"1Elirtmtiltiirtttfi,~[t.iitiiiit["mu<ftilfa,.,yieifhinaw 
,,;:vdjj,-,Jii .. -::-iiftma;i,;m-,.-,-,-1.J~·ltit""'ifP1"11m•·1nnw'ii·-,,{Fiiiid17l-Jfiniiirrd~i;n'J',...,,-. - ._.,,.~ ~ ,:';e.,i.·~- t": 1~-" _,~ ~ · • V-- _,._ -: ~ . __ .,, . --· '-: .. ,_•• ~b . ~1:.~1 ~•~,n:.v: • 

ii!Hfdihim1ifhmif,~1,~me.t.#_.i?i,7fiiwiviiifA!; 

~::~::;:;;!:it!::~:~::':::!::!7::;!7.:c;:;:~:~:t::i=~~::::!:~!:::;;~::~ 
___ ---i~m:::~;:-:,:g;;;;:::::,::~:!°;!!a:;~~~::ihittrR1mriJ1!tiB~<tiif#.{0tilknnuifkdilmiii:1; 

i ii.v,#J& i iiliH iii f;f 'fTf Jiir.f:wi.i~%--f,,1J.Jim4]F\"-"J..W: 
;s-i,HlJtiii ii.ilJMf ilih?.miilsffft]Jf.N ll.miff 
, ifJ f {iJJ.liittm-'P,lP iim:rm.?1t!t-."'?ff futa.tf!1 ml ~1.rtild.:..~tl hfJ:f)Jf!ili~-:;. 

illimUi~ ~~m!fommf~~-Htmmiih:.."nrttM~.ftfinwHfu>i,i~tlilli~!FW.!~v-anfu½mlruuil¼}<,;,:g'u:ufS_$11.i~.l'.ffro:~ •--- ·-

~;;:::~!:~~~:~~::;1;1~;~=:::::::~~!~1t==~:t:.;~~;ilt=~ 
t~l®l¥,,yn1ilii~iaiuil¼~l\TI[ trn;.1~trm,ij(l.f!Jtiif>~p.tili~~i,;{almtiii.~) - --

~--,=:::t::::::~m:t::nt::,g:~~r::;:;;~::tt!:~::~:i::~= 
TIH!imnci-Jh lJ:a"\icy.yanru t~i_i;.Jtrtt~T.(i~:rr,iiire.::~, ;mru t"rii RW.-';frfi.rrtite:i L'Ulwre.7- ,-frIHtmti.b~1:1Rii~,,iltmw.arun 
~iii:t.tti ti..rwK" 
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~~!::~:=:!~;~;!~~:~1~~;::;~~~:f ~i~~:~:=~lfu;mi~rurliai!~ir~ili~ 

::~~~~,:~ti::::~in-gc~.ri_•1;:!rtruut!~:~oi:,~~~~~ttiic:~~~:3•~~~l~-~'t~tl'.°:!li~;'.~:~~ar:~;~:~} 
:,:,f]S,.-"',Uf!.rul!fil:~..,,,:_<t;,.,lm..fg~1.f61!f',S•.~'lil~tl.t"'rfl:fil·...u'~,uJl,J10::~~..v.fi.,tl0::~1t~lliUllll~;1tUQ~-il,J=i~lre.~t,-:, 

~WtIDjtir.,_~;UJ!H i imtiimt\!!l\\V.~~,;i.U.ntiffilfitr~fomi!}~p'W4?'"'mU.i-l]e.l~;E~i'll11.!lUit~'fllf\11U.lili;pp.n.~n.tn 

Erm~m:.~'.il.~_OJ~~runw'Fi''" 

:~1~4firtt.5t~~,;~·1itil"fa~nriiie...~.tikmlmij.fil:';itifi.Httq-.!JU:fHl~Wft,y,.,iliwmmtittiffi"~~..tHfl:'ici.fu!iitfeii.H 
11021.Ui . 

____ .... ---,~~~Hinnii~tti'~u'futHiifl:'-WU~imuJi:i-;filh"i:-:W.cs"ifum1iW .. .iligµm:l.thrWurrlmmt\irru.aHli:nrmttiB:'.n-n.tlti::.l:;j;.'i~~Himt 
,ur£ Raru~trtiL..~<filri~2 'fltripr,.f.9p-~¼.i:iwmfrm-~v,ti ifoo uc.m~!}'jimri.ium fr-:iti ffimn{W°h.!)I_W,,.--ililiiifr~) . Hif 
~iiwiii}gl.fUniRgim£H~{tforiiteJtmnt{?/;3"1tiffi~o\mttfiSiliror1iii£: !tftip\J~iw~.nn-1,1'!1,l'irifo.Ui;~.fflllWflliiiui:re-~t 
1-mtt¢;;tr...,~..\-'8-;mJ.iu'f.itruJn:u:tl.M,i]Jli~}yarru!tit..,~fatm1lUri:i.ii~~tr.~1miie:w,iiiitmi.tW.m?..iiizjmi1u!,w.n:.,"fiffi,'&rmii.~~c.... 
Ef})m ti.d lli~{(i01J~Pa"4 H:ii it t4,)it .• llif R'Jmt½:,':J..fiflill i nnm.cii~:i Fo'-G-.rrfi,c..,dj YJY-4!,:F::illJID.llID.&id~_jl funidm."i"gji-;i'.l.t trn .. ~~T . .. .. 

z.(llW~°tt-~.aritin 1{4ftiifi:Hi itifj) . 

~Jl.t.afrrffiufa11:fa-£.tnt<.:o~pti.lmnnt,~~hlthmlatt~;rn.Hi~H'f.Q~.fu."'hfr.mitllimmUtin1i'.ihB=ffID.i.lih:1-;irnuJ:.dhrE 
}.:i i:tib rin,-a r~mlimitJ:c:DJ~m.:rn-zizrum-.:a~,itliii:ifJd.omtfomHw,,-~niih:rti l ,ttimttl a:miiR-<'stti;i_tretrtruHfurnrzmliii~ 

~~?~~;;::!~;~:~:;;~~;;;~~:~:~;~~J;:!:~~~;;:~;, 
~~..ffill.Aittmml!Mlj:;TO.llr&J1.ffit~rm1urru~ffintl.fo.:,lU'._~i ,IJ.itfflmn."Zru~~tmllfllTI. 

Hh.t,'(i1;ylJ&.:lot?,2WfiitlidtfwiiiilrnlJtVu_f[!f!wef{iai!Hl1":-"';[fi.itYtfmfrr;:,'t(./ijyurrgfrtf!l1frrN;_f[!ffiitl,J!flM{f_qJ{fJ/Himn_1J!..-'lfeJ: 
:am!.iiliiJ:?miif/f.iutit,--a.t!idi.irm"0,'1'/-(H',m:rtif.fbr.!ii&..ralY,y.tt."llmfiie:rtiiimfim!iii!IL"ffliiih"ifj-ff!iiW[f{l.l/ili~t£-f.lrmlic_i{1.fiis 
rt~~awJfJJ11;piillti..usiN:Jifts:IJ.i1mHla11t1&::Hia/1lnmlfisJii11iiltliB1.'tiiiflmngJIJ!."li:ili0,--iiJ-[¥dileJ!;·naiiite:.i!iwrtiiirl1..~' 
..tf{m~-:sitiJ.tfiuti iii f (i,k<;:;iim fit mt iii ifp.yf[cgf fiiru.t"'>.?llni l f iiB.,~1iiifJglJ.{faii if !;f'J/ti@iiiifu"';_d iiJm.urb mJ.!t'Sii°iJst.ati~{if...lf-· -• .. --
~'fti,i!iim·. 

illn rim~: /i,.~pji fum11i-;: .. 31:\wniittill uu.n 1rtm~:u.0Jllln.i iitnt.ma,:tKrnn,-zuni:tifuti u.tff t?.,.,'1HV.rrutl!J,}d.ii~uttloo.i"ti.~$"; 
fllrl UfV&:Z: 
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/>,_~l!~ttri:TMliHirui!_fil-mnfilirutitm it-Vi!lltl~a-t<Al"JnltiJlrt!-;UTindl~~!llilfi! rc:~..:ro..treil.to;ap,.;-;toort,n@ilf.fli 
,.J!n.miiihlJilfifi;'.J~mt-1r:&.rro.ruiihru.miw..::-::a;iHk.1H-mH:foiJn~iiajlimr-tj:im.riHminn11. 
""°T.::'ifu;qJt'!n-!Jimmi.t;1,wil \rettin:c~1i! l~;illruUnllfufo hrr~'"l"4pim.mrmmiiiinnnreG3!l"kliJHmTTJtWiL~R.In.ffiW~ll 
Bfujiv..tt. -
:ili.tifare~-'\mnfff.nriiruilim ~mggv-i!ii_~-t'"tll.i1iir,'.vtr.~~~;\.iTu1,~imiriJ111, 
B.!:mtriiiR,~®lIIB.ruri iiru.c-i:!irn:u:rny9---~n:1.t~IURPE~,.H~nmfirrttii,atv•1~n:-~.m:ci-0.nli1>1-iii1tllirmu.~;. 
Tu.1wJM,!ii'!l,0/lf~,Jittti.n-1_v,v~1l:ii'~ilio.,v.tiliir.r~•nw~itlun_ifJtroittH~->Jn~tll±ro:. 
llk.«e:~,:P.fil1im~1i~n:a:,~}~ai1ilihittl:ID1m.rHmiHm:~matoiliilfa.\-vHH1~ili~1f~Wi,6fiina;mmntl.mrp.p:p:H&~H1 
ti ~yH~t~lmlVf-{. 

--~'pµluraiiig.;~orrn1ri1l&..ltii.J.mcnirutllli~tib.-~~rnmfoiff10Ni-iinw,;w~0?,'.\i;ttilii1ttiw.B.bj]filtar~,1m.1niJg!.ltm:; 
.. . -• • ---- ,:1,,-u~truriirur~Jrunaflrurilllu'umaiihmiml~ ni~~rfftiib~timl-~riiim.intll htimili!i"aUii;tt~um11:tJ'i.!tID,H1nmrtt1 

;:&~Tu~J'nl~i il1tt~;!~L~i0l~t\r~~01trrrui~Jtiunn111timi~=si thrii±ta!l. 
~--=uttiJfffidi-i<ifortitlti.fu:;~adfuri.1 kmm, rfut:int}'i;;, tlfun1@.1 ".rmm}ii am:n:..~\'.vitti ,fut..~rrrem.Jl!lltlm~/{Jjutliii iiu~ism· 
1'.l"~ppsPMl 1. 

fil..qni~ = .~\milrimrttI:tifil,;-gmv.dtimki'i:iliaiii:iili. Ea.nm:aun ~ril.:aft.fup.,~~--t\~.eantmtit,a;i{Pn.r.n«iii:-t!Dosith,-; 
s-~ilim1ttrtH1,\RJi:il!i;,~.,;;_io.nldoo:~~bm:uti111:ixiliifolm{fnt,ttkMtilltw~~rrm:·mr"M.P.lmr;:-ll.nfiffi:.tw~tfiip)t~t~~e-~,mtmtlt 

§§l$;f~~~SEEi~=~15= 
- -_,:t,r-m'H~itt,{it'~.a tifiti~,ooiicilnnri.1l,p~1ti.ro~a:i,i!il D8G.siilih1ttg_G)Iliinnttcili:n:tii:iJ}.',;,m:,llY,>,ll".lliiii,tiifr',Rffq}f'.?~ll 

--titi1m-ni.fa:i-roJ1;,-~tF.,--mrmti\~;ii1n:tik:'HH-H,wJr~a1ro.HHart;ss.rurHiru.~.h1frm:n1sw..::::s.'>ilHHtI.:~;J_ff2rem:ltmm.1ygh 
~truiarunmrH tifi~lfiltlMdl !in-wiAAtHm·l.fi..."t{i~1"Fm.iiiH~f) . 

--

~ "\\~fiH:r~n:~tttto~\'!E<lia~;:>~)mJ~rti~&ikttiliiHm.ittln;-ili.i&a11~-.Hw.»ire.tn.Giial~1ireltfilpJnl"J?t1 t.atfu 
ttih:,.:;µn].fl.&.~iti:t.:nr.miifiiiniro.Utfi::-.:i&,'Ulri.i~h-ttii£<~~~WHUta~"':iii<~o~{1!µ'},Hiili1~~_) , t~)nilh~1trtiiw.c1 
;J,ammiiiffiiitttrgw1ltUtifi~7rc>;ttiieffi:lu.ti.lmf:f t~1ntilr&tIB?f'a-,~~i ;ifunm.-~t,w:Hiintii:tttf1f.rtf!f~-"iit~ftii-.'ti~vg}y 
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;anilitr£$}}11):<f!pnrumtiuHi i ~1ynrarit~-m·&.m.rrott.tai,vnm,-rww±tl-mr~w-~si.ihui tifa1r•:re-C?Jrrri:mltL'4fuiU1n:: -·-·-· ----- .-- -- _,.._ - - : -- . ..... . 
(J~iliiliI~), 

fiBrrnw.r:1!t.=.hh~c%en11~fr.mnttiii~rrem~~~jim;,.:;s.a.1~c,~~!1m_;1~rliilil1iitnfZii~ltn:· 

:2En:~::is:::2;!~~~~.=E1S=E~3i 
lib.,-ifu_m:l~initi'J~µ.o}ilinr&Trrmifflill::JWl~W,¼.; [iirtnJdi.mihum:ilfiwmmiw~.1itmirer-rlll:~l1hlililii~_,:,riiitp~~~strl;ldH!:ii:gg 
iiifrfuit.~innlau rrilmrin.---~=Hirmuiriitmmm.ll'.:.,J.f;}a.i1Httg?.imfn~U:tmti.rw~;=;;.-uilkm,n!Wfriiiim:pm.v.',,-aimit,d:iitmm; 

__ .--- ··:ill:::~:!!;~=t~==~~==:~~;~orrutitinrdfuiii~JtJnsttumtinmmitfougmu-militmamlll 

1?¾:1n}r11ffnt~qqpctmtliifl~ii.trn~iii;~o:h.CinY:tdfu:b<'~t-:ilt,'fWIIru:miinf:1mti~nHfaf%1.(0)llit:ti1r-m,~1llll1?"°.rrar..cit 
tHriitovt: 

~ Atmiifumri§.;,~liimiitttrlli:inliirioo1hre:i:t;.aa<~HPdiliili1~~~-bc~-rm:caim.-r1iimanrut-r.ulmiiif.1~g!Y1mii:rRmn~ 
fi1hr~:o.rotinmiJtt:mlJ).~ru'1tl;,l.;:;::il:faumoolilm>..l:fiii1elfrnliws~;: _ 

t~ilifuttfr~futm~J:r:nmt.ruriitnn .... \\;Jil5~tmamtinnmainnc~-dtmu_~~ku~TU1S..rra.r.ffi.iirrl1t 
(gi}Jru hfur;aR:;~i.iilitfrfu-m.ruririn(mi U$.-trfithicifa1rli.ff fu~..tlii~u.tk':rt.io"tlmiu Ill}. 

'lffih-~;tmjiumli\tvjjilh1iitru-n:.a.ii~iliiti1rru::mfilirriiffip::~yjfa,eHmaiirtw.-mi~=m~-!fili..rfffifo~ffJJ!o1:,'3titl 
~:;mt_ - -
~':!iiiliiffir\V.lili:lkriitor--&:~--Won1~~~Ir~j)iru1nlfiltl10:Ji;~piti:ml1j~~.,.nrtt~fo1tltlJltifas.rtr'im:..'<:: 

:~;:r:~r:;!1;~=~~~~=~!:~~~:!:"iiurtrin:i1.\:qfum.~mnio~ilifu;B~fifuni 

i1t1"m1irig:g-;;;rn lt~n_1j.fuu:1.[m~o}fliter;p1.nr~mriil'o:rtiimm~1~.,i,m.wi{4,~jih-fl'fimn l !J;,'":_ 

m.1n\½it~i~!f['a'.,,.~tti.ri.n1w.i-llll±k.r;l4lii,~ftis~~wt.irl:rrugJtlllliit\i:k--,.J.nnriilil:rt, 

____ ___ .-i;~:!~~!;~rin-lR1lltm}1<1nrl~ iht-.m:itmnmti.u.~mai.nrJik'>'.'IHllhbrifu.~~~Jrfu~l~Aliw:r-i!JI!pm~i 

Rrrro.W.-<\'.~il!lili.--a:rmruitYe};iiiriiitHtr~wreruJB1mbs".i.ilirs-Hntretitftn~~;l{O-J;-f[lll-f,3-',.\ffit:i.12:n:mmm1ri!)5s,v,tiHi.intlllC 
diu-t~mam~-
f~fin,m#icllhu.-11 l 1 m1fil£ !:ii.a t,m:~J.d.i i~fu.rrq:t~tmd1 inti~ tlli!h.,--.:ffi.JitG.1;ii l l tfo:-,n_o_omtimttl:rl U\•li inti fut: 
iili1rith:,~;;;~lttaitltim,iffRPJPµ:iai:m-milirumtit.hnu~. 

~~'ffi;rr~~;:~~~::~<U:~'Jf;-U::'nS::j!l~i1;jU::~~l:~1.ta:;'~:I1:!:~11~~~:;1~~~i~~:;;~~~:~?:~iu~~tt:nf~~~~~~~~>.i-- · 
., w&mrae1, ,11J!f.~.nm.mn. t!J.,, mu" ttt.« tmmp.~.1 ,JJ, ,1,'J/ltJ,l!n'<.$.,« f £'11~1 ,Jp_c. da..~-,»ll l'f;:£.• n11 n. ,.:!JA11J_~ f ,1uu11,, 

UVtf!iT.t.='JJJUl-'ii'iu,'lii.ifJtt!ftf.lihtf.?riPJi lj .. i.f f~i~1~'timutiattlnhai~~.pi.riuHimuooii~t~IR!.OEf 1i:"~UQlm)}. 

/(~pp.li:ir'flll®fRi'.gsrUmtfiltmg_wnimtl~ral!'ff{~:'{-O:tji!.J.Jiti,~~~mj:i.~1lttWi.!illlf~-f.u{HµilifffmHrr.oninmtiUrtrnG.mmriJi 
\~~.i¼!~l~~~~ilfii:ii~) . 

~ Afmi1i:i.tn1~1~!ti.H~,:~~,:GJUtiiT'?,'.P,:ffi~.~ll!llialJf/"il.U.l:l:iihmmr!ft.'t~i.\V.!llU}.lli>Jn:nnlliU-5-WUl-srt.nciunn 
___ ..... $~x-rn::-0l:lr-.•,w.im:rmli~<l.7tt,'.,(_ilii 1';:ffiiliH ~)-i?-41:n!:irmai\ filrrl~;}ffi0:1l.=:;.itmn-ruijjr:mmo.mm)czmrt;umffmn 

rm?,tifa.\ill1Ui}:1J.Wium41µ-1p~°1ili~'1"<lli~tttt1 itrtm°L-miny~,~~:w-.mni:inruihm.1itunmnI~',w.lll±o:.::!4lJ'.lmirmmH 
li.~ffim.Hru,ui·iif~t1w}h.•~tililre.5rn:i'~~imllitrotta1.m::1'i:l::<?i,ffil.;,ruij1~~<ltiliii~l). 
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--

! \ i. -w:"in:ri~ Htttt.~omta.mfro:n...-atHe:q-iirrpµ~ I-Hlfit.Afilt/~JlP~lrtt-Mt-ail~ iirurul fili:me.ii:q~mf-&.(lllfilf.lR~dffic 
~i'-,Jful@J.OJ!smciiroJ1.$.""'~"!.mtt~_,ca~:rw$~~tu_c;~J.J.rcilil!+~~".:.'Ei.m'd,'c-iihrii}~z.m~jtncii.ton. 
,~tgpii:i..il:ntti:.:;iiui1lltfu:,::.r~~w.,iifili,2fifn:-~umrm-;,~-.;,1ID-:.l.t~J..yi.m.,TfflY'?-iilifu:U-t_;ifrc?;rruJTJW1;;J.o.miiinun;m}};t 
aggiiuilltuilillHmfu.i:min.1~ciiire,rH'riritRp.u~ilt.=;:;~1u~t.ttrelTf..anT~{{Hq}:);:,:m.ii.i~~i&i1:tif!t~a.tinrHi.mt!at!f'2 
s_furn,~a:mrlit'"'"°"v.ik~:diliittlt~~y.H~.:E.-<liiii~i mroi1i'"..nr.£~r-~"Vri-irm!"",mtmmilllritin1u-ffHtt"~..ri:a 

:[5~El~EE:.=l5;~;r2~·· 
;;;~,~iuii1lrli.r£""~~rnfu_ru,~u.ifttteJrllr~wintn~nJi-.!l:tti.ruRi'rm1~W.sJ)},:miii9_gJa,~tim.,. 

~'!~:~~;:;::!:~~:i,~1milliiiliturulllmiJmm~1,•iiiifui~~t~nnf1i°irett~pJ1n_t~w%~~tij~ijmrtof1 

l l~;c·. ~~:~~!:~=::~~:=:;;~!r~;:::::::.~:!~;::=t~~:~;;::: 
v,,:, ::::~!~1::-~~~5\\,jJi!Jju:e,,~fil.-s(i._tt".~iiiiIW:--sl~fo11iii!}@!-WfiliS"="li~illiint!:tifz~µJJ:»J~iHrtmmri~um: 

,~m~-nt~·aii i~H~~f.'h·w°Jltt\Itoni iruf1$f'il:m,~vJ I ifill:;,-s~~-ltiim.l!-it~&d:i mnmmtlrtr~"'.flmf.tifs 

'""•_:ir=!f:S':i~t=~=~==t.i~.,.;;,,"',-..,,,,.tthi1Itta<',rnomiW.'rul,,1ihi,, 

~,:.~Jllllltmdruit!'~""6:11iliiifom,~_fri'iffilfJJJ1S:ii~~ilia.1:&iit.ilidruilirn.,,,iXtti:iill-:1~1w.Ji.iw,: -~~~6n1Hfu:ll:~-timoni? 
~..:iintt;tih&1Hnnii:i)J>~15.mmii:'.?&inim1~;,,~11ct_ll¼U1~tltkti.mW}.ooiR~idiliii tinntim1iiij_~tiiiRQ11}.;l1.',~m:,~~-

~, ~~;~~~=!:~~;!:;!?1~!~:J~:=:-:O:-'is nrd!-~:~tiJ~d!lffrlw11t(J&Hfrl:~~!fiti:f!fftiilfiirt!t'£, 
untfii16.."&1-iiimm.ffif.-icr-uwfiiazm 1:J.--;dt}Wii.U.!iit.t:tfiiJr11w.fifi.37t/ hina--ulif itx p1;mitiu.iiln-ro11art fi~#,BiJiiii,1nnc_0-,flihitf 
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{(iJ.t))t!.&.."fN!W:1-fit:_~~2/!JllrfP£W{/j_/liiitf{f1i-2.iitn1ii-fstf!//Pn.•~iittftit1ll~~!Th'f!Jlifi .. DYO!Il~ .. r{l.1tilli~fiiteiliiq]}in· 
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((lJ}lE-liifwlfliiJJjfliiiiiitt"itiiltaii"o-n. 

~~= fil'ggitfrunntii~r:rut:a1hu~sru-n:rei.kciiru~.3ffi~u.amn:;-.;1mrura.\r,\'-liiit~a.3llitt1ip.ciiiinHro..~°li.'Uuamtu:: 

~=:=:L~~;~~=~}:~::!!~=~~~:~a!=~~~=~~:::::: 
iii_ttt1ireforAiJHrlumwftia1llli-iffi1.tmntm-mii~~-:arfurtlii:l.ffi~llii.ifu:~,wiiilih,,'itUi.muw~-ajg.ium.~1ttsff.mt~Jmp.µam"'; 
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Exhibit D 

EMERGENCIES -MENU 

POWER LINES & TREES TRANSM ISSION VS DISTRIBUTION POWER LINES 

Transmission vs. distribution power lines 

https://www.pge.com/en_US/safety/yard-safety/powerlines-and-trees/ transmission-vs-distribution-power-lines.page 1/7 
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Transmission lines 

• Carry electricity across the state 

https://www.pge.com/en_US/safety/yard-safety/powerlines-and-trees/transmission-vs-distribution-power-lines.page 
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Exhibit D 
• Transport bulk electricity at high voltages ranging from 60 kV- 500 kV 

• Are usually supported on tall metal towers, but sometimes on wooden poles 

• Have different vegetation standards than distribution lines due to the high voltages they carry 

• Are managed using the utility industry's best-management practice of Wire Zone Border Zone 

• Require only low-growing vegetation underneath-typically nothing taller than 10 feet at maturity 

Our goal is to achieve a sustainable landscape that supports native plants and natural habitats. Trees near these 

lines can't be managed by pruning and often must be removed. 

https://www.pge.com/en_US/safety/yard-safety/powerlines-and-trees/transmission-vs-distribution-power-lines.page 3/7 
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Distribution lines 

• Deliver electri city to neighborhoods and communit ies over a shor ter distance than t ransmission lines 

https://www.pge.com/en_US/safety/yard-safety/powerlines-and-trees/transmission-vs-distribution-power-lines.page 4/7 
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Exhibit D 
• Are generally supported by wooden poles and not as high as t ransmission lines 

• Are the final stage of electri city delivery to homes and businesses 

• Car ry lower vo ltage electri city that is still power ful enough to cause injury or death 

Trees growing near these lines may be managed with directional pr uning, but removal is often best. Tree height 

maximums are 25 feet or less at maturity. 

Why Does PG&E Care about Keeping Trees Away from Transmission and Distribution 

https://www.pge.com/en_US/safety/yard-safety/powerlines-and-trees/transmission-vs-distribution-power-lines.page 5/7 
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Ad closed by Google 
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Circuit Globe / Comparisons / Difference Between Transmission and Distribution Line 

Difference Between Transmission and Distribution Line 

The Transmission line and Distribution line both are used to carry power or electricity from one place to the other. The difference 

between transmission and distribution line are explained on the basis of the factors like the basic usage of the transmission and 

distribution line, their working supply phase, voltage level and level of conduction. 

https://circuitglobe.com/difference-between-transmission-and-distribulion-line.html 1/9 
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Exhibit E 

The Difference Between Transmission and Distribution Line is given below in the tabulated form. 

BASIS 

Usage 

Phase 

Voltage level 

Current 

conduction 
level 

Thickness 

TRANSMISSION LINE DISTRIBUTION LINE 

Transmission Line helps in the movement of electricity from The Distribution line carries electricity from the 

power plant to the substations. substation to the consumer's end. 

It is carried out electricity in three phase supply system. It requires a single phase supply system for carrying 
electricity. 

Carries electricity at a very high voltage. About 11000 

volts. 

They conduct current at 69 kV or more. 

Transmission lines are thick lines. 

Carries electricity at a very low and safe level of 

about 220 volts. 

They conduct less than 69 kV 

Distribution line are thin as compared to the 

transmission line. 

Generation of electricity is a maj or factor, but how this electricity is transmitted from the power stations to the substations and finally 

to the consumers is also important. This process is done by transmission and distribution lines. 

https://circuitglobe.com/difference-between-transmission-and-distribulion-line.html 2/9 
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Transmission lines are a high voltage line that carries electricity from power plant to the substation from it is further distrib"uted to 

various areas for different purposes. Distribution lines are low voltage lines that carry electricity from the substations to the end users 

for residential and commercial use. 

The Difference Between Transmission and Distribution Line are as follows:-

.,, Transmission Line helps in the movement of electricity from a power plant or power station to the various substations whereas the 

distribution line carries electricity from the substation to the consumer's end. i.e, to the residential and commercial customers . 

.,, Transmission line carries power or electricity in three phase supply system. Distribution system requires a single phase supply 

system for carrying electricity . 

.,, Transmission line carries electricity at a very high voltage that is of about 11000 volts whereas Distribution lines carries electricity at 

a very low and safe value level that is about 220 volts . 

.,, Transmission line, conducts current at 69 kilo volts or more, but distribution line conduct current at less than 69 kilo Volt . 

.,, Distribution line are thin as compared to the transmission line. 

Related Terms: 

1. Single Line Diagram of Power Supply System 

2. Power System 

3. Charging Current in Transmission Line 

4. Classification of Substations 

5. Difference Between Power Transformer and Distribution Transformer 

Leave a Reply 
https://circuitglobe.com/difference-between-transmission-and-distribution-line.html 3/9 


