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This report is an exarmination of p ressrs e s e ptlatn o Electric Reliabilty Corporation (NERC) Benchmark
Geomagnetic Disturbance (GMD) Event Descrip paper) reg geomagneticlatitude on ona h model. Ths
Review of Peer-Reviewed Research Regarding the Effects of report includes an in-depth review of the pL (e.g., vam(Ed Y and Laboratory (LANL)), on the
Geomagnetic Laitude on Geoelectric Fields: Updated Based comagneticatitude scaling. The report v
3002016885 | 6/26/2019 |on the Latest Research GMD Report created by EPRI Transmission iew document None actions. htt, Www Us
This report presents the result of analyzing a dataset developed for e disturbance (GMi iabi
on existing community-wide efforts that serve geomagnetic data to improve of th by GMDs,
furthering the sclence behind the benchmark GMD presently used by industry in studying the imps power sy v
(GMDs at diferent magnetic ltitudes and across different evelsof geomagnetic actiity. Strong GMD hazards can be organized by the auroralovallocation, and the
expansion of the auroral zone during stron geomagnetic actvty exposes ocations further toward the equator to GMID hazards. The largest rates-of change of the magnetic
field are determined to be most prevalent in the pre-dawn region of magneti local time. he expected measured
new regional 1D ¢ tions. Exti v auroral zone, €I
Improving Understanding of Characteristcs of Geoelectric GMD database, ives st that s broadly constent with o individual h fiel. Based on a lterature
Field Enhancements Caused by Severe GMD Events: review and analyses of data, this technical update research to q fy the geoelectric hazard as a function of
3002016832 | 6/13/2019 |Examining Existing Ground-Based Data GMD Report created by EPRI Transmission Research results None activity and magnetic time of dav. htt, Www Us
Reslliency of the transmission and distribution (T8 grid = ma lecric e, eguatcrs, and he meda. Athovgh 1o meant 0 be
 Transmission and Distribution Resiliency - What's going on, ‘Summary document of historic comprehensive, this document is intended to provide background and an of the y topic, and it the Electric Power
3002015363 | 2/8/2019 _|and what is EPRI doing to help? ocument Report created by EPRI Transmission and current EPRI proiects None Research Institute (EPRI) and aking to address it. htty Www Us
Impact of Geomagnetcaly nced Curents onTansormer
3002014855 | 1/17/2019 | Tank Vibrations: Transformer GMD Report created bv EPRI Transmission Research results None This report. impact Do ) https://www g=en-us
Globaly, electric utltiesare facing increasingly complicated and desigring and lines. v
expected to construct more compactlines with reduced impact and ncreased po \the same i, i alsoareseeing to
Inorrat sdtiona rcsra andsecalrslionc 0 v I e e 14 e iy e Fce o nr€asn clmate vraili. i sciion, e 3
financil imperative to construct lines with improved operational efiiency at the lowest possble cost. inal, there is a need to create lines which are easy to maintain, and
are desigrdffectivel. Uiies ned mproved coirlover bow mulil eedsmay be met and ntegraed nto  olsic design apprcach bt loalrmade o cch
st ppcatn. EP st s o g s ulate  unified d see a
strategy, incorporating the use of overhead lnes. A testing process will andd d,
3002013978 | 6/8/2018 | Advanced Overhead Line Design Considerati Multiple Threats Report created by EPRI Transmission Research results None including testing ind field mumwrmg Tmswm orovide utilities with a higher levels of performance. htt, Www lang=en-US
In collaboration with the North American Electric Reliability Corporation (NERC), the Y y, and s, EPRI is building. in
, predict, and mitigate the imps lectric power systems. This white pape guide to EPRI's
& the Research " GMD research work plan. It explains the background and basicsofthe underlying principles, major
3002013736 | 4/27/2018 |on the Bulk Power Svstem GMD Report created by EPRI Transmission Research results None the research effort. htt, Www Us
e, Deatnanof e sty O4) ke Tectrley AT DFseorate oty marrer s, sevegrent, ne
demonstation g, Rellent Ectic G (G F it e esarch
as the potential tion'selecti grid, making t more resient to natural and man-mace threats. Throughthe
procsd afcurs. tlation, g opeavio ot ongongt a1 e it .61 mre o] TS sl v dere b iy e oS amt s paroa e
Summary Report: Technical Analysis and Assessment of Report created by EPRI Transmission, project be reduced, while y the elect
Resilient Technologies for the Electric Grid: High summarizing work done in vibthesossti i depiamensof s v engn TS bl s nekrt, D1 6T contraceed it Echic hower Reseeh it (EPR\)(uwnduc(an
3002011527 | 12/21/2017 [T ity Multiple Threats coniunction with DHS Research results None luation and critical expert assessment of an inherently fault current limiting (IFCL) nology. 1ty WWW lang=en-US
e e e T Py e e the peetrationcf dstrbuted gereratonand s
EPRI andits members determined that the power system needs to be more resilent,flexibe,
¥~ for the power s p nth ofthe power sy
abityto harden the system against - and q ecen
andSandy and the Tohoku earthauake an tsunami n lapan have demuns‘ruledlhe e forslency,Othr-ratura e mct,low-reasene ver ot s
Electric Power System Resiliency: Challenges and Strategy document covering idfies, and g system’s history, although
3002007376 | 2/8/2016 Strategy Document Report created bv EPRI resiliency None these recent events have raised awareness of the need for enhanced resiliency tt] Www lang=en-US
PR underooka treeyar Distuion 1 Resleny (DGR research prfct oty distribution system resiliency. This
report storm response ealy, i report mcludesth resuls of ane-day ntrview (mmersons’) with
storm respons hand from umvsub,en matter experts. This report serves as Appendix F to the main report of DGR task
3002007170 | 12/31/2015 | Distribution Grid Resili : St Response Practices — Appendix F: Compilation of Individual Utilitv In] Report created bv EPRI Distribution Best practices None 5. which in the EPRI reuun entitled “Distribution Grid Resili 2sponse Practices.” (EPRI report 3002006784, December 2015) it} www 170/lang=en-US
| This report describes the results of the storm response s(hree*v grid ¥ initiative. The overall goal of this research taskis to
produce a database response ilties can use dapt industry leading response processes. The research
focused on topical apriorty in s, ncluding major planning and major event
preciction, damage assessment and analysi; estimated time of estoration (ETR); and The approach surveys, indiidual
company interviews, document reviews and analyses, and document industry goalof empowering leading practice
3002006784 | 12/31/2015 |Distribution Grid Resili : St Response Practices Severe Weather Report created bv EPRI Distribution Best practices. None information from peer utilities. t) WWW US
This report describes the resultsofthe Prioriization of Options Task of EPRI' three-year distribution erid rsliency (DGR iniiative. The goal of this tas s to provide utlty
decision makers with guidance for proriizing and selcting among the resiiency options identifed n the other DGR project tasks. Other DGR tasks examined hardening and
recovery options in the areas of head structy vegetation t, modern gr logy, and storm response practices. In this context,
rstney mears the pafrmanceof e dirion syt n3sevrsimpack vt sch s uricare by the impa severe
weather events, investment n distribution y v best o respo a period of years.
project that makers need data to uppo dance in choosing among
alternatives. Resiliency improvement ummnswere investigated in each of the other DGR (usksand resulted in performance da(a that can be used to project the benefits of
applying an option and prioriize investments. Thisreport describes the g introduces 2 methodology
3002006668 | 12/31/2015 |Distribution Grid Resiliency: Prioritization of Options Multiple Threats Report created by EPRI Distribution Research results None and model to illustrate the or . including fi h of the mai the DGR proiect. t] WWW US
Solar disturbances can ntiate a terrestrial geomagnetic disturbance (GMD) that can result nthe fl v )in power
systems. These quasi dc currents can cause part-cyce saturation of the power system's transformers, which can lead to 2 number of adverse consequences ncluding potential
damage to transformers, system voltage collapse, and misoperation of protection systerms. One of the mitigation considered within the industry i the use of
6IC reduction GRDsare reduce in lines. Application of GRDS requires
dilgence to 4 and do not ntroduce ach pa stem and
Geomagnetically-Induced Current (GIC) Reduction Device reliabilty. This gide provides a review fication and design assessment pa power s
3002006443 | 12/31/2015 | Application Guide GMD Report created by EPRI Transmission Research results None | This guide studies that should be performed when GRD deplovment is pl d and ified. htt, Www US
This report describes the resultsof the modern g ey s three.ye d ¥ (OGR) mtative. The overall sresearchwere to
1) key modern g respect to DGR, 2) gather and document utlty practices intended to manage
these challenges, 3) andidentify can be exp benefit of the industry, and 4)identify and scope specific proposalsfor EPRI
3002006783 | 12/23/2015 |Distribution Grid Resiliency: Modern Grid Technologv. Multiple Threats Report created by EPRI Distribution Research results None research to overcome challenges. mloit high valt htt, Www Us
This report describes the results getation management (VM) s three-ye a ¥ (DGR initiative. The El
damage during storms, 2) gather and document utility practices related to VM
programs, and 3) dentiynew options for YM programs that cou resut i lsssstem damage durin storms and veralgreater resiiency. EPRI worke with particsating
tiltieson six VM research activties, which are summarized inthis report: 1) an industry survey, 2)  Iterature review, 3  seris ofnterviews with VM program managers
and subject matter experts, 4) a study of the force of impact on distibution equipment from tree failures, 5) a damage prediction modeling study, and 6) a complation of
practices gathered from the program interviews in a Microsoft One Note repository the VM research results. The fll reports of
these activties are attached as appendices. The report provides the and pecifc type: prioritize VM
3002006781 | 12/23/2015 |Distribution Grid Resiliency: Vegetation Multiple Threats Report created by EPRI Distribution Research results None htty www Plang=en-US
This report describes the reslts of the overhead P threey a (DGR initiative
o e e sy of et st i i, s e, s o et The 1 e delped nd oo
 options with standard constructi  testing on multiple-span pole lines, fulscale structures, and pole tops. Testing of ndividual
© overall hardaned designs. Components and sructurs selecte fortstswere basedan iy Inpt and bref ey,
along with utiity data provided on speciic damage instances from past storms.
A highiight ofthe project was field testing at Xcel Energy, American Electric Power (AEP), and PPL Electric Utites. In each of these tests, decommissioned distribution ines
were subjectedto simulated tree impacts. In other work, new penta- and CCAtreated vellow pine utilty the amount of force
and/or energy needed to cause breakage under dynamic loading conditions. Hand ties, pr s, and clamp-type ll d in dynamic and static tests.
| The team also tested pole-top assemblies, full-scale distribution, and spacer cables. Testing results, data collection, and input from utility members were used to collect and
evaluate speciicoptions to improve esllency. Where posslbl, the team q specific o
were alo considered. Several design and construction options were dentified that could improv resliency. The team alo considered several maintenance, inspection, and
3002006780 | 12/23/2015 |Distribution Grid Resiliency: Overhead Struct: Multile Threats Report created by EPRI Distribution Research results None htt, Www Us
This report describes the reslts of the P threey a ¥ (OGR) ntative. Th task 1) develop a set of
makers can use to compare the option with other opt g grid resiency; 2)
ovdenformation that enables ity decklon maker to prject the banefitsof an Investment I undergrouncing to mproved performance Ina severs mpact evnt; and
3)explore pplying the cost derground and overhead solutions. EPRI worked with participating utiities on
s nderarounding esarch e, whihre summarizd i thisrpor: ) fratre review on electri distribut
undergrounding for gid esiiency, 3) a cost study ofsix project designs, 4) the ongoing maintenance
cost investing in distribution, 5) of. have l ted ssful
programs, and ) an analysis ofthe options fo converting underground that were assessed to enhance resiliency. The full reports and supporting information of these
3002006782 | 12/13/2015 | oistribution rid Resiency: Multple Threat Report created by EPR) Distribution Research result Non attached ttpe fuw X
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