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I. EXECUTIVE SUMMARY

Duquesne Light Company (“Duquesne Light” or the “Company”) filed its Initial Smart Meter 

Procurement and Installation Plan (“Initial Smart Meter Plan”) with the Pennsylvania Public 

Utility Commission (“Commission") on August 14,2009. As part of the Initial filing, Duquesne 

Light received Commission approval to upgrade its customer information system and install a 

meter data management system. This project is known as the FOCUS Project. The new and 

replacement systems under the FOCUS Project arc necessary in order for Duquesne Light to 

provide smart meter technology to customers. In addition, Duquesne Light received 

Commission approval to further develop a Final Smart Meter Procurement and Installation Plan 

to be filed with the Commission by December 31, 2011 (“Final Smart Meter Plan" or "Plan”). 

This date was subsequently extended to June 30, 2012 upon the request of the Company.

This filing constitutes Duquesne Light's Final Smart Meter Plan. Below, Duquesne Light has:

(1) Explained the steps that it has taken to develop this Plan during the Grace Period;

(2) Provided an overview of the FOCUS Project;

(3) Explained the Company’s Advanced Metering Infrastructure (“AMI”) Project 

which includes smart meters, the Local Area Network (“LAN”), the Wide Area 

Network (“WAN”) and the Head End Collection Engine;

(4) Explained its plans for IT systems;

(5) Described the AMI system capabilities;

(6) Explained its proposed deployment schedule;

(7) Summarized the Smart Meter Program costs and cost recovery mechanism;

(8) Explained the Company’s Customer Education and Acceptance Strategy; and

(9) Explained the Company’s Risk Mitigation Strategies.

9626068V] 1
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As explained herein, Duquesne Light’s Final Smart Meter Plan will meet all of the requirements 

of Act 129, the additional requirements set forth in the Implementation Order and provides smart 

meter technology to customers in a cost-effective manner. Smart Meter Procurement and 

Installation, Docket. No. M-2009-2092655, Implementation Order entered June 24, 2009 

{''Implementation Order").

Under Duquesne Light’s Final Smart Meter Plan, Duquesne Light proposes to install Itron Smart 

Meters for all customers. The Itron Smart Meters will be connected by a Local Area Network 

(“LAN”) that collects data from the meters and transmits it through a Wide Area Network 

(“WAN”) to a Head End Data Collection Engine. These four components will constitute 

Duquesne Light’s Advanced Metering Infrastructure (“AMI”) system. As explained herein, 

Duquesne Light’s AMI system will provide a technology architecture that enables the six 

minimum capabilities of Act 129 and the nine additional capabilities identified by the 

Commission in its Smart Meter Implementation Order.

Duquesne Light proposes to deploy Smart Meters to customers over a seven-year period. This 

includes a two-year ramp up period to allow time lor the Company to test its AMI system, 

followed by a deployment schedule of 9,000 meters per month, with full deployment of smart 

meters across the Company’s service territory by 2020, three years ahead of the statutory time 

period under Act 129. In addition, Duquesne Light proposes to phase-in meter functionalities 

from 2013-2017. The phase-in approach will allow the market for many of the advanced smart 

meter capabilities to become more mature over time.

Duquesne Light estimates that the total cost of its Smart Meter Program will be approximately 

$238 million. This includes costs for both the FOCUS and AMI projects within the Smart Meter 

Program. In its Initial Smart Meter Filing, Duquesne Light estimated that its Smart Meter 

Program could cost between $152 million and $262 million to implement. Duquesne Light’s 

current estimate of its Smart Meter Program cost is within the range originally identified by the 

Company and is $24 million lower than the high end of its original estimate.

In the Company’s Initial Smart Meter filing, the Commission approved, with certain 

modifications, Duquesne Light’s request to recover its smart meter costs through a fully

Duquestie Light Company - Final Smart Meter Plan
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recoverable Smart Meter Charge (“SMC”). In this proceeding, Duquesne Light is proposing to 

continue to recover its smart meter costs through its Commission-approved SMC.

In addition, Duquesne Light is proposing a detailed, comprehensive Customer Education and 

Acceptance (“CEA”) strategy to educate customers, stakeholder groups and employees about the 

Company’s Smart Meter Program and its benefits. Duquesne Light is basing its CEA strategy on 

successful programs used by other utilities across the country. Duquesne Light believes that its 

CEA strategy is a vital component of its Final Smart Meter Plan.

As with all large, multi-year, multi-million dollar technology projects, the Company recognizes 

the multitude of risks inherent in a Smart Meter Program of this magnitude. Therefore, 

Duquesne Light has developed a broad set of risk mitigation strategies to minimize any potential 

negative impact of these risks on the program.

9626068V] 3
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II. BACKGROUND

Duquesne Light is a public utility ns that term is defined under Section 102 of the Public Utility 

Code, 66 Pa. C.S. § 102, certificated by the Commission to provide electric service in the City of 

Pittsburgh and in Allegheny aiid Beaver Counties in Pennsylvania.

On October 15, 2008, Governor Rcndell signed into law Act 129 of 2008, which took effect on 

November 14, 2008 and, inter alia, mandated a smart meter procurement and installation 

program. See 66 Pa. C.S. § 2807(0, et seq. (“Act 129”)- Act 129 provides, among other things, 

that each Pennsylvania EDC with at least 100,000 customers is required to provide smart meter 

technology to customers in accordance with a schedule not to exceed 15 years. Act 129 defines 

smait meter technology as follows:

(g) Definition. - As used in this section, the term "smart meter 
technology” means technology, including metering technology and 
network coinimmications technology capable of bidirectional 
communication, that records electricity usage on at least an hourly 
basis, including related electric distribution system upgrades to 
enable tbe technology. The technology shall provide customers 
with direct access to and use of price and consumption 
information. The technology shall also:

(1) Directly provide customers with infonnation on their 
hourly consumption.

(2) Enable time-of-use rates and real-time price programs.

(3) Effectively support the automatic control of the customer’s 
electricity consumption by one or mom of the following as selected 
by the customer:

(i) the customer;

(ii) the customer’s utility; or

(iii) a third parly engaged by the customer or the 
customer’s utility.

66 Pa. C.S. § 2807(g).

962(iOG8vl 4
EXHIBIT B-1



Duqiwsne Ugh! Company - Final Smart Mater Plan

The Commission adopted its Smart Meter Implementation Order on June 18, 2009, outlining its 

guidance lor an EDO’s Smart Mclcr Procurement and Installation program pursuant to Act 129. 

The Implementation Order established the standards that each plan must meet and provided 

guidance on the procedures to be followed for submittal, review and approval of all aspects of 

each smart meter plan. Additionally, upon the recognition that it will take time to fully develop 

and install the entire Kmart meter network, the Commission granted a grace period of 30 months 

following plan approval (“Grace Period”) for EDCs to assess needs, select technology, secure 

vendors, train personnel, install and test support equipment and establish a detailed meter 

deployment schedule.

In the Implementation Order, the Commission identified six minimum functionalities that EDC 

smart meter systems must provide under Act 129. These six minimum functionalities are:

1. Bidirectional data communications.

2. Reading usage data on at least an hourly basis once per day.

3. Providing customers with direct access to and use of price and consumption 
information.

4. Providing customers with information on their hourly consumption.

5. Enabling timc-of-usc (“TOU”) rates and real-time price options.

6. Supporting the automatic control of the customers’ electric consumption. 

Implementation Order, pp. 29-30.

In addition, the Commission stated that each Plan filing should include an analysis of the 

individual incremental costs for deploying and operating the following nine additional smart 

meter technology capabilities:

1. Ability to remotely disconnect and reconnect

2. Ability to provide 15-minute or shorter interval data to customers, EGSs, third- 
parties and an RTO on a daily basis, consistent with the data availability, transfer 
and security standards adopted by the RTO.

3. On-board mclcr storage of meter data that complies with nationally recognized 
non'proprietary standards such as ANSI Cl 2.19 and C 12.22 tables.

'V>26()6Hvl 5
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4. Open standards and protocols that comply with nationally recognized non- 
proprietary standards, such as IEEE 802.15.4.

5. Ability to upgrade these minimum capabilities as technology advances and 
becomes economically feasible.

6. Ability to monitor voltage at each meter and report data in a manner that allows 
an EDC to react to the information.

7. Ability to remotely reprogram the meter.

8. Ability to communicate outages and restorations.

9. Ability to support net metering of customer-generators.

Implementation Order, p. 30.

hi the Implementation Order, the Commission further noted that it may waive the additional 

requirements for an EDC if the requirements are not cost-effective.

On August 14, 2009, Duquesne Light filed its Initial Smart'Meter Plan with the Commission. In 

its Initial Smart Meter Plan, the Company, among other things: (1) provided a description of its 

current metering system, (2) explained how it would address customer requests for smart meters 

and installation of smart meters in new construction during the grace period, (3) explained its 

approach for developing a Final Smart Meter Plan within the 30 month grade period, (4) 

proposed a milestone and status reporting schedule during the grace period, (5) provided an 

estimated budget for grace period budget, and (6) proposed a cost recovery mechanism for 

recovering smart meter costs.

On May It, 2010, the Commission approved Duquesne Light’s Initial Smart Meter Plan, with 

certain modifications. Petition of Duquesne Light Company for Approval of Smart Meter 

Technology Procurement and Installation Plan, Docket No. M-2009'2123948. In summary, the 

Commission approved Duquesne Light’s proposal to recover its smart meter costs through a 

reconcilable cost recovery mechanism, and set forth the details of how this mechanism would 

work. In addition, the Commission approved the Company’s proposed smart meter 

implementation schedule, which the Company explained was subject to change. The

Duquesne Light Company - Final Smart Meter Flan
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Commission also approved ihe Company’s proposed milestone filing dales, and die Company’s 

proposal lo file a Final Smart Meter Plan by December 31, 2011.

On July I, 2010, die Company filed a Cost Benefit Analysis for the additional smart meter 

capabilities identified in the Implementation Order. Therein, the Company provided a detailed 

evaluation of die costs to implement each of (he nine additional smart meter capabilities 

identified in the Implementation Order, the potential benefits of implementing these additional 

capabilities and the Company’s recommendations regarding whether it should be required to 

implement these additional capabilities. In the July 1, 2010 filing, Duquesne Light explained 

that its cost-bcncfir analysis was a preliminary analysis based upon information that was 

available at the time. Duquesne Light requested that the Commission defer ruling on whether 

Duquesne Light should implement the additional sinart.mcter capabilities at that time. Duquesne 

Light further explained that it would have a belter estimate of its smart meter costs at a later time 

and that the Company would provide a refined project budget and cost estimates in its Final 

Smart Meter Plan filing.

On December 29, 2010, Duquesne Light filed its Application for Approval of Assessment of 

Needs, Technology Solutions and Vendor Selection ('‘Assessment Application”). In summary, 

in the Assessment Application, Duquesne Light proposed to replace its existing Automated 

Meter Reading (“AMR”) system with a new AMT system that would provide two-way 

communication between the meter and the Company and would comply with all requirements of 

Act 129 and the Commission’s Implementation Order. In the Assessment Application, the 

Company requested that the Commission issue an order approving; (I) the procedure used to 

evaluate and select a primary AMI vendor, (2) the Company’s Assessment of Needs, (3) the 

Technology Section of RF mesh and associated findings, (4) the selection of the Company’s 

Primary AMI vendor, (5) updated cost projections for the entire Smart Meter Project and 

Deployment, and (6) any other approvals that the Commission deemed to be necessary.

On January 31, 201 I, the Company filed a Supplement to its Assessment Application. In the 

Supplement, Duquesne Light identified Itron, Inc. (“Itron”) as its recommended primary 

contractor to design, construct, implement and oversee (he Company’s Smart Meter program.

Duquesne Light Company - h'inal Smart Meter Plan
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The Company explained that it had issued bids Tor smart meter contractors and received four 

bids. Irron scored the highest on a technical evaluation of the bids and provided the lowest cost 

solution of the four bidders. In the Supplement, Duquesne Light requested Commission 

approval of the initial Assessment Application and Supplement. No party objected to the 

Company’s Assessment Application or its Supplement. The Commission did not issue an Order 

with respect to the Assessment Application or the Supplement thereto.

On March 31, 2011, the Company filed its Establishment of Network Design for the Duquesne 

Light Smart Meter Program (“Network Design”) with the Commission. Therein, the Company 

explained that it had conducted a study to review the Company's existing communication 

infrastructure, review network and communication infrastructure necessary for the AMI and also 

review available private and public written communications solutions. Specifically, the 

Company evaluated:

• Operating Frequencies Available in its Service Territory;

• Radio Technologies/Vendors;

• Solution Cost (up front and ongoing)

• Expected capacity, bandwidth, latency and reliability of each option;

• Security provisions (public versus private writers communications); and

• Advantages and disadvantages of available solutions.

The initial Network Design conclusions supported the use of private wireless options as the 

primary communication methodologies, with public wireless as a backup communication. The 

Company also noted that further analysis was necessary to fmali/.e the Network Design Study 

conclusions and that the proposed design was subject to change based on further findings or in 

the event that other viable technologies would become available.

On June 30, 2011, the Company made an additional milestone filing related to the design, testing 

and certification o/‘Electronic Data Interchange (“EDI") transactions. Therein, Duquesne Light 

explained that it would be able to provide customers with direct access to non-validated real time 

data directly from the smart meter through a residential customer's Home Area Network (HAN).

Duffttesne fjght Company - lina! Smart Meter Plan
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Validated hourly interval data would be provided through a secure web portal within 24 hours 

from (he completion of the data upload for (lie entire population of Duijue.sne Light’s smart 

meters to the MDM systems. Additionally, non-validaled, real time data would be provided to 

third parlies through a secure, authenticated connection at the expense of the third part)-’. 

Validated hourly interval data would be provided to third parties through a standard interface 

consistent with the North American Energy Standards Board within 24 hours of the completion 

of the data upload for the entire population of Duqucsne Light's smart meters to the MDM 

systems. Finally, the Company would provide EDI access to smart meter data to authorized 

commercial operators, such as conservation service providers and electric generation suppliers 

(“EOS”) using the 867 historical interval usage transaction.

On October 6, 2011, the Company filed an Installation, Testing and Rollout of Support 

Equipment and Software Update filing. The purpose of the October 6 update filing was to 

outline the equipment testing that the Company planned to conduct prior to deploying AMI 

meters across its service territory.

On November 2, 2011, the Company filed a status update related to its Establishment of Plans 

for installation of Meters and Outside Communications and Training. Therein, the Company 

provided an overview of its smart meter deployment plan, a high level Small Meter Program 

Schedule and Milestones, and an overview of its Staff Training Plan.

On November J8, 2011, the Company filed a status update with respect to its Smart Meter Plan 

and further requested a six month extension, from December 31, 2011 to June 30, 2012, to file 

the Company's Final Smart Meter Plan. With respect to the status update, the Company 

provided a summary of the work that it hud done in the previous 18 months, in addition, the 

Company noted that there were several smart meter issues that it was still reviewing.

On December 13, 2011, the Commission issued a Secretarial Letter granting the Company’s 

request for an extension, until June 30, 2012, to file its Final Small Meter Plan. Pursuant to the 

Commission’s December J3, 201J Secretarial Letter, Duquesne Light hereby files its Final 

Smart Meier Plan.

y(V2M)6Hvl 9
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HI. HNAL SMART METER PLAN

A. INTRODUCTION

Duquesne Light’s Smstrl Meter Program consists ol' two major projects, TOCUS and AMI. 

Diagram If I provides a high-level overview of the scope of Duquesnc’s Smart Meier Program.

Diagram it 1: Duquesne Smart Meter Program - Two Major Projects

FOCUS Project

* Sma rt Mete r Progra m (Surcioinc):

o CuUomor Caro & (CC&U)

o Motor Dato Maiv>(!Omcm (MDM) 
o CC&B/ MDM litioerattoit 

o Grjio Period IT System Puithisoi

• Other Ftements (Non Snrciwruo): 

o Mobile Workforce Mfttm. (MWM) 
o Interactive Voice Response (IVR) 

o WobSolf-Sorvico Portal (WSS)
o ricld Work IntOgrJtrOrt (FWIMP)

• ITRON Components (Surcltawc):

o Hoad-umJ OataColIcctlonSyslom 

o Smart Motors

o Mosh Local At oa Network (LAN)

• Non-I TR ON Components (Stirchar(»e): 

o Wide Area Network (WAN)

• line r mediate Co mmonlc at Ions

* Backhaul ConYvninications

Customer 
Direct 
Acces s 
via ZigBee 
Wireless 
Tectmotog/

o MOM / Head-Lnd Collection Inte pint Ion

Under the FOCUS project, Duquesne Light is replacing its customer information system with a 

Customer Care and Billing (“CC&B”) system and is implementing a new Meter Data 

Management (“MDM”) system. The Commission approved the upgrade of these Information 

Technology (“JT”) systems in the Company’s initial Smart Meter Plan. The upgrade of these IT 

systems is necessary in order for Duquesne Light to provide smart meter technology to 

customers.

Under the AMI project, Duquesne Light will install Iiron smart meters, develop necessary 

communication networks and install a head-end data collection engine for small meter data. In 

addition, Duquesne Light will hire a systems integrator to integrate all of the separate

Vfi’bObSvJ 10
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components of the Company’s Smart Meter Program. This is a critical function in order to 

ensure seamless operation of the AMI system.

As explained below, Duquesne Light proposes to deploy its AMI System over a seven-year 

period. The seven-year period includes a two-year ramp up period to allow systems testing 

before they are implemented on a broader scale. At the end of the two-year ramp up period, the 

Company proposes a deployment schedule of 9,000 meters per month with full deployment by 

the end of 2020. In addition, the Company proposes to phase-in AMI functionalities over time to 

allow the markets for these functionalities to become more mature. The Company's AMI 

System will meet all of the requirements of Act 129 and provide all of the additional capabilities 

set forth in the Commission’s Implementation Order, after all functionalities are phased-in.

The total Smart Meter Program will cost approximately $238 million. The Company has 

provided additional details regarding these costs herein. In addition, the Company proposes to 

continue to recover its smart meter costs through its SMC.

These topics are discussed in more detail below.

B. FOCUS PROJECT

hr its Implementation Order, the Commission recognized that a fully functional smart meter 

involved more than just the meter hardware attached to the customer’s premises. Implementation 

Order, p. 6. Therein, the Commission stated as follows:

A fully functional smart meter that supports the capabilities 
required by Act 129 and as outlined below, involves an entire 
network, to include the meter, two-way communication, computer 
hardware and software, and trained support personnel.

Consistent with this direction from the Commission, Duquesne Light explained in its Initial 

Smart Meter filing that it was required to replace its billing, data collection and back-office 

systems in order to provide smart meter technology to customers. This project is called the 

FOCUS Project.

Duquesne Light Company - Final Smart Meter Plan
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The FOCUS project encompasses significant upgrades to the Company’s existing IT system 

architecture in order to provide the back-office foundation necessary to successfully deploy 

smart meters. Duquesne Light’s current customer information system (“CIS”) is adequate for 

sustaining existing business requirements, but is insufficient for meeting Act 129 and the 

Commission’s Implementation Order Smart Meter requirements. Functionality enhancements 

such as TOU rates, real-time price programs, remote disconnect and reconnect, direct access to 

price and consumption information, and the automatic control of customer’s electric 

consumption cannot be supported without replacing Duquesne Light’s existing CIS. 

Furthermore, Duquesne Light’s existing back-office IT architecture is not designed for the 

proliferation of data inherent in providing hourly or even more granular interval usage 

information to all of our customers on a daily basis. Therefore, in conjunction with replacing our 

CIS, Duquesne Light must implement an MDM system as well as integrate this new system with 

the replacement CIS.

As part of FOCUS project scope within Duquesne Light’s Smart Meter Program, the Company is 

now implementing the Oracle Customer Care and Billing (“CC&B”) module within the Utility 

Application Suite to replace our existing CIS. In addition, Duquesne Light has purchased the 

Oracle MDM module and is currently implementing this component of the Utility Application 

Suite as well as integrating it with CC&B as a part of the FOCUS project. The implementation 

and integration of these two modules provides the necessary IT system foundation components 

to support the subsequent extension of this architecture for AMI system capabilities. The 

FOCUS project is an integral part of Duquesne Light’s Plan for meeting Act 129 and the 

Commission’s Implementation requirements.1

The FOCUS project started in July 2010 after Commission approval of the Company’s Initial 

Smart Meter Plan and is projected to be completed by the end of the second quarter of 2013. 

There are five general phases during the FOCUS project lifecycle and timeline is as follows:

1 The FOCUS project also includes several supporting scope components that are not part of 
Duquesne Light’s Smart Meter Program. Some of these more significant components include the 
implementation of the Oracle Mobile Workforce Management (“MWM”) module as weil as its 
integration with CC&B, the replacement of our existing Interactive Voice Response (“1VR”) system, and 
the redesign of our Outage Analysis System (“GAS”) and Web Portal (“WSS”) to work with CC&B,

9626068V1 12
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• Discovery (Define Scope): July 2010 to November 2010

• Analysis (Gather Requirements); December 2010 to August 2011

• Assembly (Design & Build): August 2011 to May 2012

• Acceptance (Test & Train): June 2012 to March 2013

• Deployment (Go-Live & Support): April 2013 to June 2013

C. AMI PROJECT

1. Introduction

There is a growing demand for sophisticated metering (e.g., net metering), meter data 

management and price responsive rates as customers have a greater interest in reducing their 

electric bill. These new demands and requirements cannot be met with Duquesne Light’s current 

meter and system infrastructure.

Pursuant to the milestones detailed in the Company’s Initial Smart Meter Plan, Duquesne 

Light filed an assessment of its AMI technology requirements and potential solutions on 

December 29, 2010. In this filing, Duquesne Light describes the comprehensive process it 

undertook with its AMI advisor, SA1C, Inc. (“SAIC”) (formerly R. W. Beck), to assess its 

current AMR technology environment as well as explicitly document the Company’s 

requirements for a future AMI technology environment in the form of a formal Request for 

Proposal (RFP). ’Hie December 2010 filing also described the rigorous RFP process that the 

Company followed with its AMI advisor to create a short-list of two AMI vendors with similar 

solutions that best addressed Duquesne Light’s needs ranked exclusively on technical merit. In a 

supplemental filing submitted on January 31, 2011, Duquesne Light advised the Commission 

concerning the selection of ITRON’s OpenWay solution as the most cost effective AMI system 

for addressing its needs.

In the first step of defining the AMI project scope, a technology needs assessment was performed 

to identify the necessary AMI requirements to minimally meet ACI' 129 smart meter 

requirements, as well as the additional requirements outlined in the Commission’s 

Implementation Order. The requirements assessment was performed by outlining the current

9626068vl 13
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state of Duqucsnc Light's technology, including AMR and hack-officc supporting systems, 

either currently installed, or planned for installation, that would cither directly or indirectly 

integrate with AMI during the. Smart Meter deployment phase. By understanding the current 

environment, AMI requirements could he defined and outlined in a detailed RFP which would 

ensure that the solutions AMI vendors proposed succinctly addressed Duqnesne Light's needs.

Duqnesne Light’s proposed AMI solution includes four components. These, four components 

are:

® Smart Meters 

® Local Area Network

• Wide Area Network

• Head End Data Collection Engine

Diagram 2 below provides nn overview of the AMI System Components.

M
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Diagram ft 2: Diuptesne AMI System Architecture

Smart Meters & LAN [ Communications WAN j Head-End Collection
(ITRON ) ! ( General Electric & CAL-Amp ) , (ITRON )

Diiquesnc Light plans to replace all existing AMR meters with new smart meters that will 

provide two-way communication between each customer premise and the utility. All single 

phase meters will be equipped with ZigBce2 data channels to enable customers direct access to 

interval usage data, and provide a platform for future HAN applications. The selected AM) 

solution is capable of providing interval data for all meters, and single phase meters will he 

equipped with an internal switch for remote connections and disconnections.

3 ZigBee is a commonly used communication specification for advanced metering systems. 
ZigBec has the ability to Jink smart meters with devices such as thermostats, household appliances, 

MV AC and other equipment that uses electricity.
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2. Smart Meters

Duquesne Light proposes to install ITRON smart meters for all customers. The 1TRON Smart 

Meters include the latest advanced metering technology, including bidirectional data 

communications, ZigBee direct access capabilities and a remote connect/disconnect switch. The 

ITRON smart meters and related advanced metering infrastructure discussed below will meet all 

of the six minimum smart meter requirements set forth under Act 129, including:

1. Bidirectional data communications.

2. Reading usage data on at least an hourly basis once per day.

3. Providing customers with direct access to and use of price and consumption 
information.

4. Providing customers with information on their hourly consumption.

5. Enabling TOU rates and RTP options.

6. Supporting the automatic control of the customers’ electric consumption.

In addition, the ITRON Smart Meters and related advanced metering infrastructure will meet all 

of the nine additional smart meter requirements set forth in the Implementation Order, including:

1. Ability to remotely disconnect and reconnect.

2. Ability to provide 15-minute or shorter interval data to customers, EGSs, third- 
parties and an RTO on a daily basis, consistent with the data availability, transfer 
and security standards adopted by the RTO.

3. On-board meler storage of meter data that complies with nationally recognized 
non-proprietary standards such as ANSI CI2.19 and C12.22 tables.

4. Open standards and protocols that comply with nationally recognized non- 
proprietary standards, such as IEEE 802.15.4.

5. Ability to upgrade these minimum capabilities as technology advances and 
becomes economically feasible.

6. Ability to monitor voltage at each meter and report data in a manner that allows 
an EDO to react to the information.

7. Ability to remotely reprogram the meter.

9626068Vt 16
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8. Ability U> coinmunicnlc outages and restorations.

9. Ability to suppori net metering of euslomer-generatois.

Further explanation regarding how Duqucsne Light’s AMI system will meet all of the six 

minimum smart meter requirements set forth under Act 129 and will meet all of the nine 

additional smart meter requirements set forth in the Implementation Order is provided in Section 

E below, hi addition, the specific technical capabilities of the iTRON smart meters, including 

the AMI standards supported by the ITRON smart meters are set forth in Appendix A.

3. Mesh or Local Area Network (‘(LAN,,)

The LAN' consists of the transmission of data between ITRON smart meters and JTRON cell 

relays. The LAN has the following features:

• An RE mesh based solution that is capable to being Upgraded to an IPv6 based mesh 
solution

• Bi-directional communication
o Operates in the unlicensed 900 MHz band 
® 902-928 MHz Bandwidth (with frequency hopping signaling)
© Supports 142-153 kilobits per second (“kbps”) throughput 
© Bach cell relay supports up to approximately 2,000 meters 
© Support of IP and native DNP protocols when running the full IPv6 solution

4. Wide Area Network (“WAN”)

The WAN provides data communications between the LAN and the Ucad-Cnd data collection 

system. A diagram of the AMI system architecture, including the WAN, is shown on Diagram 2 

above.

The solution for the WAN component of the AMI system was determined with the assistance of 

SAIC. Pursuant to the milestones detailed in Ihc Company’s Initial Smart Meter Plan, 

Duqucsne Light filed a preliminary design for the AMI communication network on March 31, 

2011. In this preliminary design of the WAN component of the AMI system, Duqucsne Light 

proposed a private radio solution as opposed to a public wireless solution for the intermediate 

portion of the WAN, which connects the cell relays that are pail of ITRON’s LAN to existing 

Duqucsne Light owned communication lowers. See Diagram # 2. The preliminary design also

Duqtiesnc Light Company ~ h'inal Smart Mater Plttn
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proposed leveraging the private fiber currently leased by Duquesne Light from DQE 

Communications that already exists between Duquesne Light’s communication towers and data 

center for the back-haul portion of the WAN. At the time of the March 31, 2011 filing, this 

preliminary design was determined to be the most cost-effective solution for the WAN 

component of Duquesne Light’s AMI system. The following is a bulleted summary of the 

Company’s preliminary due diligence efforts.

• Engaged SAIC in November 2010 to assist with the AMI Communication Network 
technology and cost assessment

• Analyzed multiple Private Licensed Wireless (Radio), Private Unlicensed Wireless 
(Radio) and Public Wireless alternatives for the LAN Cell Relay to Tower 
communication network

• SAIC recommended a combination of two Private Licensed Wireless solutions (3.65 
GHz & 220 MHz) as cost effective alternatives that best met Duquesne Light’s 
technological requirements

• Recognizing the potential unavailability of 220 MHz spectrum in DLC territory, the 
recommendation also included 900 MHz as a replacement

• It was noted that public wireless could be used as a back-up to the private wireless 
solution

• Filed preliminary communications network design with PA PUC in March 2011 
based on SAIC’s recommendation

In requesting and subsequently receiving a six month extension for filing our Final Smart Meter 

Plan, Duquesne Light committed to performing additional due diligence related to private versus 

public WAN solutions in light of new information that public carrier price offerings were 

becoming more cost competitive. After several more months of analysis, Duquesne Light 

confirmed that a private wireless solution as originally proposed is the best solution because it 

provides Duquesne Light with more control over the security and reliability of the system as well 

as strategic opportunities to utilize available bandwidth for other data communication 

applications including mobile workforce, SCADA, and corporate security. The private wireless 

solution has more initial costs than a public wireless solution. However, the private wireless 

solution has considerable annual O&M savings which offset the initial upfront costs over the life
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of the system. A J'inaudaJ analysis between private versus public networks was too close lo 

conclusively drive the decision of one type over the other.

The following is a bulleted summary of our additional due diligence efforts.

• Mel with WAN vendors to determine availability of licensed spectrum in Duqucsnc 
territory

• Determined that 220 MHz. was not an available spectrum

• Reserved 900 MHz spectrum from Space Data through a 15 month lease with an 
option to buy upon terminal ion

• Worked with SA1C and 1TRON (o develop a Propagation study to evaluate coverage 
capabilities of the 3,65 GHz and 900 MHz Private Licensed Wireless .solution

• Finalized capital and on-going O&M cost estimates of private and public solutions 
based on the propagation study

• Developed a detailed cost comparison between the Private Licensed Wireless solution 
and the Public Wireless solution

• Determined that the private wireless solution was still the best value for Duquesne 
Light

• Filed a private wireless solution for the WAN component of our AMI system as part 
of this Plan

5. Technical Advantages of the New AMI System

There are several distinct technical advantages associated with the proposed AMI system 

architecture network over the existing AMR system. First and foremost, the existing AMR 

system architecture only supports a single directional data flow (from meter lo head-end daia 

collection engine), whereas the proposed AMI System architecture supports a bi-dircctional data 

flow.

Secondly, the existing AMR system LAN solution requires each meter to he in the line of sight 

of a Cell Control Unit (“CCU”) in order to comiminicale. The new AMI syslem LAN solution 

uses mesh network technology which enables meters to communicate to each other. A meter that 

is not in line of sight of a cell relay comniimicaies its data lo a neighboring meter that in turn 

communicates its data to a neighboring meter and this process continues until the data is

Diujuesne Light Company - Final Smart Meter Flan
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consolidated al a meter that does have line of sight to a cell relay. This mesh network 

technology only requires a portion of the meters to he in the line of sight of a cell relay in order 

for LilI meters to he read. Since most meters have several neighboring meters, the mesh network 

technology also provides redundant paths for communicating data to a cell relay. Therefore, the 

AMf system solution greatly reduces the amount of LAN components that need to he installed in 

order to cover all of Duquesnc Light’s service territory. This will make it more cost effective to 

read 100% of Duqucsne Light's meters at least once daily rather than the 80 to 90% that are 

being read daily with the AMR system.

Finally, the existing AMR system architecture requires multiple, disparate solutions to 

communicate with all of Duquesnc Light’s meters. These solutions differ for ail three system 

components including the type of meter data communications; the WAN communication 

protocols; and the head-end collection engine applications. The AMI system architecture uses a 

single type of meter data communications; a common WAN communication protocol and the 

same head-end data collection engine application to communicate with all of Duquesnc Light’s 

meters.

6. Mend-End Data Collection Engine

As part of its AMI Project, Duquesnc Light must install a Head-End Data Collection Engine. 

The Head-End Data Collection Engine performs network management and coordinates data 

collection and operations. The Head-End Data Collection Engine has the following 

characteristics:

• Collects interval meter usage data for all single phase and three phase meters.

o Support scheduled (automatic) and unscheduled (operator-initialed) meter reads.

• Remotely downloads updates to meter settings, configuration, security settings, and 
firmware for all AMI devices.

• Obtains meter data, such as register and power status, on demand.

• Communicates with groups of AMI meters and consumer owned control devices to 
enable load management.
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• Collects and reports measurement data, control events, self-test data and alerts, 
service continuity data and alerts, power quality data and alerts (including tamper), 
programming events, configuration settings, etc.

• Monitors, analyzes, and manages service continuity.

• Supports and reports service continuity and voltage interruptions.

• Supports monitoring, analyses, and management of customers* power quality.

• Supports customer (scheduled and unscheduled) load control functions.

• Provides automatic self-registration of AMI endpoints/meters.

• Supports meter self testing, system performance monitoring and reporting.

• Effectively employs Service Oriented Architecture (“SOA”) and/or Enterprise 
Service Bus (“ESB”) technologies for communication among its application modules 
and for interoperation of its system components with Duqucsne’s other information 
systems.

D. IT SYSTEMS

1. Introduction

In addition to the AMI Project scope described in the section above, Duquesne Light’s Final 

Smart Meter Plan includes the implementation, ongoing support and multifaceted integration of 

several IT systems. Some of the more significant of these IT systems such as Oracle’s CC&B 

and MDM will be implemented and integrated as pail of the Focus Project but will also require 

further systems integration and functional enhancements as part of the AMI project.

Much of the systems integration and ongoing support work inquires specific expertise and 

technology skills that are not available within Duquesne Light’s existing internal IT staff. 

Therefore, the Plan supplements Duquesne Light’s resources with third party IT vendor delivery 

and support resources as well as third party Systems Integrator (“SI”) resources. Duquesne 

Light will embark on a formal RFP process to select a qualified SI in the latter half of 2012. 

Duquesne Light also plans to negotiate a contract with the selected SI that will be executed upon 

approval of our final Smart Meter Plan.

Duquesne Light Company - Final Smart Meter Plan
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2. Systems Integration

As vshown on Diagram HU below, Dnquesnc Lighl’s Smarl Merer Program has four levels of 

complex systems integralion that must work both independently as well as in conjunction with 

each other in order for the entire solution to function properly.

Diagram #3; Duquesne Light Systems Integration

The first level of systems integration is to establish a bidirectional interface between the CC&fi 

and MDM components of the FOCUS project. The integration of these two components is 

facilitated through Oracle’s Services Oriented Architecture (“SOA”). All meter usage data is 

validated, edited and estimated (“VEE”) by the MDM module before it is passed to CC&B on a 

request basis for billing purposes. This cleansed usage data along with meter events such as 

tamper notifications is also utilized to support other customer oriented transactions such as high 

bill complaints, meter inspections and the automated completion of service orders that require a 

meter read.

The second level of systems integration is to establish a bidirectional interface between the Smart 

Meters deployed at customer premises and the Head-End Collection Engine installed at 

Duquesne Light's data center. The integration of these two components is facilitated through the 

AMI system communication network, which includes the LAN and the WAN. The Smarl Meter
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records interval data on at least an hourly basis which then must be collected from the field at 

least once daily by the Head-End Collection Engine. The LAN and WAN provide the 

connectivity necessary to accomplish this automated data collection. This bidirectional interface 

is also used for collection of meter events and alerts as well as to perform firmware upgrades 

within the meter.

The third level of systems integration is to establish a bidirectional interface between the Head- 

End Collection Engine and the MDM module. The integration of these two components is 

facilitated through Oracle’s Smart Grid Gateway (“SGG”). SGG provides standard adapters for 

data exchange between Head-End Collection Engines from leading AMI vendors and Oracle’s 

MDM module. All requests for meter usage data, events and alerts from Smart Meters are 

initiated from the MDM module. Therefore, the Head-End Collection Engines receives all of its 

instructions on what data to collect from the field as well as when to collect this data through the 

SGG.

The fourth level of systems integration is to establish end-to-end business processes that leverage 

the bidirectional interfaces between all of the components that were implemented and interfaced 

in the previous three levels. These end-to-end business processes include base metering 

functions such as monthly billing; daily displays of usage data on a customer web portal; 

commissioning and decommissioning of meters; and on-demand meter reads as well as advanced 

metering functions such as remote connects and disconnects; automated control of electric 

consumption; and provisioning of HAN devices.

3. Functional Enhancements

There are many functional enhancements to IT systems required to meet the smart meter 

requirements of ACT 129 and the Implementation Order, which are described in more detail in 

the AMI System Capabilities section of this plan. In addition, there are other functional 

enhancements to IT systems that leverage these AMI system capabilities to provide expanded 

self-service offerings to our customers as well as better information for our customer service 

representatives. These functional enhancements are described in more detail in the following 

appendices to this Plan:

Duquesne Light Company - Final Smart Meter Plan
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o Bill-io-Dale & Projecied Bill - Appendix 13

• Bill Alerts - Appendix C

• Smml Meier Usage Display - Appendix D

• Web Dashboard - Appendix B

4. Systems Integrator

The complexity of integrating multiple IT systems from multiple vendors across several lines of 

business such as customer care and metering operations along with deploying all new advanced 

meters and communication networks requires specific expertise across several technology 

disciplines that does not exist internally within Duquesne Light. Therefore, Duqucsne Light 

plans to engage a Systems Integrator (SI) to manage the IT systems work effort within the AMI 

project. The success of the AMI project is highly dependent on engaging an SI that has utility 

industry experience with both AMI technology projects as well as with Oracle Utility 

Application Suite implementations. The SI will have ultimate responsibility for the 

implementation of the remaining three levels of integration (the first level will be complete upon 

implementation of the FOCUS project) of Duquesne Light’s Small Meter Program. This 

responsibility includes oversight of the IT system integration and functional enhancement work 

being performed by other vendors including Oracle and ITRON.

Working with Duquesne Light, one of the initial tasks for the SI will be to finalize the phased 

implementation approach for the AM! Project. Phased scope definition is established by 

considering a variety of factors including business criticality and benefit, regulatory mandates, 

customer needs, overall program risk mitigation, technology availability and delivery, 

incremental change that users can adapt to and embrace, and other key considerations.

Once the implementation approach and individual phase scopes arc confirmed, a detailed project 

plan will be developed including main tasks, deliverables, milestones and schedule. A Program 

Management Office (PMO), consisting of Duquesne Light, Si, Oracle, ITRON and other vendor 

resources will he established to manage and monitor the execution of this plan.

Duqitesne Uf>h( Company ~ Final Smart Muter Plan
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Diagram ti4: Diujuesne Smurf Meier Program Management Office

Program Office

Simply defined. System Integration looks beyond <\ single, independent system or solution 

delivery with the knowledge, responsibility, and accountability to validate the enterprise solution 

delivers as planned and is maintainable and supportable over the useful life of the system. 

System integration encompasses both business and technical integration of applicable processes. 

Duquesnc Light’s Final Smart Meter Plan proposes that the SI will act as an implementation 

advisor driving day-to-day results by validating constant and consistent alignment of the business 

vision to the technical solution; managing to an integrated program view vs. individual project 

views; managing overall program dependencies and interactions between related projects and 

initiatives; balancing competing interests to provide solutions delivering optimal enterprise 

results; seeking to eliminate overlap, duplication, and redundancy in program activities; and 

ensuring individual component applications (new, existing, third party) can support end-to-end
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business processes. The specific services provided by ihc SI arc detailed in Appendix F to this

plan.

S. On-going Support

The IT systems being implemented as pari of both the FOCUS project and AMI project require 

significant ongoing support. Duqueshe Light's Final Small Meter Plan provides for this support 

through the end of the deployment period in the form of annual maintenance agreements with 

Oracle and ITRON as well as managed service agreements with a third parly IT support vendors.

E. AMI SYSTEM CAPABILITIES

In the Commission's Implementation Order, the Commission identified six minimum smart 

meter capabilities that are required by Act 129. bnplemcntaiion Order, pp. 29-30. The 

commission directed EDCs to quantify the costs to deploy and operate these six minimum 

capabilities in EDCs’ Smart Meter Plans.

In addition, the Commission listed nine additional capabilities that EDCs were to evaluate. The 

Commission also directed EDCs to quantify the individual incremental costs for deploying these 

additional capabilities. The Commission further noted that it may waive these additional 

capabilities to the extent that an EDC or another party demonstrated that the additional 

capabilities were not cost-effective.

Duquesne Light addresses each of the minimum and additional capabilities set forth in die 

Implementation Order below.

I. Minimum Capabilities Under Act J29 

a. Bidirectional data communications

The Company's existing AMR system provides one-way communication from the meter to the 

head-end data collection engine hosted at Duquesne Light’s data center. The new AMI system 

will provide two-way communication between the meter and the head-end data collection engine 

hosted at Duquesne Light’s data center.
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I). Recording usage data on al least an hourly basis once per day

The Company’s existing AMR system records usage data on a daily basis for most of our single- 

phase meters and on at least an hourly basis for all of our ilncc-phasc meters. The new AMI 

system will have the capability o1: recording usage data al 5, 10, \5, 30 or 60 minute intervals. 

The Company’s AMI communication network will provide the capability to retrieve this data at 

least once per day for all meters.

c. Providing customers with direct access to and use of price and 
consumption information

The Company’s existing AMR system does not have any direct access capabilities. The new 

AMI system will include ZigBcc enabled smart meters that under current data communication 

standards can facilitate direct access from the meter to a customer’s HAN device for price and 

consumption information. Duquesne Light will remotely provision and enable the direct access 

interface once the customer request for direct access has been authenticated. The customer will 

be responsible for purchasing and installing their own HAN devices as well as establishing the 

network connection with the ZigBee interface.

d. Providing customers with int'oi malion on their hourly 
consumption

The Company’s existing AMR system provides most customers with validated daily 

consumption information through Duquesne Light’s secure customer weh portal. The new AMI 

system will provide all customers with validated hourly consumption information within 

approximately 24 hours after the data has been collected from all meters through Duquesne 

Light’s secure customer web portal.

c. Enabling lime-or-use (TOD) rates and real-time price (RTP) 
programs

The Company’s existing AMR system only supports TOD or hourly rates for customers with 

three-phase meters. The new AMI system will support TOU rales and RTP programs for all 

customers. As pan of the company’s Act 129 Smart Sense pilot, Duquesne Light will develop 

TOU and/or RTP tariffs for our default service customers with smart meters. Duquesne Light

DtH/uesiie Unlit (.'omptniy - I'lnal Smart Meier Plan
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will al.so he iihle 10 support TOU rates and/or R'l’P programs olTcrcd hy EGS’s lor our cusiomers 

with smart meters that switch to an alternate supplier.

T. Supporting the automatic control of the austomer’s electric 
consumption

The Company's existing AMR system cannot support the automatic control of the customer’s 

electric consumption. The new AMI system, with its bidirectional data communication and 

ZigBce enabled smart meters, can be utilized to support demand response or load limiting 

programs. Duqucsnc Light plans to enable third party access to our AMI system for these types 

of programs through a secure web portal. However, Duquesne Light docs not plan to commit to 

any service level agreements with third parties using our AMI system to facilitate these types of 

programs.

2. Additional Capabilities under Implementation Order 

a. Ability To Remotely Disconnect And Reconnect

Remote disconnect and reconnect functionality allows utilities to turn off or turn on a customer’s 

service at the meter without a physical visit to the premise. This capability is accomplished 

through additional hardware (a switch) integrated into the meter. This capability is only 

available for single-phase meters having a 240 volt service with a rating of 200 amps or less.

There are many benefits to implementing the remote disconnect and reconnect functionality. 

These benefits include improved safety, operational efficiency, revenue collection, employee 

efficiencies and improved customer experience.

There is an additional cost of approximately $30 per single phase meter to install the switch to 

enable the remote clisconnecl/reconnecl functionality. In addition, the Company’s FOCUS 

system would require upgrades costing approximately $500,000 to provide this functionality. 

The expected cost to install this functionality on a system wide basis is approximately $17.5 

million.
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Duqucsnc Ligh! believes ibal the benefits of this functionality suppon implementalion. For these 

reasons, Duqucsne Light proposes to implement flic remote conncct/disconnect functionality for 

all single-phase meters.

(>. Ability To Provide 15-Minute Or Shorter Interval Data

As previously staled, the Company’s Smart Meters will he capable of recording data in 15 

minute intervals at no incremental cost as compared to recording usage at hourly intervals. 

However, the bandwidth of the AMI communication network as well as the storage capacity of 

the Mead End Data Collection Engine and Oracle MDM system would have to be expanded at an 

incremental cost to accommodate intervals more granular than hourly.

Duquesne Light does not believe these incremental costs are justified at this lime since there arc 

no existing requirements for interval data more granular than hourly. However, since expansion 

of network bandwidth and storage capacity is scalable, the Company proposes implementing an 

AMI system based on hourly interval data and then expanding il later if future applications 

require more granular intervals.

c. On-Hoard Storage Of Meter Data That Complies With
Nationally Recognized Non-Proprietary Standards Such As 
ANSI 02.19 and C12.22 Tables

The ANSI 02.19 standard provides a common data structure for use in transferring data to and 

from meters. The ANSI 02.22 standard defines how to transmit standardized tables of meter 

data across wived or wireless networks. This standard uses encryption to enable secure 

communications, protecting confidentiality and data integrity.

The Company’s AMI System will comply with these standards without any additional 

implementation costs.
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d. Open Standards And Protocols That Comply With Nationally 
Recognized Non-Proprietary Standards, Such As IEEE 
802.15.4

IEEE 802.15.4 is a communication standard for low rate wireless personal networks such as 

ZigBee. ZigBee has the ability to link smart meters with devices such as thermostats, household 

appliances, HVAC, lighting systems and other household appliances or systems.

The Company’s AMI system will comply with the IEEE 802.15.4 standard without any 

additional implementation costs.

c. Ability To Upgrade Minimum Capabilities As Technology 
Advances And Becomes Economically Feasible

The capability is whether existing equipment can adopt or be modified to incorporate new 

capabilities as technology advances. Duquesne Light cannot predict all future needs or 

technologies. However, the Company is implementing an AMI system that is flexible and 

expandable. Moreover, Duquesne Light will be able to upgrade the software for its AMI system, 

including meter firmware and configuration.

f. Ability To Monitor Voltage At Each Meter And Report Data 
In A Manner That Allows An EDC To React To The 
Information

The AMI system that Duquesne Light is implementing will provide the capability to monitor 

voltage at each meter. This monitoring can be accomplished by establishing a register within the 

Smart Meter for voltage related interval data or by programming the Smart Meter to send an alert 

if the voltage measurements are outside a normal range.

In order to report voltage data in a manner that allows an EDC to react to the information, an 

interface needs to he developed between the AMI Head-End Collection Engine and the FOCUS 

project MDM system. Duquesne Light’s approach to developing these type of interfaces is to 

participate in Oracle’s Smart Grid Gateway (“SGG”) Customer Validation Program. This 

program enables Duquesne Light to influence the development of productized integration 

between 1TRON and Oracle applications. At this point in the development cycle, Oracle has not

Duquesne Light Company - Final Smart Meter Plan
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committed to a date for implementing the voltage monitoring interface requirements as part of 

their SGG roadmap so incremental cost information is unavailable.

In addition to developing the integration between AMI and FOCUS systems, new reporting 

functionality will need to be developed within the MDM application in order for Duquesne Light 

to react to the voltage monitoring. At this point in the MDM development roadmap, Oracle has 

not committed to a date for adding enhanced reporting functionality for voltage monitoring.

Since Oracle has not committed to dates for voltage monitoring capabilities, the incremental cost 

for developing the required productized integration and reporting functionality is unknown. 

However, Duquesne Light anticipates that it will implement the voltage monitoring capability, as 

a supplement to existing power quality systems, once the necessary software becomes available.

g. Ability To Remotely Reprogram The Meter

Firmware within Ihe meter controls all of the functions mid capabilities of the meter. Firmware 

is the software that interfaces the meter’s hardware and the network application, enabling the 

meter to perform its functions. The firmware in the Company’s Smart Meters can be 

reprogrammed remotely through the communications network or at the meter.

There are no additional meter or network costs to be able to remotely program the Smart Meter’s 

firmware.

Duquesne Light Company - Final Smart Meter Plan

h. Ability To Communicate Outages And Restorations

The AMI architecture provides the capability to communicate outages and restorations from the 

Smal l Meter to the Head-End Collection system. This communication is based on a “last gasp’’ 

alert that the meter sends when it loses power along with a subsequent “first gasp” alert when 

power is restored. This functionality does not exist in Duquesne Light's existing AMR system.

In order to incorporate AMI outage and restoration alerts into the Company’s real-time reliability 

and customer notification processes, Duquesne Light would need to replace its current Outage 

Management System (“OMS”) as well as develop and maintain a distribution system “Electrical 

Model”. This replacement initiative is not included in the scope of the FOCUS project.
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Duquesne Light estimates that the incremental cost to create an Electrical Model are not justified 

as part of the Company’s Final Smart Meter Plan, but will be further evaluated as the AMI 

system is deployed.

Duquesne Light does plan to implement the capability to communicate outages and restorations 

from the Smart Meters to the Head-End Collection Engine as part of the AMI project. In 

addition, Duquesne Light plans to extract the data from the Head-End Collection Engine into an 

AMI data warehouse on a near real-time basis, The data warehouse will include reporting 

functionality that provides the Company’s Operations Center with the following data:

• Number of customers that are out of power at any given time during an outage event.

• A list of customers that have been restored at any given time during an outage event.

• The length of time between when a customer lost power and when that customer’s 
power was restored.

This reporting functionality in the AMI data warehouse will replace and improve the accuracy of 

all of the information that the Company’s Operations Center currently receives from its existing 

AMR system. This initiative is estimated to cost approximately $250,000.

i. Ability To Support Net Metering Of Customer Generators

Duquesne Light’s Smart Meters will support net metering of customer generators. The 1TRON 

Smart Meters will have multiple channels and bi-directional capability that will allow the 

Company to measure both the excess energy that is being generated by the customer and also 

measure energy that is delivered by the Company to the customer. The ITRON Smart Meiers 

come equipped with this capability, and therefore, there are no additional costs to implement this 

capability.

Duquesne light Company - final Smart Meter Plan

F. AMI IMPLEMENTATION TIMELINE

1. System Wide Roll-Out

A chart showing the Company’s proposed AMI implementation timeline is provided as 

Appendix G. The timeline includes a smart meter deployment schedule that begins with a 5,000 

smart meter acceptance roll out in 2014 followed by ramp up to 90,000 meters by year end 2015.

9G260fiHvl 32
EXHIBIT B-1



Duquesne Light Company - Final Smart Meter Plan

A full scale deployment of 9,000 meters per month will begin in the first quarter of 2016. The 

Company anticipates that it will complete full deployment of its smart meters by the end of 2020. 

In its Initial Smart Meter Piling, Duquesne Light noted that it was premature to develop a final 

system-wide deployment schedule given the substantial tasks that the Company was undertaking 

to: (1) assess needs, and (2) select technology, a vendor, software, hardware and other smart 

meter components. Therefore, the Company noted its intent to meet the 15 year deployment 

schedule set forth in the Commission’s Implementation Order. See Duquesne Light Initial Smart 

Meter Plan, pp. 36-37. The Company did provide an initial estimated date of December 31,2018 

for full system roll out of smart meters. However, the Company explained that this date was not 

final and that the Company would provide a detailed description of its plans for full system-wide 

roll out of smart meter technology as part of its Final Smart Meter Plan. See Duquesne Light 

Initial Smart Meter Plan, p. 37.

In the Commission’s Order approving the Company’s Smart Meter Plan, the Commission noted 

that Duquesne Light had provided an approximate date of December 31, 2018 to complete 

system-wide deployment of smart meters. The Commission further noted that Duquesne Light 

had explained that the dates were approximate and that it was the Company’s intent to meet the 

15 year deployment schedule provided by Act 129. Petition of Duquesne Light Company for 

Approval of Smart Meter Technology Procurement and Installation Plan, Docket No. M-2009- 

2123948, Order entered May 11,2010, p. 27.

The Company is extending full deployment of smart meters to allow for the two-year ramp-up 

period described above. This ramp-up period will give the Company time to test systems and 

functions before implementing technology on a system-wide basis. The Company believes that 

this is a prudent and reasonable approach and that it will mitigate the risk of technology glitches 

that could create a negative experience for customers.

In addition to the ramp-up period, Duquesne Light is proposing a phased functional 

implementation of Smart Meter features starting with the most basic capabilities such as monthly 

billing from smart meter usage data and ending with the most advanced capabilities such as 

automatic control of electric consumption. This phased functional implementation is designed to
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allow the market lor many of the advanced smart meter capabilities lo become more mature, 

which will then provide a better definition of the requirements. Requirements that arc not lully 

defined result in rework, which ultimately results in additional costs for customers. Duqitcsne 

Light believes that this potential rework and associated costs can be avoided by our proposed 

phased functional implementation approach.

At the same time, however, the Company anticipates that much of the functionality throughout 

deployment will be valuable. The Company will integrate available functionality, to the extent it 

lias been fully tested and accepted throughout the process, into business practices where possible. 

This will allow the Company to lake advantage of the benefits early in the process. For example, 

the Company plans to integrate hourly data into its processes used for daily reconciliation and 

PJM settlements. Similarly, the Company plans to implement the remote connect / disconnect 

functionality in .select, areas as it become available. This extension of the phased-in approach of 

smart meter functionality throughout the deployment will ensure implementation obstacles arc 

removed throughout the entire process rather than defer until the last stage ol deployment. The 

Company and customers will be able to take advantage of the benefits of AMI as deployed 

throughout the service area.

The following table provides a high-level overview of Duquesnc Light’s proposed phased 

functional implementation approach by requirement.
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Duquesne Final SM1P Plan

Type Requirement 2014 2015 2016 2017

Basic Commissioning and decommissioning of small meters in the held X

Basic Collection of usage daia for billing and events such as tamper alarms X

Basic Monthly billing from smart meter usage data X

Basic Manual disconnects and reconnects X

ACT 129 Bi-directional data communications X

ACT 129 Record usage data on at least an hourly basis once per day X

ACT 129 Provide direct access to and use of price and consumption information X

ACT 129 Provide customers with information on their hourly consumption X

ACT 129 Enable time-of-use (TOU) rates and real-time price (RTP) programs X

ACT 129 Automatic control of the customer's electric consumption X

PA PUC Remote disconnects aud reconnects X

PA PUC Provide 15-minute or shorter interval data X

PA PUC On-board meter storage that comply with national standards X

PA PUC Open standards and protocols X

PA PUC Upgradable capabilities X

PA PUC Voltage monitoring X

PA PUC Remote reprogramming of the meter X

PA PUC Outages and restorations X

PA PUC Net metering of customer generators X

2. New Construction And Customer Requests

Pursuant to Act 129 and the Commission’s Implementation Order, HDCs are required to deploy 

smart meter technology at the end of the 30-month grace period in new construction and upon 

customer request. As part of Duquesne Light’s grace period planning efforts, the Company has 

designed interim solutions to comply with these deployments outside of the Company’s planned 

smart meter deployment schedule since the AMI project will not start until the Final Smart Meter 

Plan is approved.
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a. New Construction

Duquesne Light installs approximately 2,000 meters annually in new construction sites 

throughout its service territory. At the end of the grace period, Duquesne Light plans to install 

1TRON sinaii meters at all new residential construction sites and communicate with these meters 

through its existing AMR ITRON Fixed Network system. These meters will be transitioned to 

the new AMI system at the time that the new communication network is extended to these 

locations as part of the full deployment schedule. Smart meters that communicate through the 

AMR system will provide daily reads until they arc transitioned to the AMI system at which time 

they will provide hourly reads and AMI functionality that is available at that time. The transition 

from the AMR system to the AMI system will be determined by the Duquesne Smart Meter 

Program full deployment schedule. Duquesne Light will continue to deploy Alpha meters that 

communicate through its existing AMR ITRON MV-90 system for all new commercial and 

industrial (“C&I”) construction sites until the new communication network is extended to these 

locations as part of the full deployment schedule.

b. Customer Requests

Since the enactment of Act 129 smart meter legislation in 2008, Duquesne Light has only 

received a few customer requests for a smart meter. To honor customer requests for direct 

access to un-validated usage data after the grace period, Duquesne Light plans to install ITRON 

smart meters that communicate with its existing AMR ITRON Fixed Network system for billing 

purposes but enable HAN connectivity through ZigBee for direct access purposes. To honor 

customer requests for next day access to validated hourly usage data through a web portal, 

Duquesne Light plans to install Alpha meters (currently used on C&I accounts) and 

communicate with them through its existing AMR ITRON MV-91) system for both billing and 

next day usage data access purposes. After the Smart Meter Program Final Smart Meter Plan is 

approved by the Commission, Duquesne Light will purchase, implement and integrate the 

ITRON Head-End Data Collection Engine with the MDM. Once this work is complete, 

Duquesne Light will install ITRON smart meters for all customer requests and communicate 

with them directly via a public cellular network. This solution is projected to be available during 

the smart meter deployment ramp-up period and will be utilized until the new communication

Duquesnc Light Company - Final Smart Meter Plan
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network is extended to these locutions as pari o) the full deployment schedule. Customers that 

request a smart merer outside of the Company's full deployment schedule will he charged the 

incremental communication and deployment costs but not the cost for the mcier. The Company 

will develop a fee for this scope and update Rule M,2 of its tariff.

G. SMART METER PROGRAM COSTS

The total cost of Duquesne’s Smart Meter Program is estimated at $238 million spent over an 11 

year period beginning in 2010 and ending in 2020. The following table provides a breakdown of 

the total Smart Meter Program estimated costs by scope component and operating versus capital 

expenditures.

Duquvsne Light Company - Final Smart Meter Plan

Cost Estimates ($ millions) Total

Smart Meter Program Planning 3.0

FOCUS Project 35.0

AMT Project Vendor Components (ITRON) 97.5

AMI Project Communication Network (WAN) 8.0

AMI Project IT Systems including PMO 63.4

AMI Project Customer Acceptance 3.1

AMI Project Contingency 28.0

Total $238.0

The Smart Meter Program planning costs encompass all of the grace period expenditures 

necessary to develop (he Final Smart Meter Plan. A significant portion of these planning costs 

are the engagement of third party subject mailer expertise such as SA1C, IBM and other
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eonsulling resources. These planning costs also include the technology proof of concept with 

ITRON to prove the viability of the proposed AM) system solution.

The FOCUS Project costs encompass all of the IT system costs necessary to replace Duquesne 

Light’s CIS and implement a new MDM. These IT system costs include software and hardware 

purchases and maintenance during the grace period; outside services involved in the 

implementation and integration of CC&B and MDM; and an allocation of other ancillary project 

expenditures such as facilities, training, organizational change, management and installation of 

supporting IT products.

The AMT Project Vendor Component costs encompass all of the equipment and services being 

provided by ITRON as described in Section C of this Plan. These cost estimates are based on the 

contract negotiations that have been conducted to date between Duquesne Light and ITRON. 

These negotiations arc expected to conclude in the third quarter of 2012 with a completed 

contract that can be executed upon Commission approval of the Company's Final Smart Meter 

Plan.

The AMI Project WAN costs encompass all of the equipment and services described in Section 

C.4 of this Plan. These cost estimates are based on analysis, including preliminary propagation 

studies, conducted by Duquesne Light and ITRON with the assistance of SAIC.

The AMI Project IT Systems costs encompass all of the implementation and integration services 

described in Section D of this Plan. Ln some instances where it is cost justified, the third party 

delivery services may be replaced with the purchase of additional software and hardware 

products. These cost estimates are based on analysis conducted by Duquesne Light with the 

assistance of IBM.

The IT Systems costs also encompass the responsibilities of the PMO which includes third parly 

SI resources as well as the following seven Duquesne Light internal resources which are all 

incremental to the Company’s current staffing levels;

o AMI Program Manager (I)

Diu/iiesnc Light Company - L'inal Smart Mater Plan
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® AMI IT .Systems Cooidimuor anil 11' Systems Analyst (2)

® AMJ Mefe/'ing Cooulinafor and Metering Hngineer (2)

« AMI Conununieation Network Coordinator and Telecom Engineer (2)

The AMI Project Customer Acceptance costs encompass all of the work efforts described in 

Section T of (his Plan. These cost estimates am based on analysis conducted by Ducjuesne Light 

with the assistance of Customer Performance Group (“CPG”).

The AMI Project contingency costs encompass industry standard funding reserves for third party 

services as well as specific funding reserves for areas of the program where meter deployment, 

communication protocol, and security appliance decisions still need to be finalized based on 

emerging or evolving additional information.

A further breakdown of the estimated costs for the FOCUS and AMI projects by year is provided 

in Appendix H.

H. SMART METER COST RECOVERY

In its Initial Smart Meter Plan the Company proposed to recover its costs to implement smart 

meter technology via a Section 1307 Smart Meter Charge. By order dated May 11, 2010, the 

Commission approved Duquesne LighTs Initial Plan with certain modifications. Li addition, the 

Commission approved the Company’s SMC, with certain modifications, which provides for full 

and current cost recovery of smart meter costs. The first SMC was implemented effective 

August 1,2010.

The SMC uses a formula to calculate the revenue requirement for the quarter for each 

component. The SMC is updated quarterly, effective January I, April I, July 1 mid October 1 

each year. Common costs are then allocated to the revenue requirement for each meter type 

based on the number of each type of meter. A description of the SMC is provided in Rider No. 

20, Smart Meter Charge, of the Company’s retail tariff.

Diujuesni; Light Company - Final Smart Meter Flan
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The formula to compute the revenue requirement for single phase, three-phase and common 

plant each includes four primary components. The first component is the pre-tax return on 

average projected net plant in-service (“PIS”) for the upcoming quarter. Net PIS includes 

eligible smart meter plant and supporting systems adjusted for accumulated depreciation and 

accumulated deferred income taxes associated with that plant. The second component of the 

revenue requirement includes the projected expenses for depreciation, operation and 

maintenance for the upcoming quarter. The third component is an adjustment to the revenue 

requirement made for expected operating cost savings, if any, realized by the Company by 

implementing smart meter technology. The fourth component is a reconciliation adjustment, 

developed through an annual filing, to reconcile for the actual revenue requirement for the 

previous reconciliation year versus the billed revenue for the same period.

The revenue billed under the SMC for each quarter of the reconciliation period is compared to 

the actual revenue requirement calculated for each quarter using actual data for each of the four 

components of the formula. The over or under collection of revenue is recouped or refunded as 

appropriate with interest over a one year period beginning on January 1 of the following year. 

All over and under recovery calculations include interest at the legal rale of 6%.

The Company is proposing to recover the costs for implementing its Final Smart Meter Plan 

thiough its existing SMC without modification.

I. CUSTOMER EDUCATION AND ACCEPTANCE STRATEGY

1. Introduction

Jn early 2011, Duquesne Light engaged Customer Performance Group (CFG) to assist the 

company with development of a strategy that minimizes the risk of customer resistence to smart 

meter technology that many utilities throughout the country have previously experienced. CPG 

has worked with several utilities in California, Nevada and Illinois to successfully deploy smart 

meters in a manner that increases customer awareness, understanding and confidence with the 

new AMI technologies. A primary component of the customer confidence model is the 

communication of AMI technology benefits to customers soon after they receive their new smart 

meter.
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As pnrl of our planning cflorls with CPG, we identified several new enhanced prodncis and 

services such as Bill-to Dale reporting, Usage threshold alerts. Usage graphs, TOU inlcs, RTP 

programs and HAN offerings that are all facilitated by leveraging the investment in AM! 

technologies. Duquesne Light will offer select, cost-effective enhanced products and services for 

our customers that also provide transactional benefits to the company. These services arc signed 

to increase customer participation and acceptance of smart meter technology. Additionally, The 

CPG deployment approach also strives to minimize customer inconvenience and provide a 

neutral, if not positive overall customer experience related lo smart meters.

2. Target Audiences

Duquesne Light’s three primary target audiences are employees, stakeholders and customers. A 

description of these three audiences and their relationships to smart meter technology is below:

Audience Role

Employees

o Installers Installers install the smart meters. They have customer contact 
prior to installation and when the work is completed.

• Field l.iaison The field liaison is a person skilled in energy audits who 
accompanies the installers to provide door-to-door outreach 

to customers and troubleshoot customer complaints.

® Call Center The call center provides customers information and education 
regarding smart meters and processes customer complaints 

and claims.

■ Other All other employees serve as ambassadors who can explain 

the smart meter system to family, friends, and neighbors.

Stakeholders

» Elected

Officials and 
Staff

Elected officials and their staffs ore n source of information 
about the smart metering system for constituents and a 

channel for receiving customer complaints.

o Community 
Leaders

Community leaders include political organizations, special- 

interest organizations, business organizations, service 
organizations, faith-based organizations, and schools. They act 
as third-por ly communicators to customers.

« Media Media includes representatives of newspapers, television, and 

radio who communicate with customers.

<? Electric

Generation 
Suppliers (h'GS)

EGS's are the retailers who sell the electric commodity to 
customers and may develop new products and ser vices based 

upon the smart metering system.

« Curtailment CSPs provide energy and demand response products to
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Service

Providers
(CSPs)

encourage customers to curtail usage at times of peak load.

0 Service

Providers

Service.’ providers include contractors, electricians,
and others who act on behalf of customers and 

provide information to customers about electric appliances 

and services.

• Union Leaders Union leaders arc the representatives of DLC employees who 

are represented irnder collective bargaining agreements, They 

act as third-party communicators to employees.

Customers

• Residential Residential customers include customers who live in single- 

family and multi-family premises who take seivice on rates RS, 

RH, and RA.

9 Commercial 

and Industrial 
(C&t)

C&l customers include those who take service on rales GS/GM 

and GMH.

3. 90-60*30 Day Communicalion Strategy

Duqucsne Light’s CEA plan focuses on the creation of a neutral-lo-positive customer experience. 

The foundation of this customer experience is the 90-60-30 day strategy. 90-60-30 refers to the 

number of days prior to installing a smart meter during which specific information, education, 

ami customer experience tactics are implemented.

90 Days. At least 90 days before installing smart meters in a specific community or geography. 

Duquesnc Light will:

1. Establish a website that contains information about the smart meter system.

2. Continue to educate employees about the smart meter system and its deployment.

3. Continue to educate stakeholders about the smart meter system and deployment.

Duqucsne Light’s approach for employees will he to provide information and education so (hat 

all employees can act as advocates for the smart meter system. To achieve this objective, 

Duquesne Light will use a variety of methods to build employee awareness and understanding. 

These methods include:
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• Town hall meetings

• Training classes

• Internal newsletters

• Office signage

• Employee intranet

• Involving employees in testing smart meter products and services

For front-line employees, Duquesne Light will employ additional educational methods that teach 

specific skills associated with the employee's job role. This may include advanced training 

classes lor call center representatives, field liaisons, and installers, and daily briefings for field 

liaisons and installers.

Duquesne Light’s approach for stakeholder education will be one of personalized meetings, 

group presentations, and events (such as stakeholder collaboratives). Duquesne Light will 

support these activities with collateral malefials, props, videos, and demonstrations of smart 

meter services.

60 Days. Approximately 60 days before deploying smart meters in a specific region, Duquesne 

Light will conduct outreach events and presentations for both residential and business 

community members. The media Duquesne Light plans to use for community outreach includes 

PowerPoint presentations, trade show-style booths, and a mobile display (similar to other mobile 

smart meter/grid displays used by utilities, such as Oncor’s Mobile Experience Center and 

Reliant Energy's Smart Home Solutions recreational vehicle). The likely venues for these 

outreach presentations include community groups (Chambers of Commerce, Rotary, citizens’ 

councils, political groups), homeowners' associations, and community events (street fairs, 

farmers’ markets, and athletic events). Content presented during these events will focus on 

features and benefits, (unction (how the system works), and confidence (accuracy, security, 

privacy, health, and value). To increase participation in these community presentations, 

Duquesne Light may use paid and non-paid media to generate interest and awareness.

DiHjtiesna Light Company - Final Smart Meter Flan
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30 Days. Thirty days before installing a smart meter at a customer’s premises, Duquesne Light 

will implement a targeted direct media campaign. The first element is a direct mail letter which 

informs customers of the forthcoming smart meter installation. It also provides the customer 

information about the function, benefits, and confidence associated with the smart metering 

system, All communication materials will include Duquesne Light’s call center website address 

and phone number for additional information

Three days before deploying meters at a customer’s premises, customers will receive an 

automated phone call and/or email reminding them of the smart meter installation. This 

communication will provide customers as precise a time as possible for when the meter will be 

installed.

At the time of installation, installers will perform the installation according to a customer 

experience script (knock, explain, install, and leave record of work). A Duquesne Light field 

liaison will be available to provide immediate, on-call support to customers or, when not 

otherwise engaged, door-to-door outreach.

Five days after installation Duquesne Light will survey a sample of customers regarding 

installation satisfaction, and their attitudes toward the smart metering system (as compared to the 

baseline survey).

Thirty five days after installation, customers who have signed up for Duquesne Light’s My 

Account service or otherwise provided Duquesne Light an email address will receive a 

notification that their smart meter services (bill-to-dale, bill alerts, projected bill, and hourly 

usage data) are now available to them online.

4. Measuring Success

The measure of success for a smart meter deployment project is a ncutral-to-positive customer 

experience. Duquesne Light will measure the success of its customer experience and education 

efforts through three specific methods.
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First, prior to launching the CEA plan, Duquesne Light will conduct focus group tests to ensure 

that the approach, thcines, messages, media, and methods meet customer requirements. 

Additionally, Duquesne Light will administer a baseline survey that gathers customer altitudes 

toward the smart meter system prior to implementation. This baseline survey will enable 

Duquesne Light to then determine the impact of the CEA plan on consumer attitudes.

Second, after implementing the 90-60-30 strategy, Duquesne Light will track the:

• Number of website visits it receives

• Number of calls it receives from customers

• Classification of those calls in appropriate categories such as complaints, claims, high 
bill, and opt out.

Subsequent analysis of the volume and type of these calls will enable the Duquesne Light to 

maintain or adjust its customer experience, customer education, and customer support efforts. 

Additionally, Duquesne Light will collect customer feedback during outreach presentations 

regarding customer attitudes toward the smart meter system.

Third, five days after the installation of smart meters, Duquesne Light will survey a sample of 

customers regarding their satisfaction with the installation experience. Analysts will integrate 

the survey results into a weekly dashboard report for Duquesne Light. This report will guide 

Duquesne Light in taking appropriate action to correct deficiencies in the customer experience.

J. RISK MITIGATION STRATEGIES

Duquesne’s Smart Meter Program is a multi-year, multi-million dollar endeavor that will greatly 

impact several key stakeholders including our customers and employees. Therefore, a large part 

of the grace period planning effort has been spent identifying program risks as well as 

developing strategies for mitigating the impact of these risks. Duquesne’s risk mitigation 

strategies include:

• Engaging Industry Subject Matter Expertise throughout the planning effort

• Commissioning an AMI Technology Proof of Concept (POC)

Duquesne Light Company - Final Smart Meter Plan
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• Instituting u ramp-up period along with u phased functional implementation within 
the Smuit Meter Program deployment schedule

• Development of a Customer Acceptance Strategy aligned with the PA PUC Retail 
Market Investigation (RMI) Directives

• Engagement of an experienced Systems Integrator to own the cnd-io-cnd integration 
between the FOCUS and AMI projects

Industry Subject Matter Expertise

As a first step in our Smart Meter Program planning effort, Duquesne issued a Request for 

Proposal (RFP) in order to obtain the semces of a utility industry advisor with extensive 

planning experience for AMI technology projects. R.W. Beck, Inc. (now SA1C) was selected for 

this advisory role and assisted Duquesne with our milestone flings as well as with our AMI 

vendor RFP process and AMI communication network extended analysis. Duquesne has also 

engaged industry subject matter expertise during our contract negotiations with ITRON. Eckert 

Seamans is providing external legal counsel while IBM is providing contract assistance from a 

business risk assessment perspective. IBM was also engaged to provide Duquesne with ‘lessons 

learned” from other Smart Meter Programs where they have served as the Systems Integrator as 

well as to assist Duquesne with developing our systems integration cost estimates for the AMI 

project. Finally, Customer Performance Group (CPG) is assisting Duquesne with development 

of a customer acceptance strategy designed to minimize the risk of customer backlash against 

smart meters that other utilities throughout the country have previously experienced.

AMI Technology Proo f of Concept

In the latter half of 2011, Duquesne entered into a one year contract with ITRON to conduct an 

AMI Technology Proof of Concept (POC). This POC enables Duquesne to lest the various 

components of the AMI System outlined in section IV of this plan. The POC is designed to 

validate the following data.

® Meter configurations/settings

• Captured interval data using ITRON AMI Service Test
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• Captured event messages/alerts/alarms in the ITRON OpenWay Collection Engine

• Firmware download using the ITRON OpenWay Collection Engine

• On demand reads; remote disconnects and reconnects using ITRON AMI Service 
Test

In addition to testing the ITRON OpenWay components of Duquesne’s proposed AMI System, 

this POC will also test various AMI communication network solutions. The scope of the POC is 

36 residential meters and 16 commercial meters. These meters are installed in a dual-socket 

environment so that the customer’s existing meter is still used for production billing purposes. 

The POC local area network (LAN) consists of four cell collectors and two range extenders. The 

POC wide area network (WAN) utilizes various private wireless solutions for intermediate 

transmittal to Duquesne owned communication towers as well as public wireless solutions for 

direct connect functionality. As part of the POC, Duquesne is also performing laboratory tests 

on several Home Area Network (HAN) devices. These devices include:

• Two Smal l Thermostats

• Two In-Home Displays (IHDs)

• Two Load Control Devices

Ramp-up Period and Phased Functional Implementation

In order to minimize the risk of any potential unforeseen technology glitches having a mass 

negative impact on our customers, Duquesne is proposing a ramp-up period for Smart Meter 

deployments. This period will begin with a 5,000 smart meter acceptance roll-out in the latter 

half of 2014 followed by a gradual build-up to a full deployment of 9,000 meters per month by 

the end of 2015. In addition to the ramp-up period, Duquesne is proposing a phased functional 

implementation of Smart Meter features starting with the most basic capabilities such as monthly 

billing from smart meter usage data and ending with the most advanced capabilities such as 

support for Home Area Networks. This phased functional implementation is designed to allow 

the market for many of the advanced smart meter capabilities to become more mature, which will 

then provide a better definition of the requirements.

Duquesne Light Company - Final Smart Meter Plan
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Customer Acceptance Strategy

In early 2011, Duquesne engaged Customer Performance Group (CPG) to assist the company 

with development of a strategy that minimizes the risk of customer backlash against smart meters 

that many utilities throughout the country have previously experienced. CFG has worked with 

several utilities in California, Nevada and Illinois to successfully deploy smart meters in a 

manner that increases customer awareness, understanding and confidence with the new AMI 

technologies. Duquesne Light’s Customer Acceptance Strategy is explained in more detail in 

Section T above.

System Integrator

As explained in Section D above, Duquesne’s Smart Meter Program has four levels of complex 

systems integration that must work both independently as well as in conjunction with each other 

in order for the entire solution to function properly. The Company believes that the success of 

our AMI project is highly dependent on engaging an SI that has utility industry experience with 

both AMI technology projects as well as with Oracle Utility Application Suite implementations.
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IV. CONCLUSION

As explained herein, during the Grace Period, Duquesne Light has been implementing billing 

system and information technology changes that are necessary to provide customers with Smart 

Meter Technology. In addition, Duquesne Light has been carefully and thoroughly investigating 

ways to meet the Act 129 Smart Meter Technology requirements. Duquesne Light*s Final Smart 

Meter Plan will provide all of the smart meter capabilities required under Act 129 and the 

Commission’s Implementation Order to customers in a cost-effective manner.
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DUQUESNE LIGHT COMPANY SUPPLEMENT NO. 188 
TO ELECTRIC - PA. P.U.C. NO. 24 

THIRD REVISED PAGE NO. 15 
CANCELLING FIRST AND SECOND REVISED PAGES NO. 15

RULES AND REGULATIONS - (Continued)

INSTALLATION OF SERVICE - (Continued)

8. NONSTANDARD SERVICE The Company reserves the right to require a customer or applicant for service (C) 
to pay the cost, including the related income tax, of any special installation necessary to meet the unusual 
requirements of the customer or applicant for service, including, but not limited to:

(C)(1) service at other than standard voltages,

(2) service for intermittent, unbalanced or fluctuating loads, which, in the Company's sole judgement, (C) 
would not generate sufficient revenue to recover the installation costs of the required facilities,

(3) service for loads that will be continuous but that will generate minimal usage, and which, in the (C) 
Company's sole judgement, would not generate sufficient revenue to recover the installation costs of
the required facilities,

(4) service for loads that will require provision of closer voltage regulation than required by standard (C)
service,

(5) redundant service requested by the customer and not required by the Company, and (C)

(6) service routings or configurations that deviate from the Company’s standard construction standards (C) 
described in the Company's "Electric Service Installation Rules," or that would otherwise necessitate 
significant construction of new Company facilities.

The customer or applicant shall pay all costs to the Company of performing environmental assessments, (C) 
including, but not limited to, the cost of consultants utilized by the Company, the cost of removal and disposal of 
contamination, waste or hazardous materials or dealing with other adverse environmental conditions associated 
with either the initial installation, modification, repair, maintenance or removal of service facilities.

The Company may decline to provide Nonstandard Service where, in the Company’s sole judgment, it would not (C) 
be commercially, operationally, and/or technically reasonable to provide such service.

9. RELOCATIONS OF FACILITIES

A. Pole Removal or Relocation for Residential Customers

When requested by a residential property owner who is not otherwise entitled to receive 
condemnation damages to cover the cost of the pole removal or relocation or who is not 
requesting a pole removal or relocation as the result of damages caused by the intentional or 
negligent conduct of any party, the Company will when it is practicable, subject to the execution 
and receipt of required easements, licenses or municipal permits, remove or relocate a pole or 
poles and associated attachments, upon receipt, in advance, of the Compan/s estimated 
contractor or direct labor and direct material costs associated with the particular pole removal or 
relocation, less any maintenance expenses avoided as a result of the pole removal or 
relocation.

For purposes of this Rule, the following definitions are applicable:

(1) Contractor costs - Amount paid by the utility to a contractor for work performed on a pole 
removal or relocation.

(C) - Indicates Change

ISSUED: DECEMBER 21, 2018

EXHIBIT D-2
EFFECTIVE: DECEMBER 29, 2018



DUQUESNE LIGHT COMPANY SUPPLEMENT NO. 194 
TO ELECTRIC - PA. P.U.C. NO. 24 
SECOND REVISED PAGE NO. 15A 

CANCELLING FIRST REVISED PAGE NO. 1SA

RULES AND REGULATIONS - (Continued)

INSTALLATION OF SERVICE - (Continued)

9. RELOCATIONS OF FACILITIES - (Continued)

A. Pole Removal or Relocation for Residential Customers - (Continued)

(2) Direct labor costs • Includes pay and expenses of public utility employees directly 
•attributable to work performed on pole removals or relocations. Excludes payroll taxes, 
workmen's compensation, similar items of expense and construction overhead costs.

(3) Direct materials costs - Includes the purchase price of materials used in performing a 
pole removal or relocation and excludes the related stores expenses. Proper allowance 
shall be made for unused materials, and materials recovered from temporary structures, 
and for discounts allowed and realized in purchase of materials.

(4) Income tax - Federal and State tax relating to the tax liability of contributions in aid-of- 
construction.

B. Meter Relocation for all Customers (C)

Pursuant to Act 129 of 2008; the Commission's Smart Meter Procurement and Installation (C)
Implementation .Order entered June 24, 2009, at Docket No. M-2009-2092655; and Duquesne 
Light's Smart Meter Procurement and Installation Plan, approved in relevant part by Order 
entered April 7, 2017, at Docket No. P-2015-2497267; smart meter(s) conforming to Company 
standards must be installed at each metered service premises. Customers may not decline 
smart meter installation for any reason. Instead, as their sole remedy, customers may 
designate an alternative location on the premises for the smart meter. The Company shall 
relocate the smart meter to such alternative location where (i) the relocation (including 
associated customer sen/ice equipment) conforms to the Company’s “Electric Service 
Installation Rules" (see Rule No. 6) and the National Electric Safety Code, as determined by the 
Company in its sole judgment; (ii) the relocation can be readily, safely, and reliably 
interconnected to the Company's facilities, as determined by the Company in its sole judgment;
(iii) the customer provides any easements, permits, or other governmental or third-party 
approvals the Company deems necessary to accommodate such relocation; and (iv) the 
Company receives, in advance, payment for the Company's estimated total direct and indirect 
costs including the related income tax of such relocation.

C. Other Company Facilities for all Customers (C)

When requested or required by the action of a customer or a third party, relocation of Company 
facilities, except those covered under Section A of this Rule, will be performed by the Company 
upon receipt, in advance, of the Company's estimated total direct and indirect costs including 
the related income tax of such relocations from the customer or such third party. The Company 
may waive charges under this rule if, in the Company's judgment, the location of the Company's 
existing supply line and/or service line on the customer's property restricts the growth of the 
customer's operations and the potential increase in the Company's revenues.

(C) - Indicates Change

ISSUED: FEBRUARY 6, 2019

EXHIBIT D-2

EFFECTIVE: APRILS, 2019



3835 Acorn Street 
Pittsburgh, PA 15207

February 19, 2019

Rosemary Chiavetta, Secretary 
Pennsylvania Public Utility Commission 
Commonwealth Keystone Building 
400 North Street, 2nd Floor 
Harrisburg, PA 17120

Re: Miranda Grace Edwards v. Duquesne Light Company 
Docket No. C-2018-3002741

Dear Secretary Chiavetta:

Enclosed for filing with the Commission is my Certificate of Sen/ice indicating that my Answers to 
Interrogatories and Request for Production of Documents, Set I, (Questions #2, 4, 6, 16, 18, 27, and 
29) were emailed to Counsel for Duquesne Light Company on this day in the matter referenced 
above.

Please feel free to contact me if you have any questions.

Sincerely,

M. Grace Edwards
Complainant
msea.mdew@gmail.com

Attachment

Cc: Jeffrey A. Watson, ALJ (Cover Letter and Certificate only) 
Per Certificate of Sen/ice
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BEFORE THE
PENNSYLVANIA PUBLIC UTILITY COMMISSION

MIRANDA GRACE EDWARDS, 

Complainant,

vs.

DUQUESNE LIGHT COMPANY, 

Respondent.

No. C-2018-3002741

Responses to Respondent’s

FIRST SET OF DISCOVERY REQUESTS

Filed by Miranda Grace Edwards

msea.mdew@gmail.com 
3835 Acorn Street 

Pittsburgh, PA 15207

COMPLAINANT S RESPONSES TO RESPONDENT'S FIRST SET OF DISCOVERY REQUESTS

TO: RESPONDENTS GENERAL COUNSEL, SHANE MILLER, ESQUIRE

THESE PAGES CONSTITUTE THE FILING OF MY WRITTEN RESPONSE TO THE FIRST SET OF 
DISCOVERY REQUESTS SERVED ON ME BY RESPONDENT DUQUESNE LIGHT COMPANY. 
THESE HAVE BEEN SUBMITTED TO YOU PER THE SPECIFIED DEADLINE OF FEBRUARY 19, 
2019.

Miranda Grace Edwards 

February 19. 2019
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BEFORE THE
PENNSYLVANIA PUBLIC UTILITY COMMISSION

MIRANDA GRACE EDWARDS, 

Complainant,

vs.

DUQUESNE LIGHT COMPANY, 

Respondent.

No. C-2018-3002741

RESPONSES TO RESPONDENTS FIRST SET OF DISCOVERY REQUESTS

AND NOW comes Complainant Miranda Grace Edwards (“I”) and hereby files this, my 
Responses to Respondent’s First Set of Discovery Requests.

2. Produce all Documents, including but not limited to hospital and/or medical records or 
studies, that relate to Your answer to Discovery Request No. 1.

ANSWER:

In Discovery Request No. 1, Duquesne Light Company Counsel (DLC) asked me to 
"state all facts that support [my] claim that Duquesne Light's installation of a Smart 
Meter at the Property will negatively affect [my] health.” In his January 28, 2019 interim 
order, ALJ Watson noted that in my response to DLC’s motion to compel, I averred that 
"[I am] not claiming to be highly sensitive to radio frequency radiation from smart meters 
or to be a member of an especially vulnerable group. In addition, [I am] not claiming to 
have suffered from any health effects from a smart meter as a smart meter has not 
been installed on [my] property." ALJ Watson then stated, "If Complainant is not 
claiming that the installation of a smart meter at the property will negatively affect her 
health she can indicate that in her response and therefore would not be requested to 
provide the requested hospital or medical records requested in Discovery Request No.
2. If Complainant is making that claim the requested records are a proper discovery 
request.” (emphasis added)

I have attached documents that by no means represent "air’ information related to my 
answer to Discovery Request No. 1; however, they do support my claim. I have not 
included personal hospital or medical records, because these are still irrelevant. As I 
mentioned in my response to DLC's motion to compel, as far as I am currently aware 
nothing exists in my hospital or medical records that would demonstrate DLC’s 
installation of a smart meter at my residence has already harmed my health (because a 
smart meter has not yet been installed) or is certain to harm my health in the future 
(because I have not been diagnosed with, noram I claiming to have, a condition that
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makes me highly sensitive to radio frequency radiation or a member of an especially 
vulnerable group). I am not planning to enter my personal medical hospital records into 
evidence, nor am I planning to introduce testimony from doctors who have treated me. 
Therefore, there is no reason for me to provide this information.

I have not included the personal hospital or medical records of others who have made 
credible claims that smart meters have harmed their health because such records 
constitute confidential information about utility customers who are not parties to this 
litigation. DLC has some of these documents in its possession.

Furthermore, DLC's Discovery Request No. 1 mischaracterizes my "claim” that 
“Duquesne Light's installation of a Smart Meter at the Property will negatively affect 
[my] health." (emphasis added) I checked my original complaint again, and l never 
asserted that DLC's smart meter will harm my health. Asking me to support such a 
definitive claim calls for speculation. I stated my desire to avoid potential health effects, 
and I have seen enough evidence to convince me that legitimate concerns exist 
regarding those potential health effects. Microwave radiation, such as produced by the 
smart meter DLC intends to install on your meter socket without my consent, have been 
shown to produce cancers in rats and ill health effects in human beings who have smart 
meters on their residences. Cell phones have been shown to produce cancers in 
humans after many years of holding the phone close to the head. Cell towers and Wi-Fi 
in places of business have been shown to cause ill health effects and are banned in 
many public schools and other settings around the world.

Neither DLC nor the PA PUC has a right to violate the PA PUC Title 66, Section 1501 
specification that “Every public utility shall furnish and maintain adequate, efficient, safe, 
and reasonable service and facilities ...” (emphasis added)

Produce all Documents that relate to Your answer to Discovery Request No. 3.

ANSWER:

In Discovery Request No. 3, DLC asked me to “state all facts that support [my] claim 
that Duquesne Light's installation of a Smart Meter at the Property will infringe upon 
[my] privacy and/or violate [my] rights under the Fourth Amendment to the United States 
Constitution." ALJ Watson's October 24, 2018 interim order dismissed my claim that 
DLC has violated my rights under the Fourth Amendment to the United States 
Constitution.

DLC customers' right to privacy is not limited to their Fourth Amendment rights. Privacy 
issues are also safety and security issues. Smart meters transmit wireless signals that 
may be intercepted by unauthorized and unknown parties. Those signals can be used to 
monitor behavior and occupancy and they can be used by criminals to aid criminal 
activity against the occupants of a dwelling.

DLC admits in its own Privacy Policy (https://www.duquesneHqht.com/customer- 
support/policies-forms/Drivacv-Policv) that "no set of controls can provide absolute
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security;” however, unauthorized intruders cannot access information that is not 
collected. I am seeking the ability to protect myself from such unauthorized intruders by 
using a more reliable method than even the best encryption process. DLC's Smart 
Meter Plan constitutes an inherent privacy and security downgrade from my preferred 
method of not supplying the information at all. DLC is capable of providing electricity 
without collecting this information. And since DLC has already admitted it cannot 
“provide absolute security" for the information it collects,! aver that DLC’s intention to 
forcibly downgrade my privacy as a DLC customer violates PA PUC Title 66, Section 
1501 specification that “Every public utility shall furnish and maintain adequate, efficient, 
safe, and reasonable service and facilities ..." (emphasis added)

By way of further response, I have attached documents that by no means represent “all” 
information related to my answer to Discovery Request No. 3; however, they do support 
my claim.

6. Produce all Documents that relate to Your answer to Discovery Request No. 5. 

ANSWER:

In Discovery Request No. 5, DLC asked me to “state all facts that support [my] claim 
that Duquesne Light’s installation of a Smart Meter at the Property poses a potential fire 
hazard."

I have attached documents that by no means represent “all" information related to my 
answer to Discovery Request No. 5; however, they do support my claim. Additional 
evidence that smart meters have caused house fires, including court records and news 
stories, is publicly available and can be accessed by DLC without my intervention.

16. Identify the type (with make and model) of all devices, appliances, and equipment used 
in Your home or by You in Your daily life that produce radio frequency or low frequency 
fields, including, but not limited to, cell phones, microwave ovens, wireless internet, and 
Wi-Fi routers.

ANSWER:
Providing this detailed information about wireless products used in my home may 
compromise my privacy and security. Please sign the attached Stipulated Protective 
Agreement and I will provide the information as specified in the interim order of January 
28, 2019.

18. Produce all documents, including, but not limited to, user manuals and instructional 
materials, relating to each device identified in response to Discovery Request No. 16.

ANSWER:

See answer to Discovery Request No. 16. By way of further response, once DLC signs
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the Agreement named in Discovery Request No. 16, DLC will have access to the make 
and model of any wireless devices used in my home, and can freely access any user 
manuals/instructional materials that are available online to anyone.

27. Identify all medical conditions that make You vulnerable to, or that would be aggravated 
by, proximity to an Itron SK9AMI7 HW 3.1 OpenWay CENTRON Singlephase Smart 
Meter.

ANSWER:

See answer to Discovery Request No. 2. By way of further response-, I am not claiming 
to have existing, diagnosed medical conditions that make me especially vulnerable to 
harm from an Itron SK9AMI7 HW 3.1 OpenWay CENTRON Singlephase Smart Meter. 
However, I should not be forced to have already suffered damage to my health in order 
to have the opportunity to challenge the installation of a smart meter at my home.

28. Produce all Documents, including but not limited to hospital and/or medical records and 
studies, demonstrating that You suffer from the medical condition(s) identified in Your 
response to Discovery Request No. 27.

ANSWER:

See answers to Discovery Requests No. 2 and No. 27.

29. Produce all Documents, including but not limited to hospital and/or medical records and 
studies, demonstrating the relationship between the medical condition(s) identified in 
Your response to Discovery Request No. 27 and Your proximity to an Itron SK9AMI7 
HW 3.1 OpenWay CENTRON Singlephase Smart Meter.

ANSWER:

See answers to Discovery Requests No. 2 and No. 27.

Respectfully submitted,

m
V

Miranda Grace Edwards

February 19, 2019
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C-2018-3002741

1.36 Verification

Verification

I. Miranda Grace Edwards, hereby state that the facts above set forth are true (or are true and correct 
to the best of my knowledge, information and belief) and that I expect to be able to prove the same at 
a hearing held in this matter. I understand that the statements herein are made subject to the 
penalties of 18 Pa. C.S. section 4904 (relating to unsworn falsification to authorities).

Date
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BEFORE THE
PENNSYLVANIA PUBLIC UTILITY COMMISSION

MIRANDA GRACE EDWARDS, 

Complainant,

vs.

DUQUESNE LIGHT COMPANY 

Respondent.

No C-2018-3002741

CERTIFICATE OF SERVICE

I hereby certify that l have this day served a true copy of my Answers to Interrogatories and Request 
for Production of Documents, Set I, (Questions #2, 4, 6, 16, 18, 27, and 29) in the above matter to 
Counsel for Duquesne Light Company in the manner listed below in accordance with the 
requirements of 52 PA. Code § 1.54 (relating to service by a participant);

VIA EMAIL

Shane Miller, Esquire 
1500 One PPG Place 
Pittsburgh, PA 15222 
smiller@tuckeriaw.com

Counsel for Respondent, Duquesne Light Company 

Dated this 19th day of February, 2019

Miranda Grace Edwards

msea.mdew@g mail.com 
3835 Acorn Street 

Pittsburgh, PA 15207
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EXECUTIVE SUMMARY

As a world-leading technology and services company that 

manufactures products that utilize wireless communications, Itron 
is committed to delivering safe products that meet or exceed all 

applicable safety standards. With that, we are also committed to 

providing accurate and complete product safety information to 

our utility customers and the customers they serve.

To this end, and to supplement the FCC and Health Canada 

certifications for the meters, Itron recently completed a detailed 

study of radio frequency (RF) transmissions and duty cycles for 

OpenWay® CENTRON® smart meters operating under the 

OpenWay CG-Mesh Internet Protocol Version 6 network. For this 

study, Itron utilized data from an OpenWay system operated by 

BC Hydro in British Columbia. Canada.

Results from the study show the RF wireless communication 
from the OpenWay meters meet all applicable safety standards 

established by government agencies, such as Health Canada and 

the Federal Communications Commission (FCC) in the U.S. In fact, 

the RF exposure to people from OpenWay meters amounts to a 

fraction of the maximum permissible exposure levels and safety 

standards set by these agencies. The study shows that the duty 

cycle - the total time meters are transmitting in a given 24-hour 

period - on average was about three minutes per day. That 

translates into a duty cycle of 0.21 percent. This means the 

OpenWay meters, on average, are not transmitting radio signals 

for 99.79 percent of a typical day. In addition, these meters utilize 

very low-power transmissions and typically operate at a significant 

distance away from people, especially compared to other common 

wireless devices such as cell phones. In conclusion, the exposure 

from OpenWay smart meters is negligible in comparison to other 

common wireless devices encountered every day.

Smart Meters Everyday Activities Smartphones

WHY SMART METERS?

Utilities across the U.S. and Canada have been replacing old-style 

electromechanical meters with digital communicating smart meters 

for the past decade. Industry research groups estimate that today 

approximately 50 percent of the 180 million electricity meters in the 
U.S. and Canada are now smart, with the vast majority of those 

smart meters - approximately 95 percent or more - using RF 

wireless communication to send data back to the utility. Installation 

of digital smart meters continues to accelerate and it is estimated 
that by 2020, virtually all electricity meters in the U.S. and Canada 

will be smart.

Utilities, with the approval of regulatory bodies, are replacing their 

old meters with new smart meters for several reasons as smart 

meters deliver a variety of benefits both to utilities and consumers. 

Key among those benefits is the automation of meter data 

collection, which helps utilities control operating costs while 

improving operational efficiencies and customer service. Smart 

meters can also signal when there is a power outage so utilities 

can detect outages and restore power to customers in a timely 

manner. Smart meters also enable utilities to deliver a variety of 

new services and programs, such as providing real-time energy 

usage information to customers to help them reduce energy usage 
and control their monthly bill. In a time when adoption of new 

technologies, such as customer-owned solar, electric vehicles 

and energy storage, is accelerating, smart meters provide vital 

measurement, sensing and communications capabilities to help 

ensure the reliability and stability of the power grid.

WHAT IS OPENWAY AND HOW DOES IT WORK?

OpenWay is a smart metering network from Itron that utilizes IPv6 

standards and architecture developed jointly by Itron and Cisco, 

the world's leading network technology provider. The network 

comprises Itron OpenWay CENTRON smart meters installed at 
homes and business, Cisco network routers that are typically 

installed on utility power poles to route the data received from 

nearby meters back to the utility, and software to collect and 

process the data from the meters so it can be made available to 

generate customer bills and support other utility operations.

The OpenWay smart meters and OpenWay CG-Mesh IPv6 

network use RF wireless communications and operate in the 

Industrial, Scientific and Medical (ISM) bands at frequencies from 

902 MHz to 928 MHz. This is the same portion of the RF spectrum 

utilized by other devices such as garage door openers and baby 
monitors. Regulatory agencies, such as the FCC and Health 

Canada, have established specific limits and standards for the 

wireless transmissions of all these devices to ensure they do not 

pose a danger to public health and do not interfere with one 
another. The OpenWay meters and network have been tested 

and certified by independent third-party labs, validating that they 

comply with all applicable safety standards from these and other 
standards organizations.

The OpenWay CG-Mesh IPv6 network is a mesh network, which 

is a type of network topology in which devices or nodes (in this 

case meters) transmit their own data and can also serve as a 

communication relay for other nodes in the network. Routers are 

used to provide the best and most efficient data path for effective 

and reliable communication back to the utility. In the event of a 
hardware failure in the network, many routes are available to 

continue the network communication process. This enables the 

network to be self-forming and self-healing to continue operating 

when a node breaks down or when a connection becomes 

unreliable due to changing environmental conditions. As a result, 

the network has higher reliability because there is often more than 

one path between a source and a destination in the network. In 

addition to transmitting electricity consumption and event data 
(e g. outage detection, voltage alarms, meter tamper alerts), the 

network also transmits data to ensure efficient, reliable and secure 

operation of the network, including connectivity status, device 

management and network security.
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RF COMMUNICATION AND PUBLIC HEALTH

Radio frequency (RF) energy is all around us. RF plays a critical 

role in the communications systems that we depend on every 

day, such as police and fire radio systems and pagers, radio 

and television broadcasts and cellular telephones. Many of the 

conveniences we've grown accustomed to in our homes, such 

as cordless phones and wireless internet (Wi-Fi), utilize radio 

frequency communications.

Since 1996, the FCC in the U.S. has required all wireless 

communications devices sold in the United States meet minimum 

guidelines for safe human exposure to radio frequency emissions. 

Health Canada has established similar requirements and 

regulations for RF devices sold in Canada. In addition, federal 

health and safety agencies, including the ERA, FDA, National 

Institute for Occupational Safety and Health (NIOSH) and the 

Occupational Safety and Health Administration (OSHA). 

consistently monitor and regulate RF safety. The research and 

recommendations from these public health organizations are 

factored into FCC regulations regarding RF exposure. Through 

the course of this research, the FCC has concluded that “currently 

no scientific evidence establishes a causal link between wireless 

device use and cancer or other illnesses."

Itron’s products are stringently evaluated for RF safety and meet all 

FCC, Health Canada, and Institute of Electrical and Electronic 

Engineers (IEEE) standards. We consistently evaluate key factors 

for exposure risk, including the total duration of the transmission 

(duty cycle), the power output and the distance from the public. 

These key factors ensure that Itron OpenWay meter represent 

exposure levels which are not only well below the legal limits, but, 
minimal when compared to other devices people use every day.

» Limited time on the air: Itron electric smart meters and 
associated communication modules transmit for very short 

intervals (typically totaling about three minutes per day) and 
thus have a very low duty cycle. The resulting RF exposure 

levels amount to a fraction of the limits specified by regulatory 

agencies, including the FCC and Industry Canada.

» Low power: Itron electric smart meters and associated 
communication modules are low power: transmitting at one 

watt or less, well within the regulatory and safety limits,

» Limited proximity to humans: Itron electric smart meters 
and associated communication modules are typically installed 

outside the home. Since RF energy falls off very quickly with 

distance, smart meters typically represents much lower 

exposure than other RF devices located within the home.

More specifically, the RF exposure decreases exponentially 

with distance - at twice the distance, the exposure level is 

reduced to a quarter of the original.

STUDY METHODOLOGY

This study took place in the summer of 2015 and used the Cisco 

network management system to pull operational data and statistics 

from a total of 12,969 OpenWay smart meters operating in the 

BC Hydro service territory. Each meter or node in the network 

delivers all transmission statistics to the Cisco system as part of 

its standard status reporting. The meter population selected for 

the study was randomized to ensure a representative cross section 

of deployed meters in differing service environments and operational 

scenarios within the network. This approach was taken because 

duty cycles for individual meters will vary to some degree depending 

on where they are situated in the topology of the mesh network. In 

addition to sending their own data (typically one to three times a 

day), meters will also relay data from other meters in the mesh 

network.

SUMMARY OF DUTY CYCLE DATA, 
SUMMER 2015 BC HYDRO

Daily Transmission 
Time (min)

Duty Cycle Per Interval 
(% Time Transmuting)

Mean/Average 2.99 0.21

Median 2.43 0.19

Mimimum 0.03 0.003

Maximum 115.2 7.99

RESULTS

The analysis of this representative meter population operating in 

the field at BC hydro showed that the average duty cycle for the 

meters was 2.99 minutes. That figure translates into a duty cycle of 

0.21 percent. This also means that, on average, OpenWay meters 

are not transmitting or emitting RF signals for 99.79 percent of a 

typical 24-hour period. That means that the vast majority of the 

meters are not transmitting for 23 hours and 56 minutes in a 

typical day.

VARIATIONS IN DUTY CYCLE
As previously mentioned, the mesh network topology relies on 

meters in certain areas of the network to act as pathways for data 

from other meters during the journey back to the router and the utility. 

For this reason, duty cycles will vary to some degree among meters 

depending on their position in the network and how many other 
meters’ data they may be transmitting back to the network router. 

Typically, meters located closer to the network routers tend to 

have higher duty cycles than meters located further from the router. 

Despite these dynamics, duty cycles remain consistently lower 

for the vast majority of meters throughout the network. For this 

representative field study of 12,969 meters, 99.5% of the meters 

have duty cycles of less than 1% with 97% having duty cycles 
of less than 0.5%. The meters with duty cycles greater than 3% 

totaled only eighteen meters or roughly 0.1% of the population.
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DUTY CYCLE RANGES (% DAILY TIME TRANSMITTING)
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COMPARISON TO LIMITS

The FCC and Health Canada requirements account for the duty 

cycle of the devices when determining the level of exposure. The 
table below compares the OpenWay meter power density to the 

FCC and Health Canada Maximum Permissible Exposure limits 
with the Average (0.21%) and Majority (0.5%) field duty cycles from 

this study.

IVP6 OPENWAY METERS AND FEDERAL COMMUNICATIONS 
COMMISSION (FCC) EXPOSURE LIMITS

RF MESH:
Duty Cycle

Mean 0.21%

Majority 0.5%

RF MESH:
Transmission 
time per day

3 mm

RF MESH: FCC 
Power LIMIT 
Density*

RF MESH:
Percent 
of limit

00005 0.61
mW/cm? mW/cm?

7.2 min.
000114 0.61
mW/cm? mW/cm'1

‘At 0.2 meter distance

IVP6 OPENWAY METERS AND HEALTH 
CANADA (HC) EXPOSURE LIMITS

RF MESH:
Duty Cycle

RF MESH:
Transmission 
time per day

RF MESH:
Power
Density*

HC
LIMIT**

RF MESH:
Percent 
of limit

Mean 0.21% 3 min. 0.0005
mW/cm?

0.28
mW/cm2

0.17%

Majority 0.5% 7.2 min.
0.00114
mW/cm2

0.28
mW/cm2 0.41%

*At 0.2 meter distance

"Health Canada Safety Code 6 (2015) Limit for 900MHz

POWER DENSITY OF TYPICAL METER 
(MAJORITY, <0.5% DUTY CYCLE) BY DISTANCE

0.0012

""in 11111
§|||i

- ^Jffl
- iiii

RF Density 
(mW/cm2) ■ Distance from Meter (meters)

3.0

OPEN WAY RIVA DUTY CYCLES

Itron's new generation technology, OpenWay Riva, is based on the 

current routing protocols and introduces new communications 
capabilities such as integrated RF. Powerline Carrier and Wi-Fi 

communications on the same device, as well as multiple modulations 
for RF and PLC comms. Like all Itron radio products, the new 

OpenWay Riva devices are fully compliant with all applicable 
regulatory standards and safety requirements. Some of these 

advancements, such as higher data rates using faster modulations 
and the use of PLC communications are expected to reduce RF 

duty cycles, while additional coordination traffic on the network to 

manage these new communication capabilities is expected to add 
to the device transmit times. These changes are also expected to 

better balance the network traffic distribution between meters 
closer to the router and those further from the router.

Based on our lab testing of OpenWay Riva devices thus far, our 

expectation is that the RF duty cycles for OpenWay Riva technology 
will be comparable to OpenWay CG-Mesh technology, with no 

significant changes. The Wi-Fi interface replaces the current 2.4GHz 

ZigBee radios and will be used only occasionally for field access. 
2018 will bring our first significant deployments of OpenWay Riva 

technology in the field, and will provide Itron the opportunity to 

analyze duty cycles at scale under realistic operating conditions.

CONCLUSION

The results of the latest duty cycle analysis show that the RF power 
densities for OpenWay smart meters operating under the OpenWay 

CG-Mesh IPv6 network amount to only a small fraction of the MPE 
limits set forth by both Health Canada and FCC. Itron will continue 

to monitor the regulatory standards and research related to RF 

exposure to ensure that its products are in compliance with all 
applicable safety standards and legal requirements.

Itron Join us in creating a more resourceful world 
To learn more visit itron.com

While Itron strives to make the content ot «s marketing materials as timely and accurate as possible, itron makes no claims, promises, 
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materials No warranty ot any kind mpted. anprossed. or statutory, rcludng but not limited to the vvanantles ot non-intringement ct third 
party rights, title, merchantability and fitness tor a particular purpose. ® grven with respect to the content ot these marketing materials 
OCopyiyht?016ltron Alnghtsreserved. 101591WP-01 02/18
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Purpose
This document contains a summary of all ANSI qualification tests completed for the Single Phase CENTRON 
OpenWay Hardware 3.1 ANSI Forms shown below.

1S Remote Disconnect 
2S Remote Disconnect
2S Standard (Does not have Remote Disconnect Switch)
12 Remote Disconnect

The qualification plans followed ANSI C12.1-2008, Code for Electricity Metering, and ANSI C12.20-2010, American 

Natbnal Standard for Electricity Meters 0.2 and 0.5 Accuracy Classes. The meters are considered accuracy class 0.2 
devices.

The meters are manufactured by: 

Itron, Inc.
313 North Highway 11
West Union, South Carolina 29696

References - Standards
All tests are performed in accordance with the following standards and I or specifications.

ANSI C12.1 (2008) Code for Electricity Metering

ANSI C12.20 (2010) American National Standard for Electricity Meters - 0.2 and 0.5 Accuracy Class

SCE Laboratory Testing Procedures for Metering Device Evaluation, Revision 2, dated May 31, 2006

Adequacy of Testing Laboratory
The tests are conducted by personnel who have been trained in and have a thorough and practical knowledge 
of the meters under test. They are knowledgeable about all test requirements, including testing procedures. 
Devices used for checking compliance have traceability to the National Institute of Standards and Technology 
(NIST).

Equipment Verification
Test equipment used during a test shall be checked daily for proper operation to the applicable standard before and 
after testing. Test procedures contain sections for recording this information.

Meter Failure Definitions
A meter and option board combination shall be designated as failed if any of the following events occur.

• Failure of the meter to perform all of the specified functions.

• Failure of the meter to meet the technical performance specifications included in this Specification.

• Signs of physical damage or performance degradation as a result of the test procedure, including effects, 
which could shorten the service life of the meter.
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• The occurrence of unexpected change of state, loss of data, or other unacceptable mode of operation for 
the meter as a consequence of a test procedure.

• Failure of any Option module to operate as designed.

The meters were programmed for the following Configuration Options:

Items on the Display of Meter
kWh (delivered) 
kWh (received)
Max kWh (delivered)
Meter Time 
Meter Date 
Time on Battery 
Number of Power Outages

Other Programmable Requirements
Demand Interval Length = 5 minutes 
Interval Data Recording:

2 Channels, Channel 1 = Wh (delivered), Channel 2 = Wh (received)
Recording Length = 5 minutes

The meters were also programmed to have the ZigBee, and LAN radios working and connected to the 
Collection Engine.

Prior to and after testing a particular meter an accuracy check was made at Max Amps, Full Load, Light Load 
and Power Factor. Meter accuracy must be within the accuracy class of the meter.

The values shown in the Configuration Options were monitored before and after the test to make sure no 
corruption of values had occurred.

ANSI Test Sequence
The tests shown in the following table were ran in the sequence shown, using the same meters, if so indicated 
in this report.

^SeqUehceM-: Requirements

1 ANSI C12.1-2008 Section 4.7.3.1 Insulation
2 ANSI C12.1-2008 Section 4.7.3.2 Voltaqe Interruptions Test

3
ANSI C12.1-2008 Section 4.7.3.3 Effect of High Voltage Line Surges
Rinq Wave

4
ANSI C12.1-2008 Section 47.3.3 Effect of High Voltage Line Surges 
Combination Wave

5 ANSI C12.1-2008 Section4.7.3.11 Fast Transient/Burst
6 ANSI C12.1-2008 Section 4.7.3.11a Effect of Electrical Oscillatory SWC
7 ANSI C12.1-2008 Section 4.7.3.14 Effect of Electrostatic Discharqe
8 ANSI C12.1-2008 Section 4.7.3.16 Effect of Operation Temperature
9 ANSI C12.1-2008 Section 4.7.3.17 Effect of Relative Humidity
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Hardware Qualification Meters

SerialNumber ^Fomv
i

■Class),

< i'iVfa

^Testfatf

Voltage- iv’-Dlscbrinect^l

303 923 433 IS 200 120 Yes

303 922 210 2S 200 240 Yes

303 923 422 2S 200 240 wmsmm
303 922 990 12S 200 120 Yes Yes

303 923 434 1S 200 120 Yes

303 922 211 2S 200 240 Yes

303 923 423 2S 200 240

303 922 991 12S 200 120 Yes Yes

303 923 435 1S 200 120 Yes

303 922 212 2S 200 240 Yes

303 923 424 2S 200 240

303 922 992 12S 200 120 Yes Yes

303 923 347 1S 200 120

303 922 215 2S 200 240 Yes

303 922 993 12S 200 120 Yes Yes

303 923 436 IS 200 120 Yes WMMSMtM.
303 922 214 2S 200 240 Yes

303 923 383 12S 200 120 Yes

303 923 348 IS 200 120 SlflfMISl
)$&>••£ * vvV * {: iii*; / i A

303 923 437 IS 200 120 Yes 8SPPIISI
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Serial Number Form: Class
Test at;l 
Voltage;

Remotes^ 
54 Disconnect^

303 922 213 2S 200 240 Yes

303 923 426 2S 200 240
SSfUIIIBS1P^i

303 922 994 12S 200 120 Yes Yes

303 923 384 12S 200 120 Yes

303 923 443 IS 200 120

303 923 006 12S 200 120 Yes

304 150 723 IS 200 120 Yes lP5€®il

304 150 717 12S 200 120 Yes Yes

SM’etrolddyii1BiStl
gSPTrtffiffi

ppppiliii Blilll
^Assdmblv^r

mm

1S-Class 200 RDS 443591-006 443590-005 443915-001 443914-004 443970-001 443969-003
2S-Class 200 RDS 443591-005 443590-005 443915-001 443914-004 443970-001 443969-003
2S-Class 200 443591-007 443590-005 443915-001 443914-004 443970-002 443969-003
12S-Class 200 RDS 443984-001 443983-002 443915-001 443914-004 443970-001 443969-003

Firmware Revisions:
Date: Initial Qualification

Register Firmware Version: 3.007.073 
Communications Module Firmware Version: 0.013.013

Metrology 
* r- Firmware^ ’

, Revision

1S - Class 200 RDS 66

2S-Class 200 RDS 66

2S-Class 200 66

12S-Class 200 RDS
66 for U2

0.1.1 for U6
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List of Test Equipment for Section 1 Testing

^.^SEEgulpmentTypeM^^v' ;V^Manufecturer;';iv :-.M6aei;Num.berp /SarialNiimtierii;:
Last Calibration?^ :;^y/Calibratiphvr,;/ 

Due Date
Line Cycle Dropout HAEFELY PUNE 1610 151020 March 8, 2011 March 8, 2012
ESD Gun Schaffner NSG435 4777 July 8. 2010 July 31. 2011
Osalloscooe Agilent DSO6052A MY44002373 July 7. 2010 July 31. 2011
Fast Transient Generator Schaffner NSG 2025 19876 July 9. 2010 July 31.2011
Fast Transient Coupler Schaffner CON 300 1219004 July 9. 2010 July 31. 2011
Meter Test System WECO 2300 4581 February 2. 2011 August 2. 2011
Meter Test System WECO 2300 2434 February 17, 2011 Auqust 17, 2011
Hi Pot Tester ROD-L MI50AC 20656 July 7, 2010 July 31.2011
Watt Hour Standard Radian RD-21-332 202154 August 27, 2010 Auqust 27,2011
Voltmeter Fluke 8506A 4655002 July 7. 2010 July 31, 2011
Voltmeter HP 34401A 3146A56993 July 7, 2010 July 31, 2011
Oscillatory Waveform
Control Module HAEFELY PSURGE 8000 153829 March 29, 2011 March 29, 2012

Oscillatory Waveform 
Generator HAEFELY PIM 150 153950 March 29, 2011 March 29, 2012

Standards Bench Itron None 8590A October 1. 2010 October 1, 2011

Temperature Chamber
Associated

Environmental
Systems

SD-305 7399 July 7. 2010 July 31,2011

Salt Fog Chamber
Associated

Environmental
Systems

MX-9216 7685 NCR Use pH meter

pH Meter Orion 250A 011685 NCR

pH meter is 
checked before 
each use by using 
Standard
Calibration
Solutions

Xenon Test Chamber Q-Sun Xe-3-S 06-3275-26-X-X3S December 22. 2010 December 22. 2011

Oscilloscope Agilent DSO6052A MY44007036 July 8, 2010 July 31, 2011
Thermometer Fluke 52 II 87840034 July 7, 2010 July 31, 2011
Thermometer Fluke 52 II 75160013 July 9, 2010 July 31,2011
AC Amp Meter Fluke 31 760642410 July 7. 2010 July 31,2011
AC Amp Meter Fluke 31 70518359 July?, 2010 July 31, 2011
Counter Aqilent 53131A 3416AD7452 July 8, 2010 July 31. 2011
Standard Radian RM-10-02 8199 May 18, 2011 May 18, 2012
Standard Radian RM-10-08 7483 March 16. 2011 March 16, 2012
Oscilloscope HP 5451OA 3022A01883 July 8, 2010 July 31. 2011
Power Analyzer RFL 636 171 July 8. 2010 July 31, 2011
Standard Radian RM-15-14 500768 December 9. 2010 December 9. 2011
Temperature/Humidity
Chamber

Cincinnati Sub- 
Zero

ZHS-32-2-2-
H/WC

Z0344017 July 7. 2010 July 31, 2011

KeyTek ECAT Surge
System J . /if ^

Combination
Waveform Generator KeyTek E501B 1008193 August 26.2010 August 26. 2011

Rinq Wave Generator KeyTek E503 9509479 June 11, 2010 June 11,2011
Coupler KeyTek E4553KV 503214 May 20, 2010 May 20, 2011
Differential High
Voltaqe Probe

KeyTek 11-2 0710196 November 19, 2010 November 19, 2011

RFl Test System \ ’ .7:, 7 H rf; .̂ '* P: 2 .• 'V ^ •:
GTEM ETS-LINDGREN 5407 00107106 NCR ^AVSSi‘^3 - ,
Amplifier IDI SCCX500 P1271-0511 NCR
Amplifier OPHIR 5127 1001 -xr NCR
Amplifier OPHIR 5163 1005"B’ NCR ' k'rl - ,
Amplifier CPI PAOO 0103096200 NCR < V * >
Power Head Amplifier Research PH 2004 311870 July 8, 2010 July 31,2011
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Equipment Type
.k'-g •

Manufacturer s .-ModelNumber^ v^SerlalNumber. Last,Calibration.;;*
ti^^^^DaiasreCYZv1;-'

^•.'•'•‘;^Callbratipn.^>:-y;
Due Date

Power Head Amplifier Research PH 2000 311214 July 8, 2010 July 31, 2011
Power Meter Amplifier Research PM 2002 311644 July 8, 2010 July 31. 2011
RF Divider Amplifier Research DC 7440A 310592 July 8, 2010 July 31, 2011
RF Divider Amplifier Research DC 2600A 311326 July 8. 2010 July 31, 2011 '
RF Divider Amplifier Research DC 7144A 311376 July 8. 2010 July 31, 2011
RF Divider Amplifier Research DC6180A 311270 July 8.2010 July 31. 2011

Signal Generator ROHDE
SCHWARZ SML03 102435 July 8, 2010 July 31, 2011

Signal Generator ROHDE
SCHWARZ SMR40 SC1006 July 8, 2010 July 31. 2011

E Field Probe ETS-LINDGREN HI-005 0002367 February 16. 2011 February 16. 2012
E Field Probe HOLADAY HI-4422 00023862 October 15. 2010 October 15, 2011
E Field Probe HOLADAY HI-4450 00022136 August 19, 2010 August 19. 2011
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Section 2 Meter Information

Register board firmware as well as the Communications module firmware was changed.

Hardware Qualification Meters_________

.Serial Number
jf ^

iForm:! ^Class'
mm§
^estCat^

304150724 IS 200 120 Yes IliMlfc

304150711 2S 200 240 Yes

304150719 2S 200 240

304150718 12S 200 120 Yes Yes

MftrolaaSl

SSsSimfelfeti

'^MetrologV^-
ws®mm
memm

BPii||||jp|j iifJRegist^SS

&»»

1S-Class 200 RDS 443591-006 443590-005 443915-001 443914-004 443970-001 443969-003
2S-Class 200 RDS 443591-005 443590-005 443915-001 443914-004 443970-001 443969-003
2S - Class 200 443591-007 443590-005 443915-001 443914-004 443970-002 443969-003
12S-Class 200 RDS 443984-001 443983-002 443915-001 443914-004 443970-001 443969-003

Firmware Revisions:
Date: Regression testing started on July 20, 2011.

Register Firmware Version: 3.008.062 
Communications Module Firmware Version: 0.013.058

^iMetrolQgy 
g^Fifmware - 
YS^Reyision

1S-Class 200 RDS 66

2S - Class 200 RDS 66

2S - Class 200 66

12S-Class 200 RDS
66 for U2

0.1.1 for U6
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List of Test Equipment for Section 2 Testing

Our annual calibration for some of our test equipment occurred in July. Below is the new calibration information 
for equipment used in Section 2 Testing.

Equipment Typo ' Manufacturer
i)‘.

-ModelNumber^i
V OW.IW.!

^Serial Number,^
^;La$t Caljbfatfori:- Calibration.

Line Cycle Dropout HAEFELY PLINE 1610 151020 March 8, 2011 March 8.2012
ESD Gun Schaffner NSG435 4777 July 12. 2011 July 31. 2012
Oscilloscope Aoilent DS06052A MY44002373 July 12. 2011 July 31. 2012
Fast Transient Generator Schaffner NSG 2025 19876 July 13. 2011 July 31.2012
Fast Transient Coupler Schaffner CDN 300 1219004 July 13, 2011 July 31.2012
Meter Test System WECO 2300 4581 February 2. 2011 August 2, 2011
Meter Test System WECO 2300 2434 February 17, 2011 August 17. 2011
Hi Pot Tester ROD-L MI50AC 20656 July 12. 2011 July 31. 2012
Watt Hour Standard Radian RD-21-332 202154 August 27, 2010 August 27, 2011
Voltmeter Fluke 8506A 4655002 July 12, 2011 July 31, 2012
Voltmeter HP 34401A 3146A56993 July 12. 2011 July 31. 2012
Oscillatory Wavelonn
Control Module

HAEFELY PSURGE 8000 153829 March 29, 2011 March 29, 2012

Oscillatory Waveform 
Generator

HAEFELY PIM 150 153950 March 29, 2011 March 29, 2012

Oscilloscope Agilent DSO6052A MY44007036 July 12, 2011 July 31. 2012
AC Amp Meter Fluke 31 70518359 July 12. 2011 July 31. 2012
KeyTek ECAT Surge
System

KeyTek tiiigfgfg msmsm,
Combination
Waveform Generator

KeyTek E501B 1008193 August 26.2010 August 26, 2011

*Rinq Wave Generator KeyTek E503 9509479 June 11,2010 June 11,2011

'Coupler KeyTek E4553KV 503214 May 20. 2010 May 20, 2011

Differential High
Voltaqe Probe

KeyTek IL-2 0710196 November 19. 2010 November 19, 2011

* = KeyTek could not get to our facility to calibrate the Ring Wave Generator nor the Coupler. Testing completed 
in this section was after the Calibration Due Date for these two pieces of equipment. We used our KeyTek 
Differential High Voltage Probe to take pictures of the waveforms on a calibrated scope. We used these 
results to certify the waveform still met the requirements of the standard.
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Section 1 - Tests Results

All tests were made at 23° C ±2° C, rated voltage ±1%, rated frequency ±1 Hz, test amps ±1%, and unity power 
factor 0° ±2°, unless otherwise indicated in a specific test.

Internal Influences

No Load

Testing for this requirement was conducted on April 27, 2011.

Reference: ANSI C12.1-2008 Section 4.7.2.1 

Purpose:
This test is to verify no accumulation of Energy output of the test LED during a no load condition. 

Units Included in this Test:

WSISilfSi
'SerialNumber:

ifiaBPPM
siisil

illlspii
v£*i Cli

303 923 433 IS 200 120 Yes

303 922 210 2S 200 240 Yes

303 923 422 2S 200 240 1HH!WtimMA
303 922 990 12S 200 120 Yes Yes

Procedure:
The meter voltage inputs were energized, and all current inputs were in an open circuit condition. The 
meter shall not complete one equivalent revolution (one pulse at the programmed Kh value) within 10 
minutes and no additional pulses in the next 20 minutes.

Results:
All units passed this test requirement.
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Purpose:
Starting load is verification that the meter will measure energy at a certain minimum load current. The 
registration accuracy is not specified by ANSI.

Units Included in this Test:

8181
m®wm

Class:
tmkm.

anims
toffimssm

iiiisissi
liipfis
Iplspisiai

303 923 433 IS 200 120 Yes

303 922 210 2S 200 240 Yes

303 923 422 2S 200 240
mmrn^

303 922 990 12S 200 120 Yes Yes

Procedure:
Each meter was operated at the input current shown in the ANSI Start Load Table. The current inputs 
were wired in series for these tests. Percent Registration was obtained on each unit.

ANSI Start Load Table
iilC^ITCTit^Ajfnps)^

200 0.100

Results:

^r^S.tait'Load'Gurrent#®?;

303 923 433 99.858
303 922 210 100.856
303 923 422 101.036
303 922 990 99.775

All units passed this test requirement.
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Electric i Gas / Water
tnUvr.i.Hion .'tillecltn. .wi.i'i .v< xiii

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Load Performance

Testing for this requirement started on April 26. 2011 and concluded on May 10. 2011.

Reference: ANSI C12.20-2010 Section 5.5.4.3 

Purpose:
The purpose of this test will be to verify the meter accuracy for Watt-hours over certain test points as 
indicated in the table.

Units Included in this Test:

SSiplljSerlagRiinipgjB
W&k
mu

PHSesiStj
.Voltagewmmz ilsDiscStiftect'S'^ t:inR^2

303 923 433 IS 200 120 Yes

303 922 210 2S 200 240 Yes

303 923 422 2S 200 240 l§plSl88t
303 922 990 12S 200 120 Yes Yes

Procedure:
Tests were run to determine the percent registration of the meters under test. Test conditions are 
dependent on the meter class being tested as indicated in the tables. The meters were allowed a 10 
minute warm-up time before the first point, and each point was applied for a minimum of 10 seconds 
before the registration measurement was taken.

CENOPENWAVHW31SPAUG2011 Oocument Version 1

EXHIBIT G-1



Electric / Gas / Water
Intprrwlici’ cp»e:.hcn .wu'js1*

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Results:

S/N 303 923 433 - Watt Hour

liiltPISI
^GolSitr^y

MMi

$GJass*20bt?

Mi

issaii
liapfa
^l|^S

iVvVifIVi; hWMW&tf-t.

||; Deviation’^
||:^|v|rprn|||^
ft^feylnce^l-

j; ANSI Cl 2:20?
MlVIaximum*,
^.Deviation:

From
Reference

rl’f+yiPerceritl1

1 2 100.002 -0.005 0.4
2 3 100.000 -0.007 0.2
3 6 99.987 -0.020 0.2
4 20 100.013 0.006 0.2
5 30 100.007 Reference Reference
6 60 99.968 -0.039 0.2
7 100 99.945 -0.062 0.2
8 150 99.930 -0.077 0.2
9 180 99.913 -0.094 0.2
10 200 99.886 -0.121 0.2

11 ilfiiil? llWIfiliiii iiiiiiiiiiii

S/N 303 922 210 - Watt Hour

iflSlSlI
mm
tmm

ipsstislip!!

1 2 100.041 0.068 0.4
2 3 100.006 0.033 0.2
3 6 99.976 0.003 0.2
4 20 99.989 0.016 0.2
5 30 99.973 Reference Reference
6 60 99.932 -0.041 0.2
7 100 99.871 -0.102 0.2
8 150 99.925 -0.048 0.29 180 99.818 -0.155 0.2
10 200 99.785 -0.188 0.2

11

i8
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Electric / Gas / Water
Inidmuhan ceiift'iitn. Mtf .ifzlirMien

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

S/N 303 923 422 - Watt Hour
-i'

^Gpntiitlonf#

IllSilSSl

4Crass\200;d
mM

StlilSis

^Rerceht';^ 
4 Registrations

idpeyiatibh / 

From 
Reference

ANSrei2:20 
Maximum 
Devlatipn 

From? 
Reference 

:x(+) Percent^

i 2 100.023 0.052 0.4

2 3 99.943 -0.028 0.2
3 6 99.985 0.014 0.2
4 20 99.981 0.010 0.2
5 30 99.971 Reference Reference
6 60 99.941 -0.030 0.2
7 100 99.942 -0.029 0.2
8 150 99.928 -0.043 0.2
9 180 99.950 -0.021 0.2

10 200 99.957 -0.014 0.2

11 iPHHSi mmmmm

S/N 303 922 990 - Watt Hour

Ull
i^pv2ti&

Maw

pPeyiatt6n?H

rANsneisaof

1 2 99.946 -0.060 0.4
2 3 99.901 -0.105 0.2
3 6 99.917 -0.089 0.2
4 20 100.022 0.016 0.2
5 30 100.006 Reference Reference
6 60 99.949 -0.057 0.2
7 100 99.910 -0.096 0.2
8 150 99.885 -0.121 0.2
9 180 99.877 -0.129 0.2

10 200 99.903 -0.103 0.2

11 r.Y-x.'i rv 'v*\

All units passed this test requirement.
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Electric / Gas / Water
intiwiMiw ci'ltpclicn .•««<» *< .mi ifpkrMtiin

313 North Highway 11 
West Union. SC 29696 
(864) 638-8300 
www.itron.com

Enhanced Current Range Performance

Testing for this requirement started on June 8, 2011 and concluded on June 15, 2011.

Purpose:
This test will determine the meters performance for Watt-hour accuracy over an extended current 
range. This is not covered by ANSI standards and this data is provided for informational purposes only.

Units Included in this Test:

ill rCU*. '.V/
fit

■■■itp.p&br:
|CjasS>,
Mmm

fA/oltaget ^ Dfeconnectx^-

303 923 435 IS 200 120 Yes W0igsm
303 922 212 2S 200 240 Yes

303 923 424 2S 200 240
BSSSSIMS

303 922 992 12S 200 120 Yes Yes

Procedure:

Watt-hour accuracy was determined at Unity, 0.5 Lag and 0.5 Lead for the following current values.

|^0|Cjass:2pO^;5;

200_______
210 '

______ 220_______
_______ 230________

240
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Electric / Gas / Water
MjiwjtiDii CBlia;lbn .inri jfpiifMicn

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Results:
S/N 303 923 435 - Watt Hour

SH^Test^Curreht-'S^ ^Registration Unity:: ReqistratlonO.SLag Registration 0;5 Lead ii

200 99.856 99.747 99.890
210 99.799 99.685 99.863
220 99.748 99 606 99.821
230 99.720 99.636 99.771
240 99.673 99.534 99 709

S/N 303 922 212 - Watt Hour
^^iTestr'GXii^nt^^ SRegistratiori^UnitVir ^RiegistrationlO'S Lag% I'jReflistratioh-O^S.Eead^

200 99.968 99.982 99.811
210 99.999 99.894 99.983
220 99.978 99.941 99.900
230 99.985 99.981 100.005
240 99.898 99.986 99.898

S/N 303 923 424 - Watt Hour
^R^ist'ration^Unity^ ^RegistiratioMSM^acli

200 99.937 99.780 99.762
210 100.040 100.032 99.929
220 99.979 99.872 99.925
230 99.930 99.864 99.838
240 99.913 99.870 99.857

S/N 303 922 992 - Watt Hour
I^^T^atlGu’rtBht^Ml' •^RegistratlOniUfiitv^ "Registratioh^Siliag^ Reg ist ra t ioniO ■ 5t H ea cM

200 99.736 99.636 99.668
210 99.924 99.643 99.716
220 99.807 99.684 99.657
230 99.727 99.633 99.646
240 99.618 99.538 99.586
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Electric / Gas / Water
IntMmMien I'oUcr.l^n. MiH .ifplicMicn

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of Variation of Power Factor

Testing for this requirement started on April 26, 2011 and concluded on May 10, 2011.

Reference. ANSI C12.20-2010 Section 5.5.4.4 

Purpose:
This test will verify the Watt Hour accuracy performance of each element of the meter in regard to 
power factor influence.

Units Included in this Test:

liSSSilill'
aSeriljrNii'mbeti*: t^Fonii:: i. Class's ^Test-'afci

^/oitage” A Djsconne^il

303 923 433 IS 200 120 Yes
3g|881®!i

303 922 210 2S 200 240 Yes

303 923 422 2S 200 240
pisjpplglipg

303 922 990 12S 200 120 Yes Yes

Procedure:
Each element of a multi-element meter shall be tested as a single-element meter, except that all 
voltage circuits shall be in parallel. Compliance is determined by the maximum percent deviation given 
in the table for a particular meter type.

Test Conditions Single Element Meters
Class.200

I^Factb'i^i

Reference for 
Conditions 1

3 1.0

6 0.5 lag
Reference for 
Conditions 2

100 1.0

2 100 0.5 lag
Reference for 
Conditions 3

200 1.0

3 200 0.5 lag
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Electric i Gas / Water
imotvintier toWt’M'A .vu/k'>iT .i/.'pftiifjfl/i

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Test Conditions Two Element Meters

t .*v. .»*-/•«*' * u,.**. •. -*

A Condition

Class
2ob;p

(Amps)

Power
i* fw :;s;

v v Factors.

Reference for

Conditions 1 and 2
6 1.0

1 6 .866 lead

2 12 .5 lag

Reference for

Condition 3
30 1.0

3 30 .866 lead

Reference for

Conditions 4 and 5
100 1.0

4 100 .866 lead

5 100 .5 lag

Reference for

Conditions 6 and 7
200 1.0

6 200 .866 lead

7 200 .5 lag

Results:
S/N 303 923 433 - Watt Hour

^fe^dndit|d'9}#rf4if iRegistratloni

iANSTO^20l

mKSil
Reference for 
Conditions 1

99.941 Reference Reference

1 99.947 0.006 0.5
Reference for 
Condition 2

99,943 Reference Reference

2 99.985 0.042 0.3
Reference for 
Condition 3

99.899 Reference Reference

3 99.920 0.021 0.3
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Electric / Gas / Water
Uifoii t.M-on follrchtn. .uniyiif

313 North Highway 11 
WestUnion.SC 29696 
(864) 638-8300 
www.itron.com

S/N 303 922 210 - Watt Hour

:fest>

Condition
t.

Percent
Registration

Error.Relatiye; 
to Reference^:

v:ANSI:C12:2Q£

:(-?*i±;Percenti'):i<s

Reference for 
Conditions 1

99.953 Reference Reference

1 99.995 0.042 0.5
Reference for 
Condition 2

99.828 Reference Reference

2 99.839 0.011 0.3
Reference for 
Condition 3

99.792 Reference Reference

3 99.768 -0.024 0.3

S/N 303 923 422 - Watt Hour

fe^ConditionH®--??:.
fe^^ercent|-^ !;ErrorRelat|ve^

^jto;Reference;#j

^SKCJ-2 20^'

^:fe^pefc'ent&

Reference for 
Conditions 1

99.996 Reference Reference

1 99.982 -0.014 0.5
Reference for 
Condition 2

99.900 Reference Reference

2 99.950 0.050 0.3
Reference for 
Condition 3

99.907 Reference Reference

3 99.930 0.023 0.3

S/N 303 922 990 - Watt Hour 
Element 1

i|sSiSlP§#|l lll®8llS
liistet!®!

ErrorRelative^

mrnsmm-mmm.
IS:±'Percdnte

Reference for 
Conditions 1 & 2

100.025 Reference Reference

100.115 0.090 0.5
2 99.997 -0.028 0.5

Reference for 
Condition 3

100.066 Reference Reference

3 100.110 0.044 03
Reference for 

Condition 4 & 5
99.941 Reference Reference

4 99.974 0.033 0.3
5 99.890 -0.051 0.3

Reference for 
Condition 6 & 7

99.914 Reference Reference

6 99.926 0.007 0.3
7 99.841 0.073 0.3
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Electric / Gas / Water
toiermsUon calleclicn, .t/n/ys/s i'i't .itwH.'.umn

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Element 2

Test
Condition

Percent
Registration

ErrorRelativei 
to Referenceil

&ANSIjC12v20>i,

SiSgStSS

Reference for 
Conditions 1 & 2

100.002 Reference Reference

1 100.019 0.017 0.5
2 100.005 0.003 0.5

Reference for 
Condition 3

100.020 Reference Reference

3 99.990 -0.030 0.3
Reference for 

Condition 4 & 5
99.889 Reference Reference

4 99.869 -0.020 0.3
5 99.919 0.030 0.3

Reference for 
Condition 6 & 7

99.942 Reference Reference

6 99.869 -0.073 0.3
7 99.913 -0.029 0.3

All units passed this test requirement.
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Electric / Gas / Water

313 North Highway 11 
West union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of Variation of Voltage

Testing for this requirement started on April 26, 2011 and concluded on May 10, 2011.

Reference: ANSI C12.20-2010 Section 5.5.4.5 

Purpose.
This test will verify the performance of the meter for Watt-hour accuracy at various input voltages 
Accuracy will be checked against the Reference Conditions.

Units Included in this Test:

Serial Number Form , Class

!Sli

fMttjll
Voltage.;

V blscohHeMf

303 923 433 IS 200 120 Yes

303 922 210 2S 200 240 Yes

303 923 422 2S 200 240

303 922 990 12S 200 120 Yes Yes

Procedure:
The meter was tested for percent registration at the current and voltage values as shown in the Results 
Tables shown below.
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Electric / Gas / Water
tnldmt.iton <-nlleclisn. ji&ty&s j.irf.i'V'V.i/aVi

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Results:
S/N 303 923 433-Watt Hour

Current Condition
^ s 1

■Tee^d^Atypl^'^e ■S^Percentf-f
SMiiiii

'.'ErrorRelative^; 
y£to Reference^

ANSI C12 20

± Percent

3

Reference performance 
100% of calibration 
voltage for conditions
1 and 2

120 V 99.949 Reference Reference

3 1 - Itron
80% LRV
96 Volts

99.942 -0.047 0.1

3 1
90% LRV
108 Volts

99.967 -0.022 0.1

3 2
110% HRV
132 Volts

99.974 -0.015 0.1

3 2 - Itron
120% HRV
144 Volts

99.980 -0.009 0.1

30

Reference performance 
100% of calibration 
voltage for conditions
3 and 4

120 Volts 99.989 Reference Reference

30 3 - Itron
80% LRV
96 Volts

100.003 0.014 0.1

30 3
90% LRV
108 Volts

99.993 0.004 0.1

30 4
110% HRV
132 Volts

99.998 0.009 0.1

30 4 - Itron
120% HRV
144 Volts

100.001 0.012 0.1
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Electric / Gas / Water
tnliron.Uicii ftllei-lwi. .nnlyS's jii.i .irph-.U'Cn

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300
www.itron.com

S/N 303 922 210 - Watt Hour

Current Condition
r * r -A

Tested At Voitage r^vAPercjnt^ 
^Regis^ation <

Error Relative 
to.Referehco

- ANSI C12.20 
' Limits j .

± percent

3

Reference performance 
100% of calibration 
voltage for conditions
1 and 2

240 V 99.949 Reference Reference

3 1 - Itron
80% LRV
192 Volts

99.972 0.023 0.1

3 1
90% LRV
216 Volts

99.980 0.031 0.1

3 2
110% HRV 
264 Volts

100.005 0.056 0.1

3 2 ~ Itron
120% HRV
288 Volts

100.014 0,065 0.1

30

Reference performance 
100% of calibration 
voltage for conditions
3 and 4

240 V 99.961 Reference Reference

30 3 - Itron
80% LRV
192 Volts

99.954 -0.007 0.1

30 3
90% LRV
216 Volts

99.955 -0.006 0.1

30 4
110% HRV
264 Volts

99.973 0.012 0.1

30 4 - Itron
120% HRV 
288 Volts

99.976 0.015 0.1
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Electric / Gas / Water
tniMin.\! op iNj.'/fY'iVn .wti’t-'!: .tat

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

S/N 303 923 422 - Watt Hour

Current
V'lHHPR

Tested At Voltage Error, Relative 
toRefererice
 ^vr'i^rtA: e '

ANSI C12 20 
JJmits 

± Percent

3

Reference performance 
100% of calibration 
voltage for conditions
1 and 2

240 V 99.993 Reference Reference

3 1 - Itron
80% LRV
192 Volts

99.996 0.003 0.1

3
90% LRV
216 Volts

99.999 0.006 0.1

3 2
110% HRV
264 Volts

100.003 0.010 0.1

3 2 - Itron
120% HRV 
288 Volts

100.009 0.016 0.1

30

Reference performance 
100% of calibration 
voltage for conditions
3 and 4

240 V 99.976 Reference Reference

30 3 - Itron
80% LRV
192 Volts

99.961 -0.015 0.1

30 3
90% LRV
216 Volts

99.975 -0.001 0.1

30 4
110% HRV
264 Volts

99.984 0.008 0.1

30 4 - Itron
120% HRV 
288 Volts

99.993 0.017 0.1
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Electric / Gas / Water
‘iil,irru!ion,-olle.:l';'it. ,>'iJiirfI/Vn

313 Nortf' Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

S/N 303 922 990 - Watt Hour

Current ISllSIffl on^lS# ;festld:;At^/Qite'ge
^Registration^;

i-sErrpfjiReiative 

to Reference

ANSIC12.2 
' Limits^"

± Percehl

3

Reference performance 

100% of calibration 
voltage for conditions
1 and 2

120 V 99.933 Reference Reference

3 1 - Itron
80% LRV
96 Volts

99.948 0.015 0.1

3 1
90% LRV
108 Volts

99.947 0.014 0.1

3 2
110% HRV
132 Volts

99.958 0.025 0.1

3 2 - Itron
120% HRV
144 Volts

99.948 0.015 0.1

30

Reference performance 
100% of calibration 
voltage for conditions
3 and 4

120 Volts 99.982 Reference Reference

30 3 - Itron
80% LRV
96 Volts

99.982 0.000 0.1

30 3
90% LRV
108 Volts

99.979 -0.003 0.1

30 4
110% HRV
132 Volts

99.982 0.000 0.1

30 4 - Itron
120% HRV
144 Volts

99.980 -0.002 0.1

All units passed this test requirement.
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Etoctric / Gas / Water
iiiliinnslimi (oHeclit-p .viihi'S .Kt Jttf'tr.uion

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of Variation of Frequency

Testing for this requirement started on April 26, 2011 and concluded on May 10, 2011.

Reference:'ANSI C12.20-2010 Section 5.5.4.6

Purpose:
This test is a verification of Watt-hour accuracy under various input frequencies. 

Units Included in this Test:

fsssssiii
SerlalNumber- Wsmk facials!

ass
$ojtagei (S Disconnect^?

mitewx-

Stefelsai

303 923 433 IS 200 120 Yes
■> c -l.v.

303 922 210 2S 200 240 Yes
iSPitSp

303 923 422 2S 200 240

303 922 990 12S 200 120 Yes Yes

Procedure:
The registration tests were ran at the current and frequencies shown and in the order shown. The meter 
was allowed a 10 minute warm-up time before the first point, and each point will be applied for a 
minimum of 10 seconds before the registration measurement was taken. Compliance is determined by 
the deviation from the reference point.
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Electric i Gas / Water
l/ifo/tn.'frff) rrt'Avrt/'fl, ,*n Vy<>i and .whrMfAft

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Results:
S/N 303 923 433 - Watt Hour

aitill!

•iSSWSSft

ipl^Sb^f
;^v*Vi'^--.5SC?isrhSr''

fpilp
^Frequency;:

SiiifMi
WmSiM:

•pi^gercentail
|Rfg'istration|

c-i,. :■»•’■-,•ijVA-.-y'i.fe.’v.-jV'.s'-

;^bevijitiion'§.
^^Frcwn^^

Reference

g®N§!SS^%ei2^20#
:Maximuma
^Deviatioo^

iii-iii
a+^Percentfe;

Reference for 
Conditions

1 and 2
3 60 99.989 Reference Reference

1 3 57 99.993 0.004 0.1
2 3 63 99.987 -0.002 0.1

Reference for 
Conditions

3 and 4
30 60 100.007 Reference Reference

3 30 57 100.005 -0.002 0.1
4 30 63 100.001 -0.006 0.1

S/N 303 922 210 - Watt Hour

^Percentf^-
Registration?

l#S|SiWS

;K; Deviation®’
. r*;ii t^4.« ^ !>' *{?C+}f -

Sl^lSJpS
|aS9$IS#lS

mmm
tea

^(peylatlpm^

■Referenc^:
i%-0Percen^

Reference for 
Conditions

1 and 2
3 60 100.044 Reference Reference

3 57 100.042 -0.002 0.1
2 3 63 100.039 -0.005 0.1

Reference for 
Conditions

3 and 4
30 60 99.986 Reference Reference

3 30 57 99.977 -0.009 0.1
4 30 63 99.978 -0.008 0.1
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Electric / Gas / Water
•.ntof'.'Uon (Qllffpcn. .-'m/n'? jr.ti jppUcxifin

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

S/N 303 923 422 -Watt Hour

Condition1
iSfiiiS

y sV.*'^ • {'.'l; •*'< »V
?;eiass?200;^

^Gufretit'^

k0>S

K Ji * * 1J

;r^(nZ)^^
Percent

iRegistratibn"

HUSISSIS

^Deviatibiifi

yRefefen'ceM
ftPflWS

PfANSlB#

iiifeBf
^Deviation*?
PM

&'*AR«rcetrtk

Reference for 
Conditions

1 and 2
3 60 100.015 Reference Reference

1 3 57 100.025 0.010 0.1
2 3 63 100.021 0.006 0.1

Reference for 
Conditions

3 and 4
30 60 99.980 Reference Reference

3 30 57 99.987 0.007 0.1
4 30 63 99.985 0.005 0.1

S/N 303 922 990 - Watt Hour
pSpiP^

Frequency
(Hz>

Percent
Registration

DeBoM
_ p§{ife|j

ReferenceH'
igitls

Reference for 
Conditions

1 and 2
3 60 99.978 Reference Reference

1 3 57 99.973 -0.005 0.1
2 3 63 99.963 -0.015 0.1

Reference for 
Conditions

3 and 4
30 60 99.983 Reference Reference

3 30 57 99.993 0.010 0.1
4 30 63 99.985 0.002 0.1

All units passed this test requirement.
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Electric I Gns / Water
/il/t/rri.'liin Mm?**; .vulJtion

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Equality of Current Circuits

Testing for this requirement started on April 26, 2011 and concluded on May 10, 2011.

Reference: ANSI C12 20-2010 Section 5.5.4.7 

Purpose:
This test will determine the equivalence of each current circuit within the meter at various current points. 

Units Included in this Test:

yporthf |e»ass| .^Testat*
|V§jitfge|

IMP

303 922 990 12S 200 120 Yes Yes

Procedure:
Percent registration was taken at reference conditions with all current elements active. Then each 
current circuit was tested individually, at twice load current, and checked for deviation from Reference 
point.

Results:

S/N 303 922 990 - Watt Hour

lii

iHiPl
PfiS&P
jm&fm
rnmims®

psisa
6*200***

Mli

“k il*.r ii

^mmgm
tkx- Percent^ 
.Registration;

mmmw$
%Deyiatl6nf;f

WANS'I»

mmsm
Reference

for
Conditions

5 and 6

All Circuits 3 99.973 Reference Reference

5 Circuit A 6 100.062 0.089 0.3
6 Circuit B 6 100.008 0.035 0.3

Reference
for

Conditions
8 and 9

All Circuits 30 99.987 Reference Reference

8 Circuit A 30 100.037 0.050 0.3
9 Circuit B 30 99.997 0.010 0.3

All units passed this test requirement.
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Internal Meter Losses

Testing for this requirement was conducted on May 11, 2011.

Reference: ANSI C12.20-2010 Section 5.5.4.8 

Purpose:
This test determines the internal meter losses for current and voltage circuits. These losses are used to 
determine the “Watt and VA Load” a meter places on the input power system.

Units Included in this Test:

SISSifSIif
'Borm. ."'Class'^ iTestatv

Ji/bltagev
K^Remgte:*$&
f^’DisconrfectlJ

SliSliSP

303 923 435 IS 200 120 Yes

303 922 212 2S 200 240 Yes msm
303 923 424 2S 200 240

303 922 992 12S 200 120 Yes Yes

Note: With the Register board attached to the meter, with the RF radios active, the Watt loss readings will be 
around 6 to 7 Watts during the "Discovery Period". This period is when the meter powers up and 
attempts to find the network. Once the network has been found the Watt loss readings are as shown in 
the table.

Procedure/Results:
The loss in each voltage and current circuit of a meter was tested to the values shown in the tables.

Current Circuits VA Limits
.!:i‘ClasS'20Q:specificati6h)Limit^

1.0 VA

Potential Circuit Watt and VA Limits
M^^NShWatLSpecificatiohyLimit^;^' Pv.y^’-ANSnVASpecificatidhTimit^ypyP

5 20
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S/N 303 923 435 FM 1S
»' j, MeterVaiuef}|^|f

S^lS^BcIftcatibri^

Watt Loss Potential Circuit A 2.686 5
VA Loss Potential Circuit A 6.999 20

VA Loss Current Circuit A 0.593 1
VA Loss Current Circuit C 0.585 1

S/N 303 922 212 FM 2S

iSM Specifications

Watt Loss Potential Circuit A 3.203 5
VA Loss Potential Circuit A 11.892 20

VA Loss Current Circuit A 0.418 1
VA Loss Current Circuit C 0.361 1

Watt Loss Potential Circuit A 3.241 5
VA Loss Potential Circuit A 12.017 20

VA Loss Current Circuit A 0.367 1
VA Loss Current Circuit C 0.303 1

S/N 303 922 992 FM12S

Watt Loss Potential Circuit A 2.831 5
VA Loss Potential Circuit A 7.393 20
Watt Loss Potential Circuit C 0.055 5
VA Loss Potential Circuit C 0.110 20

VA Loss Current Circuit A 0.392 1
VA Loss Current Circuit C 0.351 1

All units passed this test requirement.
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Temperature Rise

Testing for this requirement started on June 29, 2011 and concluded on July 30, 2011.

Reference: ANSI C12.1-2008 Section 4.7.2.9 

Purpose:
The purpose of this test is to determine the temperature rise of any current carrying part within the 
meter under maximum amp conditions.

Units Included in this Test:

^SerlalNumber^
•'J'.'-vAl.-.j'-tS?

|Fb~rm|
ipiS
.Class

ffiSfB Bitiillllsifiiiijl

304 150 723 IS 200 Yes

303 922 215 2S 200 Yes 111111

304 150 717 12S 200 Yes Yes

Procedure:

The test was made with the specified current applied to all current circuits in series. The temperature rise of 
any of the current carrying parts of the meter, tested under specified conditions, shall not exceed 55° C. All 
tests shall be performed in a room essentially free from drafts with the meter cover in place. The meter shall 
be mounted in a conventional manner and on a suitably rated meter mounting as shown in the table. Not 
less than 4 feet (8 feet jumper between terminals) of stranded, insulated copper conductor shall be 
connected to the line and load current terminals of the meter or socket. All openings shall be closed with 
suitable material to prevent drafts that could cool the meter socket or meter itself. The conductor size, and 
test current, shall be as shown in the Test Parameters table. The meter shall be subjected to the current 
values shown in the table until the temperature of the test point has stabilized.

Readings should be taken after 1 hour has elapsed from start of test, then readings are taken every 5 
minutes until the readings do not deviate more than 1° C, over a 15 minute period. The stabilized point has 

been reached and final data can be recorded.

The temperature rise shall be considered the difference in degrees Celsius between the stabilized 
temperature and ambient (room) temperature.

Temperature rise will be measured using thermocouples soldered as close as possible to the center 
of all current elements used by the meter form under test.

A temperature-rise test shall be conducted on the simulated meter by applying the test current to all jumper 
bars in series until the temperature as indicated by the temperature detector has stabilized. This temperature
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shall then be recorded and the simulated metering device replaced by the metering device to be tested. When 
the temperatures of the metering device current circuits have stabilized, the temperatures shall be measured 
and the empirical temperature-rise values of the meter device current circuits shall be calculated as follows:

Empirical temperature rise = 0m - (0S - 55°C)

Where:
0m= Measured final temperature rise of current circuit of metering device under test

0S= Measured final temperature rise of current circuit of simulated meter jumper bar for the same current 
phase

Test Parameters

>iMeterGiass£
^;WJreISize^,
(XWG^opp^rj

■ips BqcketiRating

200 4/0 200 200

Test on Simulated Meter for the 2S RDS

Test Start Time: 10:30:00 June 29, 2011

Temperature of Current Coils - Simulated Meter

^MTime:of; Reading^
mgpi
s.euEraimoiii

litltllmAmbient^l
IpifempeRiturel

2 hours 30 minutes 13:00:00 85.2 88.9 23.2
2 hours 45 minutes 13:15:00 84.5 88.2 22.0

3 hours 13:30:00 84.4 87.9 22.2

3 hours 15 minutes 13:45:00 84.0 87.7 22.5
3 hours 30 minutes 14:00:00 83.8 87.5 22.8

3 hours 45 minutes 14:15:00 84.6 88.2 22.7

Final Readings after Stabilization - Simulated Meter

Curr^i^GpiUi^ raA::GurTent?Goilv^

Temperature. Room 22.7 22.7
Temperature, Meter 84.6 88.2

Temperature, Rise 0S 61.9 65.5
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Test Start Time: 13:30:00 July 20, 2011

Test on Simulated Meter for the 1S RDS and 12S RDS

Temperature of Current Coils - Simulated Meter

MiDeltaTrom;§tartf.( 1 ' Time of;Sea#rfg|§
^CurrdntxCoil.^ fiGur>eht!G6il:: :Tempe rature'

1 hour 15 minutes 14:46 80.4 77.0 21.3
1 hour 30 minutes 15:00 81.3 78.4 21.2

1 hour 45 minutes 15:15 81.9 79.2 21.3
2 hours 15:30 81.9 79.9 21.3

2 hours 15 minutes 15:45 81.9 80.9 23.2
2 hours 30 minutes 16:00 82.0 81.1 23.0
2 hours 45 minutes 16:15 82.2 81.3 23.0

Final Readings after Stabilization - Simulated Meter

Temperature, Room 23.0 23.0
Temperature, Meter 82.2 81.3

Temperature, Rise0s 59.2 58.3
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Test Start Time: 13:30 June 29. 2011

Test on Subject Meter S/N 303 922 215 FM 2S RDS Class 200

mi Sfiigipfte
^Curriht^btfe

MAmbient
TemperatureIgRlBteuI

1 hour 14:30 72.9 74.6 22.0
1 hour 15 minutes 14:45 72.7 74.4 22.1
1 hour 30 minutes 15:00 73.0 ' 74.7 22.0
1 hour 45 minutes 15:15 73.0 74.8 22.1

2 hours 15:30 73.2 74.7 22.0
2 hours 15 minutes 15:45 73.4 74.8 22.0

---------------- --- ------------------- 1
2 hour 30 minutes 16.00 73.6 75.1 21.9

2 hours 45 minutes 16:15 73.3 74.8 21.9

Final Readinc s after Stabilization - Subject Meter

Temperature, Room 21.9 21.9
Temperature, Meter 73.3 74.8
Temperature, Rise =

em
51.4 52.9

Empirical temperature 
rise

44.5 42.4

Empirical temperature rise = 0m - (0S - 55° C)

The maximum empirical temperature rise allowed by ANSI is 55° C unless suitable insulation is used.
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Test Start Time: 13:45:00 July 29, 2011

Test on Subject Meter S/N 304 150 723 FM 1S RDS Class 200

Temperature of Current Coils - Subject Meter

Delta from Start siiitflmiii
:CurrentCon^ CurrentCoil

Ambleht ;v: 
Temperature

15 minutes 14:00 59.6 57.1 20.8
30 minutes 14:15 64.6 62.6 20.9
45 minutes 14:30 68.1 65.8 20.9

1 hour 14:45 71.6 68.0 20.9
1 hour 15 minutes 15:00 73.5 69.2 20.6
1 hour 30 minutes 15:15 74.7 69.8 20.7
1 hour 45 minutes 15:30 75.4 70.2 20.7

2 hours 15:45 75.5 70.1 20.7
2 hours 15 minutes 16:00 76.2 70.6 20.6
2 hour 30 minutes 16:15 76.3 70.8 20.8

2 hours 45 minutes 16:30 76.9 70.5 20.6

Final Readings after Stabilization - Subject Meter

iiSKlill ^S^IrentiCbliSS M!c.6rre]rit\Colfefe

Temperature, Room 20.6 20.6
Temperature, Meter 76.9 70.5
Temperature, Rise =

0 m
56.3 49.9

Empirical temperature 
rise

52.1 46.6

Empirical temperature rise = 0m - (0S - 55° C)

The maximum empirical temperature rise allowed by ANSI is 55° C unless suitable insulation is used.
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Test Start Time: 16:30:00 July 29, 2011

Test on Subject Meter S/N 304 150 717 FM 12S RDS Class 200

Temperature of Current Coils - Subject Meter

Delta from Starts sS^rimerotReadingi^’ PKPI«
^CurreritiCoils’

Right
^CurrentCoil

^i?imbjent
^temperature

30 minutes 17:00 73.8 73.2 20.9
45 minutes 17:15 75.0 73.9 20.7

1 hour 17:30 75.7 74.3 20.5
1 hour 15 minutes 17:45 75.6 74.2 20.7
1 hour 30 minutes 18:00 76.1 74.8 20.8
1 hour 45 minutes 18:15 76.4 75.0 20.6

2 hours 18:30 76.4 75.1 20.6

Final Readings after StabHization - Subject Meter

Temperature, Room 20.6 20.6
Temperature, Meter 76.4 75.1
Temperature, Rise =

em
55.8 54.5

Empirical temperature
rise

51.6 51.2

Empirical temperature rise = 0m - (0S - 55° C)

The maximum empirical temperature rise allowed by ANSI is 55° C unless suitable insulation is used.

All units passed this test requirement.
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Effect of internal Heating

Testing for this requirement started on June 6, 2011 and concluded on June 10, 2011.

Reference: ANSI C12.20-2010 Section 5.5.4.11 

Purpose:
This test will verify the accuracy of the meter under the influence of internal heating - Internal heating 
can be caused by electronic circuits, voltage and current measurement instrumentation and current 
carrying conductors.

Units Included in this Test:

iilipp! ijsis
tiClass?

tTestiat^
iSiffli

>£%Remotet£3?$

303 923 433 IS 200 120 Yes
mil

303 922 210 2S 200 240 Yes

303 923 422 2S 200 240 Hill
303 922 990 12S 200 120 Yes Yes

Procedure:
The meter was mounted in a conventional manner on a suitably rated meter mounting and wired with 
not less than four foot of conductor (eight feet between terminals) of a size adequate for the load range 
of the meter. All openings around the conductors and any other openings were closed to prevent drafts. 
The currents shown in the table were applied in the order shown. The time duration was observed 
before the percent registration measurement was taken. Compliance is determined by the deviation 
from the reference conditions.

Results:
See following tables for detailed findings.
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S/N 303 923 433

fkMtPSSM

mtimm

■tastes

fifty# f'*

^Percent

ftsMsai

^ Deviation

^Reference

ANSIV^m

012120^
. Maximum^ 
'Deviation^
. Allowed 

+ Percent;

Reference for 
Conditions 1, 2, 
and 7

200 99.910 Reference Reference

Reference for 
Conditions 3, 
and 5

3 99.873 Reference Reference

Reference for 
Conditions
4, and 6

30 99.968 Reference Reference

1
0,5 hours after 
application of 
load

200 99.672 -0.338 0.4

2
One hour after 
application of 
load

200 99 654 -0.356 - 0.4

3
Immediately 
following test for 
condition 2

3 99.831 -0.042 0.4

4
Immediately 
following test for 
condition 3

30 99.915 -0053 0.4

5
Two hours after 
test for condition
4 with meter at 
no load current 
during the two 
hour interval

3 99.907 0.034 0.4

6
Immediately 
following test for 
condition 5

30 100.001 0.033 0.4

7
Immediately 
following test for 
condition 6

200 99.966 0.056 0.4
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S/N 303 922 210

fer&Condltion^-

WM,
■ Amps:

ispsi

[^Percent'^vA

-Registration

fW s, _
J.p/v'' rv /

■^Deviation'
pMProm ' •>

^Reference'

immmk

ANSI*;#-.;
* ci2i2bv;;;::

Maximum;;
Deviation

ii-l^llpwed’^:
^pBreent^

Reference for 
Conditions 1, 2. 
and 7

200 99.896 Reference Reference

Reference for 
Conditions 3, 
and 5

3 99.963 Reference Reference

Reference for 
Conditions
4, and 6

30 99.988 Reference Reference

1
0.5 hours after 
application of 
load

200 99.671 -0.225 0.4

2
One hour after 
application of 
load

200 99.643 -0.253 0.4

3
Immediately 
following test for 
condition 2

3 99.908 -0.055 0.4

4
Immediately 
following test for 
condition 3

30 99.976 -0.012 0.4

5
Two hours after 
test for condition
4 with meter at 
no load current 
during the two 
hour interval

3 100.051 0.088 0.4

6
Immediately 
following test for 
condition 5

30 100.068 0.080 0.4

7
Immediately 
following test for 
condition 6

200 99.934 0.038 0.4
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S/N 303 923 422

mmm&mpm

yAmps%
tess

fStiS
^Registration

'1

. Deviation :

Reference

mWANSI
^012.20

Maximurn<
' beviatlott^ 

AlloweS|t: 
+ Percent^

Reference for 
Conditions 1, 2, 
and 7

200 100.101 Reference Reference

Reference for 
Conditions 3, 
and 5

3 100.062 Reference Reference

Reference for 
Conditions
4, and 6

30 100.101 Reference Reference

1

0.5 hours after 
application of 
load

200 99.927 -0.174 0.4

2
One hour after 
application of 
load

200 99.900 -0.201 0.4

3
Immediately 
following test for 
condition 2

3 100.196 0.134 0.4

4
Immediately 
following test for 
condition 3

30 100.243 0.142 0.4

5
Two hours after 
test for condition
4 with meter at 
no load current 
during the two 
hour interval

3 100.165 0.103 0.4

6
Immediately 
following test for 
condition 5

30 100.165 0.064 0.4

7
Immediately 
following test for 
condition 6

200 100.137 0.036 0.4
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S/N 303 922 990

plip

vAmps;

msmm
^^v^ercent^iv':
SRegistraltonl

■

-Deviation^

> References

ANSI

^Maximum]?
•:?;peyiation';^
^Allqwed^

+ Percent

Reference for 
Conditions 1, 2, 
and 7

200 99.892 Reference Reference

Reference for 
Conditions 3, 
and 5

3 99.847 Reference Reference

Reference for 
Conditions
4. and 6

30 99.943 Reference Reference

1
0.5 hours after 
application of 
load

200 99.746 -0.146 0.4

2
One hour after 
application of 
load

200 99.769 -0.123 0.4

3
Immediately 
following test for 
condition 2

3 99.926 0.079 0.4

4
Immediately 
following test for 
condition 3

30 100.017 0.074 0.4

5
Two hours after 
test for condition
4 with meter at 
no load current 
during the two 
hour interval

3 99.982 0.135 0.4

6
Immediately 
following test for 
condition 5

30 100.076 0.133 0.4

7
Immediately 
following test for 
condition 6

200 100.056 0.164 0.4

All units passed this test requirement.
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Stability of Performance

Testing for this requirement started on June 20, 2011 and concluded on July 4, 2011.

Reference: ANSI C12.20-2010 Section 5.5.4,13 

Purpose:
Determines the ability of the metering device to maintain accuracy within certain limits over a period of 
time as defined in the standard.

Units Included in this Test:

Form
mnw

smi
sfe'iass?!
BBS

teTestahv
; • 4 3j\ • .V.^Voltage '^Disconnects

303 923 435 IS 200 120 Yes imMms
303 922 212 2S 200 240 Yes

303 923 424 2S 200 240 KXffS

303 922 992 12S 200 120 Yes Yes

Procedure:
The metering device shall be operated continuously. The percentage registration shall be determined at 
10% of test amperes at the start of the test and at 10 successive intervals at least 24 hours apart within 
a period of 2 weeks. The change in percentage registration from performance at the start of the test 
shall not exceed 1% on any subsequent test.

Results:
See following tables for our test results.
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Results:
S/N 303 923 435 • Watt Hour

>1 Ip
■s. » «■' v

Date of Reading:
»* " ts-'

^Percent^^
kfe;ReglstfatibnPr

iDIfferenc^ frorrij

mmmm
AN SlS^ecification 

Devlationffom 
sP: Reference . w 

,'N ± Percent' .

20-Jun*2011 100.020 Reference Reference
21-Jun-2011 99.962 -0.058 0.2
22-Jun-2011 100.072 0.052 0.2
23-Jun-2011 100.055 0.035 0.2
24-Jun-2011 100.084 0.064 0.2
27*Jun-2011 100.081 0.061 0.2
28-Jun-2011 100 107 0.087 0.2
29-Jun-2011 100.105 0.085 0.2
30-Jun-2011 100.121 0.101 0.2
01-Jul-2011 100.076 0.056 0.2
04-Jul-2011 100.077 0.057 0.2

S/N 303 922 212 - Watt Hour

20-Jun-2011 100.030 Reference Reference
21-Jun-2011 99.971 -0.059 0.2
22-Jun-2011 99.989 -0.041 0.2
23-Jun-2011 99.974 -0.056 0.2
24-Jun-2011 99.966 -0.064 0.2
27-Jun-2011 99.952 -0.078 0.2
28-Jun-2011 99.950 -0.080 0.2
29-Jun-2011 99.928 -0.102 0.2
30-Jun-2011 99.887 -0.153 0.2
01-Jul-2011 99.878 -0.152 0.2
04-Jul-2011 , 99.870 -0.160 0.2
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S/N 303 923 424 - Watt Hour

l. *
Date ofReading

Percent
Registration
MIS’;

: Difference from - 
Reference

-ANSISpiecificatjoh'.;

Deviation'froni S 
> ; Reference3;.^1-!
% > ^PwcentfiE?

20-Jun-2011 100.056 Reference Reference
21-Jun-2011 100.179 0.123 0.2
22-Jun-2011 100.121 0.065 0.2
23-Jun-2011 100.120 0.064 0.2
24-Jun-2011 100.176 0.120 0.2
27-Jun*2011 100.132 0.076 0.2
28-Jun-2011 100.098 0.042 0.2
29-Jun-2011 100.155 0.099 02
30-Jun-2011 100.214 0.158 0.2
01-Jul-2011 100.217 0.161 0.2
04-Jul-2011 100.189 0.133 0.2

S/N 303 922 992 - Watt Hour

©Werepc^ffon^
A^Reief’e^celrt

20-Jun-2011 100.112 Reference Reference
21-Jun-2011 100.052 -0.060 02
22-Jun-2011 100.160 0.048 0.2
23-Jun-2011 100.145 0.033 0.2
24-Jun-2011 100.157 0.045 0.2
27-Jun-2011 100.185 0.073 0.2
28-Jun-2011 100.220 0.108 0.2
29-Jun-2011 100.211 0.099 0.2
30-Jun-2011 100.212 0.100 0.2
01-Jul-2011 100.176 0.064 0.2
04-Jul-2011 100.168 0.056 02

All units passed this test requirement.
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External Influences

Insulation

Testing for this requirement was conducted on April 25, 2011.

Reference: ANSI 012.1*2008 Section 4.7.3.1 

Test 1 in the ANSI Test Sequence.

Purpose:
To verify that adequate insulation exists to withstand a minimum sinusoidal RMS voltage of 2.5 kV 
between accessible parts of the meter and all current carrying lines.

Units Included in this Test:

IstBasssl
'Moxstif Class;

!S88ilii
IIISISIItel

303 923 434 IS 200 120 Yes

303 922 211 2S 200 240 Yes

303 923 423 2S 200 240

303 922 991 12S 200 120 Yes Yes

Procedure:
All voltage and current lines were tested. The test level was 2500 volts. AC, 60 Hz for a duration of one 
minute. The trip current, which is the level in which a failure will be indicated, was set to 1.0 mA for all 
test points.

Results:
All units passed this test requirement.
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Voltage Interruption Test

Testing for this requirement was conducted on April 26, 2011. 

Reference: ANSI C12.1-2008 Section 4.7.3.2

Test 2 in the ANSI Test Sequence.

Purpose:
This test is to verify proper operation of the meter after the application of a series of voltage 
interruptions.

Units Included in this Test:

•SerialNumbers

aaitaiM®
#)rmf
■m&iw-

pass! iStef fiiSlSiPfprafli
303 923 434 IS 200 120 Yes

303 922 211 2S 200 240 Yes —
303 923 423 2S 200 240 I—
303 922 991 12S 200 120 Yes Yes

Procedure 1: 0.5 to 6.0 Cycle Interruption - Itron Requirement
The meter input voltage was terminated into a short-circuit for the Test Points shown. For each test 
point, the interruption was applied 1 time. A one minute wait state was observed between each Test 
Point.

Test Points: 0.5 to 6.0 cycles, incrementing by 0.5 cycles, for a total of 12 tests.

Procedure 2: 6.0 Cycle Interruption - Ten Times - ANSI Requirement
The meter input voltage was terminated into a short-circuit for the Test Point shown. The interruption 
was applied 10 times within a 10 second period.

Test Point: 6.0 cycles

For all procedures, the meter may recognize the interruptions as an outage and will properly save any volatile 
data. After the completion of the interruptions, the meter will operate with no abnormalities.

Results:
All units passed this test requirement.
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Electric / Gas / Water
IntO'm.it’CH .mMff’s .m<i .ippU,-.vkn

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of High Voltage Line Surges -100 kHz Ring Waveform - Itron Procedure

Testing for this requirement started on April 28, 2011 and concluded on May 5, 2011.

Reference: ANSI C12.1-2008 Section 4.7.3.3.1 

Test 3 in the ANSI Test Sequence.

Purpose:
This test is a check for proper operation after the application of a series of high voltage and current 
waveforms, 0.5 mS, 100 kHz ringing waveform as described in ANSI C62.45-1992.

Units Included in this Test:

SerlaltNumbens rj|prm?
I®ti!

mmClass

mm
Srlstpl
^ojiagli it flSfttJ

303 923 434 IS 200 120 Yes

303 922 211 2S 200 240 Yes BMiii
303 923 423 2S 200 240

303 922 991 12S 200 120 Yes Yes

Procedure:
Each coupling was surged at 6 kV and -6 kV from 0 to 360°, every 15°, for each test point shown in the 
Coupling Arrangement tables. A wait time of 1 minute was observed between each application of the 
surge to allow for component cooling. The polarity side of the current circuits were connected to the 
line and the non-polarity side open circuited.

Coupling Arrangement FM 1S and 2S

LI, L2 to PE
LI to L2
L1 to PE
L2 to PE
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Electric / Gas / Water
/<7Wm.iS<vi I'nllec.tiM .'nr!.‘rr’i'M'iVi

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Coupling Arrangement FM 12S

11. L2, & N to PE
L1 to L2
L1 toN
L2 to N

L1 to PE
L2 to PE
N to PE

Results:
All units passed this test requirement.
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Electric f Gas / Water
Intomi.itien colterutn. .!0s'i.~..Ui',u\

313 North Highway 11 
West union. SC 29696 
(864) 638-8300 
www.itron.com

Effect of High Voltage Line Surges - Combination Waveform - Itron Procedure

Testing for this requirement started on May 2, 2011 and concluded on May 6, 2011.

Reference: ANSI 012.1-2008 Section 4.7.3.3.2 

Test 4 in the ANSI Test Sequence.

Purpose:
The metering device shall meet the AC Line Surge Requirements of ANSI/IEEE C62.41 for a Category 
A and B location. The required waveform is the 1.2/50 microsecond - 8/20 microsecond Combination 
Wave. A peak current of 3000 amps is available during the surge.

Units Included in this Test:

iSeriaLNuniberiwisawH ftlll
PSWSM
ftTestat;/
ISill

sfeReropteMv
if|D|s-connwf>si 1811

303 923 434 IS 200 120 Yes
lllii

303 922 211 2S 200 240 Yes mmm

303 923 423 2S 200 240 sliili ^ .^2. **< s 2 r.:" :

303 922 991 12S 200 120 Yes Yes

Procedure:
Each coupling was surged at 6 kV and -6 kV from 0 to 360°. every 15°, for each test point shown in the 
Coupling Arrangement tables. A wait time of 3 minutes was observed between each application of the 
surge to allow for component cooling. The polarity side of the current circuits were connected to the 
line and the non-polarity side open circuited.

L1, l 2 to PE
L1 to L2
L1 to PE
L2 to PE
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313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Electric / Gas / Water

Coupling Arrangement FM 12S

__________L1, L2, & N to PE_________
_____________ L1 to L2______________
______________ L1 toN______________
______________ L2 toN______________
______________L1 to PE_____________
______________L2 to PE_____________

N to PE 1

Results:
All units passed this test requirement.
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Electric / Gas / Water
tntwvxiUop caHei.U^a.

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of High Voltage Line Surges Combination Waveform - Southern California Edison Procedure

Testing for this requirement started on April 28, 2011 and concluded on May 3, 2011.

Reference: SCE Laboratory Testing Procedures for Metering Device Evaluation, Revision 2, dated May 31, 2006 

Purpose:
The metering device shall meet the AC Line Surge Requirements of ANSI/IEEE C62.41 for a Category 
A and B location. The required waveform is the 1.2/50 microsecond - 8/20 microsecond Combination 
Wave. A peak current of 3000 amps is available during the surge.

Units Included in this Test:

pfastp
assatesiil

ms
s*•

MwteSfest

-Voltagev
^iRemoteM^s
ifaiiit

303 923 435 IS 200 120 Yes

303 922 212 2S 200 240 Yes

303 923 424 2S 200 240

303 922 992 12S 200 120 Yes Yes

Procedure:

The Southern California Edison procedure is broken down into 3 voltages as shown below:

4 kV Test
Peak voltage was set to 4 kV and the surge applied from 0° to 360°, every 10°, at each of the 
coupling arrangements shown in the table. Wait time between surges was 15 seconds.

5 kV Test
Peak voltage was set to 5 kV and the surge applied from 0° to 180°, every 15°, at each of the 
coupling arrangements shown in the table. Wait time between surges was 15 seconds.

6 kV Test
Peak voltage was set to 6 kV and the surge applied from 0° to 180°, every 15°, at each of the 
coupling arrangements shown in the table. Wait time between surges was 15 seconds.
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313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
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Coupling Arrangement FM IS and 2S

____________L1, L2 to PE____________
L1 to L2

Coupling Arrangement FM 12S

LI, L2, & N to PE
L1, L2 toN

Results:
All units passed this test requirement.
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Electric / Gas / Water
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313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of High Voltage Line Surges 100 kHz Ring Waveform - Southern California Edison Procedure

Testing for this requirement started on April 28, 2011 and concluded on May 3, 2011.

Reference: SCE Laboratory Testing Procedures for Metering Device Evaluation, Revision 2, dated May 31, 2006 

Purpose:
This test is a check for proper operation after the application of a series of high voltage and current 
waveforms, 0.5 mS, 100 kHz ringing waveform as described in ANSI C62.45-1992.

Units Included in this Test:

Seri^lNumfcfer} BanM ESWz#
sClassj,

w.esvm

^Voltage? ^Disconnects Uglfggff
303 923 435 IS 200 120 Yes

illw
M

P
|l

If

303 922 212 2S 200 240 Yes

303 923 424 2S 200 240 wmm
303 922 992 12S 200 120 Yes Yes

Procedure:

The Southern California Edison procedure is broken down into 3 voltages as shown below:

4 kV Test
Peak voltage was set to 4 kV and the surge applied from 0° to 360°, every 10°, at each of the 
coupling arrangements shown in the table. Wait time between surges was 15 seconds.

5 kV Test
Peak voltage was set to 5 kV and the surge applied from 0° to 180°, every 15°, at each of the 
coupling arrangements shown in the table. Wait time between surges was 15 seconds.

6 kV Test
Peak voltage was set to 6 kV and the surge applied from 0° to 180°, every 15°, at each of the 
coupling arrangements shown in the table. Wait time between surges was 15 seconds.
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313 North Highway 11 
West Union, SC 29696 
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Coupling Arrangement FM 1S and 2S

____________L1.L2 to PE____________
LI to L2

Coupling Arrangement FM 12S

LI, L2, & N to PE
L1.L2 toN

Results:
All units passed this test requirement.
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313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
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Effect of External Magnetic Field

Testing for this requirement started on April 28, 2011 and concluded on May 2, 2011.

Reference: ANSI Cl2.1-2008 Section 4.7.3.4 and ANSI C12.20-2010 Section 5.5.5.5 

Purpose:
To verify meter integrity during the application of a magnetic field. The external magnetic field is to be 
generated by a 100 ampere-turn current, in phase with the meter voltage. The loop is based on a 
straight, rigid conductor six feet long, with the connecting leads arranged to form a square with six foot 
sides. The meters are placed in test conditions shown.

Units Included in this Test:

PPP
isIpi

ip®
t**il

iSil
iipl

:s#^!Rernbtej|fe,

gSm&i

303 923 433 is 200 120 Yes

303 922 210 2S 200 240 Yes

303 923 422 2S 200 240

303 922 990 12S 200 120 Yes Yes

Test Points
^Cutfent(Amps)^

200 3
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Electric / Gas / Water
//Wm.i/.ffn collection. .vtd.tpglicohon

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Procedure:

Condition 1:
Behind the test board in a horizontal position and parallel to the back of the meter. The middle of the 
conductor shall be ten inches directly behind and on a level with the center of the meter. The loop shall 
be in a horizontal plane perpendicular to the test board.

Condition 2:
Directly behind the center line of the meter in a vertical position. The middle of the conductor shall be 
ten inches directly behind and on a level with the center of the meter. The loop shall be in a vertical 
plane perpendicular to the test board.

Condition 3:
Vertically at the same distance in front of the test board as the center of the meter. The middle of the 
conductor shall be on the same level with the center of the meter and ten inches to the right or left. The 
loop shall be in a vertical plane parallel to the test board.

Condition 4:
Vertically at the same distance in front of the test board as the center of the meter. The middle 
of the conductor shall be on the same level with the center of the meter and ten inches from the 
center of the meter. The meter should be turned to the left. The loop shall be in a vertical plane 
parallel to the test board

Condition 5:
Horizontally at the same distance in front of the test board as the center of the meter. The middle of 
the conductor shall be on the same level with the center of the meter and ten inches from the center 
of the meter. The meter should be turned to the right. The loop shall be in a horizontal plane 
perpendicularto the test board.

Condition 6:
Horizontally at the same distance in front of the test board as the center of the meter. The middle of 
the conductor shall be on the same level with the center of the meter and ten inches from the center 
of the meter. The meter should be turned to the left. The loop shall be in a horizontal plane 
perpendicular to the test board.
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Results

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Electric f Gas / Water
InfrimMion cnlliction. analysis mdapaUcjUen

S/N 303 923 433 - Watt Hour

^.Registration; •

■^Deviation,
iwtsusi

fe^rPerfonmanqei'v^^
^i^t-fe^sReroentiw^rM

Reference for 
Conditions

1, 2. 3. 4, 5 and 6
99 867 Reference Reference

1 99691 -0.176 1
2 99.248 -0.619 1
3 99.018 -0.849 1
4 100.732 0.865 1
5 99.752 -0.115 1
6 99.598 -0.269 1

S/N 303 922 210 - Watt Hour

3BegjsM$g

vv'5 .-A

IlilllJ
:.v,;:Referencer>S

Reference for 
Conditions

1, 2, 3, 4, 5 and 6
99.875 Reference Reference

99.775 -0.100 1
2 99.635 -0.234 1
3 100.718 0.843 1
4 99.009 -0.833 1
5 99.740 -0.135 1
6 99.688 0.187 1
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Electric / Gas / Water
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313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

S/N 303 923 422- Watt Hour

y v \ * .
h r Condition

\ V* < r
*■ C ' . 1- <
y , ^ r -

V N .
* Percent 
Registration'

WBmSSSl

^•^jDeyiationvfrgpri^kiv;;

^x(as^+‘iRercent«^%it

Reference for 
Conditions

1,2, 3, 4, 5 and 6
99.961 Reference Reference

1 99.898 -0.063 1
2 100.178 0.217 1
3 99.053 -0.908 1
4 100.773 0.812 1
5 99.849 -0.112 1
6 100.057 0.096 1

S/N 303 922 990 - Watt Hour

^Registration^

IfttSIIS!
M

Reference for 
Conditions

1,2, 3, 4, 5 and 6
99.890 Reference Reference

100.102 0.212 1
2 99.318 -0.572 1
3 100.548 0.658 1
4 98.979 -0.911 1
5 100.126 0.236 1
6 100.122 0.232 1

All units passed this test requirement.
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Electric / Gas / Water
tiifoimation ntttctioo. nMyt'S jnil 3pph,:.iuen

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
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Effect of Variation of Ambient Temperature

Testing for this requirement started on June 8, 2011 and concluded on June 15,2011.

Reference: ANSI C12.20-2010 Section 5.5 5.6 

Purpose:
This test will determine the meters performance for Watt-hour accuracy under various temperature, 
current levels and power factor conditions.

Units Included in this Test:

.SerialNumber tfiOWf: ffitiallf iitll
303 923 435 is 200 120 Yes

303 922 212 2S 200 240 Yes

303 923 424 2S 200 240 Blili
303 922 992 12S 200 120 Yes Yes

Procedure:

Itron has adjusted the temperature test points from 50° C to 85° C for the upper point and from -20° C to 

-40° C for the lower point. Per ANSI standard, when the actual temperature difference between two 

tests differs from the nominal temperature difference specified for the two tests, the deviation shall be 

adjusted proportionally. Since we are testing 35° higher on the upper end, and 20° lower on the lower 

end, we have adjusted the allowable variation that is specified by ANSI to cover our wider temperature 

range.

Reference conditions at 25° C were taken first at the current, and power factor indicated for the class of 

meter under test. The meters were energized with potential only for a minimum of two hours before the 
first test condition. The meters were ran at each reference condition for at least one hour before the 
registration measurement was taken.

The test chamber was set to 85° C and the meters were ran with potential only for a minimum of two 

hours. The meters were then ran at each condition for at least one hour before the registration 
measurement was taken.

The test chamber was set to -40° C and the meters were ran with potential only for a minimum of two 

hours. The meters were then ran at each condition for at least one hour before the registration 
measurement was taken.
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313 North Highway 11 
West Union, SC 29696 
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S/N 303 923 435 - Watt Hour

^ Is

>c - r
■Condition

^ . ‘.V. !..*v *

C'; v . ,
Current1

. M v

’;.Power^
Factor
•:>. ivvSW:;

a. ?
V *

^ >JK. "

; Temperature

" ' -ijti<S

^Registrations

iSiP®

[■ ^Deviation®

^Reference?

*g£12.20£|
•i.; Maxim um;|'
SDeviitiont:

?'Reference=: 
;ip; Percent'-

Reference
for

Conditions
1 and 7

3 1.0 25 99.850 Reference Reference

Reference
for

Conditions
2 and 8

30 1.0 25 99.920 Reference Reference

Reference
for

Conditions
3 and 9

100 1.0 25 99.911 Reference Reference

Reference
for

Conditions
4 and 10

6 0.5 lag 25 99.878 Reference Reference

Reference
for

Conditions
5 and 11

30 0.5 lag 25 99.798 Reference Reference

Reference
for

Conditions
6 and 12

100 0.5 lag 25 99873 Reference Reference

1 3 1.0 85 99.654 -0.196 0.7
2 30 1.0 85 99.655 -0.264 0.7
3 100 1.0 85 99.599 -0.313 0.7

4 6 0.5 lag 85 99.503 -0.375 1.2
5 30 0.5 lag 85 99.487 -0.310 1.2
6 100 0.5 lag 85 99.522 -0.352 1.2
7 3 1.0 ^0 99.917 0.068 0.7
8 30 1.0 -40 100.043 0.123 0.7
9 100 1.0 -40 100.062 0.150 0.7

10 6 0.5 lag ^0 100.094 0.216 1.3
11 30 0.5 lag -40 100.110 0.313 1.3
12 100 0.5 lag -40 100.097 0.224 1.3
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313 North Highway 11 
West Union, SC 29696 
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S/N 303 922 212 - Watt Hour
' f ,

r

V Condition

r.* ■ v ..

„ 1
W 1n..* •: / '.•'V
Current^

V

;; Power 
•j Factor

1 r •
i

;

^Temperature#

eppifsmmm
'Registratiphi;

ismgg^m

•.Deviation

;C‘ ReferehceJ^;

^rTANSHiiMS

^Maximum?'
fMylaSpn'-F

. Reference 
^+(Perceht"

Reference
for

Conditions
1 and 7

3 1.0 25 99.991 Reference Reference

Reference
for

Conditions
2 and 8

30 1.0 25 100.030 Reference Reference

Reference
for

Conditions
3 and 9

100 1.0 25 99.973 Reference Reference

Reference
for

Conditions
4 and 10

6 0.5 lag 25 100.003 Reference Reference

Reference
for

Conditions
5 and 11

30 0.5 lag 25 100.025 Reference Reference

Reference
for

Conditions
6 and 12

100 0.5 lag 25 100.040 Reference Reference

1 3 1.0 85 100.071 0.080 0.7
2 30 1.0 85 100.099 0.069 0.7
3 100 1.0 85 100.050 0.077 0.7

4 6 0.5 lag 85 100.202 0.199 1.2
5 30 0.5 lag 85 100.191 0.165 1.2
6 100 0.5 lag 85 100.147 0.107 1.2
7 3 1.0 -40 99.901 -0.089 0.7
8 30 1.0 -40 99.984 -0.046 0.7
9 100 1.0 -40 99.990 0.016 0.7
10 6 0.5 lag -40 99.846 -0.157 1.3
11 30 0.5 lag -40 99.912 -0.114 1.3
12 100 0.5 lag -40 99.895 -0.145 1.3
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S/N 303 923 424 - Watt Hour
-v-n i ^ '-'.v: si* - •ivK.’* ^ i, «i' *>#sy» i't

rt '• ■/* •< ,.

^Condition

' ,v->

'cff
Current;:

kPower|
|;F|ctor5i

ill

III®*
-Temperature:;

teinste

■>im^ercent^ji
^Reglstrattoriv

•\j- . 1 ‘ *•. , ;•
r- Deviation r

ANSI

{■Maximum;’
Deviation?;

•Reference';
{...■►'■PeVcent'l'

Reference
for

Conditions
1 and 7

3 1.0 25 100.024 Reference Reference

Reference
for

Conditions
2 and 8

30 1.0 25 100.056 Reference Reference

Reference
for

Conditions
3 and 9

100 1.0 25 100.058 Reference Reference

Reference
for

Conditions
4 and 10

6 0.5 lag 25 100.016 Reference Reference

Reference
for

Conditions
5 and 11

30 0.5 fag 25 100.027 Reference Reference

Reference
for

Conditions 
Band 12

100 0.5 lag 25 100.022 Reference Reference

1 3 1.0 85 99.910 -0.144 0.7
2 30 1.0 85 99.921 -0.136 0.7
3 100 1.0 85 99.866 -0.192 0.7
4 6 0.5 lag 85 99.973 -0.043 1.2
5 30 0.5 lag 85 99.979 -0.048 1.2
6 100 0.5 lag 85 99.904 -0.119 1.2
7 3 1.0 -40 100.028 0.004 0.7
8 30 1.0 -40 100.126 0.069 0.7
9 100 1.0 -40 100.128 0.070 0.7
10 6 0.5 lag -40 99.941 -0.075 1.3
11 30 0.5 lag -40 100.038 0.011 1.3
12 100 0.5 lag -40 99.972 -0.051 1.3
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313 North Highway 11 
West Union. SC 29696 
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S/N 303 922 992 - Watt Hour
^ > /•

'•Condition':?
' *^1

d\,r

m&m

i-Current--

^

L? Factor^

isipil
IpSSSfH?
^Temperature:

mzrnmm

!?^:Pjrce‘nt^(^
|lR^gi8fcrat(on'4

^.beviation^

4Refererice:i-;

^•■ANSI^r:
:;C;;C12;20p

Maximum 
i| Deviations
p;'frpmig

Reference 
’?+.Percents

Reference
for

Conditions
1 and 7

3 1.0 25 99.895 Reference Reference

Reference
for

Conditions
2 and 8

30 10 25 100.012 Reference Reference

Reference
for

Conditions
3 and 9

100 1.0 25 100.028 Reference Reference

Reference
for

Conditions
4 and 10

6 0.5 lag 25 99.911 Reference Reference

Reference
for

Conditions
5 and 11

30 0.5 lag 25 99.995 Reference Reference

Reference.
for

Conditions
6 and 12

100 0.5 lag 25 99.997 Reference Reference

1 3 1.0 85 99.932 0.037 0.7
2 30 1.0 85 100.040 0.028 0.7
3 100 1.0 85 99.991 -0.037 0.7
4 6 0.5 lag 85 100.021 0.110 1.2
5 30 0.5 lag 85 100.122 0.126 1.2
6 100 0.5 lag 85 100.016 0.019 1.2
7 3 1.0 -40 99.755 -0 140 0.7
8 30 1.0 -40 99.978 -0.034 0.7
9 100 1.0 -40 99.965 -0.064 0.7
10 6 0.5 lag -40 99.704 -0206 1.3
11 30 0.5 lag -40 99.789 -0.206 1.3
12 100 0.5 lag -40 99.851 -0.145 1.3

All units passed this test requirement
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Electric / Gas / Water
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313 North Highway 11 
West Union, SC 29696 
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Effect of Temporary Overloads - Effect on Accuracy

Testing for this requirement was conducted on May 24, 2011.

Reference: ANSI C12.20-2010 Section 5.5.5.7 

Purpose:
To verify the watt-hour accuracy does not change by more that the specified percent after the 
application of the overload to the current conductors of the meter.

Units Included in this Test:

IPPPIlitml

aanif ^Disconnects mmmm■ ■ ■

303 923 433 IS 200 120 Yes

303 922 210 2S 200 240 Yes

303 923 422 2S 200 240 Kill!
'303 922 990 12S 200 120 Yes Yes

Procedure:
This test will subject a self-contained meter to a short-circuit current of 7000 Amps peak, 60 Hz for not 
more that 0.1 seconds. Por this test, all current circuits of the meter shall be connected in series The 
effect of short-circuit current on the performance of a meter shall not exceed that as specified in the 
table.

Accuracy Test Conditions

iiiM

P!»P
Deylation.from

Reference Performance for 
Condition 1

30 Reference

Reference Performance for 
Condition 2

3 Reference

30 0.1
2 3 0.1
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Results:

Electric! Gas / Water
InfwMior ctilMim. .i/u/ts'.s

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

S/N 303 923 433 - Watt Hour

itengii!
ipilfsai
i?fp4rce'nt^‘

Registration

Deviation :

? Reference!

Ma?dmiim^
;p^ay<0jfrom]
||R^erehce||;
^■tPercefit^S

Reference Performance 
for Condition 1

99.965 Reference Reference

Reference Performance 
for Condition 2

99.913 Reference Reference

1 99.965 0.000 0.1
2 99.927 0.014 0.1

S/N 303 922 210 - Watt Hour

—88§ iDeviation;1?ter*#

n»S

jDeyjatictn^rpm;
llRefe^ice^l

Reference Performance 
for Condition 1

99.943 Reference Reference

Reference Performance 
for Condition 2

99.940 Reference Reference

99.941 -0.002 0.1
2 99.947 0.007 0.1

S/N 303 923 422 - Watt Hour

spil
iDev atiomfrom?

Reference Performance 
for Condition 1

99.964 Reference Reference

Reference Performance 
for Condition 2

99.938 Reference Reference

1 99.959 -0,005 0.1
2 99.940 0.002 0.1
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Electric / Gas / Water
Intcnn.ibo* c-oHrcmn. .vr.iAv? .ini.'^r.'rcMicn

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

S/N 303 922 990 - Watt Hour

^¥y®.Gondrtion ' X ,
jf[Percerit^i

Registrafioxt

isDeyjation^
|§4fromL;’J|
Referenced

p^Maximum^^
^Deyiatio^:from^
^Reference^:
SlPercerit^-;)-

Reference Performance 
for Condition 1

99.942 Reference Reference

Reference Performance 
for Condition 2

99.865 Reference Reference

1 99.927 -0.015 0.1
2 99.840 -0.025 0.1

All units passed this test requirement.
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Electric / Gas / Water
ln/w:i,i!ior cfftfftrfts.i.

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of Temporary Overloads - Effect on Mechanical Structure and Insulation

Testing for this requirement was conducted on June 2, 2011.

Reference: ANSI CT2.20-2010 Section 5.5.5 7.2 

Purpose:
To verify that the meter’s mechanical structure or insulation level is not adversely affected by the 
application of a symmetrical fault current.

Units Included in this Test:

Isbi mm
llTeSratfe
KpiiS

‘^£Rem6fe):M;v

fflignisiii

303 923 433 IS 200 120 Yes

303 922 210 2S 200 240 Yes

303 923 422 2S 200 240

303 922 990 12S 200 120 Yes Yes

Procedure;
The meter shall withstand for a duration of four cycles, a 60 Hz symmetrical fault current as shown in 
the table without damage to the mechanical structure or reduction of the insulation level.

Results:

An Insulation test was ran after the test to check for any loss of insulation performance. No 
abnormalities were noted

All units passed this test requirement.
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Electric / Gas / Water
InUtm-'Honcrflftlu.-) .in.tl-,S'S .tnd

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of Current Surge in Ground Conductor

Testing for this requirement was conducted on May 18, 2011.

Reference: ANSI C12.20-2010 Section 5.5.5.8 

Purpose:
To verify the watt-hour accuracy does not change by more that the specified percent after the 
application of the current surge in the ground conductor.

Units Included in this Test:

SSH?
Sorftii
mu

iSiSi
r£lass| ^Voltagel

a^y.Remote|^
^Disconnects eSprikiMII

303 923 433 is 200 120 Yes miiiMM

303 922 210 2S 200 240 Yes

303 923 422 2S 200 240 mms
303 922 990 ‘12S 200 120 Yes Yes

Procedure:
The meter shall be subjected to one transient surge of 20,000 Amps (20 x 50 uS) of either polarity 
through a conductor placed vertically 1.5 inches behind the flat portion of the base of the meter with 
socket in place. The effect of the surge upon the performance of the meter shall not exceed that 
specified in the table.

Test Points

IJRe^rence^
e±Percente

Reference Performance 30 Reference
1 30 0.1
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Electric / Gas / Water
t'dlcchtm.

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Results:
S/N 303 923 433 - Watt Hour

^R^glsl ration"
Deviation from 

Reference

Maximum 
Deviationfrorri 
^ References*:: 

iPercerit

Reference Performance 99.987 Reference Reference

1 99.972 • -0.015 0.1

S/N 303 922 210 - Watt Hour

^R&rcent^
w&sam.
Deviationfrom
^Referenceiv-g
wssma&

Devtattorrfrom

istseiiami

Reference Performance 99.970 Reference Reference
1 99.966 -0.004 0.1

S/N 303 923 422 - Watt Hour

1WE papaii
feReferenqell!
NtaHHfe

iSHBl
M«8

Reference Performance 99.997 Reference Reference
1 99.981 -0.016 0.1

S/N 303 922 990- Watt Hour
SMWWP

alraffiiet
peyiatiojiSfrdm
ffiSefereiic^

^Maxifnujri^s
Deylationfrbm
W'R^Sifcerf
IliiiSi

Reference Performance 99.972 Reference Reference
1 99.944 -0.028 0.1

All units passed this test requirement.
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Electric / Gas / Water
IniBwi.tfitH' eolltcfion. .vuiysis

313 North Highway 11 
West Union, SC 29696
(864) 638-8300 
www.itron.com

Effect of Voltage Variation - Secondary Time Base

Testing for this requirement started on August 11, 2011 and concluded on August 12, 2011.

Reference: ANSI C12.1-2008 Section 4.7.3.9

Purpose: To verity real time clock accuracy, while on battery carry-over over at +5% of nominal battery voltage.

Units Included in this Test:

ppifip
fj-orms iCIassf

tSSSS&fei
vvDisconnect# MM

303 923 435 IS 200 120 Yes

303 922 212 2S 200 240 Yes

303 923 424 2S 200 240

303 922 992 12S 200 120 Yes Yes

Procedure:
With the battery disconnected for a minimum of 6 hours and an auxiliary dc power supply connected to 
the battery carryover circuit, the accuracy of the secondary time base shall be within ±0.02 with a 
voltage variation of ±5% of nominal battery voltage.

Nominal Battery Voltage: 3.60 Volts 
95% Test Point = 3.42 Volts 
105% Test Point = 3.78 Volts

95% Test Point Results

Outage Length = 22260 seconds.
0.02% Accuracy = 4 seconds.

Readings After 95% Test Point

Seriar fsfuTriber
Delta Time on 

Battery
ii^Gawyi.Overii

303 923 435 0
303 922 212 0
303 923 424 0
303 922 992 0
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Electric / Gas / Water
hil.iiw.ipcK cotlecMsn, .mi/j vs .i/irf jf.ifa .h'icn

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

105% Test Point Results

Outage Length = 53880 seconds. 
0.02% Accuracy = 10 seconds.

Readings After 105% Test Point

Serial Number
: ‘

:)?Delta.Tim6 6n&:

i^Carr^Over^-)

303 923 435 -2
303 922 212 -2
303 923 424 -3
303 922 992 -3

All units passed this test requirement.
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Electric / Gas I Water
liilMltuU'en iw/fi:‘r>,1. .tnilyfis Jnd

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Electrical Fast Transient

Testing for this requirement started on May 4, 2011 and concluded on May 6, 2011.

Reference: ANSI Cl 2.1-2008 Section 4.7.3.11 

Test 5 in the ANSI Test Sequence.

Purpose:
To verify meter integrity after the application of this fast transient waveform. The waveform is described 
in 1EC 61000-4-4 (2004-07).

Units Included in this Test:

BUR
iaipf IClass?

^/plteige^

303 923 434 IS 200 120 Yes

303 922 211 2S 200 240 Yes

303 923 423 2S 200 240

303 922 991 12S 200 120 Yes Yes

Procedure:
The meter voltage and current inputs were tested to +5000 volts. The waveform was applied to all 
voltage and current inputs for a duration of 60 seconds. The Burst Frequency was 5 kHz. This signal 
was applied as shown in the following tables.

Coupling Arrangement FM 1S and 2S

____________L1,L2 to PE____________
_____________ L1 to PE_________ _

L2 to PE

Coupling Arrangement FM 12S

_________ LI, L2, & N to PE__________
____________L1,L2 to PE____________

N to PE

Results:
All units passed this test requirement.
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Electric / Gas / Water
MaiiKiticn ttillKlitx an-ilyijs Mill tfphi’MiM

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Electrical Fast Transient Test • Southern California Edison Procedure

Testing for this requirement was conducted on May 4, 2011.

Reference: SCE Laboratory Testing Procedures for Metering Device Evaluation, Revision 2, dated May 31, 2006 

Purpose.
To verify meter integrity after the application of this fast transient waveform. The waveform is described 
in I EC 61000-4-4 (2004-07).

Units Included in this Test:

^Serial; Number

mmasm
iiFormv Class: iiilf

Ipipii
iillfti

303 923 435 IS 200 120 Yes

303 922 212 2S 200 240 Yes

303 923 424 2S 200 240

303 922 992 12S 200 120 ■ Yes Yes

Procedure:
The meter voltage and current inputs were tested to +4400 volts. The waveform was applied to all 
voltage and current inputs for a duration of 25 seconds, two times. The burst frequency was 400 kHz.

Configuration for the KeyTek ECAT system are shown in the following table for FM IS, 2S and 12S 
meters.

^tSetting^ ^Additionality M^^Additional^^^

Voltage 4400 Mode = List Polarity = Alt 1 each polarity

Duration 100 Mode = Fixed Units = Pulses

Frequency 400 kHz Mode = Fixed

Phase 0 degrees Mode = Fixed Sync = Line

Coupling Mode = List

Coupling List

L1 +

2 L3+

3 N+

4 L1+, L3+

5 L1+, N+
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Electric / Gas / Water
Inlotvi.Uicn coUecten. .mJ

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Parameter Additional-.li’i SiK«Aaditl6nali2^.«r.

6 L3+, N+ ... ..V/e'.Y.'.J*''j; w-a -J’. H--

7 L1+, L3+, N+

General Notes WSSMBM Mmmmmmmmsi.

Test Duration 25 Seconds

Wait Time 5 Seconds

Repeat 2 iMMSBB iillliiSilM ' X

Results:
All units passed this test requirement.
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Electric / Gas 1 Water
trnawMon eoUectwn Analysis jwtf

313 North Highway 11 
West Union. SC 29696 
(864) 638-8300 
www.itron.com

Effect of Electrical Oscillatory SWC

Testing for this requirement started on May 6, 2011 and concluded on May 9, 2011.

Reference: ANSI C12.1-2008 Section 4.7.3.11a

Purpose:
To verify meter integrity after the application of this SWC waveform.

Test 6 in the ANSI Test Sequence 

Units Included in this Test:

rSerial.-Numberi ^.orm>
§Pf
;ClassC
fim

gtesjte
fVpItage^ Sii§»li81!

303 923 434 IS 200 120 Yes

303 922 211 2S 200 240 Yes

303 923 423 2S 200 240
ppwii

303 922 991 12S 200 120 Yes Yes

Procedure:
This test subjects the power inputs of the metering device to repetitive bursts damped oscillatory waves 
with an initial crest of 2.5 kV for a duration of 2 minutes. The test shall be conducted utilizing the test 
equipment configurations and test conditions specified in IEEE C37.90.1-2002. The application points 
shall be Current and Voltage inputs for this particular meter.

Results:

All units passed this test requirement.
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Electric / Gas / Water
tnl.vinjtioi'colfa:t‘Sn rfdiJjvj fiiitJytlvMiOn

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of Radio Frequency Interference 

Testing for this requirement was conducted between May 16, 2011 and June 7, 2011 

Reference: ANSI C12.1-2008 Section 4.7.3.12 

Purpose:
This test will subject the meter to a range of radio frequencies to check for any abnormal interference, 

Units Included in this Test:

^Serial! Number^;
wmipM̂

ypttagel

303 923 348 IS 200 120
-'5>: „

303 923 437 IS 200 120 Yes muti
303 922 213 2S 200 240 Yes

303 923 426 2S 200 240 WMSSM
303 922 994 12S 200 120 Yes Yes

303 923 384 12S 200 120 Yes

Procedure:
The test sample was subjected to a linearly polarized wave of both vertical and horizontal polarization 
over the frequency and field strength ranges as shown in the following table.

200 kHz to 10 GHz 15 V/m, ±5 V/m

Procedure:
The test sample was subjected to both vertical and horizontal polarized continuous wave signals over a 
frequency range of 200 kHz-10 GHz with a field strength of 15 ±5 V/m. The field was generated by a 
linearly polarized antenna positioned vertically and again with the antenna positioned horizontally.

The test fixture was composed of a minimum amount of metal (or other EMI reflecting or absorbing 
material) capable of shielding or otherwise distorting the field in the vicinity of the test sample. The 
fixture allowed the test sample to be oriented in each of 10 orientations to allow both horizontal and 
vertical irradiation of the front, left side, right side, top, and bottom of the test sample.
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Electric ! Gas / Water
tfiwitutiOn iwtffi'ttf'tt Hit .iiji'ijtf'tf.ititn

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Below 1 GHz, the signal was 90% amplitude modulated with a 1.0 kHz sine wave. A continuous wave 
signal is used above 1 GHz. Beginning at 200 kHz, the scan rate will double the frequency no faster 
than every 200 seconds (0.005 octaves/second) through 10 GHz.

In each orientation, the fixture placed the test sample in a test volume in which the field strength 
remained within acceptable test limits. Our field strength was held closer to the 20 V/m level.

Results:
No abnormalities were noted while the meters were subjected to the RF fields. No extra energy 
accumulation or memory loss was noted. The meters performed successfully in accuracy testing after 
the Radio Frequency Interference test.

See file 11-0606 RFI HW 3.1 Single Phase 1S 2S 12S.pdf for additional information.

All units passed this test requirement.
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J/i.'.x/iutoi cctler.htH. .1'i.i'jsp.r .in/f.'
Electric / Gas / Water

VI

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Conducted and Radiated Emissions - FCC Part 15

Testing for this requirement was conducted April 21, 2011 thru April 26, 2011.

Reference: ANSI C12.1-2008 Section 4.7.3.13 

Purpose:
The purpose of the test is to show compliance to the Code of Federal Regulations (CFR) 47, Part 15— 
Radio Frequency Devices, Subparts A - General and B - Unintentional Radiators issued by the Federal 
Communications Commission for Class B emissions limits.

Procedure:
The meter will be classified as a Class B computing device for this test. The test shall be conducted 
with all cables connected, with all options and accessories specified, in a configuration closely 
resembling typical field in-service connections.

Units Included in this Test:

pffifisp
-Serial-Number’^

Mmm
Iforpra
iHilSIiSl

^Vottaget; iliKlM

303 922 213 2S 200 240 Yes

303 923 443 IS 200 120
spiipp

303 923 006 12S 200 120
aMpiiiP

Yes

Testing for this requirement was conducted at:

Advanced Compliance Solutions 
5015 B.U. Bowman Drive 
Buford, GA 30518

Results:

See file 11-0134 C14 11 B Conducted and Radiated HW 3.1 Single Phase 1S 2S 12S.pdf for additional 
information from ACS.

All units passed this test requirement
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Electric / Gas / Water
ttifowtAMfl ftile,:ten. .U-cV»

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of Electrostatic Discharge • ESD

Testing for this requirement started on May 6, 2011 and concluded on May 9, 2011.

Reference: ANSI C12.1-2008 Section 4.7.3.14 

Test 7 in the ANSI Test Sequence.

Purpose:
This test confirms the meters ability to withstand the application of a series of electrostatic discharges. 

Units Included in this Test:

ISerillfNurnBierl rEormS

ISpmm

^Voltages

pfiSSPiP

^Disconnect*;;:-:

303 923 434 IS 200 120 Yes r.--*.'1 - ':-V-

303 922 211 2S 200 240 Yes

303 923 423 2S 200 240
ISSIIIIff

303 922 991 12S 200 120 Yes Yes

Procedure:
This test was carried out according to IEC 61000-4-2 (2001), Electrostatic Discharge Requirements, 

under the following conditions:
Test Severity Level = 4 
Test Voltage = 15 kV
Number of Discharges at each test Point = 10

The discharge was applied to all surfaces accessible with the meter installed in a typical field installation. 
The ESD applications did not change any programmable variable or register value within the meter. The 
meter was subjected to 10 discharges of 15,000 volts to the following locations:

• Meter Cover
• Socket Box Enclosure (12 discharges, one at each hour on the clock)
• Optical Port Ring
• Relay/Demand Reset Switch

Results:
All units passed this test requirement.
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Electric / Gas / Water
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313 North Highway 11 
West Union, SC 29696 
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Effect of Electrostatic Discharge • ESD Southern California Edison Procedure

Testing for this requirement was conducted on May 4, 2011.

Reference: SCE Laboratory Testing Procedures for Metering Device Evaluation, Revision 2, dated May 31, 2006

Purpose:
This test confirms the meters ability to withstand the application of a series of electrostatic discharges.

Units Included in this Test:

Ipliflpipsiiitii •Sfetsl
iiismu* fyoltige* flblsconinects^MM

303 923 435 1S 200 120 Yes ifMSfMilll
303 922 212 2S 200 240 Yes

303 923 424 2S 200 240 liipistai
303 922 992 12S 200 120 Yes Yes

Procedure:

This test was carried out according to IEC 61000-4-2 (2001), Electrostatic Discharge Requirements, 

under the following conditions:

Test Voltage = 10 kV (Through Air Discharge Method)
Test Voltage = 15 kV (Through Air Discharge Method using 0.5 inch spacer)

Number of Discharges at each test Point = 10 (5 Positive & 5 Negative)

The discharge was applied to all surfaces accessible with the meter installed in a typical field installation. 
The ESD applications did not change any programmable variable or register value within the meter.

• Meter Cover
• Socket Box Enclosure
• Optical Port Ring
• Relay Reset Switch

Results:
All units passed this test requirement.
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Electric / Gas l Water
kmrinMion cellKlipn. .'n lij.vM .iiHt .ippiic.ilijn

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of Operating Temperature

Testing for this requirement started on May 20, 2011 and concluded on May 27, 2011.

Reference: ANSI C12.1-2008 Section 4.7 3.16 

Test 8 in the ANSI Test Sequence.

Purpose:
To subject the meter to a series of temperature cycles covering the operating range of the meter. The 
operating and storage range of the meter are the same.

Units Included in this Test:

wmmmm
llPiiv IPSP^

#SAi ^Test’at^
^vpJigg Disconnect:#

303 923 434 IS 200 120 Yes

303 922 211 2S 200 240 Yes

303 923 423 2S 200 240 SmKSMm
303 922 991 12S 200 120 Yes Yes

Procedure:
The meters, with their outer covers removed, were cycled every 24 hours to the following profile. The 
cycle was repeated six times for a total of seven days of temperature cycling between 85° C and -40° C 
Daily checks were made on the units for energy accumulation. On two of the days power was removed 
from the units. At the conclusion of the test proper operation of the meter was checked. A control meter 
was outside the test chamber and was used for comparison purposes.

Hours*)

25° C ramp to 85° C 3.25

Soak at 85° C 10.75

Ramp from 85° C to -40° C 525

Soak at -40° C 2.75
Ramp from -40° C to 25° C 2
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Electric l Gas / Water
latoinMioii I’jtfltrtif-n, .in.i/iTnf jwi.ipphesi.-on

Results

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Final Readings

vSerlaf Number; ^DeitakWh;;

iiigffjjg

'Calculated^;
•(kWK^usIngf
|||c5ontroiS§
M^NleterfastS

^References

^Difference)}!

303 923 434 455396 454318 0.237

303 922 211 471356 470516 0.179

303 923 423 471345 470516 0.176

303 922 991 454360 454666 0.067

Clock Accuracy During 48 Hour Outage 
Outage Length = 172800 seconds 
Specification of ±0.02% = ±34.56 seconds

1; Serial Number
^ ,r.

&

D,urinM48jHours^!,

NSGvertSecbndsIS;)

303 923 434 16

303 922 211 14

303 923 423 16

303 922 991 16

All energy readings were within acceptable limits as compared to the Control Unit and all information 
was maintained during the two day power outage. Clock accuracy on battery carryover was within the 
±0.02% requirement.

All units passed this test requirement.
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Electric! Gas / Water
Intjrmjtioii ivlltflian, .miiys's .intijpplic.tiian

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of Relative Humidity

Testing for this requirement started on May 31, 2011 and concluded on June 1, 2011. 

Reference: ANSI C12.1-2008 Section 4.7.3.17

Test 9 in the ANSI Test Sequence.

Purpose:
To subject the meter to a high temperature and humidity cycle. Our meter covers are removed for this 
test which places the meters in a more hostile environment.

Units Included in this Test:

mMMi
llSilS*

Mm
0pTfW

jpiBsfci

MW

sTestfatl
rypltaget ^DJscpnnpdt^

303 923 434 1S 200 120 Yes

303 922 211 2S 200 240 Yes

303 923 423 2S 200 240

303 922 991 12S 200 120 Yes Yes

Procedure:
The meters, with their outer covers removed, were subjected to the humidity profile as shown below. A 
control meter was outside the test chamber and was used for comparison purposes.

Profile:
1. Initial Point = 20° C, at 65 to 70 percent Relative Humidity (RH)
2. The temperature will be increased in a linear fashion to 85° C in approximately 3.25 hours. The 

humidity during this time will be maintained at approximately 70 percent.
3. During the next 1.0 hour, the temperature will be maintained at 85° C and the humidity will increase 

to 95 percent in a linear fashion.
4. The meters are at the soak condition and will stay at this condition for approximately 18 hours.
5. At the end of the soak time, the temperature will be decreased to 80° C and the humidity will be 

decreased to 75 percent in approximately 15 minutes.
6. For the next 3.0 hours the temperature will be decreased to 20° C while the humidity is maintained 

at 75 percent.
7. At this time the temperature and humidity will be held at 20° C, 75 percent for approximately 2 

hours.
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Results:

Electric / Gns / Water
Inlowuliaf cotttclinx jnd Jppbc.itiM

313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
www.itron.com

Final Readings

vSeriaiNumber'
>. .‘vt:‘r;,. *• ►s/vj/'n«.*.*-* . ! 
* r ^ ;

Delta kWh :
N f ? + ,<

7:Calculated'.v
'iKvffjyusingj;

-Reference's?

SiSSIS
^Differences

303 923 434 74965 74460 0.678

303 922 211 97421 96864 0.575

303 923 423 97111 96864 0.255

303 922 991 74512 74429 0.112

All energy readings were within acceptable limits as compared to the Control Unit. 

All units passed this test requirement.
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Electric / Gas / Water
ln!atm.i!ion collection. nnri jnp'.tcM'on

313 North Highway 11 
West Union. SC 29696 
(864) 638-8300 
www.itron.com

Temperature Extremes Testing

Reference: Internal Itron Requirement 

Purpose:
This test is designed to check the performance of the meter, including all option boards at the 

temperature extremes of-40 C and 85 C.

Units Included in this Test:

-SenalNumber
filiitissis

‘Til* n'a*>
Form

y&'isiw.',

eCiaSS* $oitaglf Disconnect*^

8811K

303 923 434 1S 200 120 Yes

303 922 211 2S 200 240 Yes

303 923 423 2S 200 240 MMMB
303 922 991 12S 200 120 Yes Yes

Procedure:

The meters, with their outer covers removed, were subjected to the following testing profile:

• Meter was connected to rated voltage and had Test Amps applied during this test.

• Ramp temperature chamber from 23° C to 85° C in approximately 1 hour. Soak at this temperature for 
at least 2 hours. During the soak time proper operation of the meter along with any option boards were 
verified. RFLAN and ZigBee operation was also included.

• The meter was then given a power outage towards the end of the soak time. Power shall be removed 
for 10 minutes then reapplied. Proper operation of the meter was verified once power was applied.

• Ramp temperature chamber from 85° C to -40° C in approximately 2 hours. Soak at this temperature 
for at least 2 hours. During the soak time proper operation of the meter along with any option boards 
were verified. RFLAN and ZigBee operation was also included.

• The meter was then given a power outage towards the end of the soak time. Power shall be removed 
for 10 minutes then reapplied. Proper operation of the meter was verified once power was applied.

All units passed this test requirement.
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Mechanical Shock

Testing for this requirement was conducted between May 25, 2011 and May 27, 2011.

Reference: ANSI C12.1-2008 Section 4.7.3.18 

Purpose:
This test shad determine the adequacy of the meter to withstand, during shipping or service, conditions 
involving relatively infrequent non-repetitive shocks.

Units Included in this Test:

splppISiS
isp

pfiSsI

feBSI#
mil —

303 923 436 IS 200 120 Yes

303 922 214 2S 200 240 Yes
§§i§iiiij

303 923 383 12S 200 120 Yes

Testing for this requirement was conducted at the following laboratory:

QUALTEST, INC.
5325 Old Winter Garden Road 
Orlando. FL 32811-1520

Procedure:
The test shall be conducted as described in IEC 60068-2-27 based on the following conditions:

* The meter device shall be non-operating and shall be without packaging.

* The meter device shall be rigidly mounted to a test fixture and the reference point for the control 
accelerometer shall be attached to the test fixture.

* Half sine pulse applied 3 times in each direction, for each of the 3 mutually perpendicular axes, for a 
total of 18 shocks.

* Peak acceleration shall be 15g (150 m/s2) with a duration of 11 ms with a corresponding velocity 

change of 1.0 m/s.

The test meter shall be verified before and after this test requirement for proper operation, including mechanical 
inspection and accuracy performance.
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Results:
S/N 303 923 436

^BeforeTesti^
^§-[;DjlFerenbe%."i:

FL % Registration 99.960 100.010 0.050
LL % Registration 100.020 99.938 -0.082
PF % Registration 99.940 100.022 0.082

S/N 303 922 214

.gsjBefoiieTest^l
mmmm

& Differe n ce^

FL % Registration 99.926 99.911 -0.015
LL % Registration 99.930 99.906 -0.024
PF % Registration 99.976 99.921 -0.055

S/N 303 923 383

^^%TestCdhd!tjon|'J^ft^ %|:fBeforeT«s.m4

FL % Registration 99.990 99.938 -0.052
LL % Registration 99.950 99.901 -0.049
PF % Registration 100.010 99.963 -0.047

QUALTEST has issued a report of their work. The report can be found in file JN07658RPT ITRON, lnc.pdf.

All units passed this test requirement.
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Interm.ition coUfctirn. tr.tt ifFhc-f.icn
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Transportation Drop - International Safe Transit Association

Testing for this requirement was conducted on April 25, 2011.

Reference: ANSI C12.1-2008 Section 4.7.3.19

Purpose:
This test shall determine the adequacy of the shipping container to protect the meter during transit after 
a series of drop tests as prescribed by the International Safe Transit Association.

Units Included in this Test:

;;^4rl4l'Nuimb#| fclBSfsmmflliill
303 923 433 IS 200 120 Ves iSMtiiS
303 922 210 2S 200 240 Yes

303 923 422 2S 200 240 lilllisi
303 922 990 12S 200 120 Yes Yes

Procedure:
The test will follow the latest release of the International Safe Transit Association Test Procedure 1A. 
Performance Test for Individual Packages-Products Weighing 150 lbs, or less under Drop Test.

Each meter in the test was verified to operate properly before the test and a percent registration check 
and other programmable functional checks will be performed. At the conclusion of the tests, a 
mechanical inspection was made and the electrical checks were again verified.

The metering device was in its intended final packaging. We tested a 4-Pack for this requirement.

The metering device was exposed to ten drops to a concrete floor in accordance with ASTM D775 
method A.

CENOPENWAYHW31SPAUG2011 Document Version 1 92

EXHIBIT G-1



Electric / Gas / Water
biftunotien WltcHtn Ml^Ki jrutjppltrjbtn

313 North Highway 11 
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Results:
Units were tested in the shipping package shown below according to the procedures in the ISTA 
standard. Mechanical inspection after the tests showed that no damage was done to any of the meters. 
Example registration results are shown in the following table.

Change in Percent Registration

■?&?:;Serial? Numbei&w 
•

stspissi
%&?'-Factori:e%

303 923 433 -0.019 -0.029 -0.018
303 922 210 -0.043 -0.035 -0.039
303 923 422 -0.005 -0.011 -0.003
303 922 990 0.010 0.035 0.061

All units passed this test requirement.
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Inhirm.ttion ftilltetien. .vn^stc .wrf .ipplieMiM
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Mechanical Vibration

Testing for this requirement was conducted between May 25. 2011 and May 27, 2011.

Reference; ANSI C12.1-2008 Section 4.7.3.20 

Purpose:
This test shall determine the adequacy of the meter to withstand, during shipping or in service, 
conditions involving vibration of a harmonic pattern generated primarily by rotating, pulsating, or 
oscillating forces.

Units Included in this Test:

Sefial'Number/
iftSifillmm

IfllSI ittiisml
1 %
1 l

303 923 436 1S 200 120 Yes
fl S'

1 *
303 922 214 2S 200 240 Yes i 1
303 923 383 12S 200 120 Yes

Testing for this requirement was conducted at the following laboratory:

QUALTEST, INC.
5325 Old Winter Garden Road 
Orlando, FL 32811-1520

Procedure.
The test shall be conducted as described in IEC 60068-2-6 based on the following conditions:

* The meter device shall be non-operating and rigidly mounted to a test fixture and the reference 
point for the control accelerometer shall be attached to the test fixture.

* The test shall be run over a frequency range of 10-350 Hz, with a sweep time of one octave per 
minute at 0.5 g (5m/s2) in each of 3 mutually perpendicular axes.

* The sweep time shall be 30 minutes in each axis.

The test meter shall be verified before and after this test requirement for proper operation, including 
mechanical inspection and accuracy performance.
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Results:
S/N 303 923 436

TestGonriition^^^Mi M'Beforp>Test>;^ [^jAfte r^Test Difference

FL % Registration 99.960 100.010 0.050
LL % Registration 100.020 99.938 -0.082
PF % Registration 99.940 100.022 0.082

S/N 303 922 214

'^BeforerTi®8^--5. iSpipSi ^Differences,

FL % Registration 99.926 99.911 -0.015
LL % Registration 99.930 99.906 -0.024
PF % Registration 99.976 99.921 -0.055

S/N 303 923 383
J^D^rencei'^*

FL % Registration 99.990 99.938 -0.052
LL % Registration 99.950 99.901 -0.049
PF % Registration 100.010 99.963 -0.047

QUALTEST has issued a report of their work. The report can be found in file JN07658RPT ITRON. Inc.pdf.

All units passed this test requirement.
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Transportation Vibration - International Safe Transit Association

Testing for this requirement was conducted on April 25, 2011.

Reference: ANSI 012.1-2008 Section 4.7.3.21 

Purpose:
The metering device, packaged in its intended final packing container shall pass the test requirements 
described in the International Safe Transit Association, Pre-Shipment Test Procedures, Test B.1, 
Vibration.

Units Included in this test:

? Serja kNum pbrS

iliRM.

CVoifaijjef fee#®

303 923 433 IS 200 120 Yes

303 922 210 2S 200 240 Yes

303 923 422 2S 200 240

303 922 990 12S 200 120 Yes Yes

Procedure:
The test followed the latest release of the International Safe Transit Association Test Procedure 1A, 
Performance Test for Individual Packages-Products Weighing 150 lbs, or less under Vibration Test. 
This test exposes the metering device, packaged for shipment, to transportation vibration, for 
approximately one hour, and is in accordance with ASTM D999.

Each meter in the test was verified to operate properly before the test and a percent registration check 
and other programmable functional checks will be performed. At the conclusion of the tests, a 
mechanical inspection was made and the electrical checks were again verified.

The metering device was in its intended final packaging. We tested a 4-Pack for this requirement.
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313 North Highway 11 
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Units were tested in 4-pack shipping containers according to the procedures in the ISTA standard. 
Mechanical inspection after the tests showed that no damage was done to any of the meters. Example 
registration results are shown in the following table.

Results:

Change in Percent Registration

^s^lspadiiJm
f i'KPbwer < .

303 923 433 -0.014 0.002 -0.003
303 922 210 0.024 0.017 0.007
303 923 422 0.015 0.015 0.005
303 922 990 -0.013 0.007 0.077

All units passed this test requirement.
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313 North Highway 11 
West Union, SC 29696 
(864) 638-8300 
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Weather Simulation

Testing for this requirement started on June 8, 2011 and concluded on June 27, 2011.

Reference: ANSI C12.1-2008 Section 4.7.3.22 

Purpose:
This test will determine the ability of the meter, when used in a normal field installation, to withstand 
ultra violet/fresh water spray environments as defined by the Standard. The meters will be designed for 
outdoor installations.

Units Included in this Test:

Procedure:
This test is intended for devices used in outdoor applications.

The meter shall be exposed to a series of 2 hour weathering cycles for a total of 14 days in accordance 
with Exposure condition 1 ofTable X3.1 of the 1998 edition of ASTM G155.

* Each 2 hour cycle shall consist of 102 minutes of light exposure followed by 18 minutes of both light 
and water spray.

* The light source shall be a xenon-arc lamp utilizing borosilicate glass inner and outer optical 
filters to simulate the spectral power distribution of natural daylight. The irradiance measured at
340 nm shall be maintained at 0.35 W/ throughout the test. During the light-only portion of the

0
cycle, the black panel temperature shall be maintained at 63 C.

* The water spray shall be applied to the metering devices under test using spray nozzles 
adjusted so that the water is sprayed onto the surfaces of the test samples that are normally 
exposed to the weather.

Results:
After this test, covers, terminal covers were readily removable. There was no progressive corrosion or 
electrolytic action that would adversely affect the function of any part of the apparatus. There was no 
evidence of deleterious discoloration or fading of finishes or materials.
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S/N 303 923 436 After Weather Simulation Cycle
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313 North Highway 11 
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S/N 303 922 214 After Weather Simulation Cycle
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313 North Highway 11 
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S/N 303 923 383 After Weather Simulation Cycle

All units passed this test requirement.
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Salt (Fog) Spray

Testing for this requirement was started on July 19, 2011 and concluded on July 21,2011.

Reference: ANSI C12.1-2008 Section 4.7.3.23 

Purpose:
This test will determine the ability of the meter, when used in a normal field installation, to withstand 
salt-spray environments as defined by the Standard. The meters will be designed for outdoor 
installations.

Units Included in this Test:

IRorji)*
jam

jClassi

303 923 436 1S 200 120 Yes
galls

303 922 214 2S 200 240 Yes

303 923 383 12S 200 120
tips

Yes

Procedure:
The meter shall be mounted in its normal operating position in a salt-spray chamber and subjected to a 
25 hour salt-spray in accordance with the current edition of ASTM B117.

Results:
After this test, all outer meter covers, and terminal covers shall be readily removable. There shall be no 
progressive corrosion or electrolytic action that will adversely affect the functioning of any part of the 
apparatus.
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313 North Highway 11 
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M5-1 S/N 303 923 436 After Salt Fog Cycle
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Menu:,!,sn estlff.M.u. .tn.ily;', !;i('

313 North Highway 11 
West Union, SC 29696 
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MS-3 S/N 303 923 383 After Salt Fog Cycle

V +

All units passed this test requirement.
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Monn.'t'Dn cutltelira, .Mtt jrj'ir.ii’C.n
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Raintightness

Testing for this requirement was conducted on June 28, 2011.

Reference: ANSI C12.1-2008 Section 4.7.3.24 ■

Purpose:
This test will determine the ability of the meter, when used in a normal field installation, to withstand wet 
weather environments as defined by the Standard. The meters will be designed for outdoor 
installations.

Units Included in this Test:

1SI1
flip

pig
SllSltl mmmmmIi BttlliiSmtml»sii

303 923 436 IS 200 120 Yes
iimSsm

303 922 214 2S 200 240 Yes ItitlSilft

303 923 383 12S 200 120 Yes

Procedure:
When mounted in its normal operating position in or on a meter mounting intended for outdoor 
installation a metering device shall pass the test described in UL 50, “Rain Test" under the Performance 
section of the UL standard. Meter tested as a type 3R device.

The water-spray-test apparatus is to consist of three spray heads mounted in a water supply pipe rack 
as shown in Figure 30.1. Spray heads are to be constructed in accordance with the details shown in 
Figure 30.2. The enclosure is to be set up as in a normal installation with conduit connections - without 
pipe compound - if so intended. The enclosure is to be positioned in the focal area of the spray heads 
so that the greatest quantity of water is likely to enter the enclosure. The water pressure is to be 
maintained at 5 pounds per square inch (34.5 kPa) at each spray head. The enclosure is to be exposed 
to the water spray for 1 hour.

CENOPENWAYHW31SPAUG2011 Document Version 1 109

EXHIBIT G-1



Electric / Gas / Water
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42 ENCLOSURES FOR ELECTRICAL EQUIPMENT - UL 5D OCTOBER 19,1995

figure 30.1
Rain-test spray-head piping

PLAN VIEW

A i -- ---------------------------------------  A

PIEZOMETER ASSEMBLY

DETAIL 'a'

Item mm inch

A 710 28

B 1400 55

C 55 2-1/4

D 250 9
E 75 5

Results:
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313 North Highway 11 
WestUnion.SC 29696 
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Raintightness Setup
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S/N 303 923 436 After Raintightness Test
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Electric / Gas i Water
InlzintMitHi coHictitn, jinlysis jnif .ippkeMion

S/N 303 923 383 After Raintightness Test

At the conclusion of this test no water was visible inside the meter enclosures. 

All units passed this test requirement.
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FCC and industry Canada Radio Certification Reports

Part 15 Subpart C of the FCC’s Code of Federal Regulations and Industry Canada’s Radio Standards 
Specification RSS-210 for Certification of a single limited modular approval.

Testing for these certifications was conducted at:

Advanced Compliance Solutions 
5015 B.U. Bowman Drive 
Buford, GA 30518

The following files contain the reports for FCC and Industry Canada Radio Certifications for the LAN and 
ZigBee radios.

AMI7 RF Exposure.pdf- RF Exposure report from ACS

AMI7 RFLAN.pdf- Certification report from ACS for the 900 MHz LAN radio

AMI7 Ziabee.odf- Certification report from ACS for the 2.4 GHz ZigBee radio
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Section 2 - Tests Results

Insulation

Testing for this requirement started on July 20, 2011 and concluded on July 21, 2011.

Reference: ANSI C12.1-2008 Section 4.7.3.1 

Purpose:
To verify that adequate insulation exists to withstand a minimum sinusoidal RMS voltage of 2.5 kV 
between accessible parts of the meter and all current carrying lines.

Units Included in this Test:

Silt iSilf
saw

8Tes|a§

^Vottagefe
BBIBI

304150724 IS 200 120 Yes
iBSil

304150711 2S 200 240 Yes

304150719 2S 200 240

304150718 12S 200 120 Yes Yes

Procedure:
All voltage and current lines were tested. The test level was 2500 volts, AC, 60 Hz for a duration of one 
minute. The trip current, which is the level in which a failure will be indicated, was set to 1.0 mA for all 
test points.

Results:
All units passed this test requirement.
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West Union, SC 29696 
(864) 638-8300 
www.itron.com

Effect of High Voltage Line Surges Combination Waveform - Southern California Edison Procedure

Testing for this requirement was conducted on July 25, 2011.

Reference: SCE Laboratory Testing Procedures for Metering Device Evaluation, Revision 2, dated May 31,2006 

Purpose;

The metering device shall meet the AC Line Surge Requirements of ANSi/IEEE C62.41 for a Category 
A and B location. The required waveform is the 1.2/50 microsecond - 8/20 microsecond Combination 
Wave. A peak current of 3000 amps is available during the surge.

Units Included in this Test:

pliplpl
jpdrm' IClasss

IIPPM
?^Tes|^

mm
fHHH

304150724 1S 200 120 Yes

304150711 2S 200 240 Yes
umII

304150719 2S 200 240

304150718 12S 200 120 Yes Yes

Procedure:

The Southern California Edison procedure is broken down into 3 voltages as shown below:

4 kV Test

Peak voltage was set to 4 kV and the surge applied from 0° to 360°, every 10°, at each of the 
coupling arrangements shown in the table. Wait time between surges was 15 seconds.

5 kV Test

Peak voltage was set to 5 kV and the surge applied from 0° to 180°, every 15°, at each of the 
coupling arrangements shown in the table. Wait time between surges was 15 seconds

6 kV Test

Peak voltage was set to 6 kV and the surge applied from 0° to 180°, every 15°, at each of the 
coupling arrangements shown in the table. Wait time between surges was 15 seconds.
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Coupling Arrangement FM 1S and 2$

L1,L2 to PE
LI to L2

Coupling Arrangement FM 12S

Results:
All units passed this test requirement.
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Inlorrulion fpUer.twn An.ilys'S JMf .‘tpur.-.Mn
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West Union, SC 29696 
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Effect of High Voltage Line Surges 100 kHz Ring Waveform - Southern California Edison Procedure

Testing for this requirement started on July 23, 2011 and concluded on July 24, 2011.

Reference: SCE Laboratory Testing Procedures for Metering Device Evaluation, Revision 2, dated May 31, 2006

Purpose.
This test is a check for proper operation after the application of a series of high voltage and current 
waveforms, 0.5 mS, 100 kHz ringing waveform as described in ANSI C62.45-1992.

Units Included in this Test:

^SerlaliN limber" iFpnnv'
i&t%%

sipsi
rClassJ

Slliflfmsum
ItSiSlS

304150724 1S 200 120 Yes

304150711 2S 200 240 Yes

304150719 2S 200 240

304150718 12S 200 120 Yes Yes

Procedure:

The Southern California Edison procedure is broken down into 3 voltages as shown below:

4 kV Test

Peak voltage was set to 4 kV and the surge applied from 0° to 360°, every 10°, at each of the 
coupling arrangements shown in the table. Wait time between surges was 15 seconds.

5 kV Test

Peak voltage was set to 5 kV and the surge applied from 0° to 180°, every 15°, at each of the 
coupling arrangements shown in the table. Wait time between surges was 15 seconds.

6 kV Test

Peak voltage was set to 6 kV and the surge applied from 0° to 180°, every 15°, at each of the 
coupling arrangements shown in the table. Wait time between surges was 15 seconds.
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Coupling Arrangement FM 1S and 2S

LI, L2 to PE
L1 to L2

Coupling Arrangement FM 12S

LI, L2, & N to PE
LI, L2 toN

Results:
All units passed this test requirement.
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Electrical Fast Transient Test - Southern California Edison Procedure

Testing for this requirement was conducted on July 27, 2011.

Reference: SCE Laboratory Testing Procedures for Metering Device Evaluation, Revision 2, dated May 31, 2006 

Purpose:
To verify meter integrity after the application of this fast transient waveform. The waveform is described 
in IEC 61000-4-4 (2004-07).

Units Included in this Test:

Serial Nun)hei£
jfpStsa ppg

iSIMi

304150724 IS 200 120 Yes

304150711 2S 200 240 Yes

304150719 2S 200 240

304150718 12S 200 120 Yes Yes

Procedure:
The meter voltage and current inputs were tested to +4400 volts. The waveform was applied to all 
voltage and current inputs for a duration of 25 seconds, two times. The burst frequency was 400 kHz.

Configuration for the KeyTek ECAT system are shown in the following table for FM 1S, 2S and 12S 
meters,

tAdditiomi^s

Voltage 4400 Mode = List Polarity = Alt 1 each polarity

Duration 100 Mode = Fixed Units = Pulses

Frequency 400 kHz Mode = Fixed ^aiiSgaSSiSilif

Phase 0 degrees Mode = Fixed Sync = Line

Coupling SSSiiitl Mode = List

Coupling List mssmsm iiiSiSifi

1 L1 + mmmm

2 L3+ ft*; 'i1 ^
3 N+ fmmmxmmmmm

4 L1+, L3+ wmsmmmmmmm

5 L1+, N+
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Effect of Electrical Oscillatory SWC

Testing for this requirement was conducted on July 25, 2011.

Reference . ANSI C12.1-2008 Section4.7 3.11a

Purpose:
To verify meter integrity after the application of this SWC waveform.

Units included in this Test:

lllll
jplj^

sMesfeafts

assiiafei
304150724 is 200 120 Yes

Wk&mtkhr&ii#

304150711 2S 200 240 Yes

304150719 2S 200 240

304150718 12S 200 120 Yes Yes

Procedure:
This test subjects the power inputs of the metering device to repetitive bursts damped oscillatory waves 
with an initial crest of 2.5 kV for a duration of 2 minutes. The test shall be conducted utilizing the test 
equipment configurations and test conditions specified in IEEE C37.90.1-2002. The application points 
shall be Current and Voltage inputs for this particular meter.

Results:

All units passed this test requirement.
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Effect of Electrostatic Discharge - ESD Southern California Edison Procedure

Testing for this requirement was conducted on July 27, 2011.

Reference: SCE Laboratory Testing Procedures for Metering Device Evaluation, Revision 2. dated May 31, 2006

Purpose:
This test confirms the meters ability to withstand the application of a series of electrostatic discharges. 

Units Included in this Test:

Pi®!SIM
smi

1811

SIMMs
ti *».•; v, .«.
HSlBgSlS

304150724 IS 200 120 Yes

304150711 2S 200 240 Yes

304150719 2S 200 240

304150718 12S 200 120 Yes Yes

Procedure:

This test was carried out according to IEC 61000-4-2 (2001), Electrostatic Discharge Requirements, 

under the following conditions:

Test Voltage = 10 kV (Through Air Discharge Method)
Test Voltage = 15 kV (Through Air Discharge Method using 0.5 inch spacer)

Number of Discharges at each test Point = 10 (5 Positive & 5 Negative)

The discharge was applied to all surfaces accessible with the meter installed in a typical field installation. 
The ESD applications did not change any programmable variable or register value within the meter.

• Meter Cover
• Socket Box Enclosure
• Optical Port Ring
• Relay Reset Switch

Results:
All units passed this test requirement.
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NOTICE OF COMPLETION 
AND

AUTHORIZATION TO APPLY THE UL MARK

05/30/2015
Itron Inc
Mr. LARRY O'DELL
313 N Highway 11
West Union Sc 29696-2706, Us

Our Reference: File E47Q764, Vol. 1 Project Number 4786755348

Your Reference: 74.131

Project Scope: Quote for UL2735- Safety; UL Listing for Centron OpenWay and C12.19 Series Meters

Dear Mr. LARRY O'DELL:

Congratulations! UL's investigation of your product(s) has been completed under the above Reference Number and 
the product was determined to comply with the applicable requirements. This letter temporarily supplements the UL 
Follow-Up Services Procedure and serves as authorization to apply the UL Mark at authorized factories under UL's 
Follow-Up Sen/ice Program. To provide your manufacturers) with the intended authorization to use the UL Mark, 
you must send a copy of this notice to each manufacturing location currently authorized under File E470764, Vol. 1 
and including any special instructions as indicated in the addendum to this letter.

Records in the Follow-Up Services Procedure covering the product are now being prepared and will be sent in the 
near future. Until then, this letter authorizes application of the UL Mark for 90 days from the date indicated above.

Additional requirements related to your responsibilities as the Applicant can be found in the document “Applicant 
responsibilities related to Early Authorizations" that can be found at the following web-site:
httD://www. ul.com/EAResponsibilities

Any information and documentation provided to you involving UL Mark services are provided on behalf of UL LLC 
(UL) or any authorized licensee of UL

We are excited you are now able to apply the UL Mark to your products and appreciate your business. Feel free to 
contact me or any of our Customer Service representatives if you have any questions.

Very truly yours,

John H. Wetlhouse II
919-549-1466
Senior Project Engineer
John.H.Wellhouseli@ul.com

Reviewed by:

Bruce A. Mahrenholz 
847-664-3009 
CPO Director
Bruce.A.Mahrenholz@ul.com

NBKB07F-59EAC3
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This is an electronically generated letter. Signatures are not required for this document to be valid.
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IPI ADDENDUM

NOTICE OF COMPLETION 
AND

AUTHORIZATION TO APPLY THE UL MARK

Our Reference: File E470764, Vol. 1 Project Number 4786755348

Your Reference: 74131

Project Scope: Quote for UL2735- Safety; UL Listing for Centron OpenWay and C12.19 Series Meters

This addendum covers products manufactured at the following location:

ITRON INC
MR. LARRY O'DELL
313 N HIGHWAY 11
WEST UNION , SC 29696-2706
US
Subscriber #: 133768001 
Party Site #: 549004

Before you may begin shipping product with the UL Mark at the above manufacturing locations, an Initial Production 
Inspection (IPI) must be successfully performed by a UL representative at the location.

The IPI is intended to confirm that your manufacturing location is capable of producing a product in accordance with 
UL s requirements YOU MAY NOT SHIP PRODUCTS WITH THE UL MARK UNTIL THE IPI HAS BEEN 
COMPLETED AND UL HAS FOUND THE PRODUCTS AT THE FACTORY TO COMPLY WITH OUR 
REQUIREMENTS. Once the IPI has been successfully completed, you will be granted authorization to ship products 
bearing the UL Mark.

Instructions for the IPI will be sent to our inspection center nearest to you. The inspection Center will contact you 
shortly to make arrangements for the IPI.
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FCC - OET TCB Form 731 Grant of Equipment Authorization Page 1 of 1

TCB

Itron, Inc.

313 North Highway 11 

West Union, SC 29696

GRANT OF EQUIPMENT 
AUTHORIZATION

Certification
Issued Under the Authority of the 

Federal Communications Commission 

By:

TCB

TUV SUD America Inc. 
10 Centennial Drive 
Peabody, MA 01960

Date of Grant: 05/06/2011 

Application Dated: 05/05/2011

Attention: Lee Littlejohn , Compliance Engineer

NOT TRANSFERABLE

EQUIPMENT AUTHORIZATION is hereby issued to the named GRANTEE, 
and is VALID ONLY for the equipment identified hereon for use under the 
Commission's Rules and Regulations listed below.

FCC IDENTIFIER: SK9AMI7
Name of Grantee: Itron, Inc.
Equipment Class: Part 15 Spread Spectrum Transmitter 
Notes: AMI7 Module
Modular Type: Limited Single Modular

Frequency Output Frequency Emission
Grant Notes FCC Rule Parts Ranae (MHZ) Watts Tolerance Desionator

15C 902.25 - 927.75 0.6B4

15C 909.6 • 921.8 0.689

Limited Modular Approval. Power listed is conducted. This device must be 
professionally installed and is limited to installation for mobile and fixed applications 
only. This grant is valid only when the device is installed by the grantee or 
contractors employed by the grantee who are instructed to ensure that the end-user 
has no manual instructions to remove or install the device. The transmitter must be 
installed to provide a separation distance of at least 20 cm from all persons and must 
not be co-located or operating in conjunction with any other antenna or transmitter. 
Installers and end-users must be provided with transmitter operation conditions for 
satisfying RF exposure compliance.

EXH,BIT M
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FCC - OET TCB Form 731 Grant of Equipment Authorization Page 1 of 1

TCB

Itron, Inc.

313 North Highway 11 

West Union, SC 29696

GRANT OF EQUIPMENT 
AUTHORIZATION

Certification
Issued Under the Authority of the 

Federal Communications Commission 

By:

TCB

TUV SUD America Inc. 
10 Centennial Drive 
Peabody, MA 01960

Date of Grant: 05/06/2011 

Application Dated: 05/05/2011

Attention: Lee Littlejohn , Compliance Engineer

NOT TRANSFERABLE
EQUIPMENT AUTHORIZATION is hereby issued to the named GRANTEE, 
and is VALID ONLY for the equipment identified hereon for use under the 
Commission's Rules and Regulations listed below.

Grant Notes

FCC IDENTIFIER: SK9AMI7
Name of Grantee: Itron, Inc.
Equipment Class: Digital Transmission System
Notes: AM 17 Module
Modular Type: Limited Single Modular

Frequency Output Frequency Emission
FCC Rule Parts Range (MHZ) Watts Tolerance Designator

15C 2405.0 - 2475.0 0.065

Limited Modular Approval. Power listed is conducted. This device must be 
professionally installed and is limited to installation for mobile and fixed applications 
only. This grant is valid only when the device is installed by the grantee or 
contractors employed by the grantee who are instructed to ensure that the end-user 
has no manual instructions to remove or install the device. The transmitter must be 
installed to provide a separation distance of at least 20 cm from all persons and must 
not be co-located or operating in conjunction with any other antenna or transmitter. 
Installers and end-users must be provided with transmitter operation conditions for 
satisfying RF exposure compliance. Device must transmit with a source-based-time- 
averaged duty cycle not to exceed 27%.
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Privacy Policy | Duquesne Light Company Page 1 of 4

Effective Date: January 17* 2019

Duquesne Light Company (DLC) values its customers and takes seriously its responsibility to protect its 

customer data. This Privacy Policy applies directly to DLC and its employees, and also sets forth DLC's 

expectations with respect to its business partners, agents, contractors, and affiliates.

DLC has developed this Privacy Policy to help its customers understand how it accesses, collects, 

stores, uses, and discloses Customer Information, including personally identifiable information (Pll) and 

consumer-specific energy usage data (CEUD), collectively referred to as Customer Information.

For these purposes, Pll is defined as information which, by itself, identifies a specific person or provides 

sufficient information to contact a person. CEUD is information about a customer’s energy usage when 

associated with any information that can reasonably be used to identify the customer. CEUD is collected 

by DLC’s metering system and through customers’ participation in energy efficiency programs, 

renewable energy programs, and demand side management.

DLC collects and retains Customer Information that is reasonably necessary for DLC to service its 

customers, effectively manage its business operations, and meet its regulatory and compliance 

obligations.

As required by the Pennsylvania Public Utility Commission (PAPUC), DLC provides Customer Information 

to third party electricity suppliers to enable them to offer DLC customers electricity at competitive rates.

Unless otherwise prohibited by law, DLC may share Customer Information with third parties with whom it 

has a business relationship, such as affiliate companies, business partners, and contractors, or when 

that information is reasonably necessary for DLC business operations, such as:

• Answering a customer inquiry, including through an agent, attorney or legislative representative

• Providing or supporting a requested product or service

• Fulfilling the operational needs of the electrical system or grid

• Providing services as required by state or federal law or as authorized, ordered, or directed by 

the PAPUC or by other regulatory entities

• Providing or billing for electrical service, including the collection of payment

• Investigating, resolving and managing legal claims

• Responding to PAPUC questions or concerns Planning, operating, and evaluating special 

programs, such as energy conservation, demand response, energy efficiency, or custome 

assistance

Nothing in this Privacy Policy shall limit the rights of any customer under the PAPUC, or other applicable 

regulations to restrict the release of Customer Information. DLC does not sell or rent Customer 

Information to third parties that do not have a business relationship with DLC. However, if DLC reaches 

an agreement in principle to sell its assets as part of a merger or acquisition, DLC may provide Customer

EXHIBIT
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Privacy Policy | Duquesne Light Company Page 2 of 4

Information to the other parties in the transaction, including prior to the closing of the transaction. Such 

Customer Information also may form part of the business assets that are subject to the sale or merger. In 

that circumstance, this Privacy Policy would still apply to Customer Information unless notice of a 

changed Privacy Policy is provided by the purchaser and, to the extent that consent is required for a 

new proposed use, appropriate consent is given. Customer Information may also be transferred as part 

of corporate reorganization.

DLC may collect and maintain information pertaining to children under the age of 13 when required for 

customer assistance programs or other business purposes; however, such information is not knowingly 

collected from minors directly.

DLC may disclose Customer Information when required by law or to comply with a judicial proceeding, a 

subpoena, a court order or other legal process. DLC also may disclose Customer Information when 

reasonably necessary to comply with an order or direction from the PAPUC. DLC will disclose customer 

information with an authorization or request from the customer.

DLC has implemented administrative, technical, and physical safeguards, as well as third party 

management controls and limitations on data shared, designed to protect Customer Information from 

unauthorized access, use, modification, or disclosure. While no set of controls can provide absolute 

security, these measures reflect the value that DLC places on Customer Information. DLC will retain 

Customer Information for as long as is reasonably necessary to meet its business needs and regulatory 

and compliance obligations.

AGGREGATE AND PUBLIC INFORMATION

DLC may aggregate multiple customers' CEUD in various formats so that individual customer’s CEUD 

remains anonymous. Similarly, DLC maintains certain non-privileged, publicly available information about 

its customer base. This information may include general characteristics of the DLC customers’ total load 

and generation mix as well as general information regarding rates and customer participation in various 

programs.

This aggregated information and public information relates to electricity usage of groups of customers 

or broad categories of customers (e.g. industrial business, residential, etc.). The information is collected 

from a sufficiently large group of customers so as to make it highly improbable that the third party 

receiving such information could deduce the identities and/or electricity usage of individual customers.

DLC uses this information for various purposes, including analyzing rates and rate structures, evaluating 

energy usage demand needs, and determining potential changes within a geographic area. This 

aggreQQted and public information is not considered Customer Information and is not covered by this 

Privacy Policy.

INFORMATION ABOUT THE DLC WEBSITE AND MOBILE APPLICATION

DLC automatically collects certain information from visitors to the DLC website and users of the DLC 

mobile application, including browser information, domain names, the date and time a visitor accesses 

the website or mobile application, information viewed while visiting the website or mobile application, 

carrier providers, a unique device identifier (a string of alphanumeric characters (similar to a serial 

number) used to uniquely identify and distinguish each mobile phone or other wireless communications

EXHIBIT 1-1
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device.), geo-location information (if allowed by the user), the types of mobile devices accessing the 

mobile application, and the types of operating systems accessing the mobile applications. This 

information is used for statistical purposes, to measure the use of the website or mobile application, to 

improve its content and DLC's customer service, and to diagnose and correct technical problems. Some 

DLC website pages may use “cookies.” A cookie is a piece of data stored on a visitor’s computer that 

helps DLC improve access to the site and make it more user friendly and customize information. If 

desired, visitors should follow their browser’s instructions to delete and/or block cookies.

DLC also may administer surveys from the DLC website or mobile application to gather information 

about its customers and their use of energy or related products and services, or to obtain customer 

views on other matters to help DLC provide better customer service. Participation in these surveys is 

voluntary.

The DLC website and mobile application may contain links to other websites or mobile applications that 

may be of interest or benefit to its customers and others. DLC is not responsible for the content or 

privacy practices of these other websites or mobile applications.

Accessing DLC mobile application using biometric authentication tools.

Customers may choose to access their DLC mobile application account using Pace )D or Touch ID 

(Apple), Trusted Face or Fingerprint (Android), or other biometric authentication tools available to them 

through their mobile device. Currently, the DLC mobile application is available for download in the Apple 

App Store and Google Play store and is designed to work with Apple’s Face ID and Touch ID, as well 

Android’s Trusted Face and Fingerprint biometric authentication tools (“Biometric Authentication Tools”). 

Customers can access their DLC account through the DLC mobile application using the Biometric 

Identification Tools if (i) their mobile device supports the Biometric Authentication Tools, and (ii) they 

enable the Biometric Authentication Tools functionality on their mobile device and confirm that they 

want to use the Biometric Authentication Tools to sign into their DLC account through the DLC mobile 

application.

Face ID and Touch ID are authentication tools provided by Apple and are governed by Apple’s policies 

related to their use. Apple’s policies and information concerning Face ID can be accessed here, and 

Apple’s policies and information concerning Touch ID can be accessed here. Similarly, Trusted Face and 

Fingerprint are authentication tools offered on many Android mobile devices and are governed by 

Android’s security best practices and policies, accessible here.

DLC has no control over the Biometric Authentication Tools and does not have access to any customer 

biometric data that may be retained by such tools. DLC is not responsible for any issues arising from a 

customer’s decision to use the Biometric Authentication Tools to access his or her DLC account, and 

DLC shall not be liable for any unauthorized access to or unauthorized use of a customer’s biometric 

data or other Customer Information that is caused by a customer’s use of the Biometric Authentication 

Tools.

CHANGES AND INFORMATION

DLC regularly reviews its policies and will notify customers of any changes to this Privacy Policy through 

updates on the DLC website or mobile application.
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For questions, concerns or more information about DLC's Privacy Policy or Customer Information, please 

contact a DLC Customer Service Representative:

By Telephone: 412-393-7100 press option 3-1-1

By Email: privacy@duqlight.com

By Mail: Duquesne Light Company

Customer Service Representative - Privacy Maildrop 6-1 

411 Seventh Avenue 

Pittsburgh, PA 15219
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Acronyms and Abbreviations

°c Degrees Celsius

AAEM American Academy of Environmental Medicine

AGNIR Advisory Group on Non-ionising Radiation

AMI Advanced metering infrastructure

AMR Automated meter reading

ARPANSA Australian Radiation Protection and Nuclear Safety Agency

BIR Bioinitiative Report

BIWG Bioinitiative Working Group

COST California Council on Science and Technology

CDMA Code Division Multiple Access

EMF Electromagnetic fields

EPA Environmental Protection Agency

EPRI Electric Power Research Institute

FCC Federal Communications Commission

FDA Food and Drug Administration

GHz Gigahertz

GSM Global System for Mobile Communication

1ARC International Agency for Research on Cancer

ICES International Committee on Electromagnetic Safety

ICNIRP International Commission on Non-Ionizing Radiation Protection

IEEE Institute of Electrical and Electronic Engineers

IEI-EMF Idiopathic environmental intolerance attributed to EMF

kHz Kilohertz
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MHz Megahertz

mW/cm2 Milliwatts per square centimeter

MPE Maximum permissible exposure

NCRP National Council for Radiation Protection

NTP National Toxicology Program

PUC Public Utilities Commission

SAR Specific absorption rate

RF Radiofrequency fields

UCLA University of California in Los Angeles

WHO World Health Organization

W/kg Watts per kilogram

W/m2 Watts per square meter
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Summary of Opinions in the Edwards Matter

Based on my knowledge and familiarity with the relevant scientific literature, including the 

relevant weight-of-evidence reviews conducted by a number of international multidisciplinary 

expert panels, and the case materials presented to me in relation to the Complaint filed with the 

Pennsylvania Public Utility Commission against Duquesne Light Company on behalf of 

Miranda Grace Edwards {Edwards matter), my opinions are as follows:

1. A causal relationship is not established between environmental exposure to radiofrequency 

(RF) fields, including RF fields specifically from smart meters owned and operated by 

Duquesne Light Company, and adverse human health effects, including cancer or non­

cancer health outcomes, as claimed in the Complaint and other submissions by the 

Complainant.

2. Exposure to RF fields estimated in the Edwards residence as a result of the operation of 

smart meters or from other common sources found within or outside a typical residence does 

not have any proven adverse effect on health.

3. The materials included in the Complaint or other submissions by Ms. Edwards do not 

provide a basis to reach a valid scientific conclusion that low-level RF exposure, including 

the RF fields associated with the operation of smart meters, causes or contributes to the 

development of any adverse health effects, including cancer and non-cancer health 

outcomes.

4. Scientific research does not support the claim that exposure to RF fields from smart meters 

has any proven adverse effect on health, thus, there is no support to the claim that RF fields 

from smart meters would adversely affect the health of Ms. Edwards, or others at the 

Edwards residence.

My opinions are expressed herein to a reasonable degree of scientific and medical certainty. I 

reserve the right to revise my opinions as more information becomes available.

1
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Introduction and Purpose

On June 14, 2018, a Complaint was Filed in the Edwards matter. Among other complaints, Ms. 

Edwards alleges health efTects from exposure to RF electromagnetic fields (EMF) from smart 

meters.

The Counsel for Duquesne Light Company has asked me to evaluate case documents and the 

relevant scientific literature in relation to the Edwards matter. I was specifically asked to 

provide an overview of the scientific evidence on potential health effects of RF fields, evaluate 

whether exposure to RF fields from the smart meters owned and operated by Duquesne Light 

Company near the Edwards residence presents any health risk to Ms. Edwards or others, and 

provide a scientific evaluation of documents and other information submitted in this matter.

This report summarizes my findings and opinions based on my professional qualifications, work 

experience, knowledge of the scientific literature on RF exposure assessment, epidemiology 

related to RF exposure and related scientific fields, and the case documents I have reviewed in 

this matter. The specific materials I received from Duquesne Light Company in this matter, and 

which I reviewed, are:

1. The Formal Complaint and Amended Complaint;

2. Duquesne Light Company’s Answer and New Matter to Complaint and Amended 
Complaint;

3. Responses and various documents produced by Ms. Edwards in response to the Answer and 

New matter, and discovery requests;

4. Duquesne Light Company’s Responses and Supplementary Responses to Complainant’s 

Interrogatories; and

5. The Report of Benjamin Cotts, Ph.D., P.E., in the Edwards matter.

My opinions are expressed herein to a reasonable degree of scientific and medical certainty. I 

reserve the right to revise my opinions as more information becomes available.

2
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Background and Qualifications

I am a medical doctor and an epidemiologist with over 25 years of experience in health research 

including the conduct of epidemiologic studies of both clinical outcomes and environmental and 

occupational health issues. I have considerable experience in conducting and evaluating 

epidemiologic studies and complex health assessments and exposure characterization studies 

related to power-frequency and RF EMF. I am a Senior Managing Scientist in the Health 

Sciences practice of Exponent, a scientific and engineering firm headquartered in Menlo Park, 

California.

Prior to joining Exponent, I was responsible for leading a multidisciplinary scientific health 

research program at the Electric Power Research Institute (EPRI), a not-for-profit independent 

research organization. The research program’s scientific work addressed potential human health 

effects associated with residential and occupational exposure to power-frequency and RF EMF.

I have submitted expert testimony on EMF and health, and have appeared as an EMF health 

expert before the Alberta Utilities Commission, the Connecticut Siting Council, the Kentucky 

Public Service Commission, the Virginia State Corporation Commission, and the An Bord 

Pleandla (the Planning and Development Board of Ireland). I also served as a consulting expert 

to the staff of the California Public Utilities Commission, California Assemblyman Jared 

Huffman, and members and staff of the California Council on Science and Technology (CCST) 

during the preparation of the CCST report ‘‘"Health Impact of Radiofrequency Exposure from 

Smart Meters” published in April 2011, and to the Joint Committee for Transport and 

Communications of the Parliament of Ireland. 1 was invited by the National Research Council to 

provide peer-review of the National Academy’s Committee report titled ""Identification of 

Research Needs Relating to the Potential Biological or Adverse Health Effects of Wireless 

Communication Devices” published in 2008.

Previous to employment at EPRI, I worked as an epidemiologist at the Toronto Western 

Hospital, University of Toronto, and as a practicing physician and epidemiologist at the 

National Institute for Dermatology in Budapest, Hungary. 1 trained as a medical doctor (M.D.) 

at the Semmelweis University of Medicine in Budapest, Hungary, and as an epidemiologist 

(Ph.D.) at the School of Public Health of the University of California in Los Angeles (UCLA). I
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lectured at the UCLA School of Public Health, at Stanford University, and at the 

Electrotechnical Committee of the Hungarian Academy of Sciences, and I served as an affiliate 

associate professor in the Department of Environmental and Occupational Health Sciences of 

the University of Washington in Seattle, as a visiting scientist at the Hungarian National 

Research Institute for Radiobiology and Radiohygiene, and as an Associate Editor for the 

Journal of Exposure Science and Environmental Epidemiology. I was the recipient of Fogarty 

and Fulbright Fellowships. I am an author or co-author of over 60 scientific publications and 

book chapters on topics related to epidemiology of a wide range of environmental and 

occupational exposures (with a focus on exposure to EMF, including RF fields) and chronic 

diseases. A copy of my curriculum vitae is provided in Appendix A.
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Allegations of Health Effects in the Edwards Matter

Allegations of Health Effects

According to the Complaint and other submissions in this matter, Ms. Edwards does not claim 

to have suffered from any health effects as a result of exposure to RF fields from smart meters 

or from other sources of RF fields. In addition, Ms. Edwards does not claim to have any 

existing, diagnosed medical conditions that makes her vulnerable to any potential harm from RF 

fields.

In the Complaint and additional submissions in this matter, Ms. Edwards expresses general 

health concerns in association with smart meters. In support of these general health claims, she 

states, “[h]ealth effects are also well documented in multiple complaints filed with the PA PUC 

[Pennsylvania Public Utilities Commission]”; “[mjicrowave radiation ... have been shown to 

produce cancers in rats and ill health effects in human beings”; and that smart meters “present a 

credible threat of harm” to her health, for which no evidence is adduced. In support of her 

opinion that adverse health effects are caused by exposure to low-level RF fields, Ms. Edwards 

specifically references the classification of RF fields by the International Agency for Research 

on Cancer (IARC) in 2011, and a 2014 fact sheet from the World Health Organization (WHO) 

on mobile phones. She also states, “[o]ther groups have documented harmful effects,” and 

provides a list of various organizations, such as the Bioinitiative Working Group (BIWG), and 

the American Academy of Environmental Medicine (AAEM), to support her view. None of the 

publications included or referenced in Ms. Edwards’s submissions, individually or in 

combination, provide sufficient evidence to conclude that environmental exposure to RF at the 

levels generated by smart meters causes or contributes to any adverse health effects.

Below I provide an overall evaluation of the Complaint and address the specific health-related 

allegations made by Ms. Edwards in relation to RF fields and smart meters. In support of my 

opinions and conclusions, I also describe the well-established scientific methods of weight-of- 

evidence assessments, provide an overview of health risk assessments of RF exposure 

conducted using the weight-of-evidence method by reputable health, scientific, and government
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agencies, briefly review relevant scientifically-established exposure limits, and provide a brief 

review of key scientific research relevant to RF exposure and health.
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Evaluation of the Complaint

The materials submitted by Ms. Edwards in support of her allegations of health effects in 

association with RF exposure from smart meters, considered either separately or in combination, 

fail to establish any cause-and-effect relationship between RF exposure at levels below 

scientifically-based exposure limits and adverse health effects. The documents referenced or 

submitted by Ms. Edwards can be broadly grouped into the following categories, which I 

evaluate below:

1. References to non-peer reviewed documents.

I will not further consider these non-peer reviewed documents; these sources do not provide 

information that may serve as the basis of any valid scientific conclusion. Valid scientific 

conclusions about causality rely on systematic weight-of-evidence evaluations of research 

on health and exposures to RF that meet the minimum scientific criteria to have been 

published in peer-reviewed journals.

2. Reference to “well documented” health effects and “credible threat of harm” are not 
documented in peer-reviewed scientific and medical publications.

Without proper identification of specific scientific publications, I am unable to evaluate the 

specific basis of Ms. Edwards’s allegations. 1 will note, however, that valid scientific 

conclusions can only be drawn following an assessment of the entire body of available 

scientific literature, as discussed in more detail in my report below. A specific study or 

selected set of publications cherry-picked from the literature cannot form the basis of any 

valid scientific conclusion. The available body of scientific evidence published in the peer- 

reviewed scientific literature has been considered in the weight-of-evidence assessments and 

systematic reviews conducted by national and international expert panels (e.g., the IARC, 

which is the specialized cancer agency of the WHO; the Health Protection Agency[HPA] of 

the United Kingdom; and the Scientific Committee on Emerging and Newly-identified 

Health Risks [SCENIHR] of the European Commission). These health risk assessments, 

after consideration of the available evidence, did not conclude that the evidence overall 

confirms the existence of any adverse health effects from RF exposure.
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3. Reference to weight-of-evidence evaluations (e.g., the IARC evaluation of RF 
exposure).

Weight-of-evidence evaluations conducted by multidisciplinary panels on behalf of national 

and international health and scientific agencies (e.g., IARC, HPA, and SCENIHR), after 

properly considering the available body of scientific literature, did not conclude that there 

are any confirmed adverse health effects of low-level RF exposure, and provide no support 

to Ms. Edwards's allegations of health effects. The Complaint and the additional 

submissions, in general, disregard these weight-of-evidence conclusions about the lack of 

established adverse health effects, and disregard that the conclusions of these agencies were 

based on a thorough review of an extensive body of scientific literature that has accumulated 

over decades as a result of worldwide research efforts.

4. Reference to evaluations by organizations that were not based on a proper weight-of- 
evidence evaluation of the available scientific literature (e.g., the Bioinitiative Report 
[BIRD.

As discussed in more detail in my report below, “alternative views” most notably expressed 

by the BIWG in the BIR, were not reached using valid scientific methods. A number of 

scientific and government agencies strongly criticized the BIR for the lack of a scientific 

weight-of-evidence approach (e.g., EMF-NET, 2007; HCN, 2008; ACRBR, 2008; COMAR, 

2009). The main limitations of the BIR and similar conclusions include the selective 

referencing of studies believed by the contributors to support their preconceived 

conclusions, systematic disregard of studies not in support of their opinion (including the 

laboratory animal studies not demonstrating an association), and the heavy reliance on in 

vitro studies [i.e., laboratory studies of cells and tissue]. The Internet site that posted the 

BIR is not sponsored by any professional scientific society, and the BIR has not been 

subjected to peer review by other scientists as would have occurred if the document had 

been submitted to a peer-reviewed scientific journal for publication.

In her submissions, Ms. Edwards expressed general health concerns in relation to exposure to 

RF fields. As discussed above, the weight-of-evidence reviews of the scientific literature did not 

conclude that RF fields at levels below scientifically-established guideline values cause or 

exacerbate any adverse health effects.
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Scientific Review Process

In this section, I provide an overview of the well-established and generally-accepted scientific 

methods (i.e., the weight-of-evidence evaluation), which is used by reputable national and 

international health and scientific agencies for human health risk assessment. Types of health 

studies that are evaluated as part of risk assessments are also discussed.

Scientists around the world have conducted a large amount of scientific research and published 

their results on the potential health effects of RF fields over the past several decades in peer- 

reviewed scientific publications. The published peer-reviewed scholarly manuscripts published 

as part of this extensive research effort report on the results of these studies, which were 

conducted by a wide variety of scientists in related, but diverse, scientific disciplines. The WHO 

commented on this large body of research on electromagnetic fields, stating “[djespite the 

feeling of some people that more research needs to be done, scientific knowledge in this area is 

now more extensive than for most chemicals.'’1 The WHO’s website cites their position: 

“[b]ased on a recent in-depth review of the scientific literature, the WHO concluded that current 

evidence does not confirm the existence of any health consequences from exposure to low level 

electromagnetic fields.”2

Although much of the scientific research on electromagnetic fields and health and other 

scientific and health topics has been conducted by reputable scientists and laboratories, there is a 

large variability in the quality of scientific research, and the various types of scientific studies 

have varying strengths and limitations. Since it is difficult for an individual to synthesize all of 

this research, to impartially assess the quality of the research, and to recognize and weed out the 

unscientific and low-quality research results and publications, standard scientific methods have 

been developed by scientists to evaluate evidence to determine whether there is a cause-and- 

effect relationship between an exposure (e.g., RF fields) and adverse health outcomes. This

1 httD://www.who.int/peh-emf/about/WhatisEMF/en/indexl.html

2 Ibid.
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section provides an overview of the well-established and generally accepted scientific review 

process.

The standard scientific method used by scientists to evaluate scientific research as it relates to 

potential adverse health outcomes is a health risk assessment, which includes a weight-of- 

evidence review of relevant scientific studies. Typically, multidisciplinary expert panels are 

convened by both national and international health and scientific agencies to conduct weight-of- 

evidence evaluations of the literature to arrive at a valid conclusion. It is important to note that 

no single study or limited group of studies can provide sufficient evidence to draw a scientific 

conclusion on a potential cause-and-effect relationship; the totality of the evidence needs to be 

considered.

Sources of Scientific Evidence for a Weight-of-Evidence Review

A systematic search of the scientific literature will identify relevant research studies to be 

considered in a weight-of-evidence review. Review panels typically consider the three main 

types of scientific studies: epidemiologic studies of human populations; experimental laboratory 

studies of animals or humans {in vivo studies); and laboratory studies of cells and tissues {in 

vitro studies). Epidemiologic, in vivo, and in vitro studies provide different but complementary 

information and since each type of study has particular strengths and limitations, a valid risk 

assessment will consider all three types of studies together.

Epidemiologic studies are classified as non-experimental because they observe human 

populations in their natural environment and scientists do not control the factors that influence 

study subjects’ activity, nor can they control exposure to the agent of interest. The goal of an 

epidemiologic study is to measure statistical associations between exposure to a particular agent 

and health conditions. The two most commonly employed types of epidemiologic approaches 

are case-control and cohort studies. Case-control studies compare the occurrence of exposure 

among persons with a particular disease (cases) to that among persons who do not have that 

disease (controls). One of the measures of statistical association in case-control studies is an
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odds ratio.3 Cohort studies follow a specific group of individuals over time, often in an 

occupational setting, who at the start of the study do not have the disease of interest. Scientists 

compare the frequency of disease occurrence among those who experience exposure to a 

particular agent to the frequency of disease occurrence among those members of the cohort who 

are not exposed to that same agent. Commonly used measures of an association in a cohort 

study are the relative risk and risk ratio.4

The limitations of epidemiologic studies include the scientist’s inability to control exposure in 

the population, as already noted. This, among other drawbacks, may result in confounding in a 

study. Confounding, which is a key concept in epidemiology, refers to, in the simplest terms, 

confusion of effects. Confounding occurs when the apparent effect of one exposure on disease 

risk is distorted by or mixed with the effect of another exposure (i.e., the effect of a confounder). 

Confounding may result in overestimation or underestimation of the potential effect of an 

exposure on disease risk. Statistical techniques, such as stratification and co-variate adjustment, 

are available to adjust for the potential effects of known and measured confounders; however, 

residual confounding may remain even after adjustment, when the confounder is, for example, 

misclassified or crudely measured.

In addition, the methods used to select or recruit study subjects can result in selection and 

participation bias if those who are selected or recruited have inherently different characteristics 

than those who are not selected or choose not to participate. Scientists have developed methods 

to reduce the effect of these and other limitations, and epidemiologic studies typically provide 

the most weight in the studies considered in a weight-of-evidence review because they study 

humans, the species of interest in a human health risk assessment.

In vivo studies of laboratory animals typically study the effects of the agent of interest at high 

levels of exposure and often for durations that span the animals’ lifetimes. These studies 

compare the rate and severity of symptoms and disease in exposed animals compared to un­

3 An odds ratio is a measure of a statistical association between exposure and outcome in case-control studies and 
is calculated as the ratio of the odds of being exposed among the cases and the odds of being exposed among 
the controls.

4 Relative risk and risk ratio are measures of a statistical association between exposure and disease in a cohort 
study and are calculated as the ratio of the risk of diseases among the exposed and the risk of disease among the 
unexposed.
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exposed animals. One of the benefits of the in vivo animal study is that scientists can control and 

accurately measure exposure and other environmental factors that may influence disease 

development and exposure levels can be greater than that experienced by humans. A major 

limitation of in vivo animal studies is that the findings in animal studies may not be directly 

extrapolated to humans due to differences in physiology, metabolism, size, and longevity. 

Experimental studies are also conducted involving humans, but these studies typically 

contribute to an understanding of short-term effects, not long-term effects. In addition, ethical 

considerations prevent testing of known toxic or carcinogenic agents on humans.

In vitro studies of cells and tissues in the laboratory examine whether exposure results in certain 

biological changes. These observations can expand scientists’ understanding of biophysical 

mechanisms that may lead to disease processes. Since the response of cells and tissues in vitro 

to a particular exposure may be very different than the response in intact organisms (i.e., living 

animals or humans), and may not directly predict adverse health effects, (e.g., AGNIR, 2012), 

the conclusions drawn from in vitro studies are extremely limited. Therefore, they receive less 

weight when considered in a weight-of-evidence review.

Weight-of-Evidence Review

After studies are systematically identified in the scientific literature, the strengths and 

weaknesses of each study are individually assessed and rated (i.e., given more or less weight) 

according to its overall quality. The quality of studies, among other factors, is determined by 

considering the number of study subjects, the design of the study, the methods used to collect 

data, the analysis of that data, and the potential for confounding, various biases, and random 

errors.

The next step in a weight-of-evidence review is to consider the totality of the evidence. The 

generally accepted guidance scientists use to weigh epidemiologic evidence includes the nine 

criteria outlined by Sir Austin Bradford Hill in his now seminal manuscript published in 1965. 

The nine criteria used to assess causality include strength of association, consistency, 

specificity, temporality, biological gradient, plausibility, coherence, experiment, and analogy. 

Hill recommended that these guidelines should be applied when a chance association (i.e.,
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caused by systematic error, such as confounding, bias, classification error, or random 

variability) could be ruled out with reasonable certainty, and cautioned that none of these 

criteria represent “hard-and-fast rules” and none of these criteria are “sine qua non” of causality 

(Hill, 1965). The more the epidemiologic evidence meets these guidelines, the more persuasive 

the evidence is for a potential causal relationship.

Scientists use similar guidance to weigh in vivo studies, including, among other criteria, whether 

a sufficient number of animals and exposure levels were included in the study; whether the 

assignment of the animals to various exposure groups was random; whether the outcome 

assessment and statistical analyses were conducted in a blinded manner;5 whether health effects 

can be consistently demonstrated by two or more independent laboratories and in two or more 

species; and whether health effects can be demonstrated under different laboratory protocols. 

Similar guidelines are also outlined in a joint publication by the Federal Judicial Center and the 

National Research Council, Reference Manual on Scientific Evidence (FJC-NRC, 2011).

Weight-of-Evidence Evaluation of Carcinogenicity

IARC, the cancer research agency of the WHO, is one of the leading international organizations 

for cancer risk assessment. In its risk assessments, which are published as Monographs, the 

IARC primarily considers epidemiologic and in vivo animal studies, and evaluates in vitro 

studies to provide supplemental evidence on potential biophysical mechanisms (classified as 

strong, moderate, or weak) that lead to disease processes. The IARC has classified the overall 

evidence for carcinogenicity for over 1,000 chemicals, physical agents, biological agents, and 

industrial processes and exposure scenarios based on comprehensive reviews of epidemiologic 

and in vivo animal studies into one of three categories, defined as follows.

• Sufficient evidence: A causal relationship can be established between exposure and 

cancer. This determination is based on the overall epidemiologic evidence in which 

positive relationships have been observed between the exposure and cancer in studies in

5 Blinding in a study means that the investigators are not aware whether the animals were exposed or not exposed 
during the experiment and when the data are assessed. In a human experimental study, double-blinding means 
that neither the study participants nor the investigators are aware of participants’ exposure status during the 
study. The lack of blinding may lead to human error or bias in a study.
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which chance, bias, and confounding could be ruled out with reasonable confidence and 

on overall in vivo evidence in which increased incidence of cancer was observed in high 

quality laboratory animal studies in at least two species or from two independent 

laboratories.

• Limited evidence: A credible positive association is observed in epidemiologic studies, 

but chance, confounding, or bias could not be excluded as explanations for that 

association, and if in vivo studies result in an association, but the association is limited to 

one experiment or there are unresolved questions about study design features.

• Inadequate evidence: Epidemiologic studies are of insufficient quality, consistency, or 

statistical power, and in vivo studies have major qualitative or quantitative limitations or 

lack of data.

Based on the above risk assessment evaluation of human and animal evidence, the IARC places 

each agent or exposure it examines into one of five Groups:

• Group l: Carcinogenic to humans;

• Group 2A: Probably carcinogenic to humans;

• Group 2B: Possibly carcinogenic to humans;

• Group 3: Non-classifiable as to carcinogenicity to humans; and,

• Group 4: Probably not carcinogenic to humans.

Group 2B, possibly carcinogenic to humans, denotes substances and exposures for which there 

is limited evidence in epidemiologic studies and limited or inadequate evidence in in vivo 

studies. The IARC has reviewed over 1,000 substances and exposure circumstances to evaluate 

their potential carcinogenicity and classified them as follows: Group 1, 120 agents; Group 2A,

83 agents; Group 2B, 314 agents; Group 3, 500 agents, Group 4, 1 agent. About 80% of the 

IARC’s classifications fall into the possibly carcinogenic or non-classifiable category.6 Since it 

is impossible in science to prove the absence of an effect, the IARC has classified only one 

substance (caprolactam) in Group 4, which illustrates the conservative nature of the IARC's risk 

evaluation process and the difficulty in proving the absence of an effect beyond all doubt.

6 http://monographs.iarc.fr/ENG/C)assification/ (Last accessed on January 9, 2020).
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Research for only about 20% of the substances examined by the IARC showed a clear-cut 

carcinogenic risk (Group 1,-10%) or probable carcinogenic risk (Group 2A, -8%); most agents 

were categorized in either Group 2B as possible carcinogenic risks or Group 3 as unable to be 

classified
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Recent Key Reviews of RF Health Studies

In this section, I provide a summary of key recent reviews of the scientific literature on RF 

exposure and potential health effects. None of the comprehensive reviews that applied the 

scientific weight-of-evidence process concluded that the scientific evidence confirms the 

existence of any health effect of low-level RF exposure, including the RF fields associated with 

the operation of smart meters.

Numerous international and national governmental, health, and scientific agencies have 

conducted thorough weight-of-evidence reviews of the available scientific literature to evaluate 

whether exposure to RF fields may result in potential adverse health effects. To account for the 

large volume and complexity of available scientific information, these reviews were performed 

by panels assembled and appointed by these agencies, representing multiple scientific 

disciplines (e.g., epidemiology, toxicology, exposure assessment) with relevance to research 

areas related to RF fields and potential health effects. These weight-of-evidence evaluations 

represent scientifically-based consensus opinions that provide guidance for governmental and 

standards-setting agencies to establish exposure limits or regulations to protect the health and 

safety of the public, and guide future scientific research by identifying potential research gaps 

and priorities.

In the past several years, a number of major scientific reviews have evaluated the weight of 

evidence regarding RF and health including the International Commission on Non-Ionizing 

Radiation Protection (ICNIRP) in 2009, the Advisory Group on Non-ionising Radiation 

(AGNIR) for the HPA in 2012, the IARC in 2013, and the European Commission’s SCENIHR 

in 2015, which I briefly review below. These reviews conducted proper weight-of-evidence 

evaluations of the scientific evidence and from those evaluations concluded that there is not 

sufficient evidence to conclude that exposure to low-level RF fields (i.e., below currently 

existing, scientifically-based exposure guidelines) causes any adverse health effects, including 

cancer among children or adults, adverse nervous system effects, immunological effects, 

cognitive effects, cardiovascular effects, reproductive effects, developmental effects, self- 

reported symptoms (including tinnitus), or hypersensitivity to RF fields. Additional agency 

reviews on exposure to RF fields and health, all expressing similar conclusions (i.e., lack of
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established health efTects of RF exposure at levels below scientifically-established guideline 

values), are listed in Appendix B.

International Commission on Non-Ionizing Radiation Protection 
(2009)

ICNIRP is the preeminent independent, non-governmental scientific organization for setting 

guidelines to protect the public from potential harmful effects of exposure to EMF, including RF 

fields, and it is the formally recognized organization for providing guidance on standards for 

non-ionizing radiation exposure for the WHO. ICNIRP systematically reviewed the available 

scientific evidence on exposure to high-frequency EMF and health, including numerical 

dosimetry, measurements, in vitro and in vivo biological laboratory studies, and epidemiologic 

studies. With respect to laboratory studies, ICNIRP concluded that while there are well- 

understood effects of RF exposure through tissue heating, the overall evidence from 

experimental studies does not provide consistent support for carcinogenic effects of RF 

exposure at non-thermal levels.7 ICNIRP described that there is some evidence of small changes 

in brain activity, but these do not represent any adverse effects.8 ICNIRP further concluded, 

“[w]hilst it is in principle impossible to disprove the possible existence of non-thermal 

interactions, the plausibility of various non-thermal mechanisms that have been proposed is very 

low.” ICNIRP also concluded that the “evidence from double-blind provocation studies suggests 

that subjective symptoms, such as headaches, that have been identified by some individuals as 

associated with RF exposure, whilst real enough to the individuals concerned, are not causally 

related to EMF exposure.” With respect to epidemiologic studies, ICNIRP concluded that 

results of available and reviewed epidemiologic studies provide no consistent or convincing 

evidence of a causal relationship between RF exposure and any adverse health effect.

7 ICNIRP subsequently reviewed recent studies of chronic exposure of mice and rats to RF and commented that 
the recent “findings does not provide evidence that radiofrequency EMF is carcinogenic” (ICNIRP, 2018). 
ICNIRP’s comments are also discussed in a subsequent section.

8 Normal physiological changes (e.g., constriction of pupils or changes in brain activity) may occur as a result of 
everyday environmental stimuli, such as light and sound. These physiological changes, however, cannot be 
considered adverse efTects.
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Health Protection Agency (2012)

The independent AGNIR of the HPA (now part of Public Health England), the United 

Kingdom’s primary governmental authority on public health protection, conducted its 

systematic review of the in vitro, in vivo animal, experimental human, and epidemiologic 

literature in 2012. With respect to in vitro and in vivo animal studies, AGNIR concluded that 

these studies provided no consistent evidence of adverse health effects of RF exposure at levels 

below those that produce heating. With respect to human experimental studies of acute effects 

of RF exposure below guideline levels, AGNIR concluded that the evidence suggests that such 

exposure “does not cause acute symptoms in humans, and that people, including those who 

report being sensitive to RF Fields, cannot detect the presence of RF fields. Similarly, well- 

conducted studies do not suggest that exposure to RF fields gives rise to acute cognitive 

effects.” While their review identified some scientific evidence that RF-field exposure may 

affect a person’s brain activity, they cautioned that “the size of these reported effects is often 

small relative to normal physiological changes, and it is unclear whether they have any 

implications for health.”

AGNIR found that epidemiologic studies of long-term exposure to RF fields below established 

guidelines provides no substantial evidence of effects, particularly those studies of 

cardiovascular morbidity, reproductive function, and non-cancer mortality, although they note 

that the literature “has been very limited.” They similarly concluded that studies examining 

cancer risk in relation to occupational RF exposure and residential proximity to RF transmitters 

suffer from methodological limitations and provide no evidence for a causal relationship 

between exposure to RF fields and any adverse health effects. Finally, they conclude that the 

overall evidence from epidemiologic studies of mobile phone use and cancer risk “does not 

suggest that use of mobile telephones causes brain tumours or any other type of cancer,” but 

they qualify this assessment by noting that “[t]he data, however, are essentially restricted to 

periods of less than 15 years from first exposure.”

Overall, they concluded “... although a substantial amount of research has been conducted in 

this area, there is no convincing evidence that RF field exposure below guidance levels causes 

health effects in adults or children.”
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International Agency for Research on Cancer (2013)

In 2013, the IARC reviewed the scientific literature to evaluate potential carcinogenic effects of 

RF fields with a particular focus on exposures produced by close proximity to RF sources, such 

as from mobile phones. The IARC expert working group classified RF fields as possibly 

carcinogenic (Group 2B) based on “limited evidence” for carcinogenicity of RF fields in 

relation to glioma and acoustic neuroma from mobile phone epidemiologic studies, and on 

“limited evidence” from experimental animal studies. The IARC concluded that results from 

epidemiologic studies of mobile phones and all other types of cancer, and from epidemiologic 

studies of occupational and environmental exposure to RF provided no clear indication of an 

association between RF exposure and cancer development. The IARC Group 2B classification 

does not imply that a cause-and-effect relationship is established between exposure and cancer. 

To the contrary, it means that artifacts, such as chance, confounding, and bias cannot be ruled 

out with scientific certainty as an explanation for the limited statistical association reported in 

some of the studies, because of the limitations of those studies.

Scientific Committee on Emerging and Newly Emerging Health 
Risks (2015)

SCENIHR is made up of independent scientific experts assembled to provide advice on public 

health and risk assessments to the Department of Health and Consumer Protection of the 

European Commission. SCENIHR provides opinions on emerging or newly-identified health 

and environmental risks and on broad, complex, or multidisciplinary issues requiring a 

comprehensive assessment of risks to consumer safety or public health and related issues not 

covered by other community risk assessment bodies. The mandate of SCENIHR includes the 

evaluation of potential health effects of EMF, including RF fields. SCENIHR’s most recent 

report was issued in 2015.

With respect to epidemiologic studies of cancer, SCENIHR concluded the following:

Overall, the epidemiological studies on mobile phone RF EMF exposure do not 

show an increased risk of brain tumours. Furthermore, they do not indicate an 

increased risk for other cancers of the head and neck region. Some studies raised
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questions regarding an increased risk of glioma and acoustic neuroma in heavy 

users of mobile phones. The results of cohort and incidence time trend studies 

do not support an increased risk for glioma while the possibility of an 

association with acoustic neuroma remains open. Epidemiological studies do 

not indicate increased risk for other malignant diseases, including childhood 

cancer.

With respect to potential effects of RF exposure on brain physiology, SCENIHR noted that 

while some studies indicated that RF may affect brain activity, “the relevance of the small 

physiological changes remains unclear and mechanistic explanation is still lacking.” They note, 

however, that “overall, there is a lack of evidence that mobile phone RF EMF affects cognitive 

functions in humans.”

With respect to “symptoms that are attributed by some people to various RF EMF exposure,” 

SCENIHR concluded that, based on available evidence, “RF EMF exposure is not causally 

linked to these symptoms.” SCENIHR further concluded that evidence does not show a 

consistent association between RF exposure and neurological diseases, reproductive and 

developmental effects, and male fertility.
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Reviews of Smart Meter RF Fields and Health

In this section, I provide a brief overview of evaluations conducted by various state and national 

government agencies in the United States and other countries specifically on potential health 

effects in relation to RF fields from smart meters. These evaluations concluded that there are no 

established health effects in relation to smart meter RF fields.

In response to public concern about potential health effects related to RF emissions from smart 

meters, several states in the United States have formally assessed the scientific evidence on 

smart meters and health effects and issued their reports or statements with their conclusions and 

opinions.

A review conducted in Maine by the Maine Center for Disease Control in 2010 concluded in 

their summary statement that “our review of these agency assessments and studies do not 

indicate any consistent or convincing evidence to support a concern for health effects related to 

the use of radio frequency in the.range of frequencies and power used by smart meters. They 

also do not indicate an association of EMF exposure and symptoms that have been described as 

electromagnetic sensitivity” (MCDC, 2010).

In California, the state assembly commissioned the CCST to perform an independent study to 

inform the debate among policy makers and the general public about the potential risk of 

adverse health effects due to RF field emissions from smart meters. The CCST's report 

concluded that “[t]he current FCC [Federal Communications Commission] standard provides an 

adequate factor of safety against know thermally induced health impacts of existing common 

household electronic devices and smart meters.” They further conclude that scientific studies 

have neither identified nor confirmed any negative health effects from RF emissions produced 

by smart meters and other common electronic devices (CCST, 2011).

The Colorado Department of Public Health and the Environment issued a fact sheet in 2012, 

which concluded that “Smart Meters are unlikely to cause health effects because ... [t]o date, 

research does not suggest any consistent evidence of adverse health effects of RF emissions 

produced by Smart Meters or other common household electronic devices” (CDPHE, 2012).
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The Michigan Public Service Commission issued a report in 2012 concluding that “[ajfter 

careful review of the available literature and studies, the Staff has determined that the health risk 

from the installation and operation of metering systems using radio transmitters is insignificant” 

(MPSC, 2012).

The Oregon Health Authority concluded in 2012 that “[b]ased on our review of these reports, 

evidence from the scientific literature and consultations with radiation experts, we conclude at 

this time that the implementation of smart meters will not adversely impact public health”

(OHA, 2012).

The Public Utility Commission of Texas concluded in 2012 that “the large body of scientific 

research reveals no definite or proven biological effects from exposure to low-level RF signals. 

Further, Staff found no credible evidence to suggest that advanced meters emit harmful amounts 

of EMF” (PUCT, 2012). An order of the Public Utility Commission of Texas in 2013 similarly 

stated that “[t]he commission evaluated health, privacy, and operational concerns against 

advanced meters and concluded that the concerns are unwarranted” (PUCT, 2013).

The Arizona Department of Health Services conducted a study of smart meters that included 

measurements of RF signals at a random selection of single-family residences and apartment 

complexes within the state. The average and peak levels of RF were measured at 1 foot in front 

of meters three times during the day. All measurements were found to comply with FCC 

standards. A search and review of the literature on potential effects of RF on health was 

performed which led the Department of Health to conclude that “(ejxposure to electric meters 

(AMI [advanced metering infrastructure] and AMR [automated meter reading]) is not likely to 

harm the health of the public” (ADHS, 2014).

A review of scientific and public health agency perspectives on RF fields related to smart meters 

commissioned by the Vermont Department of Health and the Vermont Public Service 

Department in 2014 concluded that “[b]ased on the substantial collective scientific evidence, the 

consensus of scientific and health agencies continues to conclude that current regulatory 

standards for RF from smart meters are sufficient to protect public health” (VDH/VPSD, 2014).
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The legislature of North Carolina asked the Division of Public Health to perform an evaluation 

of existing information on RF and health related to smart meters. The team from the Division 

concluded the following:

Radiofrequency waves have demonstrated subtle biological effects on certain 

cellular systems; however there is no conclusive evidence that these changes 

have clinical significance ... Major reviews by various governmental 

organizations, both U.S. and global, have not found sufficient evidence that 

non-thermal effects of radiofrequency waves are a significant risk to humans 

... accepted criteria to justify the application of the Precautionary Principle are 

not met for RF exposures from smart meters (NCDHHS, 2015).

A fact sheet issued by Health Canada in 2011 states that based on its review “Health Canada has 

concluded that exposure to RF energy from smart meters does not pose a public health risk” 

(Health Canada, 2011). A similar fact sheet issued by the Australian Radiation Protection and 

Nuclear Safety Agency (ARPANSA) in 2015 concluded that “there is no established scientific 

evidence that the low level RF EME exposure from smart meters causes any health effects 

including symptoms of ill health communicated by some people” (ARPANSA, 2015). More 

recently, Public Health England in the United Kingdom concluded that “[t]he evidence to date 

suggests exposures to the radio waves produced by smart meters do not pose a risk to health” 

(Public Health England, 2017).
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RF Exposure Standards and Guidelines

Current scientifically-derived RF exposure guidelines are based on avoiding the risk to health 

that results from localized temperature increases in tissues and from physiological stress due to 

excessive whole-body heat load. No properly conducted weight-of-evidence review of the 

relevant scientific literature has confirmed the existence of any adverse health effects at non- 

thermal exposure levels. A whole-body averaged energy absorption rate or specific absorption 

rate (SAR) of 4 watts per kilogram (W/kg) of body mass is required to result in an increase of 

1 degree Celsius (°C) in the tissue temperature that may be associated with behavioral 

disruption. With the application of safety factors of 10 and 50 for occupational and public 

exposures, respectively, limits are derived on the strength of external RF fields.

Federal Communications Commission

In the United States, the FCC is the government agency responsible for regulating RF- 

generating devices. Their regulations specify the limit on the maximum permissible exposure 

(MPE) level to RF of varying frequencies, from 300 kilohertz (kHz) to 100 Gigahertz (GHz) (47 

CFR §1.1310). The FCC based their standards on the work of organizations such as the U.S. 

National Council for Radiation Protection (NCRP) and the Institute of Electrical and Electronic 

Engineers (IEEE).

The FCC established limits for exposure to RF (FCC, 1997) based on the recommendations of 

the NCRP and IEEE, as well as the U.S. National Institute for Occupational Safety and Health, 

the Occupational Safety and Health Administration, the Environmental Protection Agency 

(EPA), and the Food and Drug Administration (FDA). The FCC’s MPE limits are set to protect 

against effects from RF exposure that can induce electric fields and currents in body tissues and 

cause tissue heating. Exposure, in the frequency range relevant to smart meters, is described in 

terms of power density, and measured in watts per square meter (W/m2), or milliwatts per 

square centimeter (mW/cm2). These units may be used to directly compare to either calculated 

or measured levels of RF. The FCC’s MPE limits are evaluated in terms of 30-minute, time- 

averaged values as averaged over the body dimensions. The reference levels set by ICNIRP and 

the IEEE’s International Committee on Electromagnetic Safety (ICES) are comparable to the
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FCC limits for frequencies that are typically used in smart meter communication systems (i.e., 

frequencies of 900 megahertz [MHz] and 2.4 GHz) (IEEE, 2005; ICNIRP, 1998).

On August 8, 2019, the Chairman of the FCC announced that, “following more than six years of 

public input and review,” the FCC would propose to maintain its existing RF exposure limits. 

The FCC press release announcing the decision stated, “[t]he FCC sets radiofrequency limits in 

close consultation with the FDA and other health agencies” (FCC, 2019). The FCC press release 

also quoted the Director of the FDA’s Center for Devices and Radiological Health concluding, 

“[t]he available scientific evidence to date does not support adverse health effects in humans 

due to exposures at or under the current limits” and “[n]o changes to the current standards are 

warranted at this time.”
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Alternative Views

In this section, I provide specific examples of views that are not based on valid scientific 

methods to assess the available evidence, which thus arrive at invalid conclusions regarding the 

existence of health effects in relation to low-level RF exposure. Such views and conclusions are 

contrary to conclusions of properly conducted weight-of-evidence reviews (e.g., reviews by 

IARC, HPA, and SCENIHR).

As discussed above, none of the scientific reviews by government or scientific agencies that 

were properly conducted using standard scientific methods concluded that the evidence 

confirms the existence of any adverse health consequences in association with exposure to low- 

level RF fields in our daily environments.

Alternative views, such as that put forward by the BIWG in their 2007 BIR and their 2012 

update, are not based on proper and rigorous evaluation of the scientific evidence. The BIWG 

report suffers from several deficiencies: 1) the report.was authored by a self-organized group of 

individuals from academic institutions and public interest groups, and not under the auspices of 

any recognized scientific organization; 2) the conclusions expressed in the individual chapters 

of the document did not represent consensus opinions, rather they were the opinions of the 

individual contributors; 3) the authors did not follow a weight-evidence approach, and 

selectively reported on studies that, in their opinions, showed some effect and supported their 

views; 4) the authors mostly disregarded studies that did not show an effect, including the entire 

body of literature on long-term animal bioassays; and 5) the authors did not thoroughly assess 

the quality of studies they evaluated. These deficiencies likely explain why the BIWG’s 

conclusions are completely inconsistent with conclusions of other risk assessments that followed 

the generally-accepted scientific methods of weight-of-evidence evaluations.

Several scientific and governmental agencies strongly criticized the BIWG report. The 

Australian Centre for Radiofrequency Bioeffects Research wrote, “[a]s it stands it [the BIWG 

2007 report] merely provides a set of views that are not consistent with the consensus of 

science, and it does not provide an analysis that is rigorous-enough to raise doubts about the 

scientific consensus” (ACRBR, 2008). The EMF-NET Steering Committee of the European
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Commission opined the report was “written in an alarmist and emotive language and the 

arguments have no scientific support from well-conducted EMF research” and “[t]here is a lack 

of balance in the report; no mention is made in fact of reports that do not concur with authors’ 

statements and conclusions” (EMF-NET, 2007). The Health Council of the Netherlands also 

questioned the authors’ motivation noting “(u]pfront, therefore, the reason for writing the report 

was not to give an objective analysis of the current state of science that would subsequently lead 

to recommendations. Instead, the aim was to present information to demonstrate why current 

standards are inadequate” (HCN, 2008). All of these agencies concurred that BIWG did not 

follow the methods of a standard weight-of-evidence review and, for this reason, its conclusions 

and recommendations were not convincing. Over time, despite adding more text to this online 

document, the absence of a rigorous scientific method for evaluating research studies has not 

changed.

Similar alternative statements expressing concern about health effects related to exposure to RF 

fields from smart meters were offered by, for example, the AAEM and a scientist from the Santa 

Cruz County Health Services Agency. These alternative statements also appear to have been 

based on evaluations that did not follow well-established methods for weight-of-evidence 

assessments of the available scientific literature.

Specifically, there is no indication that any of the AAEM proclamations or opinions were based 

on a weight-of-evidence evaluation or a similar comprehensive and systematic review of the 

scientific literature. The AAEM documents merely pronounce opinions espoused by several 

members and make recommendations without providing a scientifically-valid support for their 

conclusions. None of the medical conditions listed in the AAEM documents were found to be 

causally related to low-level EMF by organizations that conducted a weight-of-evidence 

evaluation of the scientific literature (e.g., WHO, SCENIHR). The AAEM documents only list a 

few selected references in support for their positions. As discussed in more detail above, a few 

cherry-picked references cannot form the basis of a valid scientific conclusion. The references 

cited by the AAEM were available for review by organizations that conducted weight-of- 

evidence reviews (e.g., SCENIHR) that reached conclusions contrary to the conclusions of 

AAEM. In addition, many of the references cited in the AAEM documents are not specifically 

relevant for the frequency range used by smart meters. Criticisms of the AAEM opinions were
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also expressed by other organizations, such as EPRI and the Lawrence Berkeley National 

Laboratory (EPRI, 2012; LBNL, 2012). It is also noteworthy that AAEM is not listed as a 

medical specialty board recognized by the American Board of Medical Specialties.9

9 https://www.abms.org/member-boards/

28
1902236.000.0218

EXHIBIT H-1



February 4, 2020

RF Health Research

In this section, I provide a brief overview of the relevant scientific research conducted in the 

past several decades on low-level RF exposure and health. For a detailed and comprehensive 

discussion of the relevant scientific literature, I refer to the reviews and weight-of-evidence 

assessments conducted by 1CNIRP, HPA, IARC, and SCENIHR, as described above. Overall, 

none of the comprehensive evaluations conducted by these agencies concluded that the evidence 

confirms the existence of any adverse health effects in relation to RF exposure below currently 

existing exposure guidelines. The current scientific consensus as exemplified by the conclusion 

of the WHO is that the “current evidence does not confirm the existence of any health 

consequences from exposure to low level electromagnetic fields.” Results of more recent studies 

published after the completion of the above-mentioned weight-of-evidence evaluations have not 

changed the overall conclusions expressed in these evaluations. Below I provide a brief 

overview of the key lines of scientific evidence related to exposure to RF fields and potential 

health effects.

Epidemiologic Studies of RF and Cancer

Epidemiologic studies examining potential effects of RF fields on human health outcomes can 

be broadly grouped into three categories: studies of occupational or military exposures to RF; 

studies of environmental exposure to RF (i.e., RF sources of fixed locations, such as radio and 

television transmitters and mobile phone base stations); and studies of personal exposure to 

cordless and mobile phones. In addition to these analytical epidemiologic studies, descriptive 

epidemiologic studies monitoring incidence trends of brain cancer are also used to assess the 

potential impact of mobile phone use on brain cancer development.

Epidemiologic studies of occupational and military exposures include cohort studies that follow 

well-defined populations exposed to RF from radar in military settings (e.g., Garland et al.,

1990; Szmigielski, 1996; Szmigielski et a!., 2001; Groves et al., 2002) or in the police force 

(e.g., Finkelstein, 1998), from use of amateur radio among operators (e.g., Milham, 1985), and 

from various sources in industrial settings (e.g., Armstrong et al., 1994; Morgan et al., 2000). 

Case-control studies of various cancer types have also assessed the potential relationship
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between sources of occupational exposure to RF and cancer, and estimated exposure based on 

occupation or job category, used as a proxy for potential exposure to RF fields (e.g., Stang et al., 

2001; Berg et al., 2006; Karipidis et al., 2007a, 2007b; Vila et al., 2018). While some earlier 

studies reported statistically significant associations between these proxy exposure measures 

and cancer, most recent studies have not consistently reported a risk of any type of cancer in 

association with occupational RF exposure.

Earlier studies of environmental RF exposures mostly consisted of studies with ecologic design 

or geographical correlations that compared cancer rates calculated for geographic areas (e.g., at 

various distances from an antennae), but did not directly assess exposure of individuals (e.g., 

Hocking et al., 1996; Dolket al., 1997a, 1997b; McKenzie etal., 1998; Cooper etal., 2001; 

Michelozzi et al., 2002; Park et al, 2004). Distance is another proxy exposure measurement used 

by scientists in the absence of direct measurements or modeled calculations of RF exposure; the 

interpretation of these results is constrained because not all people in an area have the same 

exposure, and it does not consider exposure from other RF sources. In addition, distance has 

limited accuracy because it does not consider characteristics of the source, topography, or the 

built environment that may also affect levels of RF fields. More recent studies of environmental 

RF exposure using case-control or cohort designs have improved exposure assessment and 

estimated RF exposure on the individual level, but none of these studies found any consistent, 

statistically significant positive association between total RF exposure and risk of childhood 

leukemia or brain cancer (Ha et al., 2007, 2008; Merzenich et al., 2008; Li et al., 2012; Hauri et 

al., 2014). Another study that estimated maternal exposure to RF from mobile phone base 

stations and the risk of cancer in their children also found no association with childhood 

leukemia/lymphoma or brain cancer (Elliott et al., 2010).

Cohort studies of mobile phone users with large sample sizes (Schiiz et al., 2006; Frei et al., 

2011; Benson et al., 2013a, 2013b) reported no associations with any types of cancer, including 

cancer of the head and neck, leukemia, and lymphoma. Some of these studies relied on mobile 

phone subscription records from mobile phone companies to determine use and estimate 

exposure (Schiiz et al., 2006; Frei et al., 2011), which may result in exposure misclassification 

due to people sharing phones, using more than one phone, using company phones, and 

switching carriers.
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A large number of case-control studies also have been conducted to assess mobile phone use 

and development of brain tumors. Most of these studies relied on self-reported mobile phone use 

to determine exposure, potentially resulting in well-documented recall bias and non-differential 

and differential exposure misclassification (e.g., Vrijheid et al., 2009; Toledano et ah, 2018). 

Early case-control studies reported no association between mobile phone use and brain cancer, 

however, these studies included relatively short time periods of exposure (Muscat et ah, 2000; 

Inskip et ah, 2001).

Most of the more recent case-control mobile phone epidemiologic studies belong to one of two 

sets of studies: the multinational, comprehensive studies conducted by the INTERPHONE 

Study Group and the series of case-control studies conducted by a research group in Sweden.

The INTERPHONE Study Group is comprised of a consortium of 16 research groups in 13 

countries in Europe, Asia, North America, and Australia/New Zealand (Cardis et ah, 2007,

2011; Interphone Study Group, 2010, 2011). The majority of studies by the INTERPHONE 

Study Group—both studies conducted in individual countries and pooled-analyses of data from 

several countries—show no significant positive association between self-reported mobile phone 

use and risk of glioma, meningioma, and acoustic neuroma. The pooled analysis found that 

those who had ever been a regular mobile phone user were associated with a significantly lower 

risk of glioma and meningioma, although this association was possibly due to selection bias, 

that is, greater participation among controls who had ever used mobile phones compared to 

those who had not (Interphone Study Group, 2010; Cardis et ah, 2011). A significant risk 

increase was observed in the highest of 10 categories of cumulative call time when all the data 

were combined in one analysis; however, the authors noted that there were implausible values of 

reported use in those highest categories, and they could not rule out chance or reporting bias as 

an explanation for the findings (Interphone Study Group, 2010, 2011).

Hardell and colleagues in Sweden conducted another series of case-control studies of malignant 

and benign brain tumors (e.g., Hardell et ah, 1999, 2013). While all these studies reported a 

significant positive association between mobile phone use and risk of brain tumors, with 

evidence of a positive exposure-response trend and especially with longer latency, concerns 

about selection bias, recall bias, interviewer bias, and multiple hypothesis testing, along with 

unclear exposure definitions and study inclusion criteria, limit the strength of the authors’

31
1902236.000 • 0218

EXHIBIT H-1



February 4, 2020

conclusions. The higher odd ratios reported in these studies are not consistent with results from 

other epidemiologic studies, including those from the Swedish INTERPHONE group (Lonn et 

al., 2005).

More recently Olsson et al. (2019) examined cell phone use prior to diagnosis and survival in 

806 glioma patients after diagnosis in Denmark, Finland, and Sweden. The authors reported no 

indication of reduced survival among glioblastoma patients in association with various measures 

of mobile phone use; in fact, all statistically significant associations suggested better survival for 

mobile phone users (Olsson et al., 2019).

There is little epidemiologic evidence regarding mobile phone use and risk of brain tumors in 

children. One case-control study of children and adolescents (aged 7-19 years) reported no 

exposure-response relationship between the amount of mobile phone use and risk of brain 

tumors. In addition, the study did not detect an increased risk of brain tumors in those brain 

areas that received the highest amount of exposure (Aydin et al., 2011). Similarly, there are few 

case-control studies of mobile phone use and the risk of parotid and salivary gland tumors, 

leukemia, non-Hodgkin lymphoma, uveal melanoma, testicular cancer, and intratemporal facial 

nerve tumor. Existing studies on these outcomes do not reveal a consistent or convincing 

positive association and have the same general limitations as other case-control studies.

Because RF exposure from mobile phones has been hypothesized to affect primarily the 

development of brain cancer and because mobile phone use has dramatically increased in the 

past couple of decades in all modem societies, incidence trends of brain cancer have been 

examined in several countries in recent years. These studies, however, reported no observable 

increase brain cancer incidence during a period of substantial increase in mobile phone use (e.g., 

Cook et al., 2003; Rodsli et al., 2007; Deltour et al., 2009; Inskip et al., 2010; de Vocht et al., 

2011; Aydin et al., 2012; Shibui, 2012; McKean-Cowdin et al., 2013; Karipidis et al., 2018; 

Natukka et al., 2019; Nilsson et al., 2019; Roosli et al., 2019). While some studies reported an 

increase in the rate of glioblastoma multiforme (i.e., high-grade brain tumors), they also 

reported a corresponding decrease in other types of brain tumors, a pattern that more likely was 

produced by a shift in tumor classification, and improvements in diagnostic technology over 

time rather than mobile phone use (e.g.. Philips et al., 2018; de Vocht, 2019).
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Laboratory Animal Studies of RF and Cancer

A review of experimental studies of RF exposures in rats and mice between 1982 and 2011 was 

reported by the 1ARC in 2013. The conclusion was that, in aggregate, the studies provided 

“limited evidence in experimental animals for the carcinogenicity of radiofrequency radiation.” 

No rationale as to how the studies were rated or evaluated was provided. An updated review of 

these and some newer studies and analyses prompted SCENIHR (2015) to conclude “[ojverall, 

because a considerable number of well-performed studies using a wide variety of animal models 

have been mostly negative in outcome, the animal studies are considered to provide strong 

evidence for the absence of an effect.” The studies reviewed by these agencies applied 

exposures with SARs below 8 mW/kg, but several involved exposures to SARs at much higher 

levels between 2-5 W/kg.

The SCENIHR (2015) review also commented on the study by the U.S. National Toxicology 

Program (NTP) then underway, and stated, “[l]ong-term absorption of RF energy at that level 

will have a considerable impact on thermoregulation, and induce compensatory changes in 

metabolism, as well as reducing food consumption and spontaneous activity.”

In 2000, the NTP began the design and planning for a study of rats and mice to be exposed to 

RF fields simulated to be similar to those of mobile phones with signal modulations 

characteristic of 2G mobile phones (i.e., Global System for Mobile Communication [GSM] 

phones) and 3G mobile phones (i.e.. Code Division Multiple Access [CDMA] phones). The 

results have been summarized most completely in two draft technical reports in February 2018 

(NTP, 2018a, 2018b). Final reports were published in November 2018 (NTP, 2018c, 2018d).

Pilot studies of exposures for 5 days provided strong evidence confirming that exposure of rats 

to RF fields at 900 MHz and mice to RF fields at 1,900 MHz resulting in SAR levels of 

10 W/kg or 12 W/kg for 10 minutes on and 10 minutes off for 18.3 hours per day produced 

excessive increases in body temperature leading to death in rats. In addition, the study reports 

that increases in body temperature above 1 °C may occur in rats and mice at exposure levels 

above 4 W/kg and 6 W/kg.
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Twenty-eight-day studies involved the exposure of groups of pregnant female rats and groups 

of adult male and non-pregnant female rats to GSM or CDMA RF fields at 0, 6, or 9 W/kg, and 

adult male and non-pregnant female mice to GSM or CDMA RF fields at 5, 10, and 15 W/kg for 

18.3 hours per day (cycles of 10-minutes on, 10-minutes off) for 28 days. Significant reductions 

in body weight were measured in post-pregnancy (in lactation) rats exposed to GSM or CDMA 

fields at 9 W/kg; dose-related reductions in body weight were also seen in the pups at 9 W/kg. 

Similar, but apparently not significant, trends were seen in male and female adult rats as well. 

The body temperatures of pregnant female rats were significantly increased at 6 W/kg and 9 

W/kg with GSM and CDMA exposure. Some significant decreases in the body temperatures of 

female pups exposed to GSM RF also were reported. In mice, exposures of males to GSM RF at 

5 W/kg and 10 W/kg and CDMA at 10 W/kg and 15 W/kg significantly increased body 

temperatures. No effects of GSM or CDMA on the body weights of male or female mice were 

reported.

Two-year studies involved the exposure of rats to GSM or CDMA RF (1.5, 3, or 6 W/kg) 

beginning prior to birth (in utero exposure beginning on gestational day 5) through to.the end of 

life. Mice were similarly exposed to GSM or CDMA RF (2.5, 5, or 10 W/kg) for their lifetimes, 

but these exposures began in adulthood. As in the shorter-term studies, significant reductions in 

body weight gains of pregnant female rats as well as their male and female pups were dose- 

related with GSM exposure. Significantly increased survival over the 2-year period of male rats 

exposed to GSM fields was reported at all SAR levels in a dose-related fashion. The survival of 

male rats exposed to CDMA at 1.5 W/kg and 3 W/kg was also increased. Similarly, survival of 

female rats increased with exposure to CDMA at 6 W/kg.

The examination of multiple organs of rats at the end of the study showed dose-related increased 

incidence of cardiomyopathy in the right ventricle of males at 3 W/kg and 6 W/kg (GSM) and at 

all SAR levels (CDMA). The rate at 6 W/kg was higher than the historical range among 

unexposed control rats in previous NTP studies. A trend for malignant schwannomas of the 

heart to increase with GSM and CDMA SAR levels was observed in male rats, but the rate was 

only elevated above historical controls at 6 W/kg in CDMA males. An increase in the rate of 

brain glial tumors was not reported at any exposure levels in male rats exposed to CDMA, but a 

weak trend was noted.
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Groups of 105 male and female mice exposed to GSM and CDMA also were evaluated after 

2 years of exposure at different SAR levels than rats. The survival of male mice exposed to 

GSM at 5 W/kg and CDMA at 2.5 W/kg was higher than unexposed control mice. The 

examination of multiple organs of mice at the end of the study showed higher rates of malignant 

lymphoma in female mice exposed to GSM at 2.5 W/kg and 5 W/kg and to CDMA at 2.5 W/kg. 

Opposite effects of CDMA RF on liver cancer were reported for male mice (a decrease in 

carcinomas at 2.5 W/kg and an increase of hepatoblastoma at 5 W/kg). All tumor rates were 

within the range of historical rates of control rats reported in other NTP studies.

Tests for reparable DNA damage after 14 weeks of exposure showed trends for damage to 

increase with SAR levels in 1 of 3 brain regions of male mice (CDMA and GSM) and female 

rats (CDMA), in 2 of 3 brain regions in male rats (CDMA), in the liver in female mice 

(CDMA), and in the blood of both sexes of rats exposed to CDMA. No damage to chromosomes 

in red blood cells in rats or mice exposed to GSM or CDMA was reported. These observations 

were not linked in the report to histological observations on the brain or any other tissues.

Overall, the results of the NTP study indicate that exposure to levels of RF that cause heating of 

the body,10 can have acute adverse effects, and that life-long exposure at slightly lower levels 

also may increase survival with increasing SAR exposure. Increased rates of malignant tumors 

above the rates in unexposed controls and historical controls in the hearts of GSM- and CDMA- 

exposed males provide, as the report states, “some evidence of carcinogenic activity” in rats.

The report stated that data evaluated for mice only provided “equivocal evidence of 

carcinogenicity” with GSM and CDMA exposure. The data deserve additional scrutiny because, 

although the statistical testing for some measures such as body weight were adjusted for 

multiple comparisons, other measures like tumor incidence were not. Given the thousands of 

pair-wise and trend comparisons made between exposed and control rats and mice in these 

reports, one must assume that a substantial fraction of the statistically significant differences 

reported were statistical false positive findings (i.e., occurred by chance alone). The SAR level 

that is considered the threshold above which adverse effects of whole-body RF exposure may be

10 Tissue heating is a well-established effect of RF exposure at sufficiently high levels. Scientifically-established 
RF exposure limits, however, are set well below levels at which adverse heating of the tissue or body may 
occur. Thus, the study findings of the NTP study are, in general, not informative with respect to potential effects 
of low-level RF exposure from everyday sources, including smart meters.
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expected is 4 W/kg in rats, non-human primates, and humans (D’Andrea, 1999) and this has led 

federal agencies in the United States to set the standard for whole-body exposure of the general 

public 50-fold lower to 0.08 W/kg (FCC, 1997).

Following a review by an outside ad hoc peer-review panel conducted in March 2018, the NTP 

released its final reports in November 2018 (NTP, 2018c; 2018d). In the final reports, even 

though the actual study results remained unchanged, the NTP upgraded some of their statements 

based on the review panels’ recommendations, and stated that there was “clear evidence” that 

RF exposure was associated with development of schwannoma in the hearts of male rats, and 

“some evidence” for tumors in the brain and adrenal glands of male rats. Even though the 

maximum RF exposures to mice were 67% higher than for rats, the evidence for any effects was 

weaker for mice and was rated as “equivocal.”

Ramazzini Institute

A recent study conducted at the Ramazzini Institute in Italy exposed rats to 1,800 MHz GSM 

RF fields for 19 hours per day from gestational day 12 (in utero) until the end of life at 

calculated SAR levels of 0.001 W/kg, 0.03 W/kg, or 0.1 W/kg. A partial summary of the results 

was selected by the authors for publication (Falcioni et al., 2018). The exposures were planned 

to simulate RF exposures in the environment from a fixed mobile antenna, not a mobile phone. 

The rats were exposed in cages with 5 rats per cage with a minimum of approximately 200 rats 

per sex per group. Body temperature was not measured.

The investigators did not report that they had randomly assigned the rats to the control or 

treatment conditions, which is a major flaw in the design of the experiment (Hooijmans, 2014). 

No effects on food or water intake, body weight, or survival in male or female rats were 

reported. The investigators reported 120 additional statistical calculations to describe the 

potential differences between groups of rats exposed or not exposed to RF fields on numerous 

measures. Using a criterion of p < 0.05, one would expect about six statistically significant 

differences to be reported just by chance alone in the two tables of data presented. But from all 

the calculations, only one single table entry indicated a statistically significant difference. In 

male rats at the highest exposure of 50 volts per meter (said to correspond to an SAR of 0.1 

W/kg), 1.4% were diagnosed with a schwannoma in the heart whereas no rats were diagnosed
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with this tumor among the control rats. No other differences in the entire report were 

statistically significant.

If these calculations had been corrected for multiple comparisons as had been done in some of 

the analyses in the NTP study, there would be no statistical differences between the groups 

exposed to RF and the control group at all. Moreover, the claim of the investigators that the 

large number of rats in each group makes it a better study than the NTP study is undercut 

because they exposed the rats in cages of five and so the cage, and not the individual rats, 

should have been the experimental unit for analysis. Thus, observations on each rat were not 

necessarily independent of the others in the cage and so the sample size for all the analyses 

should have been divided by 5 for the calculations of statistical significance.

Another reason to be cautious about this study is that EPA has criticized the Ramazzini 

Institute's assessments of histological data, has “decided not to rely on RI [Ramazzini Institute] 

data on lymphomas and leukemias in IRIS [Integrated Risk Information System] assessments” 

(USEPA, 2013), and has warned risk assessors about problems with the cancer bioassays 

conducted by the Ramazzini Institute. These problems include the accuracy of the cancer 

diagnoses; the categorization of tumors; errors in identifying cellular changes such as 

leukemia/lymphoma in certain tissues that appear to be due to infections and tissue 

inflammation; a unexplained significant rise in the incidence of leukemia/lymphomas over time 

in control groups unrelated to the exposure under study; the lack of complete reporting and 

documentation of analytical specifications; failure to control or analyze for potential litter 

effects; and the use of common controls for multiple studies (Gift et al., 2013).

In September 2018, ICNIRP published a brief summary and evaluation of the NTP and 

Ramazzini Institute studies (ICNIRP, 2018). Overall, ICNIRP concludes that “consideration of 

their [NTP and Ramazzini Institute studies] findings does not provide evidence that 

radiofrequency EMF is carcinogenic,” and that these “studies do not provide a consistent, 

reliable and generalizable body of evidence that can be used as a basis for revising current 

human exposure guidelines.” In a statement issued in November 2018 on the NTP studies, the 

Director of the FDA’s Center for Devices and Radiological Health opined that the findings of 

the NTP studies “should not be applied to human cell phone usage.” The FDA further concluded
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that “[bjased on our ongoing evaluation of this issue, the totality of the available scientific 

evidence continues to not support adverse health effects in humans caused by exposures at or 

under the current radiofrequency energy exposure limits. We believe the existing safety limits 

for cell phones remain acceptable for protecting the public health” (FDA, 2018). A third 

commentary on these studies was offered in a newsletter by a group of scientists assembled by 

the Swiss Federal Office for the Environment (BERENIS, 2018). The limited commentary 

reported on selected aspects of these studies and pointed out “the results of the NTP study are 

mostly relevant for the exposure situation when using a mobile phone close to the body. In 

contrast, the Ramazzini study observed carcinogenicity at levels as high as the environmental 

exposure limits, with no statistically significant effect at lower doses.”

In summary, the newest animal studies of chronic exposure to RF fields do not alter the weight 

of evidence accumulated from previous research reviewed by scientific agencies indicating that 

RF fields at very low levels are not harmful. The NTP reports suggest potential adverse effects 

of short- and long-term exposure to RF at levels at or above historically-recognized thresholds 

for causing increases in body temperatures and adverse effects of RF exposure upon which 

exposure standards are based. Further, the results of the Ramazzini study are consistent with no 

effect of RF at exposure levels that are about 100-fold lower than those of the NTP study, a 

finding consistent with prior research.

Studies of Potential Health Effects Other Than Cancer

While cancer development was the primary focus of many studies related to RF exposure and 

potential health effects, an important body of literature has also accumulated on potential health 

effects other than cancer. The examined non-cancer health outcomes included, among others, 

neurocognitive effects, reproductive and developmental effects, various cardiovascular 

conditions and diseases, nervous system effects, and immunological effects. Epidemiologic and 

laboratory studies on potential non-cancer outcomes of RF exposure have been systematically 

and repeatedly reviewed (e.g., Ahlbom et al.; 2004, Feychting, 2005, 2011; AGNIR, 2012; 

SCENIHR, 2015). Overall, the scientific literature is not in support of a causal relationship 

between low-level RF exposure and any of the examined non-cancer health outcomes.
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Studies Related to Non-Specific Symptoms and Hypersensitivity

Overall, the scientific literature does not establish a causal link between exposure to EMF, 

including RF fields, and any non-specific symptoms or “electromagnetic hypersensitivity.” A 

number of studies investigated the potential relationship between exposure to RF fields and 

various non-specific symptoms. Many of these studies relied on self-reported exposures, cross- 

sectional designs, and small sample sizes. These studies contributed little, if any, insight to our 

understanding of the potential effects of RF fields. Over 40 experimental studies examined the 

relationship between exposure to either EMF or RF fields and electromagnetic hypersensitivity, 

also called idiopathic environmental intolerance attributed to EMF (IEI-EMF). The symptoms 

claimed to be associated with to IEI-EMF generally include dizziness, palpitations, skin itching, 

dry mouth, sleep disorders, and digestive problems. A number of the studies of IEI-EMF are 

limited because they did not utilize double-blinding techniques. A group of higher quality 

human experimental trials, epidemiologic studies, and field intervention studies that examined 

the occurrence of headache, dizziness, concentration problems, sleep disturbances, or fatigue 

due to RF-field exposure did not provide consistent evidence of increased occurrence of 

symptoms or symptom patterns with exposure (Danker-Hopfe et al., 2010; Heinrich et al., 2010, 

2011; Mohler et al., 2010, 2012; Rddsli et al., 2010; Roosli and Hug, 2011; Frei et al., 2012). 

Scientists recognize that a person’s symptoms may be real, and in some cases severe, however, 

well-conducted provocation studies consistently demonstrate that those who reported RF 

sensitivity cannot differentiate between exposure and no exposure scenarios, and that the 

reported symptoms are not causally related to RF exposure (Roosli et al., 2010; Roosli and Hug, 

2011; Rubin et al.,2011).

In its fact sheet on electromagnetic hypersensitivity, the WHO states that symptoms reported by 

individuals identified as having electromagnetic hypersensitivity are real and can be severe, but 

that “[w]ell controlled and conducted double-blind studies have shown that symptoms were not 

correlated with EMF exposure.” The WHO further states that “EHS [electromagnetic 

hypersensitivity] is not a medical diagnosis, nor is it clear that it represents a single medical 

problem,” and that “[treatment of affected individuals should focus on the health symptoms and 

the clinical picture, and not on the person’s perceived need for reducing or eliminating EMF in
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the workplace or home.*’11 Correspondingly, the most recent revision of the WHO’s 

International Classification of Diseases (10th Revision)12 does not include a specific category for 

electromagnetic hypersensitivity or 1EI-EMF.

With respect to electromagnetic hypersensitivity, the most recent comprehensive review by 

SCENIHR (2015) concluded the following:

Symptoms that are attributed by some people to various RF EMF exposure can 

sometimes cause serious impairments to a person’s quality of life. However, 

research conducted since the previous SCENIHR Opinion adds weight to the 

conclusion that RF EMF exposure is not causally linked to these symptoms.

This applies to the general public, children and adolescents, and to people with 

idiopathic environmental intolerance attributed to electromagnetic fields (IEI- 

EMF). Recent meta-analyses of observational and provocation data support this 

conclusion.

" httDs://www.who.Snt/peh-emf/Dublications/facts/fs296/ea/

12 https://icd.who.int/browse10/2010/en
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Summary and Conclusion

A large body of scientific literature has accumulated over the past several decades about 

exposure to RF fields and potential health effects. This area has been extensively studied and the 

literature includes a variety of scientific studies, including epidemiologic studies of human 

populations, experimental studies of laboratory animals and humans {in vivo studies), and 

laboratory studies of cells and tissues (in vitro studies). As the WHO states, “scientific 

knowledge in this area is now more extensive than for most chemicals.”13 The WHO also notes 

that “[wjith more and more research data available, it has become increasingly unlikely that 

exposure to electromagnetic fields constitutes a serious health hazard, nevertheless, some 

uncertainty remains.” The available scientific literature has been periodically and repeatedly 

reviewed by multidisciplinary panels convened by a number of national and international 

governmental health and scientific agencies to evaluate the overall scientific evidence on 

whether RF EMF at levels typically encountered in our environment pose any risk to human 

health. None of these expert panels, including those assembled for example by ICNIRP, HPA, 

IARC, and SCEN1HR, has concluded that low-level exposure to RF fields (i.e., exposure below 

currently existing scientifically-established guideline levels) causes any adverse health effects, 

including cancer or any other chronic diseases. The IARC evaluation (IARC, 2013) and the 

press release issued in relation to the announcement of their main findings (IARC, 2011) 

specifically noted that the evidence from studies of environmental exposures (i.e., RF sources 

with fixed location, such as radio and television antennae and mobile phone base stations) and 

cancer development was “judged inadequate” to suggest an association.

Evaluations of potential health effects of RF emissions specifically from smart meters 

conducted by multiple states in the United States and other governmental agencies ail concluded 

that the available scientific evidence does not support a claim for the existence of any health 

effects as a result of exposure to RF fields from smart meters.

The estimated potential exposure to RF fields from smart meters at the Edwards residence is a 

small fraction of RF exposure from all other sources, and is well below internationally-accepted,

13 http://www.who.int/Deh-emf7about/WhatisEMF/en/indexl.html
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scientifically-based exposure guidelines, such as those set by ICNIRP, ICES, and specifically by 

the FCC. These exposure levels are also well within the range that could be experienced in other 

households in the United States. According to Dr. Cotts’s evaluation in his expert report filed in 

this case, the contribution of a typical Duquesne Light Company’s smart meter to the 

Complainant’s exposure indoors is less than the RF exposure from other existing sources and 

only 0.00077% (1/130,000th) of the FCC’s health-based exposure limit.

Based on my knowledge and familiarity with the relevant scientific literature, including the 

relevant weight-of-evidence reviews conducted by a number of international multidisciplinary 

expert panels, and the case materials presented to me in relation to the Complaint filed with the 

Pennsylvania Public Utility Commission against Duquesne Light Company on behalf of 

Miranda Grace Edwards {Edwards matter), my opinions are as follows:

1. A causal relationship is not established between environmental exposure to RF fields, 

including RF fields specifically from smart meters owned and operated by Duquesne Light 

Company, and adverse human health effects, including cancers or non-cancer health 

outcomes, as claimed in the Complaint and other submissions by the Complainant.

2. Exposure to RF fields estimated in the Edwards residence as a result of the operation of 

smart meters or from other common sources found within or outside a typical residence does 

not have any proven adverse effect on health.

3. The materials included in the Complaint and other submissions by Ms. Edwards do not 

provide a basis to reach a valid scientific conclusion that low-level RF exposure, including 

the RF fields associated with the operation of smart meters, causes or contributes to the 

development of any adverse health effects, including cancer and non-cancer health 

outcomes.

4. Scientific research does not support the claim that exposure to RF fields from smart meters 

has any proven adverse effect on health, thus, there is no support to the claim that RF fields 

from smart meters would adversely affect the health of Ms. Edwards, or others at the 

Edwards residence.
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My opinions are expressed herein to a reasonable degree of scientific and medical certainty. I 

reserve the right to revise my opinions as more information becomes available.
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Limitations

At the request of counsel for Duquesne Light Company, Exponent prepared this report that 

provides an overview of the scientific literature on potential health effects of RF 

electromagnetic fields and evaluates whether exposure to RF fields from smart meters owned 

and operated by Duquesne Light Company near the residence of Ms. Edwards, presents any 

health risk to Ms. Edwards or others. The findings presented herein are made to a reasonable 

degree of scientific certainty. Exponent reserves the right to supplement this report and to 

expand or modify opinions based on review of additional material as it becomes available, and 

through any additional work, or review of additional work performed by others.

The scope of services performed during this investigation may not adequately address the needs 

of other users of this report, and any re-use of this report or its findings, conclusions, or 

recommendations presented herein for other purposes are at the sole risk of the user. My 

opinions are expressed herein to a reasonable degree of scientific certainty. I reserve the right to 

revise my opinion as more information becomes available.
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Table 1. Agency Reviews and Opinions on Exposure to RF Fields and Health

Year Oraanlzation Review Link
2019 Australian Radiation Protection 

and Nuclear Safety Agency
Non-Ionising Radiation Protection in Australia http$7/www.arpansa.gov.au/sites/defautt/ 

files/tr182.pdf

2019 IEEE International Committee on 
Electromagnetic Safety

IEEE Standard for Safety Levels with
Respect to Human Exposure to Electric,
Magnetic, and Electromagnetic Fields,
0 Hz to 300 GHz

https://standards.ieee.org/standard/C95
1-2019.html

2019 Swedish Radiation Safety
Authority

Research 2019:08 - Recent Research on EMF and Health 
Risk - Thirteenth Report from SSM's Scientific Council on 
Electromagnetic Fields, 2018

https://www.stralsakerhetsmyndigheten.s 
e/contentassets/eal 82ee131 d049f 1 b3b1 
140dd0fbc0f8/201908-recent-research- 
on-emf-and-health-risk-thirteenth-report- 
from-ssms-scientrfic-council-on- 
electromagnetic-fields-2018 pdf

2018 French Agency for Food, 
Environmental and Occupational 
Health & Safety

OPINION of the French Agency for Food, Environmental 
and Occupational Health & Safety Regarding the Expert 
Appraisal on ‘Electromagnetic Hypersensitivity (EHS) or 
Idiopathic Environmental Intolerance Attributed to 
Electromagnetic Fields (IEI-EMF’)

https://www.anses.fr/en/system/fiies/AP2
01 tSA0150EN.pdf

2018 Swedish Radiation Safety
Authority

Research 2018:09 - Recent Research on EMF and Health 
Risk - Twelfth Report from SSM's Scientific Council on 
Electromagnetic Fields. 2017

https://www.stralsakerhetsmyndigheten.s
e/contentassets/f34de8333acd4ac2b22a
9b072d9b33f9/201609-recent-research-
on-emf-and-health-risk

2016 Health Council of the Netherlands Mobile Phones and Cancer. Part 3: Update and Overall 
Conclusions From Epidemiological and Animal Studies.

https://www.healthcouncji.nl/documents/ 
advisory-reports/2016/06/01 /mobile- 
phones-and-cancer-part-3-update-and- 
overalf-conclusions-from- 
epidemiological-and-animal-studies

2016 Swedish Radiation Safety
Authority

Research 2016:15 - Recent Research on EMF and Health 
Risk - Eleventh Report from SSM's Scientific Council on 
Electromagnetic Fields, 2016

https://www.stralsakerhetsmyndigheten.s 
e/en/publications/reports/radiation- 
p rotection/2016/201615/

2015 New Zealand Ministry of Health Interagency Committee on the Health Effects of Non­
ionising Fields: Report to Ministers 2015

https://www.health.govt.nz/

EXHIBIT H-1



Year Oraanization Review Link
2015 Scientific Committee on Emerging 

and Newly Identified Health Risks
Opinion on Potential Health Effects of Exposure to 
Electromagnetic Fields (EMF)

https://ec.europa.eu/health/scientific_co 
mmittees/emerging/docs/scenihr_o_041. 
pdf

2015 Swedish Radiation Safety
Authority

Research 2015:19 - Recent Research on EMF and Health 
Risk - Tenth Report from SSM's Scientific Council on 
Electromagnetic Fields. 2015

https ://www.stralsakerhetsmyndigheten.s 
e/contentassets/ee7b28e0fee04e80bcaf 
84c24663a004/201519-recent-research- 
on-emf-and-health-risk—tenth-re port- 
from-ssms-scientific-council-on- 
electromagnetic-fields-2015

2014 Australian Radiation Protection 
and Nuclear Safety Agency

Review of Radiofrequency Health Effects Research - 
Scientific Literature 2002- 2012

https://www.arpansa.gov.au/sites/default/ 
files/legacy/pubs/technicalreports/tr164.p 
df?acsf_frles_red irect

2014 Health Canada/Royal Society of 
Canada

The Royal Society of Canada Expert Panel:
A Review of Safety Code 6 (2013):
Health Canada's Safety Limits for Exposure to 
Radiofrequency Fields. Spring 2014

https://rsc-
src.ca/sites/default/files/SC6_Report_For 
matted_1 .pdf

2014 Health Council of the Netherlands Mobile Phones and Cancer. Part 2: Animal Studies on 
Carcinogenesis

https://www.healthcouncil.nl/documents/ 
advisory-re ports^OH^/OS/mobile- 
phones-and-cancer-part^-animal- 
studies-on-carcinogenesis

2014 Swedish Radiation Safety
Authority

Research 2014:16 - Recent Research on EMF and Health 
Risk - Ninth Report from SSM's Scientific Council on 
Electromagnetic Fields, 2014

https://www.stralsakerhetsmyndigheten.$
e/contentassets/08b2f497b3ad48cf9e29
a 1 d0008e7d82/201416-recent-research-
on-emf-and-health-risk-ninth-report-from-
ssms-scientific-council-on-
electromagnetic-fields-2014

2013 British Columbia Centre for
Disease Control and Canadian 
National Collaborating Centre for 
Environmental Health

Radiofrequency Toolkit for Environmental Health 
Practitioners

http ://electromagneticheatth .org/wp-
content/uploads/2013/07/Radiofrequency
Toolkit_v4_06132013.pdf

2013 French Agency for Food, 
Environmental and Occupational 
Health & Safety

OPINION of the French Agency for Food, Environmental 
and Occupational Health & Safety Concerning the Update 
of the ‘Radiofrequency Electromagnetic Fields and
Health’ Expert Appraisal’

https://www.anses.fr/en/system/files/AP2
011sa0150RaEN.pdf
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Year Oraanization Review Link
2013 Health Council of the Netherlands Mobile Phones and Cancer. Part 1: Epidemiology of 

Tumours in the Head
https://www.gezondheidsraad.nl/en/task-
and-procedure/areas-of-
activity/environmental-health/mobile-
phones-and-cancer-part-1

2013 International Agency for Research 
on Cancer

IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans. Volume 102. Non-Ionizing Radiation,
Part 2: Radiofrequency Electromagnetic Fields

https://monographs.iarc.fr/ENG/Monogra 
phs/vol 102/mono 102. pdf

2013 Swedish Radiation Safety
Authority

Research 2013:19 - Eighth Report from SSMs Scientific 
Council on Electromagnetic Fields

http$://www.stral$akerhetsmyndigheten.s 
e/contentassets/7f20edcd0b024940bca4 
50d596568e30/201319-eighth-repo rt- 
from-ssms-scientific-council-on- 
electromagnetic-fields

2013 Swiss Federal Office for the 
Environment

Radiation from Transmission Installations and Effects on 
Health

https://www.bafu.admin.ch/bafu/en/home 
/topics/electrosmog/publications- 
studies/publications/radiation-from- 
t ransmission-installations-and-effects-on- 
health.html

2012 Advisory Group on Non-ionizing 
Radiation for the Health Protection 
Agency of the United Kingdom

Health Effects from Radiofrequency Electromagnetic
Fields

https://www.ices-emfsafety.org/wp- 
content/uploads/2014/11/AGNIR report 
2012.pdf

2012 European Health Risk Assessment 
Network on Electromagnetic Fields 
Exposure

Deliverable Report D2 - Risk Analysis of Human Exposure 
to Electromagnetic Fields (Revised)

https://pdfs.semanticscholar.org/eec1/c4
df72681e512ab95be3c8455961bbc5758
9.pdf

2012 Norwegian Institute of Public
Health

Low-Level Radiofrequency Electromagnetic Fields - An 
Assessment of Health Risks and Evaluation of Regulatory 
Practice

https://www.fhi.no/en/pubi/2012/svake-
hoyfrekvente-elektromagnetiske-feit-en-
vurdering-av-helserisiko-og-f/

2011 Health Council of the Netherlands Influence of Radiofrequency Telecommunications Signals 
on Children's Brains (2011)

http://www.gezondheidsraad.nl/sites/defa 
ult/files/201120E.pdf

2010 European Health Risk Assessment 
Network on Electromagnetic Fields 
Exposure

Deliverable Report D2 - Risk Analysis of Human Exposure 
to Electromagnetic Fields

https://pdfe.semanticschoiar.org/0275/43 
895137f44a6abfcbcdc68c2828f1116b11. 
pdf
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Year Oraanlzation Review Link
2010 European Health Risk Assessment 

Network on Electromagnetic Fields 
Exposure

Deliverable Report D-3 - Report on the Analysis of Risks 
Associated to Exposure to EMF: In Vitro and In Vivo 
(Animals) Studies

http://efhran.poiimi.it/docs/IMS-
EFHRAN_09072010.pdf

2010 Latin American Experts Committee 
on High Frequency
Electromagnetic Fields and Human 
Health

Non-Ionizing Electromagnetic Radiation in the 
Radiofrequency Spectrum and its Effects on Human 
Health, with a Review on the Standards and Policies of 
Radiofrequency Radiation Protection in Latin America

http ://www .wireless-
health.org.br/downloads/LatinAmericanS 
cienceReviewReport.pdf

2010 Swedish Radiation Safety
Authority

Recent Research on EMF and Health Risk - Seventh 
Annual Report from SSMs Independent Expert Group on 
Electromagnetic Fields

http://www.stralsakerhetsmyndigheten.se
/Publikationer/Rapport/Stralskydd/2010/2
01044/

2009 EMF-NET: European Commission 
6m Framework Programme 
Coordination Action

EMF-NET: Effects of the Exposure to Electromagnetic 
Fields: From Science to Public Health and Safer 
Workplace. Deliverable D17: Report on Health Effects of 
RF with Recommendations for Non-Ionising Radiation 
Protection and Research Needs

Deliverable D15_c: Report on New Epidemiological
Studies on Static Fields, ELF. Intermediate Frequencies, 
and RF

https://www.emf.ethz.ch/fileadmin/redakti
on/public/downloads/4_wissen/exteme$_
material/lnterphone%20Cardis_%20Rep
ort%20on%20health%20effects%20of%2
0RF.pdf

2009 Health Council of the Netherlands Electromagnetic Fields: Annual Update 2008 http://www.gezondheidsraad.nl/sites/defa
ult/files/200902.pdf

2009 International Commission on Non­
ionizing Radiation Protection

Exposure to High Frequency Electromagnetic Fields, 
Biological Effects and Health Consequences (100 kHz - 
300 GHz)

https://www.icnirp.org/en/publications/arti
de/hf-review-2009.html

2009 Scientific Committee on Emerging 
and Newly Identified Health Risks

Health Effects of EMF Exposure http://ec.europa.eu/health/ph_risk/commi
ttees/04_scenihr/docs/scenihr_o_022.pdf

EXHIBIT H-1



Electrical Engineering & Computer 
Science Practice

Exponent

Report of Benjamin Cotts, 
Ph.D., P.E.

Re: Miranda Grace Edwards v. Duquesne 
Light Company, Pennsylvania Public Utility 
Commission Docket No. C-2018-3002741



Report of Benjamin Cotts, 
Ph.D., P.E.

Re: Miranda Grace Edwards v. Duquesne Light 
Company, Pennsylvania Public Utility 
Commission Docket No. C-2018-300274I

Prepared for

Duquesne Light Company 
411 7th Avenue 
Pittsburgh, PA 15219

Prepared by

Benjamin Cotts, Ph.D., P.E. 
Exponent, Inc.
17000 Science Drive, Suite 200 
Bowie, MD 20715

February 4, 2020

© Exponent, Inc.

1902236 000 - 4631

EXHIBIT H-2



February 4, 2020

Contents

List of Figures 

List of Tables

Acronyms and Abbreviations 

Executive Summary 

Introduction

1. Basic Physics of Electromagnetics

Electromagnetic Waves 

The Electromagnetic Spectrum 

Common Sources of Electromagnetic Fields 

Blackbody Radiation

Blackbody radiation from man-made sources 

Blackbody radiation from natural sources

Radiofrequency Communications 

Power 

Duty Cycle

Reflection and Attenuation 

Distance from the Source

2. Smart Meters and Mesh Networks

Smart Meter Mesh Network

Typical Smart Meter Operation 

Smart Meter Duty Cycle

Home Area Network

3. Standards 

Radiofrequency Fields 

Conducted Emissions

4. Sources of Radiofrequency Fields

Page

v

vi

vii

viii 

1 

2 

2

3

4

5 

5

5

6 

6 

6
7

8

9

9

11

11

12

13

13

Error! Bookmark not defined.

15

1902236 000 - 6627

111

EXHIBIT H-2



February 4, 2020

Natural Sources 15

Common Manmade Sources 15

Sources Specific to the Complainant 16

5. RF Exposure Comparison 18

Additional Discussion 20

6. Conclusions 22

7. Facts Relied Upon 23

8. References 24

Limitations 26

Appendix A - Educational Background, Qualifications, and Curriculum Vitae 
Appendix B - Common RF Sources and FCC RF Usage Spectrum Chart 
Appendix C - Example Exposure Calculation for the Complainant

1802236000 - 6627
IV

EXHIBIT H-2



February 4, 2020

List of Figures

Page

Figure 1. Illustration of the concept of wave energy movement from a source. 3

Figure 2. The electromagnetic spectrum and the relationship between frequency,
wavelength, energy, and temperature. 4

Figure 3. Illustrative example of a smart meter mesh network. 10

Figure 4. RF exposure of smart meters relative to other RF sources. 18

Figure 5. Comparison of RF exposure from the RF-LAN and Zigbee signals to RF 
exposure from other sources under typical use. The red lines show the 
potential range of RF levels associated with the manmade sources. 19

v
1902236.000 - 6627

EXHIBIT H-2



February 4,2020

List of Tables

Page

Table I. Duty cycle of DLC smart meters*’+ 12

Table 2. Duty cycle of the Zigbee Radio in DLC smart meters* 12

Table 3. Exposure limits specified by the FCC, IEEE, and ICNIRP 14

Table 4. RF exposure values for common natural RF sources 15

Table 5. Frequency and representative RF exposure values for common manmade RF
sources 16

Table 6. Calculations of RF exposure for DLC smart meters and local broadcast
stations 17

Table 7. Example variability of smart meter in different exposure scenarios 20

Table 8. Sources of data used to model RF signal transmission from DLC smart
meters 23

vi
1902236 000 - 6627

EXHIBIT H-2



February 4, 2020

Acronyms and Abbreviations

AM Amplitude modulated

CDMA Code-division multiple access

DC Direct Current

DLC Duquesne Light Company

FM Frequency modulated

FCC Federal Communications Commission

GHz Gigahertz

GSM Global system for mobile communications

HAN Home area network

ICNIRP Internationa! Commission on Non-Ionizing Radiation

Itron, Inc. Itron

IEEE Institute of Electrical and Electronics Engineers

LAN Local area network

MHz Megahertz

mW/cm2 Milliwatts per square centimeter

RF Radiofrequency

SAR Specific absorption rate

W/cm2 Watts per square centimeter

W/kg Watts per kilogram

W/m2 Watts per square meter

1902236.000 - 6627

VII

EXHIBIT H-2



February 4, 2020

Executive Summary

Electric power utilities throughout the United States are in the process of modernizing their 

infrastructure in a “smart grid.” In Pennsylvania, Act 129 of 2008 required the deployment of 

smart meters, and Duquesne Light Company (DLC) selected OpenWay Centron smart meters 

provided by Itron, Inc. (Itron) for their smart grid network.

I have been retained in this matter by DLC in the matter of Miranda Grace Edwards v.

Duquesne Light Company, before the Pennsylvania Public Utility Commission No: C-2018- 

3002741. My services have been requested in order to provide context on radiofrequency (RF) 

exposures that are the focus of concerns raised by the Complainant in this matter.

My report describes the RF signal technology that smart meters use to communicate and the 

relative levels of RF fields that are expected during transmissions. This provides a basis for 

describing the RF exposure from DLC smart meters and explaining how this exposure compares 

to the Complainant’s exposures from other RF sources, both natural and anthropogenic.

Through my investigation of the DLC Itron smart meters, as well as existing RF sources near 

the Complainant’s home, I have determined that the contribution of a typical smart meter to the 

RF exposure indoors would be about 0.00077% (1/130,000th) of the Federal Communications 

Commission’s (FCC) health-based exposure limit. Furthermore, potential exposures from DLC 

smart meters are substantially less than the RF exposures from common natural and manmade 

sources.

Based on my review of the facts in this case; the available material; my background, experience, 

and training; and my work completed to date, the following opinions are submitted within a 

reasonable degree of engineering and scientific certainty:

1) The Itron smart meters operated by DLC will represent a negligible contribution to the 

overall RF exposure of the Complainant.

2) The RF exposures from other common sources are many times greater than from a 

typical DLC smart meter.
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3) The RF exposure from a typical DLC smart meter, whether evaluated inside or outside 

the Complainant’s residence, represents a fraction of the allowable FCC limit and 

complies with applicable industry standards.

I reserve the right to revise or amend these opinions and conclusions if additional information 

becomes available or if further analysis is performed.
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Introduction

Electric power utilities throughout the United States are modernizing their infrastructure in a 

“smart grid.” One component of this modernization is the installation of advanced metering 

infrastructure, also known as smart meters. A hallmark feature of smart meters that sets them 

apart from their predecessors is the capability of using radiofrequency (RF) signals for two-way 

wireless radio communication, which use miniature radio transceivers to communicate 

electricity consumption data back to the utility and to receive signals from the utility.

Pennsylvania’s Act 129 of 2008 required the deployment of smart meters and Duquesne Light 

Company (DLC) selected OpenWay Centron smart meters provided by Itron, Inc. (Itron) for 

their network. Similar to many other smart meter mesh networks, the DLC network operates in 

the license-free, 902 to 928 megahertz (MHz), portion of the electromagnetic spectrum.

DLC requested that I provide the scientific background underlying the nature of electromagnetic 

fields, their natural and manmade sources, and standards relating to-human exposure to these 

fields.

My educational background, qualifications, and Curriculum Vitae are summarized in 

Appendix A. Appendix B includes a figure from the Federal Communications Commission 

(FCC) that depicts the various portions of the RF spectrum. The figure illustrates the uses and 

applications of the many hundreds of RF communication frequency bands licensed in the United 

States. Appendix C summarizes the methods and results of calculations of exposure to RF from 

a smart meter at the Complainant’s residence.

1
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1. Basic Physics of Electromagnetics

There are many natural sources and man-made sources of electromagnetic fields. Although not 

widely recognized, naturally occurring visible light is the most common natural electromagnetic 

field to which we are exposed every day. Man-made electromagnetic fields include extremely 

low frequency sources such as the fields from power transmission and distribution lines, as well 

as higher frequency sources that are associated with transmission of radio and television 

broadcast signals and various wireless personal communication devices used daily in modem 

society.

The primary defining characteristic of electromagnetic fields is their frequency. The frequency 

of an electromagnetic field is determined by the number of times it oscillates (i.e., changes 

direction) each second, and frequency is what governs how these fields interact with humans in 

their daily lives.'

Electromagnetic Waves

Electromagnetic waves are difficult to intuitively understand since most are not only invisible to 

the human eye, but they cannot be heard, tasted, touched, or smelled. Sound waves or water 

waves, on the other hand, are quite familiar and can be used through analogy to illustrate some 

of the relevant properties of electromagnetic waves. For instance, when one drops a rock in a 

pond, the rock creates a water wave, which expands outward from the source. The wave 

propagating on the surface of the pond does not actually carry water molecules with it, rather the 

wave spreads to adjacent water molecules (propagates) when adjacent water molecules move 

up-and-down. The wave with the highest amplitude (i.e., height above the pond’s surface) is at 

the source and as it spreads outward the height of the waves gets successively smaller. Figure 1, 

taken with a high-speed camera, illustrates how the up and down motion of the wave is highest 

at the source and diminishes as it expands outward.

Both electromagnetic fields and electromagnetic waves are used concurrently in this report depending on which 
is more intuitive and more readily understandable, but in all instances, their meaning is the same.

2
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Figure 1. Illustration of the concept of wave 
energy movement from a source.

Electromagnetic waves are made up of individual electric fields and magnetic fields and, similar 

to water waves, as electromagnetic waves propagate away from the source, the amplitude (i.e., 

the strength of the constituent electric and magnetic fields) decreases.

The Electromagnetic Spectrum

Although often assumed to include only RF fields, the electromagnetic spectrum in fact includes 

all forms of electromagnetic fields. As shown in Figure 2 electromagnetic fields are broadly 

classified as either non-ionizing radiation or ionizing radiation? Non-ionizing radiation in the 

radio portion of the electromagnetic spectrum includes RF broadcast signals from amplitude- 

modulated (AM) and frequency-modulated (FM) radio stations and from television broadcasts, 

while light from the sun or from a flashlight are common examples of electromagnetic fields in 

the visible portion of the electromagnetic spectrum. Microwave (sometimes included in the 

definition of RF) and infrared portions of the electromagnetic spectrum fall between the radio 

and visible portions of the electromagnetic spectrum. All these non-ionizing fields are too weak 

to break the bonds within atoms or molecules. In contrast, ionizing radiation such as from X- 

rays or gamma rays is strong enough to break molecular or atomic bonds.* 3

2 The term radiation simply means “energy propagated through space." It is used to describe energy emitted from 
any particular source such as heat from a campfire, light from a flashlight, acoustic energy from a stereo system, 
or the broadcast signal from an FM radio antenna (http://er.isc.nasa.gOv/sehye.html#electromaenetic radiation 
and http://er.isc.nasa.gOv/seh/r.html#radiation).

3 http://www.wh0.int/i0ni2ing radiation/about/what is ir/en/

3
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Figure 2. The electromagnetic spectrum and the relationship between frequency, 
wavelength, energy, and temperature.

Common Sources of Electromagnetic Fields

Modern technologies such as broadcast transmissions, radar, cell phones, and Wi-Fi are some of 

the most common man-made sources of electromagnetic fields, but in fact natural sources of RF 

are far more common and include lightning, the earth itself, and even other organisms, including 

humans.

Although common, the concept that the earth and humans, as well as virtually all objects, are 

sources of electromagnetic fields warrants additional attention. Extremely hot objects such as 

the sun produce electromagnetic Helds primarily in the visible and ultraviolet portions of the 

spectrum, while colder objects such as the earth produce fields primarily in the infrared portion 

of the spectrum. This phenomenon is called thermal radiation or heat radiation, while scientists 

refer to it as blackbody radiation. 4
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Blackbody Radiation

Any object (i.e., blackbody) that has a temperature above absolute zero4 will radiate 

electromagnetic energy; the temperature of the object determines the frequency at which most of 

the electromagnetic energy radiates. Hotter objects emit both more energy and energy at higher 

frequencies than colder objects.

Blackbody radiation from man-made sources

An electric stove provides a good example to illustrate how electromagnetic energy emitted by a 

blackbody changes at colder and hotter temperatures. When the stove burner is first turned on, 

it begins to heat up and produces stronger electromagnetic fields in the infrared portion of the 

spectrum than in the visual portion. This means that the burner still appears the same (black) 

but the electromagnetic energy can be felt by placing a hand nearby and feeling the infrared 

heat. As the burner gets hotter, it begins to glow reddish-orange, which is electromagnetic 

energy in the lower part of the visible spectrum. Household burners cannot heat beyond this 

point; however, if the temperature did increase further it would begin to glow a yellowish-white 

color (in the higher portion of the visible spectrum). At still hotter temperatures, such as from a 

welder’s torch, the light would become bluish (the highest part of the visible spectrum), and at 

even higher temperatures, the light from the welder’s torch would be in the ultraviolet range.5

Blackbody radiation from natural sources

As noted above, any object that has a temperature above absolute zero radiates electromagnetic 

energy and it does so at all frequencies (although very small amounts at very low or very high 

frequencies). Since humans and the earth both have a temperature of -300 Kelvin, most of their 

emitted energy is in the infrared portion of the electromagnetic spectrum (i.e., it can be seen 

with the use of infrared imagers), but a very small portion of that energy is also emitted in the

4 Absolute zero is the temperature at which the motion of molecules theoretically stops, which is 0 on the Kelvin 
scale and equivalent to about -273 degrees Celsius or about -460 degrees Fahrenheit.

5 The emission of this intense heat and ultraviolet light are among the reasons that welders wear protective 
glasses when performing their work.

5
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radio and microwave portions of the electromagnetic spectrum. Humans and the earth are 

therefore sources of RF energy (albeit very small sources).

Radiofrequency Communications

RF fields are an integral part of modem technology; they are used in emergency beacon 

services, air traffic control systems, cell phones, and smart meters, to name a few. RF fields are 

also widely used in scientific research and many more industrial, commercial, medical, and 

personal applications. In addition to frequency discussed above, power, duty cycle, reflection, 

and attenuation are common concepts to most RF communication. These concepts are 

particularly important to understand a person’s exposure level to RF energy from a variety of 

RF sources including smart meters.

Power

The importance of power is obvious; higher output power leads to higher RF signal levels and 

thus higher potential RF exposure. The other factors are discussed in greater detail below.

Duty Cycle

An important way man-made sources differ from one another is how often and in what patterns 

they transmit. Some sources transmit all the time at relatively constant power levels (e.g., FM 

radio and television broadcasts), while others transmit all the time but vary how much power is 

transmitted (e.g., AM radio). Intermittent operation is used by technology that only transmits 

based on data transfer needs and user demand. For example, smart meters transmit only when 

they need to transfer data; cell phones transmit based both on user demand and when they 

interact with the mobile network; and microwave ovens only emit RF fields when they are 

used.6

6 Some cell phones may also change transmission power output based upon circumstances while smart meters 
always transmit with the same power output.
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RF exposure to a particular source based on transmission patterns can be simplified into the 

source’s “duty cycle.” Duty cycle is determined as a percentage of time the source transmits 

information. For example, sources that transmit continuously, whether at constant or varying 

power, have a duty cycle of 100%. The duty cycle of a device that utilizes an intermittent 

transmission pattern can be reported as either an operational duty cycle or an average duty 

cycle.

The duty cycle of a source with an intermittent transmission pattern will vary depending on use. 

For example, a code-division multiple access (CDMA) cell phone used for 6 minutes in a 30- 

minute period has as a duty cycle of 20%, while one used for 1.5 minutes in a 30-minute period 

has a duty cycle of 5%.7 8 In contrast, a smart meter sends information in a series of short 

transmissions typically of a few hundred milliseconds or less. The duty cycle of DLC smart 

meters depends on a number of factors (discussed in more detail in the following Section); these 

units have an average duty cycle near 0.21% (transmitting for only a few seconds per day) and a 

maximum expected duty cycle of 8.0% (Itron, 2015).

Reflection and Attenuation

When an electromagnetic wave reaches a boundary (such as the ground or a wall) part of the 

energy from the wave will reflect from that boundary and some will be transmitted through 

(with some level of associated attenuation). The amount of energy reflected and the amount that 

passes through depends both on the frequency of the electromagnetic wave and on the material 

properties of the boundary.

The building materials of an individual’s home therefore can have a significant effect on a 

person’s RF exposure from external sources. For example, at the frequency of smart meters or 

cell phones, an 8-inch thick concrete wall allows less than 1% of incident RF energy through, a

7 When a call is made, a CDMA cell phone transmits continuously. This calculated operational duty cycle 
example should not be confused with the duty cycle of the emission of a CDMA cell phone when in use.

8 Global System for Mobile (GSM) communications is another communication technology used by cell phones. 
Rather than transmitting continuously, a GSM phone transmits only 1 /8,h of the time, but at 8 times the power of 
a CDMA transmission. The duty cycle of the emissions from a GSM phone when in use is therefore 12.5%. If 
a GSM phone is used for 6 minutes in a 30-minute period, then the total duty cycle is the product of the 
operational duty cycle and the duty cycle of the emissions: 20% x 12.5% = 2.5%.

7
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3.5-inch thick brick wall allows about 45% of the energy through, and a 0.75-inch thick 

plywood wall allows over 80% of the energy through (NIST, 1997).9

Distance from the Source

While a boundary will cause some of the energy in an electromagnetic wave to reflect and 

attenuate, distance from the source also causes attenuation, even if the wave does not pass 

through any material that causes it to lose energy. This attenuation is due simply to the 

expansion of the wave, similar to the motion of a water wave described above. When the 

electromagnetic wave is transmitted, it has a finite amount of energy concentrated at the source. 

As the wave expands, this same amount of energy is spread out over a larger and larger area so 

that the amount of energy in any particular location decreases as the wave gets farther from the 

source. The power density of the RF field decreases with the square of the distance from the 

source according to the inverse-square law.10 So, an individual located 10 yards away from a 

source will be exposed to 100 times less RF energy than an individual located 1 yard away from 

the same source.

9 At lower frequencies, such as those used in television or radio broadcast, the fraction of energy that passes 
through these materials is substantially higher.

10 A discussion of the inverse square law specific to smart meters is provided in Appendix C.
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2. Smart Meters and Mesh Networks

The primary purpose of smart meters in the DLC network is to record electricity usage at 

residences and other buildings and transmit that usage wirelessly back to DLC. The smart 

meters used by DLC communicate in the frequency range of 902 to 928 MHz.11

Most radio communication devices used in the United States must be certified by the FCC.

Itron OpenWay Centron smart meters deployed by DLC are certified by the FCC (FCC No. 

SK9AMI7), according to which, the transmission power of these smart meters is less than 

1 watt.

Smart Meter Mesh Network

A smart meter mesh network is a collection of smart meters deployed in the same geographic 

area. The term mesh network derives from considering each smart meter as a node and 

visualizing the communication paths between each node as lines. When all the nodes in their 

respective locations are connected to one another by drawn lines, the resulting picture looks like 

wire mesh. Each smart meter in the network has the capability of communicating with other 

nearby smart meters as well as with cell relays, which act as collection units. The role of the 

collectors within the mesh network is to gather the data from the individual smart meters and 

send the information back to the utility company.

A smart meter network operates by transmitting information at a low power level to a nearby 

neighbor (a “hop”). This second smart meter transmits information onward, also at a low power 

level, and this step is repeated from smart meter to smart meter in several hops until the 

information from all the smart meters in the chain reach the collector (i.e., the cell relay).

Figure 3 illustrates the hopping process to the cell relay. The most efficient communication 

paths are shown by solid black arrows, typically using the shortest individual hops to get back to * 9

11 The Itron OpenWay Centron smart meters are also capable of communicating in Industrial, Scientific, Medical 
(i.e., ISM) radio bands in the 2.4 to 2.5 GHz range via an IEEE standard 802.15.4 Zigbee Radio, at much lower 
power output of approximately 65 milliwatts.
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the cell relay. The gray arrows show alternate paths that can be used if a bottleneck or fault 

occurs.

Cell Relay

2nd Smart Meter ^ ^

Figure 3. Illustrative example of a smart meter mesh
network.

The close proximity of neighboring smart meters and the ability to communicate with one 

another is one of the primary advantages of a mesh network. Transmissions between nearby 

smart meters can be made at relatively low power levels. If meters could only communicate 

with the cell relays, then only smart meters physically close to them could transmit efficiently at 

lower power; more distant smart meters would need to transmit at significantly more power.12 

In Figure 3, smart meters 1 and 2 are close enough to interact directly with the cell relay, while 

smart meters 3 through 9 are too far from the cell relay to interact directly and use hops to 

transmit to smart meter 2 for transmission to the cell relay. Since smart meters 3 through 9

12 For example, a smart meter located approximately 500 yards from a communicator would need to transmit a 
signal about 10,000 times stronger than a smart meter located 5 yards away from the collector.
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eventually transmit their data to smart meter 2, they are called descendants of smart meter 2. 

This scenario illustrates that while many smart meters will transmit only their own data, most 

meters will also transmit the data of descendant meters.

Typical Smart Meter Operation

Unlike other common devices that communicate using RF fields, the amount of data a smart 

meter transmits is very small, so they only need to communicate for a very short time each day. 

According to DLC, there are two to three scheduled data requests from each smart meter every 

24 hours. In addition to these scheduled data requests, each smart meter must confirm its 

capability to connect with at least one other smart meter to maintain the communication 

capability of the network. This communication occurs approximately every 30 minutes by 

sending out a very brief beacon signal transmission.13

Smart Meter Duty Cycle

The amount of data each smart meter transmits will vary widely depending on where it is 

located within the mesh network and the amount of data it must transfer from descendants. The 

minimum, average, and maximum duty cycles in the DLC smart meter network are summarized 

in Table 1. Additional analysis regarding the Open Way Centron network indicates that the vast 

majority (97%) of smart meters in the network have a duty cycle of less than 0.5% (i.e., they 

transmit for short periods a total of 7.2 minutes per day or less).

13 Information received from DLC.
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Table 1. Duty cycle of DLC smart meters* *

Duty Cycle Description Duty Cycle Value

Minimum 0.002% (0.03 minutes per day)

Average 0.21% (2.99 minutes per day)

Maximum 8.0% (115.2 minutes)

* Itron (2015).
t This table includes values after a November 2019 upgrade to the DLC system in order to 

allow the DLC network to utilize IPv6 standards and architecture. Prior to this upgrade the 
minimum, average, and maximum duty cycle of the DLC smart meters were 0.02%, 0.06%, 
and 0.58%, respectively.

Home Area Network

In addition to the RF signals used by smart meters to communicate within the mesh network 

(i.e., the Local Area Network [LAN]), each smart meter is also equipped with a second RF 

transmitter (i.e., a Zigbee Radio) that transmits at 2.4 gigahertz (GHz) and allows the smart 

meter to communicate over a Home Area Network (HAN). If the consumer chooses, the HAN 

allows compatible appliances in the home to interact with the smart meter and evaluate how 

much power that appliance consumes relative to the total power consumption of the home. The 

transmission power of the Zigbee Radio is approximately 10 times lower than that of the RF 

LAN signal from the smart meter due to the smaller distance over which communication takes 

place. The duty cycle of the Zigbee Radio is shown below in Table 2 for an idle Zigbee Radio 

(with no devices joined) or a smart meter with an example device joined (an in-home display).

Table 2. Duty cycle of the Zigbee Radio in DLC smart meters*

Duty Cycle Description Duty Cycle Value

Idle Zigbee Radio 
(no devices joined)

0.01% (9.9 seconds per day)

Smart Meter with Tendril HD 
(In Home Display)

0.15% (132 seconds per day)

* Information received from DLC.

12
1902236 000 - 6627

EXHIBIT H-2



February 4,2020

3. Standards

Radiofrequency Fields

In the United States, the government agency responsible for regulating RF-emitting devices is 

the FCC. These regulations are included in the Code of Federal Regulations Title 47 (§ 1.1310 

and §2.1093) and are based upon the recommendations of organizations such as the National 

Council for Radiation Protection and the Institute of Electrical and Electronics Engineers 

(IEEE), and input from federal health agencies including the Environmental Protection Agency, 

the National Institute for Occupational Safety and Health, and the Occupational Safety and 

Health Administration. The IEEE developed exposure limits for electromagnetic fields based 

on lengthy and comprehensive assessments of the scientific literature, a process also undertaken 

by other international agencies such as the European-based International Commission on Non- 

Ionizing Radiation Protection (ICN1RP).

These limits restrict the amount of energy the FCC has determined that the body can safely 

absorb without adverse effect. This is described as the specific absorption rate (SAR) and is 

measured in units of watts per kilogram (W/kg). This quantity is difficult to measure in 

practice, so the FCC also provides a maximum permissible exposure that limits the strength of 

an RF field outside the body, which is more easily measured. The FCC limits for the general 

public at frequencies of smart meter transmissions (900 MHz and 2.4 GHz) are summarized in 

Table 3, along with the current IEEE and ICNIRP standards, which incorporate safety factors of 

50 or more.l4J5>14 15 16

14 The FCC, in Bulletin 56 (1999), states that the “...exposure criteria are based on a determination that potentially 
harmful biological effects can occur at an SAR level of 4 W/kg as averaged over the whole-body. Appropriate 
safety factors have been incorporated to arrive at limits for both whole-body exposure (0.4 W/kg for 
‘controlled’ or ‘occupational’ exposure and 0.08 W/kg for ‘uncontrolled’ or ‘general population’ exposure, 
respectively) and for partial-body (localized SAR), such as might occur in the head of the user of a hand-held 
cellular telephone.”

15 Bulletin 65 (FCC, 1997) and Bulletin 56 (FCC, 1999), among others, provide additional details on SAR 
regarding exposure limits, averaging times, and body locations.

16 ICNIRP is in the process of updating their standards with a focus on frequencies > 6 GHz. Publicly available 
information indicates no change to the standard levels at the frequencies of DLC smart meter operation. The 
revised standard is expected to be released in 2020.
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Table 3. Exposure limits specified by the FCC, IEEE, and ICNIRP

Power Density Limit 
at 900 MHz

Power Density Limit 
at 2.4 GHz (W/m2)

Agency (W/m2) (mW/cm2) (W/m2) (mW/cm2) SAR Limit (W/kg)

FCC
(CFR §1.1310 
and §2.1093)

6 0.6 10 1.0
0.08 (Whole body)
1.6 (over any 1 gram of tissue)

ICNIRP
(1998)

4.5 0.45 10 1.0
0.08 (Whole body)
2 (over any 10 grams of tissue)

IEEE,
(C95.1, 2019) 4.5 0.45 10 1.0

0.08 (Whole body)
2 (over any 10 grams of tissue)

Note: mW/cm2 = milliwatts per square centimeter; W/m2 = watts per square centimeter and 1 mW/cm2 = 10 W/m2.

Industry Standards

In addition to standards related to the RF fields produced during smart meter communication, 

electrical utility meters (whether analog, digital, or smart meters) are subject to other standards 

and regulations such as the American National Standard Institute’s Standard Cl2.1. This 

standard tests a number of meter characteristics including the accuracy of metering, meter 

construction, and safety performance tests, among others. The DLC Itron meters have been 

tested to, and are in compliance with, ANSI Cl2.1-2008 (Itron, 2011).
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4. Sources of Radiofrequency Fields

Natural Sources

As discussed in the introduction, some of the natural sources of RF fields are produced by 

blackbody radiation from warm objects such as the earth and humans; the representative RF 

exposure values for these sources are summarized in Table 4 (ICNIRP, 2009).

Table 4. RF exposure values for common natural RF sources

RF Exposure RF Exposure
Source (mW/cm2) (% of FCC Limit)

Blackbody radiation from the earth 1.3 0.0027

Blackbody radiation from humans 3 0.0054

Common Manmade Sources

There are numerous manmade sources of RF fields, including devices used for communications 

and many other purposes. Communication devices used in the home, such as cell phones, Wi­

Fi, and Bluetooth devices produce relatively weak fields; however, they are often used in very 

close proximity to the individual and may therefore result in higher exposures than remote (but 

more powerful) sources such as AM, FM, or television broadcast signals. Other devices that 

emit RF fields, like microwave ovens and radar guns, are used for non-communication purposes 

such as heating food or measuring speed and distances.

The frequency and representative RF exposure values for some common manmade RF sources 

to which the Complainant may be exposed are shown below in Table 5. Large ranges of RF 

exposure can be seen for several of the RF sources, which are due to the large number of factors 

affecting exposure from a given RF source. While Table 5 provides a list of some of the 

common manmade sources, it is only a very small subset of all RF sources. Figure B-l in 

Appendix B shows the many hundreds of RF communication bands used in modem society, all 

of which have the potential to contribute to an RF exposure assessment. Other sources such as 

those from local broadcast (AM, FM, and television) stations and from DLC Smart meters are 

discussed in greater detail the following section.
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Table 5. Frequency and representative RF exposure values for common manmade RF 
sources

Source
Frequency

(MHz)
Reported Value 

(% of the FCC Limit)*

Exposure
Conditions^ Referencet

Cell Phone 800-1,900 5-12 Personal Use
Abdulla and Badra (2009) 
Tables 7-10

Cordless Phone 1,880-1,900 0.5-4 Handheld Unit HPA, 2014

Wi-Fi 2,400-2,484 0.00004 - 0.4 Typical Exposures
Viel et al. (2009), Table 4;
Foster (2007), Table 2

Bluetooth 2,400-2,484 0.001-0.25
At a 0.2- to 3- 

meter Distance
Valberg et al. (2007), Table 4

Microwave Oven 2,450 0.007-1.3
At a 1-meter 

Distance
Mantiply etal. (1997), p. 573

* RF exposure is presented as a percentage of the FCC limit to keep these exposure values both consistent and
accurate. The FCC limit is defined as the applicable SAR limit, wave power density limit, or square of the field 
magnitude limit, all for uncontrolled environments. Both whole body exposure and spatial peak SAR for the 
head are used where appropriate.

t RF exposure can be heavily dependent upon situation, so exposure conditions and references are provided for 
each exposure value.

Sources Specific to the Complainant

Currently there is no information available related to the types and nature of sources used either 

within the Complainant’s residence or by neighbors. Available information includes data for 

the DLC smart meter, as well as data on the broadcasts from local television stations (e.g., 

WQED, WINP-TV, WTPG-CD, etc.) and local radio stations (e.g., WRRK, WQED-FM, 

WYEP-FM, WKST-FM, etc.). In order to account for the potential exposure from these 

sources, it is important to account for factors such as distance from the source, duty cycle, and 

attenuation from wall materials. A discussion of the effects of each of these parameters was 

provided in Section 1. The calculation methods are described in Appendix C.

Example calculations of RF exposure for DLC smart meters and local broadcast stations are 

shown in Table 6. The distance from the source and the duty cycle, in particular, have a large 

effect on the potential level of exposure. For example, exposure from a DLC smart meter at a 

distance of 20 centimeters (~8 inches) directly in front of the smart meter for constant 

transmission (100% duty cycle) results in an exposure of 38% of the FCC limit (see FCC 

Certification No. SK9AMI7 for Itron smart meters). In contrast, at the average duty cycle of
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0.21%, exposure at 1 yard directly in front of the smart meter is 0.0096% (l/10,000lh) of the 

FCC limit, and at 1 yard behind the smart meter is 0.00077% (1/130,000lh) of the FCC limit 

(Table 6).17'18 For comparison, the contribution of the existing local broadcast stations to the RF 

exposure inside the Complainant’s residence is approximately 0.24% of the FCC limit (315 

times greater than the exposure indoors from the smart meter).

Table 6. Calculations of RF exposure for DLC smart meters and local broadcast 
stations

Source
Distance from

source

Duty Cycle
(in a 30-minute period)*

Calculated value 
(% of FCC limit)

Smart Meter LAN 
(Inside, Average)*’^ 1 yard 0.21% 0.00077

Smart Meter LAN (Outside, 
Average)

1 yard 0.21% 0.0096

Local Broadcast Stations *-5 - 10 miles away 100% 0.24

The FCC specifies a 30-minute averaging period in assessing RF exposure.
+ The exposure inside the home from the smart meter will be reduced by the exterior wall material, 

assumed to be plywood. As discussed in Section l, -80% of the energy incident on the outer wall will 
penetrate into the residence. This factor is included in the calculation of exposure inside the residence 
due to the smart meter.

^ The smart meter preferentially transmits in the forward direction. The amount of energy transmitted 

toward the back of the smart meter is approximately 10% that of the forward direction (EPRI, 2010). 
This factor of 10% is included in the calculation of exposure due to the smart meter inside the 
residence.

17 Note that calculations both 1 yard in front of and 1 yard behind the smart meter include a ground reflection 
increase factor of 2.56, which is not included in the FCC certification document. This factor of 2.56 is 
referenced by the Office of Engineering and Technology for powerful distant sources such as radio or television 
transmissions. It is included here in an abundance of caution so as to overestimate the contribution of the smart 
meter.

18 These exposures are also far below the IEEE and ICNIRP guidelines discussed above.
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5. RF Exposure Comparison

The discussion in Section 4 detailed existing sources of RF fields, including natural sources, 

common man-made sources, and local sources specific to the Complainant. Figure 4 shows a 

graphic comparison of estimated exposures from these RF sources to the exposure calculated for 

the DLC smart meter inside the residence. The exposure of each source relative to the FCC 

limits (sorted from smallest to largest) is shown beneath a graphic of each source, as well as the 

factor describing how much larger that exposure is than the exposure from an average smart 

meter. This figure demonstrates that not only does the RF exposure from a smart meter inside a 

residence represent a tiny fraction of the FCC allowable limit, but that the exposure from other 

sources both inside and outside the residence are many times greater than that from the smart 

meter.

# # <1©

< t Elm

Smart metar Natural RF Natural RF Siuatooth Microwava Broadcast

bold* at fromtha fromtha at 1 mater oven at towen
1 yard away Earth human body away 1 mater away Inside
(0.00077%) (0.0027%) (O.OOS«%) (0.01%) (0.06%) (0.24%)

3.5 times 7 times 13 times 77 times 315 times
greater greater greater greater greater

< 1 <<^
Cordless phone 
hendheld unit 

typical exposures

Cell phone 
next to head 

typical exposures 
(7.6%)

2,800 times 9,900 times 

greater greater

Figure 4. RF exposure of smart meters relative to other RF sources.

The RF exposure as a percentage of FCC limits is shown beneath each graphic 
in parentheses and a comparison of how much greater each exposure is than 
the smart meter is shown below that in bold font.

The comparison of exposures shown in Figure 4 represents a simple comparison of some of the 

relevant potential exposures. A more detailed description is shown below in Figure 5 in which 

the RF exposures are plotted as a percentage of the FCC limit in a bar graph. In order to show 

the very small exposure sources on the same scale as the larger sources, the results are presented 

on a logarithmic scale where each vertical tick in the axis represents an increase by a factor of

10. The graphic is divided into two sections. The “RF Exposures in General Environments” 

portion shows the general background of RF energy encountered in rural, suburban, and urban 

environments, and is included to provide context of typical background levels reported in peer-
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reviewed literature (Joseph et al., 2012). The “Typical RF Sources” portion compares the RF 

exposures from each of the items show n above in Figure 4. In Figure 5. additional scenarios for 

the DLC smart meter are shown for potential exposure to a smart meter outside, as well as 

potential exposure inside from the Zigbee Radio.
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Figure 5. Comparison of RF exposure from the RF-LAN and Zigbee signals to RF
exposure from other sources under typical use. The red lines show the potential 
range of RF levels associated with the manmade sources.

The RF exposures in general environments are reported in Joseph et al. (2012).

A red line is shown overlaid on the bar for most man-made sources in Figure 5 to provide an 

indication of the potential variability in the exposures for these sources. As an example, the 

exposure from the hypothetical smart meter (both inside and outside) is detailed in Table 7. The 

“Inside Average” exposure (second blue bar from the left in Figure 5) is calculated at a distance 

of I yard behind the smart meter using an average duty cycle of 0.21%. In addition, this 

calculation accounts for smart meters preferentially transmitting in the forward direction so that 

the amount of energy directed toward the house is approximately 1/10th of that transmitted away 

from the house (EPRI, 2010). The calculation also accounts for attenuation of the signal when 

passing through the plywood on the front of the house (only about 80% of the signal penetrates
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through the plywood).19 Similar variability estimates are also provided for other man-made 

sources based on the peer-reviewed references detailed in Table 5.

Table 7. Example variability of smart meter in different exposure scenarios

Scenario

Forward/Back
Transmission

Factor

Transmission 
through Wall 

Material
Distance from 
Smart Meter Duty Cycle

Calculated Value 
(% of FCC Limit)

Inside Minimum 0.1 0.8 10 feet 0.002% 0.0000007%

Inside Average 0.1 0.8 1 yard 0.21% 0.00077%

Inside Maximum 0.1 0.8 -8 inches 8.0% 0.62%

Outside Minimum 1 1 10 feet 0. 002% 0.0000090%

Outside Average 1 1 1 yard 0.21% 0.0096%

Outside Maximum 1 1 -8 inches 8.0% 7.8%

Additional Discussion

The highest calculated exposure due to the smart meter at the residence was evaluated at a 

distance of approximately 8 inches from the smart meter at the maximum duty cycle of 8.0% 

(i.e., transmissions for short periods a total of approximately 115 minutes per day). This 

maximum calculated exposure is approximately 7.8% of the FCC limit directly in front of the 

smart meter and 0.62% of the FCC limit behind the smart meter inside the house. Smart meters 

have a duty cycle of less than 0.5%, (i.e., they transmit for short periods a total of 7.2 minutes 

per day or less) (Itron, 2015). The exposure then would be about 16 times lower than calculated 

for the maximum duty cycle. Furthermore, the calculations above are performed at a close 

distance of approximately 8 inches in front of or behind the smart meter. At greater distances, 

the exposure from smart meter signals will be far less. The RF exposure from a smart meter 

approximately 6 feet away will be only ~1/100 of the exposure at approximately 8 inches.20 As 

noted by the FCC, the RF from smart meters would comply with FCC limits on SAR, even if 

held against the body or clustered together at one location (Knapp, 2010).

19 Both indoor and outdoor calculations also include the conservative ground reflection factor of 2.56 included in 
the Office of Engineering and Technology Bulletin 65 (FCC, 1997)

:0 For the unrealistic scenario in which the smart meter transmits continuously (i.e., all ~115.2 minutes of 
transmission occur consecutively), the duty cycle during that time of transmission would be 100% and the 
exposure from the smart meter at a distance of 1 yard behind the smart meter in the residence would be about 
0.37% of the FCC limit. At a distance of --8 inches in front of a smart meter that transmits continuously, i.e., all 
-115.2 minutes of transmission occur consecutively), the exposure from the smart meter would be that from the 
FCC Certification discussed in relation to Table 6 (i.e., 38% of the FCC limit), while at a distance of 1 yard in 
front of the smart meter the exposure for this scenario would be approximately 4.6% of the FCC limit.
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Another way to contextualize RF exposure from different sources is to determine the distance 

from a particular source at which the RF exposure from that source is the same as RF exposure 

from the earth. For the inside average scenario shown in Table 7, this distance is approximately 

19 inches from the smart meter.21 At distances greater than approximately 19 inches, the RF 

exposure from an average DLC smart meter is less than the RF exposure one constantly receives 

from the earth.

21 This calculation assumes the decrease in field level follows the inverse square law.
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6. Conclusions

A smart meter mesh network operates by transmitting information to neighboring smart meters 

and passing this information from smart meter to smart meter in several hops. This network 

architecture allows the smart meters to operate using low power levels. Furthermore, since 

required information transfer is relatively limited, smart meters only transmit a small fraction of 

the time.

An investigation into the potential RF exposure from smart meters in the context of other 

sources has shown two key features. Not only does the RF exposure inside a residence from a 

smart meter represent a tiny fraction of the FCC allowable limit, but exposure from other 

sources both inside and outside a residence are many times greater than from a DLC Itron smart 

meter.

In particular, calculations have shown that the contribution of a typical DLC smart meter to RF 

exposure indoors would be more than 40 times less than the natural RF emitted by people, more 

than a thousand times less than the exposure from local broadcast television and FM radio 

stations, and many thousands of times less than the RF exposure from other common electronic 

devices. The contribution of a typical DLC smart meter to the Complainant’s exposure indoors 

is less than the RF exposure from other existing sources and only 0.00077% (1/130,000th) of the 

FCC’s health-based exposure limit.

22
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7. Facts Relied Upon

In this analysis, I have relied upon facts about the characteristics of the DLC smart meters 

manufactured by Itron, as summarized in Table 8.

Table 8. Sources of data used to model RF signal transmission from DLC smart meters

Parameter Value Reference

Power Output of Itron Smart Meters 688.65 mW FCC ID: SK9-AMI7

Gain of Itron Smart Meter Antenna 1.66 FCC ID: SK9-AMI7

Minimum Duty Cycle of DLC Smart Meters 0.002% Itron, 2015

Average Duty Cycle of DLC Smart Meters 0.21% Itron, 2015

Maximum Duty Cycle of DLC Smart Meters 8.0% Itron, 2015

In this report, I have also relied upon peer-reviewed research papers, comprehensive reviews of 

subject matter by internationally-recognized organizations, FCC certification documents, and 

publications of national standards. The information relied upon is cited in text and the full 

source is documented in Section 8.
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Limitations

At the request of DLC, 1 performed an assessment of RF fields related to Itron smart meters 

deployed by DLC. The scope of services was determined by the circumstances associated with 

this case as well as applicable codes, rules, and regulations. The findings presented herein are 

made to a reasonable degree of engineering and scientific certainty. The opinions and 

comments formulated during this assessment are based on observations and information 

available at the time of the investigation.
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Qualifications and Education

I am a Senior Managing Engineer in the Electrical Engineering and Computer Science Practice 

at Exponent, Inc., an international science and engineering firm. My work address is 17000 

Science Drive, Suite 200, Bowie, MD 20715.

I earned my Bachelor of Science degree summa cum laude in Electrical Engineering from the 

University of Portland as well as a Master of Science degree and a Doctor of Philosophy degree 

in Electrical Engineering from Stanford University. I am a member of several technical 

organizations including the IEEE and the International Council on Large Electric Systems. I am 

a member of the IEEE Power Engineering Society Corona and Field Effects Working Group as 

well as the International Committee on Electromagnetic Safety, Subcommittees 3 and 4.

I am the author of numerous peer-reviewed papers and conference presentations on the topic of 

electromagnetic fields and the earth’s geomagnetic field, as listed in my curriculum vitae. I was 

also the co-founder of an international conference series established under the auspices of the 

United Nations with the purpose of bringing the science of electromagnetics to developing 

countries and to assist in starting doctorate-level research programs in electromagnetics in those 

countries.

I have expertise in both applied and theoretical electromagnetics including modeling, 

measurement, and analysis studies of natural and manmade RF fields in the earth’s environment. 

1 regularly assist clients in evaluating RF fields from varied sources ranging from portable diesel 

generators to ad hoc networks (such as the mesh network established by smart meters) to 

govemment/military communication facilities (high-frequency band through microwave- 

frequency band). My work includes the evaluation of RF exposure with respect to 

electromagnetic interference to devices and the safety of medical and non-medical devices. My 

expertise is requested by federal agencies, utilities, construction developers, and patients with 

implanted medical devices, their physicians, and their employers.
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The frequency and representative RF exposure values for some man-made RF sources 

commonly encountered in daily life are shown below in Table B-l. Large ranges of RF 

exposure can be seen for several of the RF sources. These ranges are due to the large number of 

factors affecting exposure from a given RF source. While Table B-l provides a list of some of 

the common manmade sources, it is only a very small subset of all RF sources. Figure B-l 

shows the many hundreds of RF communication bands used in modem society, all of which 

have the potential to contribute to an RF exposure assessment.

Table B-1. Frequency and representative RF exposure values for common man-made
RF sources

Source
Frequency

(MHz)
Reported Value 

(% of FCC Limit)*
Exposure

Conditionst Referencet

Mobile Phone 800-1,900 5-12 Personal Use
Abdulla and Badra (2009) 
Tables 7-10

Cordless Phone 1,880- 1,900 0.5-4 Handheld Unit HPA, 2014

Wi-Fi 2,400-2,484 0.00004-0.4 Typical
Exposures

Viel et al. (2009), Table 4; 
Foster (2007), Table 2

Bluetooth 2,400-2,484 0.001-0.25
At 0.2 m to 3 m 

Distance
Valberg et al. (2007), Table
4

Microwave
Oven 2,450 0.007- 1.3 At 1 m Distance

Mantiply etal. (1997), p.
573

* RF exposure is presented as a percentage of the FCC limit to keep these exposure values both consistent and 
accurate. The FCC limit is defined as the applicable SAR limit, wave power density limit, or square of the field 
magnitude limit, all for uncontrolled environments. Both whole body exposure and spatial peak SAR for the 
head are used where appropriate.

t RF exposure can be heavily dependent upon situation, so exposure conditions and references are provided for 
each exposure value.
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Exposure from a smart meter

When a DLC Itron smart meter is transmitting, the power of that transmission is constant and so 

the variation in the potential exposure level (excluding the effect of any external environmental 

factor such as walls or distance) is determined by the duty cycle of a particular smart meter. 

Using a duty cycle consistent with the minimum, average, and maximum duty cycles of Itron 

smart meters (0.002%, 0.21%, and 8.0%, respectively), it is possible to calculate exposure levels 

from a smart meter based upon the duty cycle (at a particular distance).22

The exposure to RF energy from a smart meter (as well as most other sources of RF not used in 

close proximity to the body) is based upon computational modeling recommended by the FCC 

(Office of Engineering and Technology Bulletin 65) which is used to calculate the power 

density (S) of a signal at a distance R from the transmitter, with an input power P, an antenna 

gain G, transmission coefficient T, and a duty cycle of 6. The applicable formula is:

PGT
5 = 2.56—

4nR2

The factor of 2.56 is used to include the potential reflection of the signal from the ground that 

may increase the exposure above the case using the standard inverse square law. This factor of 

2.56 is applied by the Office of Engineering and Technology to far-away sources such as 

television or radio broadcast signals and is not generally applicable to the signal from a smart 

meter (FCC, 1997). It is included here, however, to provide a very conservative calculation of 

the RF exposure from the Itron smart meters deployed by DLC. In addition, when a signal 

passes through some material such as a wall a portion of the energy is reflected, reducing the 

amount of energy that is transmitted through the material. The transmission coefficient, T, 

depends on the type of material, its thickness, and the frequency of the wave. For the Itron 

smart meters, several exposure calculations using the above formula are summarized in Table 

C-l.

22 A smart meter transmits about one-tenth as much power in the backward direction as in the forward direction. 
Additional factors, such as the metal backplate on a smart meter and type of wall construction are not 
considered in this illustrative comparison (EPRI, 2010).
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Table C-1. Calculations of RF exposure from DLC smart meter at the Complainant’s 
residence

Calculated
Ground Transmission Distance Value

Power Reflection through Wall from (% of FCC
Scenario (Watt) Gain Factor (5) Material (T) Source Duty Cycle Limit)

Smart Meter 
(Inside, min)

0.689 0.166 2.56 0.80 -10 feet 0.002% 0.0000007%

Smart Meter 
(Inside, avg) 0.689 0.166 2.56 0. 80 1 yard 0.21% 0.00077%

Smart Meter 
(Inside, max)

0.689 0.166 2.56 0.80
-8

inches
8.0% 0.62%

Smart Meter 
(Outside, min) 0.689 1.66 2.56 -- -10 feet 0.002% 0.0000090%

Smart Meter 
(Outside, avg) 0.689 1.66 2.56 - 1 yard 0.21% 0.0096%

Smart Meter 
(Outside, max)

0.689 1.66 2.56 --
-8

inches
8.0% 7.8%

2nd Smart Meter 
(Inside, min)* 0.689 0.166 2.56 0. 80 35 feet 0.002% 0.00000006%

2nd Smart Meter 
(Inside, avg)*

0.689 0.166 2.56 0. 80 35 feet 0.21% 0.0000057%

2nd Smart Meter 
(Inside, max)*

0.689 0.166 2.56 0. 80 35 feet 8.0% 0.00022%

Zigbee (Inside, 
min)

0.065 2.40 2.56 0. 80 -10 feet 0.011% 0.0000018%

Zigbee (Inside, 
avg)

0.065 2.40 2.56 0. 80 1 yard 0.011% 0.000020%

Zigbee (Inside, 
max)

0.065 2.40 2.56 0. 80
-8

inches
0.15% 0.0054%

* Representative of a second smart meter located approximately 35 feet away (such as the estimated distance between 
meter sockets at 3835 Acorn Street and 3837Acorn Street). The evaluation here is performed at a location 1 yard from 
the smart meter (inside the residence) or 35 feet (~12 yards) from the meter socket at 3837 Acorn Street.
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Cell Relay

Figure 3. Illustrative example of a smart meter mesh network.
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Table 1. Duty cycle of DLC smart meters*

Duty Cycle Description Duty Cycle Value

Minimum 0.002% (0.03 minutes per day)

Average 0.21% (2.99 minutes per day)

Maximum 8.0% (115.2 minutes)

* Itron (2015).
t This table includes values after a November 2019 upgrade to the DLC system in order to allow the DLC network to utilize IPv6 standards 

and architecture. Prior to this upgrade the minimum, average, and maximum duty cycle of the DLC smart meters were 0.02%, 0.06%, 
and 0.58%, respectively.
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Table 2. Duty cycle of the Zigbee Radio in DLC smart meters*

Duty Cycle Description Duty Cycle Value

Idle Zigbee Radio 
(no devices joined) 0.01% (9.9 seconds per day)

Smart Meter with Tendril HD 
(In Home Display)

0.15% (132 seconds per day)

Information received from DLC.
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Table 3. Exposure limits specified by the FCC, IEEE, and ICNIRP

Power Density Limit 
at 900 MHz

Power Density Limit 
at 2.4 GHz (W/m2)

Agency (W/m2) (mW/cm2) (W/m2) (mW/cm2) SAR Limit (W/kg)

FCC
(CFR §1.1310 
and §2.1093)

6 0.6 10 1.0
0.08 (Whole body)
1.6 (over any 1 gram of tissue)

ICNIRP
(1998) 4.5 0.45 10 1.0 0.08 (Whole body)

2 (over any 10 grams of tissue)

IEEE,
(C95.1, 2019) 4.5 0.45 10 1.0

0.08 (Whole body)
2 (over any 10 grams of tissue)

Note: mW/cm2 = milliwatts per square centimeter; W/m2 - watts per square centimeter and 1 mW/cm2 = 10 W/m2.
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Table 4. RF exposure values for common natural RF sources

RF Exposure RF Exposure
Source (mW/cm2) (% of FCC Limit)

Blackbody radiation from the earth 1.3 0.0027

Blackbody radiation from humans 3 0.0054
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Table 5. Frequency and representative RF exposure values for common manmade RF sources

Source Frequency (MHz)
Reported Value 

(% of the FCC Limit)* Exposure Conditions* Reference*

Cell Phone 800-1,900 5-12 Personal Use Abdulla and Badra (2009) Tables 7-10

Cordless Phone 1,880-1.900 0.5-4 Handheld Unit HPA, 2014

Wi-Fi 2,400 - 2,484 0.00004 - 0.4 Typical Exposures Viel et al. (2009), Table 4; Foster (2007), 
Table 2

Bluetooth 2,400-2,484 0.001 -0.25 At a 0.2- to 3-meter 
Distance Valberg et al. (2007), Table 4

Microwave Oven 2,450 0.007-1.3 At a 1 -meter Distance Mantiply et al. (1997), p. 573

* RF exposure is presented as a percentage of the FCC limit to keep these exposure values both consistent and accurate. The FCC limit is defined as the 
applicable SAR limit, wave power density limit, or square of the field magnitude limit, all for uncontrolled environments. Both whole body exposure and 
spatial peak SAR for the head are used where appropriate.

t RF exposure can be heavily dependent upon situation, so exposure conditions and references are provided for each exposure value.
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Table 6. Calculations of RF exposure for DLC smart meters and local broadcast stations

Source
Distance from 

source

Duty Cycle
(in a 30-minute period)*

Calculated value 
(% of FCC limit)

Smart Meter LAN 
(Inside, Average)1^ 1 yard 0.21% 0.00077

Smart Meter LAN (Outside, 
Average) 1 yard 0.21% 0.0096

Local Broadcast Stations -5- 10 miles away 100% 0.24

The FCC specifies a 30-minute averaging period in assessing RF exposure.
+ The exposure inside the home from the smart meter will be reduced by the exterior wall material, assumed to be plywood. As discussed in Section 

1, -80% of the energy incident on the outer wall will penetrate into the residence. This factor is included in the calculation of exposure inside the 
residence due to the smart meter.

^ The smart meter preferentially transmits in the forward direction. The amount of energy transmitted toward the back of the smart meter is 

approximately 10% that of the forward direction (EPRI, 2010). This factor of 10% is included in the calculation of exposure due to the smart meter 
inside the residence.
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<
Smart meter Natural RF Natural RF Bluetooth Microwave Broadcast Cordless phone Cellphone

Inside at from the from the at 1 meter oven at towers handheld unit next to head
1 yard away Earth human body away 1 meter away inside typical exposures typical exposures
(0.00077%) (0.0027%) (0.0054%) (0.01%) (0.06%) (0.24%) (2.1%) (7.6%)

3.5 times 7 times 13 times 77 times 315 times 2,800 times 9,900 times
greater greater greater greater greater greater greater

Figure 4. RF exposure of smart meters relative to other RF sources.

The RF exposure as a percentage of FCC limits is shown beneath each graphic in parentheses and a comparison of how much 

greater each exposure is than the smart meter is shown below that in bold font.
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Figure 5.

Comparison of Estimated 
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Comparison of RF exposure from the RF-LAN and Zigbee signals to RF exposure from other sources under typical 
use. The red lines show the potential range of RF levels associated with the manmade sources.

The RF exposures in general environments are reported in Joseph et al. (2012).
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Table 7. Example variability of smart meter in different exposure scenarios

Scenario

Forward/Back
Transmission

Factor

Transmission 
through Wail 

Material
Distance from 
Smart Meter Duty Cycle

Calculated Value 
(% of FCC Limit)

Inside Minimum 0.1 0.8 10 feet 0.002% 0.0000007%

Inside Average 0.1 0.8 1 yard 0.21% 0.00077%

Inside Maximum 0.1 0.8 "8 inches 8.0% 0.62%

Outside Minimum 1 1 10 feet 0. 002% 0.0000090%

Outside Average 1 1 1 yard 0.21% 0.0096%

Outside Maximum 1 1 -8 inches 8.0% 7.8%
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Table 8. Sources of data used to model RF signal transmission from DLC smart meters

Parameter Value Reference

Power Output of Itron Smart Meters 688.65 mW FCC ID: SK9-AMI7

Gain of Itron Smart Meter Antenna 1.66 FCC ID: SK9-AMI7

Minimum Duty Cycle of DLC Smart Meters 0.002% Itron, 2015

Average Duty Cycle of DLC Smart Meters 0.21% Itron, 2015

Maximum Duty Cycle of DLC Smart Meters 8.0% Itron, 2015
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Table B-1. Frequency and representative RF exposure values for common man-made RF sources

Source Frequency (MHz)
Reported Value 

(% of FCC Limit)*
Exposure

Conditionst Referencet

Mobile Phone 800-1,900 5-12 Personal Use Abdulla and Badra (2009) Tables 7-10

Cordless Phone 1,880-1,900 0.5-4 Handheld Unit HPA, 2014

Wi-Fi 2,400 - 2,484 0.00004-0.4 Typical Exposures
Viel et al. (2009), Table 4; Foster 
(2007), Table 2

Bluetooth 2,400 - 2,484 0.001 -0.25
At 0.2 m to 3 m 

Distance
Valberg et al. (2007), Table 4

Microwave Oven 2,450 0.007-1.3 At 1 m Distance Mantiply et al. (1997), p. 573

* RF exposure is presented as a percentage of the FCC limit to keep these exposure values both consistent and accurate. The FCC limit is defined as the 
applicable SAR limit, wave power density limit, or square of the field magnitude limit, all for uncontrolled environments. Both whole body exposure and 
spatial peak SAR for the head are used where appropriate.

t RF exposure can be heavily dependent upon situation, so exposure conditions and references are provided for each exposure value.
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Scenario
Power
(Watt) Gain

Ground 
Reflection 
Factor (8)

Transmission 
through Wall 
Material (T)

Distance
from

Source Duty Cycle

Calculated 
Value 

(% of FCC 
Limit)

Smart Meter 
(Inside, min) 0.689 0.166 2.56 0.80 -10 feet 0.002% 0.0000007%

Smart Meter 
(Inside, avg) 0.689 0.166 2.56 0. 80 1 yard 0.21% 0.00077%

Smart Meter 
(Inside, max)

0.689 0.166 2.56 0. 80
"8

inches
8.0% 0.62%

Smart Meter 
(Outside, min) 0.689 1.66 2.56 - "10 feet 0.002% 0.0000090%

Smart Meter 
(Outside, avg) 0.689 1.66 2.56 - 1 yard 0.21% 0.0096%

Smart Meter 
(Outside, max) 0.689 1.66 2.56 -

"8
inches

8.0% 7.8%

2nd Smart Meter 
(Inside, min)*

0.689 0.166 2.56 0. 80 35 feet 0.002% 0.00000006%

2nd Smart Meter 
(Inside, avg)*

0.689 0.166 2.56 0. 80 35 feet 0.21% 0.0000057%

2nd Smart Meter 
(Inside, max)*

0.689 0.166 2.56 0. 80 35 feet 8.0% 0.00022%

Zigbee (Inside, 
min) 0.065 2.40 2.56 0. 80 "10 feet 0.011% 0.0000018%

Zigbee (Inside, 
avg) 0.065 2.40 2.56 0. 80 1 yard 0.011% 0.000020%

Zigbee (inside, 
max) 0.065 2.40 2.56 0. 80 ~8

inches
0.15% 0.0054%

* Representative of a second smart meter located approximately 35 feet away (such as the estimated distance between meter sockets at 3835 Acom Street and 
3637Acorn Street). The evaluation here is performed at a location 1 yard from the smart meter (inside the residence) or 35 feet ('12 yards) from the meter 
socket at 3837 Acom Street.
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REDACTED

CCBPROD

Home Menu * History t Customer Contact

Q^log
Characteristics

Customer Contacting
GRACE ROSEN,MIRANDA, Advanced Metenng Infrastructu/AMI 30 Day 

Meter Exchange Noti, Contacted 04-04-2018

Person ID 4 

Preferred Contact Method 

Contact Date/Time 

Contact Class 

Contact Type

Comments

Related Records

i GRACE ROSEN,MIRANDA-Prinary Phone:

04-04-2018 / 12:00PM

Advanced Metenng Infrastructure V

AMBODAYITR ^ AMI 30 Day Meter Exchange Notificatjon Letter

Notification of Advanced Meter 1

EXHIBIT M-1
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Jeer ID SOAUSER SOAUSER, SOAUSER
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REDACTED

CCBPROD

Home Menu * % History t Customer Contact

Characteristics
r

Customer Contact Into
GRACE ROSEN,MIRANDA, Advanced Metering Infrastructu/Robo Cal, 

Contacted 05-04-2018

Person ID <\

Preferred Contact Method 

Contact DatefTme 

Contact Gass 

Contact Type

tenents

GRACE ROSBT, MIRANDA- Prinary Phone; Open

User IDSOAUSER SOAUSSt, SOAUSER

05-04-2018 | / 05:38PM

Advanced Metering Infrastructure v

ROBOa ^ RoboCal

Related Retords

Letter Information

EXHIBIT M-1 2



REDACTED

CCBPROD

Home Menu t History t Customer C

i Characteristics

Customer Contact Info
GRACE ROSEN,MIRANDA, Advanced Metering Infrastructu/General 

Inquiy, Contacted 05-11*2018

Person ID ^

Preferred Contact Method 

Contact Date/Ttme 

Contact Class 

Contact Type

Comments

, GRACE ROSEN,MIRANDA-Primary Phone: Open

UserlOKBADEN Baden, Kevin

05-11-2018 / 02:48PM

Advanced Metering Infrastructure V

G£NINQ ^ Genera) Inquiy

Customer refused Welngton meter exchange, left message for customer to ca!I me. A

Related Records

Letter information
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REDACTED

Customer Ca^dct Infc
GRACE ROSEN,MIRANDA, Advanced Metering Infrastructu/General 

Inquiry, Contacted 06-04-2018

Person ID ^

Preferred Contact Method 

Contact Dateflime 

Contact Class 

GtfitactTvpe

Comments

GRACE ROS0I,MIRANOA- Prinary Phone:

06-04-2018 / 04:33PM

Advanced Metenng Infrastructure V

GENINQ ^ General Inqiiy

Open L 

User IDH BT Baden, Kevin

Emal received from Miranda, customer states sd refusing the meter and fbg a puc A 
comphml Per DLC legal, unti we receive a PUC complaint we are to move forward with the y 

process._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

/

Rd'ited Records

Letter Information
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REDACTED

CCBPROD

Home Menu ^
9,

Htstory FieW Activity

^ Steps Charactensbcs/Remarts Mrscelaneous t Log

Rekj Activit\'
120/240 - 1PH 3W, On-^ne User, AMI Investigation, Completed, Scheduled 06-04-2018 

12:00AM, Completed

Service Pccnt 10

Activity T v KOSAMHN

120/240 • 1PH 3W Residential- AMR/HontWy Mtr Read Cyc - Day 16/Route 000022/35 

ACORN ST, PITTSBURGH, PA, 15207100U55 

AMI Investigation

| Schedule Date/Tme

,| BeM Activity' Status 

Reid Activity Pnonty

Dispatch Group

Created on 06-04-2018 05:28PM by user KBADEN. 

jK-04-2018 / ja-ODAM

Completed

| Priority SO V

(707000 i

Edible for ^-patcii

PGH-HAZaWOOO

Beid Order ID l\c_ No Held Order Information

External ID intermediate Status

Instructions

I
 Comments

Additional Info

Meter exchange order, customer previously refused meter. If customer refuses the meter exchange then post the 

preos. ^

knocked had contact customer stated she does not want the meter posted 72 hr notice 6-12-18 DGT
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REDACTED

CCBPROD

Customer Contact Info
GRACE ROSEN,MIRANDA, Legal / Regulatory/PUC Complaint / Issue, 

Contacted 11-27-2018

Person ID ^

Preferred Contact Method 

Contact Date/Time 

Contact Gass 

Contact Type

Comments

Related Records 

Letter Informatio

^ GRACE ROSEN, MIRANDA * Primary Phone: Open

V

11-27-2018 / 01:57PM

User ID RMORRIS Morris, Roxanne

Legal/Regulatory

PUCISSIE 4^ PUCComptait/Issue

2885 - LETTER TO CUSTOMER DATED 11/19/18 FROM OUR ATTORNEY OFFICE TUCKER-ARENSBERG 
ADVISING CUSTOMER A TAG WILL BE PLACED ON METER INDICATING METER NOT TO BE EXCHANGED 
WHILE FORMAL COMPLAINT REMAINS ACTIVE

A
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REDACTED

lome Menu ▼ ® History

Main Ll_og Characteristics

Customer Contact Info
GRACE ROSENrMIRANDA, Advanced Metering Infrastructu/General 

Inquiry, Contacted 0&-04-2018

Person ID 

Preferred Contact Method 

Contact Date/Tcme 

Contact Class 

Contact Type

Comments

Related Records

GRACE ROSEN,MIRANDA - Primary Phone:

0WH-2018 i 05:13PM

Advanced Metering Infrastructure V

GENINQ ^ General Inquiry

Open

User ID KB/
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REDACTED

HomelMenu ^7

Main .Gharaeteristies

Customer Contact Info
GRACE ROSEN,MIRANDA, Advanced Metering Infrastructu/General 

Inquiry, Contacted 05-18-2018

Person ID $

Preferred Contact Method 

Contact Date/Time 

Contact Class 

Contact Type

Comments 

Related Records

^ GRAS ROSEN,MIRANDA-Primary Phone: Open 

User ID KBADEN B

05-18-2018 / 01:27PM

Advanced Metering Infrastructure V

GENINQ Geieral Inquiry

AMI Meter Exchange No Access letter mailed 05-18-18 with a reply date of 06-1-18, the A 
meter exchange requires an appointment, CSR's should contact DLC scheduling.
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REDACTED

CCBPROD

Home Menu ▼ ® History ▼ {

Customer Contact Info
GRACE ROSEN,MIRANDAf Genial Customer Contact/General Customer 

Contact, Contacted 04-10-2018

c

'S

Person ID q 

Preferred Contact Method 

Contact Date/Time 

Contact Class 

Contact Type

Comments

Phone

GRACE ROSEN,MIRANDA - Primary Phone: 

Primary Phone: User ID NAHENDE

04-10-2018 / 11:23AM

General Customer Contact

GCC Q* General Customer Contact

j^B2^5 - MIRANDA WANTS TO OPT OUT OF GETTING NEW METER, ADV HER METER 

WILL BE CHANGED, ADV OF POLE DISCONNECTION, WANTS METER CHANGED STALLED 

ADV WOULD NOTE ACa

A

V

Related Records 

Letter Information
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<Date>

«FIRST_NAME» «LA5T_NAME»

«ADDRESS»

«CITY_STATE»«ZIP»

Dear «FIRST_NAME» «LAST_NAME»,

During the next several weeks, Duquesne light will exchange your existing electric meter with a new, digital 

model. This exchange is part of an overall upgrade of the company's metering infrastructure required by 

Pennsylvania Act 129.

The new digital meter will operate as your existing meter does today, and you will not notice any difference in 

how it measures your electric use. In the future, as the advanced metering infrastructure is activated in your 

neighborhood, Duquesne Light will offer a variety of programs and services that can help you save energy, in 

addition to benefiting the environment.

What We Will Do

Before the 

Exchange
Day of the Exchange After the Exchange

We will call to remind 

you of the upcoming 

work using the 

following phone 

number:

«SERV_ADDR_PHO
NE»

A Duquesne Light 

authorized installer, with 

a valid ID, will arrive at 

your residence to 

complete the exchange 

between 7 a.m. - 5 p m. 

You do not need to be 

home for the exchange.

Once the meter exchange is 

complete, the installer will verify 

that your new meter is working 

properly.

155

L

i

The installer will 

leave behind a door 

hanger, indicating 

the type of work 

that was 

performed.

You may be asked to participate in a 

telephone survey regarding your 

meter exchange experience.

On a future bill, you will temporarily 

see multiple readings and ID 

numbers for your meter - once 

when it is exchanged and again 

when it is activated on our network. 

For more info, visit the Meter 

Exchange Program (FAQs) section of 

DuquesneLight.com.

Steps You Should Take

1. If the phone number above is incorrect, or one is not listed, please contact us via email at 
MeterExchangelnauirv@dualight.com or by phone at 1-888-928-8539 (press “1" and follow the prompts) 

to update your contact information.

2. Make sure we can access the meter by removing any barriers, such as locked gates, pets or material 

blocking the meter,

3. If your meter is located inside your residence, please call 1-888-895-1044 to set up an appointment 

for the installer to gain access to your home to complete the meter exchange.

4. Notify others in your household about the upcoming exchange.

In some limited cases, the meter replacement will result in a brief interruption (approximately 10 minutes) of 

your electric service. After the exchange is complete, your service will return to normal. We apologize for any 

inconvenience this outage may cause.

EXHIBIT M-2
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Please note: Even if your electric service is not interrupted, we recommend that you check and, if necessary, 

reset clocks, surge protectors, Ground Fault Interrupter (GFI) outlets - the type of outlet commonly used near 

water sources such as kitchens and bathrooms - and other electronic devices.

Thank you for your patience during the meter exchange. Over time, the new advanced metering infrastructure 

and the future services it enables will help you better manage your energy use,

Online Portal: Putting More Energy Use Info In Your Hands

You soon will have access to a secure online portal that provides near real-time information and analysis about 

your electric use. The portal also will provide options to help you manage your electric bill, including displaying 

your energy-use patterns by day of week and time of day, providing a projected monthly bill to-date and 

sending email or phone alerts to reduce high-bill surprise if your monthly usage passes a certain level. Watch 

your mail for additional information.

In order to provide you with these services, Duquesne Light will need to share your usage data with our portal 

provider, Opower, a company we've worked with in the past. Opower will not use your data for any purpose 

other than what is necessary to provide your online benefits.

You will be automatically enrolled in the online portal program and your customer usage data will be 

provided to Opower unless you notify us within 30 days. If you do not want us to make your usage data 

available to Opower, please contact Duquesne Light Customer Service within 30 days by email at 

customercare@duQlieht.com or by calling 1-888-928-8539 (press "1" and follow the prompts). Customers that 

unenroll from the program will not have access to the Online Portal.

Future Benefits

Longer-term, thanks to technology enabled by the new advanced metering infrastructure, we also plan to offer 

additional programs and services, such as:

• An optional Time-of-Use program that may provide benefits to customers who can shift portions of 

their power use to non-peak hours.

• Outage alerts and restoration estimates that will help our customers plan during storm-related service 

interruptions.

If you have any questions about this letter or any of the services and programs offered, contact us via email at 

customercare@duqlight.com or by phone at 1-888-928-8539 (press "1" and follow the prompts.) You also can 

check the Meter Exchange Program section of Duquesnelight.com for more information.

Sincerely,

Michele Sandoe

Vice President of Customer Care

EXHIBIT M-2



- DUQUESNE LIGHT CO.

June 5( 2018

Miranda Grace Rosen 

35 Acorn Street 

Pittsburgh, PA 15207

Dear Miranda Grace Rosen,

As you may recall, Duquesne Light is exchanging its existing electric meters with new, advanced digital models 

to provide new options to help customers manage their electricity usage. The exchange is part of an overall 

upgrade to the company's metering infrastructure required by the Public Utility Commission (PUC) under 

Pennsylvania Act 129 of 2008. It will enable Duquesne Light to offer a variety of programs and services that 

can help you save energy, in addition to benefiting the environment.

You are receiving this letter because Duquesne Light will soon be replacing your electric meter. While the 

company previously delayed your meter exchange, nearly half a million meters have been replaced and the 

company is nearing completion of the program.

As a result, per Pennsylvania law, the enisling Duquesne Light meter at your residence wilt he replaced with 
an advanced digital meter Duquesne Light will attempt to contact you before the meter exchange takes 
place.

Before the 

Exchange
Day of the Exchange After the Exchange

We will call to remind 
you of the upcoming 
work using the following 
phone number:

412-726-8329

A Duquesne light 
authorized installer, with 
a valid ID, will arrive to 
complete the exchange 
between 7 a.m.* 5 p.m.

You do not need to be 
present for the 
exchange.

Once the meter exchange Is 
complete, the installer will 
verify that your new meter is 
working properly.

HThe Installer will 

leave behind a 
door hanger, 
indicating the 
type of work that 
was performed.

You may be asked to participate in a 
telephone survey regarding your meter 
exchange experience.
Quality checks will be conducted on a 
small percentage of completed meter 
exchanges. You do not need to be 
present for this activity.
On a future bill, you will temporarily 
see multiple readings and ID numbers 
for your meter when it is exchanged 
and activated on our network.

In addition, there are circumstances that may require the exchange of the meter prior to this scheduled installation. 

These include, but are not limited to: the failure of the current meter, if the meter at your address Is randomly 

selected for PUC-required accuracy testing, or when the current automated meter reading system for meters is

Este es un mensaje importante. Si usted no lo enfrende, favor de Homo a 412-393-7100.
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taken offline later this year. Duquesne Light will attempt to contact you in such circumstances before this exchange 

takes place.

Steps You Should Take
1. If the phone number above is incorrect, or one is not listed, please contact us via email at 

MeterExchangelnauirv@duQlight.com or by phone at 1-888*928-8539 (press “5" and follow the prompts) 

to update your contact information.
2. Make sure we can access the meter by removing any barriers, such as locked gates, pets or material 

blocking the meter.
3. If your meter is located inside your residence/business, please call 1-888- 928-8539 (press "5" and follow 

the prompts) to set up an appointment for the installer to gain access to your home to complete the 

exchange.
4. Notify others in your residence/business about the upcoming exchange.

In some limited cases, the meter replacement will result in a brief interruption (approximately 10 minutes) of 

your electric service. After the exchange is complete, your service will return to normal. We apologize for any 

inconvenience this outage may cause.

Please note: Even if your electric service is not interrupted, we recommend that you check and, if necessary, 
reset clocks, surge protectors, Ground Fault Interrupter (GFI) outlets - the type of outlet commonly used near 

water sources such as kitchens and bathrooms - and other electronic devices.

Online Portal: Putting More Energy Use Information in Your Hands

You soon will have access to a secure online portal that provides information and analysis about your electric 

use. The portal also will provide options to help you manage your electric bill, including displaying your energy- 

use patterns by day ofiweek and time of day, providing a projected monthly bill to-date and sending email or 

phone alerts to reduce high-bill surprise if your monthly usage passes a certain level. Watch your mail for 

additional information.:

In order to provide you with these services, Duquesne Light will need to share your usage data with our portal 

provider, Opower, a company we've worked with in the past. Opower will not use your data for any purpose 

other than what is necessary to provide your online benefits.

You will be automatically enrolled in the online portal program and your customer usage data will be 

provided to Opower. If you do not want us to make your usage data available to Opower, please contact us by 

email at MeterExchangelnquirv@duqlight.com or by calling 1-888-928-8539 (press "5" and follow the 

prompts). Customers who choose not to enroll in the program will not have access to the online portal.

More Information at DuquesneLight.com

For more information on other customer benefits available through the new metering infrastructure, visit the 

Meter Exchange section of our website, DuquesneLight.com. If you have any questions about this letter, or 

any of the services and programs offered, contact us via email at DLCCustomerService@duqlight.com or by 

phone at 1-888-928-8539 (press "5" and follow the prompts).

Sincerely,

/) // -

/ / 
i

Campbell Hawkins

Vice President of Customer Service

Este es un mensaje importante. Si usted no lo entiende, favor de llama a 412-393-7100.
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10/17/2017
—DUQUESHE LKSHT CO. —

JON CUSTOMER 

1034 MAIN ST 

CORAOPOLIS, PA 15108

Dear JON CUSTOMER,

As you may be aware, Duquesne Light is exchanging existing electric meters with new, digital models as 

part of an overall upgrade to the company's metering infrastructure. This infrastructure upgrade is 

required by the Pennsylvania Public Utility Commission under Pennsylvania Act 129 of

2008. Additionally, these new meters will give you access to a variety of programs and services that can 

help you save energy, as well as benefiting the environment.

We have made several attempts to contact you to exchange the meter at your residence/business; 

however, we have not been able to gain safe access to the meter. As a customer, you are responsible for 

ensuring that we can safely access and exchange the meter so that we can continue to provide you safe 

and reliable electric service. Customers who do not allow access for a meter exchange could face service

termination.

If your service is terminated, you may be responsible for a fee up to $250 to restore service. Additionally, 

your service will not be restored until you provide Duquesne Light access to conduct a meter exchange.

Please contart us no later than [DATE] to arrange a time for a Duquesne Light technician to exchange 

your meter. You can contact us by phone at 412 393-7100 or via email at 

DLCAppointmentReminder@duQlieht.com.

Sincerely,

Duquesne Light

£ste es un mensaje muy importante. Si usted no io entiende, favor de Homo o 412-393-7100.
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Pennsylvania Public Utility Commission 

Office of the Secretary 
P.O. Box 3265 

Harrisburg, PA 17105
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