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Introduction

This introduction is not part of the Draft Guide for Rehabilitation and Rejuvenation of
Extruded Dielectric Cable Rated 2.5 kV through 46 kV.

This guide is the first issued that addresses rehabilitation and rejuvenation of aging
underground cables.

Laws and regulations

Users of these documents should consult all applicable laws and regulations.
Compliance with the provisions of this guide does not imply compliance to any
applicable regulatory requirements. Implementers of the guide are responsible for
observing or referring to the applicable regulatory requirements. Novinium does not,
by the publication of its guide, intend to urge action that is not in compliance with
applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by Novinium. It is made available for a wide variety of
both public and private uses. These include both use, by reference, in laws and
regulations, and use in private self-regulation, standardization, and the promotion of
engineering practices and methods. By making this document available for use and
adoption by public authorities and private users, Novinium does not waive any rights
in copyright to this document.

Updating of this document

Users of this guide should be aware that this document may be superseded at any
time by the issuance of new editions or may be amended from time to time through
the issuance of amendments, corrigenda, or errata. An official Novinium guide
document at any point in time consists of the current edition of the document
together with any amendments, corrigenda, or errata then in effect. In order to
determine whether a given document is the current edition and whether it has been
amended through the issuance of amendments, corrigenda, or errata, visit the
Novinium web site at www.novinium.com/Library and click on the “Guide” tab or
contact Novinium at info@novinium.com.

Errata

Errata, if any, for this and all other guides can be accessed on the “Guide” tab at:
www.novinium.com/Library. Users are encouraged to check this URL for errata
periodically.

Patents
Attention is called to the possibility that implementation of this guide may require

use of subject matter covered by patent rights. By publication of this guide, no
position is taken with respect to the existence or validity of any patent rights in
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connection therewith. Novinium is not responsible for identifying Essential Patent
Claims for which a license may be required, for conducting inquiries into the legal
validity or scope of Patents Claims or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or
in any licensing agreements are reasonable or non-discriminatory. Users of this
guide are expressly advised that determination of the validity of any patent rights,
and the risk of infringement of such rights, is entirely their own responsibility.
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Draft Guide for Rehabilitation
and Rejuvenation of Extruded
Dielectric Cable Rated 2.5 kV
through 46 kV

1. Overview

1.1 Scope

This document defines industry accepted best practices for the division of
rehabilitation into rejuvenation and replacement and the rejuvenation of extruded
dielectric medium voltage cables rated 2.5 kV through 46 kV with unblocked,
stranded conductors. Best practices for replacement are not within the scope of this
guide.

1.2 Purpose

The purpose of this guide is to provide general information on planning and
implementation of cable rehabilitation and rejuvenation. It is intended to
supplement the technology suppliers’ specific recommendations and established
practices of circuit owners.

2. Normative references

The following referenced documents are indispensable for the application of this
document (i.e., they must be understood and used, so each referenced document is
cited in text and its relationship to this document is explained). For dated references,
only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments or corrigenda) applies.

None.
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3. Definitions

For the purposes of this draft guide, the following terms and definitions apply. The
Authoritative Dictionary of IEEE Standards Terms should be referenced for terms not
defined in this clause.

Alkoxysilane: A class of silane materials commonly uses as rejuvenation fluids.
The alkoxysilane includes up to four (4) functional groups. At least one, but usually
two, of the functional groups are “alkoxy” groups, which react with water and yield
an alcohol by-product. Non-alkoxy functionality fills the remaining positions on the
molecule and may include features to provide treated insulation with: a lower
affinity for water, voltage stabilization, UV stability, anti-oxidation, nano-stress
grading, and/or partial discharge suppression.

Ancillary tasks: Injection often cannot be performed without performing craftwork
ancillary to the injection. For example, if a bushing fails upon operation of an elbow,
the injection activity must cease, while the bushing is being replaced. Leaky
transformers, the installation of MOV surge arrestors, the rebuilding of riser pole
terminations are other examples of ancillary tasks.

Blow & Go: An injection philosophy that emphasizes the lowest capital cost of
injection. This philosophy sacrifices capital efficiency of rehabilitation for greater
labor productivity. The opposite of “blow & go” is “excavate & rejuvenate.”

Cable accessory (or component): Any of a variety of devices, which are utilized
to connect two cables (i.e. splice), or a cable and another device (i.e. termination).

CO: Acronym for circuit owner.

Compression connector: Any of a variety of connectors, which utilize compressive
forces, used to join two conductors, or a conductor and a cable component together.

Condensation: The chemical reaction of two monomeric silanes, two siloxane
oligomers, or a monomeric silane and siloxane oligomer in which they join to form a
single larger oligomer and where at least one of the terminations is a hydroxyl group
(i.e. -OH). A water molecule or an alcohol molecule is produced as a by-product.

Fluid Requirement & Supply
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Constrained geometry: When the available volume of fluid that can be held in the
strand interstices at atmospheric pressure is less than the optimum quantity of fluid
to treat the cable, the cable is said to be a constrained geometry cable. Figure 3-1
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shows the three realms of geometry for round (or concentric), compressed, and
compact strand cables, namely unconstrained (greater than 20 kg/km), moderately
constrained (<20 kg/km and >10 kg/km), and severely constrained (<10 kg/km).

Cyclic floor: In the presence of water and catalyst, dialkoxysilanes can condense to
linear oligomers, or cyclic oligomers, each of varying length. In fact, they condense
to both linear and cyclic species of a variety of lengths. The cyclic floor is a
theoretical stoichiometric construct that defines a lowest value or floor for the
amount of oligomer produced per unit of starting monomer.

Dead-front: A design and construction method, which does not leave exposed
energized parts.

Dialkoxysilane: An alkoxysilane that includes exactly two alkoxy ligands, and
hence, condenses into straight chains or rings in the presence of water and catalyst.

Dimer ceiling: In the presence of water and catalyst, dialkoxysilanes can condense
to linear oligomers, or cyclic oligomers, each of varying length. In fact, they
condense to both linear and cyclic species of a variety of lengths. The dimer ceiling
is a theoretical stoichiometric construct that defines a highest value or ceiling for the
amount of oligomer produced per unit of starting monomer.

Dimethoxysilanes: A dialkoxysilane that includes exactly two methoxy ligands,
and hence, condenses into straight chains or rings, and upon hydrolysis yields two
methanol molecules for each dimethoxysilanes monomer.

Enhanced productivity pricing (EPP): A pricing paradigm where each
rejuvenation-related task (or bundled set) and each switching task (or bundled set)
has a unit price. Unanticipated tasks ancillary to the rejuvenation are charged at an
agreed labor rate. Parts are billed by units consumed. Enhanced productivity pricing
is the best practice in rehabilitation pricing.

EPP: See Enhanced productivity pricing.

Excavate & rejuvenate: An injection philosophy that emphasizes the lowest
capital cost of the entire rehabilitation effort. This philosophy minimizes capital
expenditures and provides a high level of reliability. The opposite philosophy of
“excavate & rejuvenate” is “blow & go.”

Exudation: The departure by diffusion or permeation of a chemical species from
the cable into the surrounding environment.

Fugitive fluid: A gas or a liquid of small or modest molecular weight that does not
have persistence in a cable and leaves quickly because the concentration in the
environment is zero.

Hydroxy termination: When an alkoxysilane reacts with water (a hydrolysis
reaction) an alcohol is produced as a by-product and an OH (oxygen and hydrogen)
occupy the position on the silicon atom that was formally occupied by an alkoxy.

IA: Acronym for injection adaptor. See Injection adaptor.
Injection: The act of introducing rejuvenation fluid into the interstices of a cable.

Injection Adaptor: Also called an IA, an injection adaptor is device, which makes a
fluid-tight seal with the cable subsegment and the terminating compression
connector when it is swaged into place. Its diminutive profile allows the IA to fit into
almost any splice or termination. The IA includes features, which provide leak-free
operation, even with large swings in operating temperature. It also prevents
insulation shrinkback and pushback.
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Injection period: The period of time beginning when fluid is introduced to a first
end of a cable segment or subsegment and ending when fluid exits the second end of
a cable segment or subsegment.

Interstices: The irregular volume between and around individual strands of a
multi-stranded conductor, which lie inside of the conductor shield.

Integrated rehabilitation: A rehabilitation strategy, which utilizes sustained
pressure rejuvenation (SPR) as the preferred method, unsustained pressure
rejuvenation (UPR) as a second resort, and replacement as a final resort.

iUPR: Improved UPR (Unsustained Pressure Rejuvenation) or UPR without a soak
period.

Ligand: A functional group attached to a silicon atom.

Live-front: A design and construction method where energized parts are exposed.
Long term rejuvenation: Rejuvenation periods greater than 20 years.

Medium term rejuvenation: Rejuvenation periods from 2 to 20 years

Non-rejuvenation labor hours: Labor for Ancillary Tasks to rejuvenation and
labor for switching operations above agreed norms.

Oligomer: The condensation product of two to a few alkoxysilane monomers.
Alkoxysilane oligomers typically range from two to ten monomer units, with an
average of about six. Dialkoxysilane oligomers organize into both linear chains and
ring structures.

Oxide inhibitor: A material that is used to coat a metallic conductor (usually
Aluminum) to prevent the buildup of surface oxides on the conductor. Some oxide
inhibitors include abrasive particles to help break up oxides on oxidized conductors.

Partial discharge: A gas discharge that does not bridge the conductor and neutral.
The discharge may be in a cavity including an electrical tree, corona off an electrode,
or tracking along an interface. Also known as PD.

Polymeric coverings: The conductor shield, insulation, insulation shield, and, if
present, jacket of a cable.

Potentially energized: Injection tubes and injection bottles are connected to
energized cables. These devices are designed for that purpose and are made
primarily of dielectric materials. Under most circumstances the devices are not
energized. The fluids that are injected into cables through the tubing and devices
are also dielectric. However, at the effluent end of a cable being rejuvenated, water
or contaminated treatment fluid, which might conduct electricity, can potentially
provide a conductive or semi-conductive path to the injection tubes and bottles. At
the feed side fluid flow may reverse and fluid contaminated with conductive particles
may make the fluid semi-conductive. As a consequence, feed bottles, vacuum
bottles, and their associated tubing are declared potentially energized devices and
must be handled as if they are energized and are manipulated with hot sticks and/or
dielectric gloves rated at or above the system operating voltage until the tubing is
disconnected from the cable or the cable is deenergized.

PP: Acronym for productivity pricing. See productivity pricing.

Productivity pricing (PP): A pricing paradigm in which there are three kinds of
units: A technology unit typically charged by unit length, an hourly labor unit, and
units for parts.
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Pushback: The tendency for the insulation of a cable to recede from a splice or
termination connector when the annular area is pressurized.

Rehabilitation: The application of products and services to aged circuits intended
to improve the reliability of the aged circuits. Rehabilitation includes cable
rejuvenation, cable replacement, and any other additions to the circuit, which extend
circuit life or reliability.

Rejuvenation: The application of fluid, whether gas or liquid, to improve the
reliability of aged cables or components.

Replacement: Installing a new cable or cable component in place of an aged cable
or cable component.

Retention efficiency: A percentage of any monomer-catalyst combination equal to
Xo/Xt. Where “X,” is the mass fraction of the monomer that is not lost from the
system before condensation, less the non-functional hydrolysis by-products (typically
an alcohol). “X.” is the mass fraction of the fully oligomerized monomer less the
non-functional hydrolysis by-products.

Retention inefficiency: The compliment of the retention efficiency, this value
represents the percentage of rejuvenation fluid lost due to permeation and kinetic
inefficiencies in the catalysis of silane and siloxane condensation.

RS: Acronym for rehabilitation supplier.

Segment: A cable length spanning between two terminations. The cable length
may include no splices in which case the segment is the same as a subsegment. If
the segment includes N splices, the segment has N+1 subsegments.

Short Term rejuvenation: Rejuvenation periods less than 2 years.

Shrinkback: The tendency for the insulation of a cable to pull back from a splice or
termination connector. Shrinkback can occur when built-in mechanical stresses are
present in the insulation as the result of the manufacturing process. For example, if a
copper conductor moves through an insulation extruder head at a speed slightly
faster than the molten insulation compound coming out of the extruder head, the
molten insulation becomes stretched. When the insulation compound is cooled, the
insulation can become “frozen” in this stretched condition. When the wire is later cut
into short lengths, the insulation may pull back if friction with the copper conductor
is too low to hold it in position. Wide temperature excursions tend to accelerate the
process.

Soak: The act of gradually supplying rejuvenation fluid to the interstices of a just-
injected cable as previously introduced fluid permeates into the cable polymeric
coverings.

Soak period: A period of time where a soak bottle is left connected to a treated
cable to provide additional rejuvenation fluid to supplement the fluid supplied during
the injection period.

SPR: See sustained pressure rejuvenation.

Subsegment: A continuous cable length spanning between two terminations, a
termination and a splice, or between two splices. A cable segment is made up of at
least one cable subsegment. If the cable segment includes N splices, the segment
has N+1 subsegments.

Sustained pressure rejuvenation (SPR): A rejuvenation process where the
pressure, which was used to inject the cable, is sustained on the cable interstices
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after the fluid has filled the entire length of a cable sub-segment. The pressure
decays as the fluid permeates from the interstices into the cable polymeric
coverings.

Sweat out: See exudation.

Tailored Injection Pressure: The pressure established by the rejuvenation
technology provider to provide the optimum performance.

TIP: An acronym for Tailored Injection Pressure.

Unblocked strands: Stranded conductors, which do not include a compound in the
strand interstices intended to retard the axial flow of fluid in the conductor.

Unsustained pressure rejuvenation (UPR): A rejuvenation process where the
pressure, which was used to inject the cable, is bled to a lower pressure on the cable
interstices after the fluid has filled the entire length of a cable sub-segment.
Unsustained pressure rejuvenation may be applied with or without a soak period.
UPR injection pressure may be between 0 and 500 psig.

UP: An acronym for unit pricing. See Unit pricing.

Unit pricing (UP): A pricing paradigm where every task or bundle of tasks has an
associated unit price.

UPR: An acronym for unsustained pressure rejuvenation. See unsustained pressure
rejuvenation.

Tracking: Erosion and breakdown of the surface of an insulator due to excessive
leakage current from the energized part to the grounded part.

Water-stop: A design element included in some splice compression connectors that
serves three purposes: (1) preventing water flow through the connector, (2)
providing an installation stop for the conductor strands, so that the conductor is
properly positioned within the compression connector for crimping or swaging, and
(3) assures that anti-oxidant grease is squeezed into the strand interstices as the
compression connector is crimped.
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4, Safety Considerations

4.1 General

The safety considerations for the replacement portion of rehabilitation are well
known in the industry and are outside the scope of this guide. In general, many of
the risks associated with rejuvenation are similar to the risks of replacement.
Medium voltage cables must be deenergized and grounded and then reenergized
whether they are rejuvenated or replaced. There are additional risks associated with
the handling of cable reels and the trenching, tunneling, sawing, plowing, or cable
pulling required to install new cable, which are generally larger than the incremental
risks introduced by rejuvenation - that is the handling of rejuvenation fluids. A
thorough analysis of known risks associated with injection in URD cables titled, “A
Comparison of Rejuvenation Hazards” was presented at the EDIST conference in
November 2009 (Bertini & Brinton, A Comparison of Rejuvenation Hazards, 2009).
Figure 4-1 nearby shows the “Hazard Taxonomy” of Rejuvenation.

In the cited analysis, each of the identified risks (i.e. each box in Figure 4-1) is
evaluated based upon actual experience where that experience is available, and
engineering judgment where the frequency is so low that there is no experience.
The analysis scope is limited to three commercially significant fluids coded CC3,
PO11, and U732 (Please see Table 4-3 to decode), and three injection paradigms,
UPR with soak, UPR without soak, and SPR. In each scenario and for each risk, the
following are provided:

a. Scenario name and scope

b. Discussion of circumstances that give rise to the risk

c. Experience anecdotes

d. Probability that the event will occur and that personnel will be present within the
event horizon, if event occurs.

e. Consequences to equipment and people, if they suffer an event, in U.S. Dollars.

f. Probability mitigation tactics to lower the probability that an event will occur.

g. Consequence mitigation tactics to reduce damage to property or people when
an event does occur.

h. Risk assessment is the multiplication of the probability values (P) and the
consequence values (C) to calculate semi-quantitative risk values (R) in U.S.
Dollars for both equipment and personnel. Where,

Requipment = Pevent X Cequ\pment
Rpersonnel = Pevent X Ppersonnel X Cpersonne\

Figure 4-2 and the work [2] from which it derives, shows that the most substantive
risk associated with rejuvenation is the same risk associated with replacement,
namely electrical contact. The risks associated with the introduction of rejuvenation
fluids require engineering controls and prudent procedures, but are small compared
to the electrical risk. The differences that do exist between various fluid alternatives
and injection paradigms are discussed in sections 4.2 and 4.3 respectively.
Rejuvenation Technology continues to develop at a rapid pace, and the circuit owner
is encouraged to seek the latest information available to complete its own risk
assessment.
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Figure 4-1. Rejuvenation Hazard Taxonomy
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Figure 4-2. The logarithmic x-axis is the risk to personnel in U.S. Dollars
and the logarithmic y-axis is the risk to equipment in U.S. Dollars. The risks
in the upper right-hand corner are the most substantive risks and those in
the lower left-hand corner are the least substantive. Risks identified in the
Figure 4-1 taxonomy not shown in this Figure 4-2 are trivial (i.e. less than
US$1).

4.2 Fluids

There are ten commercially significant rejuvenation fluids (gases and liquids) used
for various rehabilitation tasks. Table 4-1 provides alphabetical ordering of the short
name used in the remainder of this guide, alongside the full trade names and a
summary of the primary uses for each fluid. Table 4-2 provides detailed chemical
compositions where available. The reader is advised that technology suppliers work
to improve the safety and efficacy of the fluids supplied and hence the formulations
provided in Table 4-2 may not represent the current state-of-the-art. Contact the
material supplier for up-to-date formulation information. Material Safety Data
Sheets or MSDSs often provide formulation information. Table 4-3 provides flash
points for each of the fluids arranged from most to least flammable together with
some common materials to provide perspective, and OSHA and DOT regulatory
classifications.
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Short

Name Trade Name Application Summary

AIR none Dry gas including air, nitrogen, carbon dioxide,
and helium may be used to desiccate strands
and the adjacent polymeric layers.

CCSsD CableCURE®/SD fluid Strand desiccant fluid used ahead of
rejuvenation fluid

CC3 CableCURE®/XL fluid Rejuvenation of URD cables

CCDMDB CableCURE®/DMDB Rejuvenation of feeder cables

fluid

CC/CB CB fluid Strand-blocking and rejuvenation of secondary,
primary, control, and communication cables

ELVS ELVS™ fluid Strand-blocking and rejuvenation of secondary,
primary, control, and communication cables,
including fiber optics

NREX N-Rex™ fluid Molecular desiccation of very long cable runs,
particular submarine cables

PO11 Perficio™ 011 fluid Rejuvenation of URD cables in non-demanding
applications

U732 Ultrinium™ 732 fluid Rejuvenation of URD cables

U733 Ultrinium™ 733 fluid Rejuvenation of feeder cables

Table 4-1. Commercially significant fluids. Note: CableCURE is a registered
trademark of UTILX Corporation. Ultrinium, Perficio, N-Rex, and ELVS are
trademarks of Novinium.

Flash point is a measure of flammability and impacts all of the 2.3 Fire/Explosion
risks listed in Figure 4.1. There are three things required for a fire or explosion:

1. Oxygen (generally in the guise of air),

2. A source of ignition, which is often readily available in electrical distribution and
transmission environments, and

3. Fuel.

Both air and sources of ignition are generally ubiquitous on and around medium
voltage cables and terminations. It's the third item, fuel, on which the flash point
provides some guidance. The most common way to avoid fires and explosions is
through the control of the fuel. It is not enough for there simply to be fuel. The
polymers used in most cables themselves are fuel and will burn. However,
flammability is the notion that some things ignite easier than others. To ignite a
liquid such as jet fuel A, the fuel must first be mixed with air. In fact the fuel must
be mixed with air within a range of fuel to air concentrations. Below the lower
concentration limit, often called the lower explosive limit or LEL, the mixture will not
ignite. There is also an upper explosive limit (UEL), but as a practical matter this
upper limit has little relevance to cable rejuvenation, since in the case of a liquid
leak, the concentration of the fluid in the vapor phase increases from zero toward the
LEL. If the fluid is sufficiently flammable to reach the LEL, the mixture must pass
through the flammable range on its way to the UEL. Whether a fluid-air mixture can
reach the LEL is reflected in its flash point. A liquid’s flash point is an indication of
the temperature at which sufficient flammable vapors have evaporated to allow for
ignition and the propagation of flame when exposed to an ignition source. The
higher the flash point the less likely a fluid will ignite in otherwise similar
circumstances.

10
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Table 4-2. Active ingredients of commercially significant fluids. Note:

trademarks of BASF.

Tinuvin and Irgastab are registered

Concen-

Short Component names & Component tration

Name (nickname) CAS number (w%) Application Summary

AIR Dry gas including air, nitrogen, 100 Continuous desiccation of strands and the
carbon dioxide, and helium. adjacent polymeric layers.

cC3 E)gﬁgﬂnsq)ethyldlmethoxysnane 3027-21-2 ~90 Medium dielectric enhancement of URD cables
trimethylmethoxysilane (TMMS) 1825-61-2 5-10 Short term dielectric enhancement
titanium(iv) isopropoxide (TIP) 546-68-9 0.2 Condensation catalyst

CCDMDB | dimethyldimethoxysilane 1591-02-2 ~60 Medium term dielectric enhancement of feeder
(DMDBS) cables
titanium(iv) isopropoxide (TIP) 546-68-9 0.2 Condensation catalyst

CC/CB hydrogen terminated
dimethylsiloxane, 20900-21-9 ~60
gctamethylcyclotetra5|ngane, 556-67-2 ~10 Liquid silicone gels in cable interstices to

ecamethylcyclopentasiloxane, 541-02-6 ~5 preclude water

tetramethyldivinyldisiloxane, 2627-95-4 ~3
platinum catalyst and maleate
catalytic inhibitor

ELVS proprietary proprietary proprietary | Liguid silicone gels in cable interstices

NREX , . . Molecular desiccation of very long cable runs,
proprietary proprietary proprietary particularly submarine cables

PO11 phenylmethyldimethoxysilane 3027-21-2 <90 Medium term dielectric enhancement of URD
(PMDMS) cables
2-ethyl-1-hexanol 104-76-7 <8 Short-term dielectric enhancement

Hindered Amine Light Stabilizer addresses
Tinuvin® 123 (123) 129757-67-1 <3 long term conversion of water to electrical
trees; aluminum corrosion inhibitor

ferrocene 102-54-5 <0.2 Long term partial discharge suppressor
?Iljkglgase:)zene sulfonic acid 27176-87-0 <0.2 Condensation catalyst

U732 tolylethylmethyldimethoxy silane 722542-80-5 <37 Medium term dielectric enhancement of URD




December 2011

Table 4-2. Active ingredients of commercially significant fluids. Note:

trademarks of BASF.

Tinuvin and Irgastab are registered

Concen-
Short Component names & Component tration
Name (nickname) CAS number (w%) Application Summary
(TEMDMSa) cables (isomer “a")
((j:r\meig;/?;r»\lg:\itl?gglgi-l]silane 199542-79-2 <8 Medium_term dielectric enhancement of URD
(TEMDMSb) cables (isomer “b")
cyanobutylmethyldimethoxy Long term dielectric enhancement of URD
silane (CBMDMS) 793681-94-4 <67 cables
ferrocene 102-54-5 <3 Long term partial discharge suppressor
2-ethyl-1-hexanol 104-76-7 <19 Short-term dielectric enhancement
Hindered Amine Light Stabilizer addresses
Tinuvin® 123 (123) 129757-67-1 <3 long term conversion of water to electrical
trees; aluminum corrosion inhibitor
i i Ultraviolet absorber addresses long term
®
Tinuvin™ 1130 (1130) 104810-48-2 <3 conversion of water to electrical trees
geranylacetone 3796-70-1 <3 Voltage stabilizer
Irgastab® cable kv10 (KV10) 110553-27-0 <4 Anti-oxidant
alkylbenzenesulfonic acid oo .
(DDBSA) 68584-22-5 <0.1 Condensation catalyst
U733 2-(4-methylphenethyl) . . .
methylbis(2-ethylhexoxy) silane 1100290-27-4 <25 raeb?;inzigiznn‘;fl\e;%cmc enhancement of feeder
(TEMDOSa)
di(2-ethylhexoxy)methyl[2- . . .
(methylphenyl)ethyl]silane 1100290-28-5 <21 '(\:"aebdlgnzigiin”;fl\ﬂ?)cmc enhancement of feeder
(TEMDOSb)
3-cyanobutylmethylbis(2- Coa Long term dielectric enhancement of feeder
ethylhexoxy)silane (CBMDQOS) 1100093-73-9 <85 cables
ferrocene 102-54-5 <4 Long term partial discharge suppressor
Hindered Amine Light Stabilizer addresses
Tinuvin® 123 (123) 129757-67-1 <4 long term conversion of water to electrical

trees; aluminum corrosion inhibitor
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Table 4-2. Active ingredients of commercially significant fluids. Note:

trademarks of BASF.

Tinuvin and Irgastab are registered

Concen-
Short Component names & Component tration
Name (nickname) CAS number (w%) Application Summary
Tinuvin® 1130 (1130) 104810-48-2 <3 Ultraviolet absorber addresses long term
conversion of water to electrical trees
geranylacetone 3796-70-1 <3 Voltage stabilizer
Irgastab® CABLE KV10 (KV10) 110553-27-0 <5 Anti-oxidant
2-ethylhexanol 104-76-7 <3 Short-term dielectric enhancement
alkylbenzenesulfonic acid 68584-22-5 <0.1 Condensation catalyst

(DDBSA)
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Flash OSHA {29 CFR DOT {49 CFR 173.115-
Short Point 1910.1200(c)} 120} Flammability
Name (°C) Flammability Designations Designations
Unleaded -45
gas flammable liquid L
CCSD 0 (<37.8°C) f'am216a0b§o'(':q“'d
CC3 13 ( ) )
Jet fuel A 38
PO11 61
CCc/CB 52 . -
ELVS >61 C(°3”;b8“°‘°’é'_bg'§ '3'9,2')‘1 combustible liquid
U732 >62 ' ' (60.6°C-93.3°C)
CCDMDB 79
NREX >82
hydrolyzate >100 not a combustible liquid not a combustible liquid
U733 >120 (>93.3°C) (>93.3°C)

Table 4-3. Commercially significant fluids and some common materials for
context. CC3, DMDB, P011, U732, and U733 all react with water and
oligomerize after they are injected in cable. The reaction products are
collectively called “hydrolyzate.” The hydrolyzate of each fluid has a flash
point greater than 100°C. AIR does not have a flash point.

4.3 Injection Paradigms

There are two primary methods to inject power cables. UPR, or unsustained
pressure rejuvenation, was first introduced in the 1980’s. There are two variants of
UPR. The original variant requires a soak period for cable with moderately or
severely constrained geometry. In 2009 a UPR variant was introduced that allowed
UPR to be executed without a soak period. SPR, or sustained pressure rejuvenation,
was introduced in 2005. The details of the two injection paradigms and the two UPR
variants are described in Section 6.2.1 of this guide. The primary impacts of these
three cases on rejuvenation safety are summarized below. A detailed analysis is
available in (Bertini & Brinton, A Comparison of Rejuvenation Hazards, 2009).

The most significant differences between the UPR with soak, the UPR without soak,
and the SPR injection paradigms, are the number of interactions or exposures to
high voltage equipment required by rejuvenation crews. For constrained geometry
cables, UPR-with-soak requires a minimum of three exposures, for UPR-without-soak
a minimum of two exposures, and for SPR generally a single exposure. These
exposures are summarized in Table 4-4.

UPR UPR

with without
Step soak soak SPR
Deenergize; attach injection devices; begin injection 1 1 1
Remove vacuum bottle 1 1
Remove soak bottle 1
Total Exposures 3 2 1

Table 4-4. Typical number of exposures of injection workers to energized
system.
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The second most significant exposure is the connection of potentially energized
equipment to energized cables with the UPR paradigms. Table 4-5 summarizes
these exposures. Troublemen and injection crews are exposed to energized
equipment when they open termination enclosures. If equipment leaks and the fluid
being utilized is flammable (See 4.2 Fluids for relative flammability information),
there is risk of equipment and property damage. The SPR injection paradigm
eliminates this risk entirely. The elimination of the soak period with the UPR-

without-soak paradigm reduces the exposure to potentially energized equipment 30-
to 120-fold.

Step UPR with soak UPR without soak SPR
Injection Period 24 hours 24 hours zero
Soak Period 30-120 no soak

Table 4-5. Typical exposures of potentially energized injection equipment.
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5. Reliability

5.1 Rehabilitation (Replacement & Rejuvenation)

Rejuvenation was first utilized in the late 1980’s. Between that time and this writing
over 35,000 km of cable have been rejuvenated around the world. The quantity of
rejuvenation performed has increased steadily over the past 22 years as illustrated
by Figure 5-1, which is an estimation compiled from dozens of presentations made
by rejuvenation suppliers. Post injection failure statistics are not available for the
entire population of rejuvenated cables. The industry claims an overall post-injection
failure rate of less than 1%. There have been case studies published by individual
circuit owners over the years. One rejuvenation supplier publishes its post injection
failure history. Figure 5-2 provides that data.

Modern cable replacement programs with modern components and industry best
practice craftsmanship also has a post installation failure rate of less than 1% infant
mortality in the first decade of service.
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Figure 5-1. Estimated annual global injection rates for 25 years, compiled

from numerous public presentations made by rejuvenation technology
providers.

5.1 Reliability and Capital Efficiency
The U.S. FERC (Federal Energy Regulatory Commission) and the U.S. RUS (Rural

Utility Service) have made affirmative rulings that the commercially significant
rejuvenation technologies enumerated in Section 4 are properly treated as minor
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items of capital. See Annex D for the text of those rulings. The circuit owner is
advised to read those rulings and make its own judgment on proper accounting
treatment for any contemplated rejuvenation programs. In this guide, it is assumed
that both replacement and rejuvenation are properly recognized as capital costs.

The capital cost of rehabilitation depends on dozens of factors as does the capital
cost of replacement. The labor required to rejuvenate cable is generally less than
half of the labor required to replace cable in optimum soil conditions or for cable in
ducts or conduits. The cost to replace cable goes up dramatically as the rock content
of the soil and the level of landscaping increases, while the cost of the injection
portion of rejuvenation is largely independent of these factors. The cost to excavate
and repair splices or spot neutral corrosion does increase with the hardness of the
soil and the landscaping in which they are found, but only a small fraction of the
circuit length needs be disturbed. This portion of the rejuvenation capital cost does
not increase as dramatically as it does with replacement. As a rule of thumb, easy to
replace cable can be rejuvenated for about half the cost, and in difficult to replace
areas the ratio of replacement to rejuvenation capital is greater still. The circuit
owner is advised to get estimates or bids for all available alternatives and to use the
actual costs of each of the alternatives in its own analysis. For the purposes of this
guide, it is assumed that rejuvenation enjoys at least a two-to-one capital benefit
over replacement. Because of the substantial capital cost savings of rejuvenation, it
should be applied wherever possible.

100

¢ Actual
—Model (=0.72)

Data through November 5, 2010

Cummulative Failures

1.E+03 1.E+04 1.E+05 1.E+06

Cummulative Treated (feet * years)

Figure 5-2. The Crow-AMSAA shows an overall failure statistic for SPR and
UPR without soak as implemented by a single technology supplier. The
slope (B) of the line is less than 1 indicating a declining rate of failure. The
overall success rate is about 99.1%. Updates may be found at: (Novinium).

17



December 2011

Figure 5-3 shows the conceptual relationship between the aggressiveness of how a
circuit owner chooses to excavate splices in cable to be rejuvenated to the total
capital cost of rejuvenation and the total capital cost of rehabilitation. The least
aggressive splice replacement strategy is often called “blow and go” and it offers a
seductively low capital cost for those individual cables that are rejuvenated. The
subset of the cables to be rehabilitated, which are not easily treated, are slated for
subsequent replacement. To follow this strategy, the circuit owner must abandon
any desire for minimizing total rehabilitation capital cost, which decrease with a more
aggressive excavate and rejuvenate strategy. The blow and go strategy is not a best
practice.

When utilizing SPR injection technology, an aggressive splice replacement strategy is
preferred, because a substantial portion of aging cables has one or more splices in a
span. While the distribution of splices in cables to be treated varies from circuit-
owner-to-circuit owner and indeed even varies from circuit-to-circuit, a typical
distribution of segments is illustrated in Figure 5-4. To inject more than half of such
typical circuits requires one of two strategies. The most preferred strategy is to
aggressively address splices when they are encountered. A second strategy is to
attempt UPR for those cables with splices. The combination of SPR, UPR and
replacement is called integrated rehabilitation, and is a best practice.

—100%

— 80%

40%

Capital Cost
% Treated

20%

Don’t be confused by the difference between
rehabilitation costs and rejuvenation costs. Rehab
includes all of the costs to make the circuit reliable.

Blow & go :> Excavate &
rejuvenate
Figure 5-3. The total cost of rehabilitation is the sum of the cost to
rejuvenate and the cost to replace those segments of cable that are not
rejuvenated. The least aggressive posture with respect to replacing splices
is called “blow & go” and leads to the least capital efficient program. The
aggressive “"excavate and rejuvenate” posture improves capital efficiency by

minimizing the use of the least capital efficient rehabilitation choice, namely
replacement.
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Splices
When utilizing UPR injection technology, o
a less aggressive splice replacement w1
strategy is possible, because a fraction 02
of the splices in a cable may support 03
flow. Certain kinds of splices cannot or m4
should not support fluid injection. Table m5

5-2 summarizes splice types, which are
problematical for UPR. Single-piece
molded splices generally can support
flow. Even if the compression connector
includes a water-stop, fluid can flow out
of the strands in the gap between the
insulation end of a first cable sub-
segment and a compression connector
first end. The fluid can then flow inside
the fluted volume of typical molded
splices around the compression
connector and can then enter the
strands of the second subsegment.

single phase URD circuit.

51.6%

Figure 5-4. A typical distribution of
splices (0 to 5+) in North American

Figure 5-5 illustrates the route fluid follows through a single piece molded splice.
There are at least five factors (enumerated below), which have an impact on the
ability of a single-piece molded splice to support flow and not leak. If a splice does
not support flow, it must be excavated to rejuvenate the cable. If a splice leaks
during the injection process, it may deform the splice or carry contaminates across
the interface, each of which in turn might contribute to the failure of the splice.

1.

When splice manufacturers’ instructions are carefully followed a gap of typically
6 mm (% inch) will separate the insulation face from the face of the
compression connector. If the gap is smaller, the flow rate will be slower. If
there is no gap, fluid flow may even be zero.

Anti-oxidant grease, found in almost all compression connectors, gets pumped
into the strand interstices when the compression connector is crimped or
swaged. Over time the thick grease dissipates. Residual anti-oxidant grease
may interfere with flow. There are best practice techniques to mitigate this
issue under development by the Insulated Conductors Committee of the IEEE,
see (ICC B19 Working Group, 2010).

Corrosion of the strands creates oxide particulates that may clog the strands in
the narrow gap.

The interference fit between the splice body and the cable insulation has a
limited and variable pressure holding capability. The actual internal pressure
that a splice can hold depends upon the tightness of the interface (i.e. whether
the insulation is near the upper, middle, or bottom of the design range of the
splice), the overall diameter of the splice (i.e. larger splices can hold less
pressure than their smaller counterparts), and the external pressure on the
splice exerted by soil, hose clamps, or other constraints.

The internal pressure at any splice is variable and depends on three
parameters. The fluid supply pressure adjusted for dynamic considerations, the
head of fluid above the splice, and the vapor pressure of the fluid at the
conductor temperature. If the sum of these three components exceeds the
hoop strength of the splice, which is itself variable (see item 4 above), fluid will
deform the splice body and fluid will leak across the interface. The fluid may
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carry contaminants to the interface including water, carbon black, or other
particulates, which may encourage tracking and subsequent failure.

— | f—

Figure 5-5. Cutaway showing how fluid flows around a typical compression
connector in a single-piece molded splice.

Splice Type Issue

Heat-shrink Where compression connectors include a water-stop, fluid cannot
flow though the compression connector. Even without a water-
stop, the compressions associated with crimping the connector
may interfere with fluid flow. The heat-shrink body generally
makes a fluid tight seal on the outside of the compression

connector.
Non-silicone Where compression connectors include a water-stop, fluid cannot
cold-shrink flow though the compression connector. Even without a water-

stop, the compressions associated with crimping the connector
may interfere with fluid flow. The cold-shrink body generally
makes a fluid tight seal on the outside of the compression

connector.
Silicone cold- The alkoxysilane materials found in modern rejuvenations fluids
shrink are highly soluble in the silicone rubber, and hence, the fluid and

splice body are incompatible, due to excessive swelling of the
silicone splice body.

Pin and socket There is no flow path through the compression connector portion
of a pin and socket splice. The body portion of the pin and
socket splice includes an interference fit with the connector,
which does not support fluid flow

Modular There are no flow paths available with modular splices.
Single piece Often support flow, if there is space between the compression
molded connector and the insulation faces on either side, and if the

strands are not blocked with anti-oxidant grease or strand
corrosion. These splices can generally hold pressure up to 30
psig for AWG No.2 and down to about 5 psig for AWG 4/0.

Table 5-2. Splice types and the associated issues with UPR.

Integrated rehabilitation applies SPR to as many cables as possible and most
preferably utilizes an aggressive splice replacement regime often called, “excavate
and rejuvenate.” Occasionally, however, a splice may lie in a particularity difficult
location for excavation and in these cases UPR is attempted. As a last resort, if UPR
is not practical, the segment is replaced. Figure 5-6 shows how the entire integrated
rehabilitation program is implemented. Figure 5-7 illustrates how a typical
population of cable is rehabilitated with the integrated approach.
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A full discussion of the re-evaluate portion of the Figure 5-6 flowchart is beyond the
scope of this guide. However, the re-evaluation loop should occur continuously on
the entire population of cables. The circuit owner should use a combination of its
failure history, a method of resource prioritization, such as the framework of the
“Distribution Hierarchy of Needs,” and, where appropriate, available diagnostics.
Rejuvenation technology suppliers discourage the use of off-line diagnostic testing,
which places unnecessary and possibly damaging stress on the cables to be
rehabilitated.

The identification and pinpointing of splices and neutral corrosion is accomplished
with a time domain reflectometer (TDR) and radio frequency locators using well
known methods. The methods utilized by at least one technology supplier are
available for download from its internet site (Novinium).

SPR

Rehabilitate

]
(7]
©
Q
©
-
©
o

Re-evaluate T

Identify Figure 5-7. Starting at the 6:00
splices & |« Yes Rehab? position and moving counter-
corrosion clockwise, SPR is applied to the
majority of the cables; UPR is

Pinpoint applied to those cables with

splicas splices that support flow and are

and/or economically or technically inac-

corrosion cessible;, and the rest are

l replaced. The use of the most

capital inefficient replacement

Sustained . . . .
Pressure cxcavate option is thus minimized.
- - |«—Yes criteria No—»|
Rejuvenation met? <4
(SPR) y

Figure 5-6. Flow chart showing

the implementation of an inte-

Yes Flowable grated rehabilitation program.

? Excavation criteria are economic

and customer relations driven.

The circuit owner should be as

Replace No aggressive as possible, since the

replacement alternative is more

disruptive than the infrequent

splice or neutral corrosion
excavation.
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6. Technology

6.1 Chemistry

The degradation of polymeric insulation by water treeing and the conversion of those
water trees to electrical trees, which precedes failure, is a complicated subject and is
beyond the scope of this guide. Figure 6-1, summarizes these mechanisms, so that
this guide can examine how the rejuvenation fluids might interfere with the
degradation and failure mechanisms.

Manufacturing __ &
dotects |-
P P e Figure 6-1. An overview
‘AC stress‘ ‘ lons ‘ ‘ Water ‘ -
ottage sabizaton of the factors and mecha
[ OV stabilization) nisms (re_ctangles) _ of
i water treeing, electrical
treeing, and failure along
L I high- . - - -
domorty: oo lo—l Transient :] with rejuvenation mecha-
SSIy Space over- voltage .
charge & e-field nisms (rounded rectang-
Thermo- -
me€hanical les) to prolong the life of
e cable.
Hot electron _+ Free Void formation PD (partial |, e
acceleration radical (electrical trees) discharges)

To assess the post-injection performance of a rejuvenation technology, it is
necessary to consider two dimensions. The first dimension includes the functional
mechanisms by which the treatment fluid interferes with the aging and failure
processes. The second dimension is the persistence of those functions with time,
which will be discussed after the seven mechanisms of the first dimension are
described.

Figure 6-1 shows seven rejuvenation mechanisms (as rounded rectangles) along with
arrows, which indicate the step(s) of the aging and failure process mitigated by each
rejuvenation mechanism. Annex C includes seven sections, one for each
mechanism, and provides an overview of the chemistry and physics of each.

6.2 Treatment Persistence

None of the seven mechanisms described in 6.1 and Annex C have much practical
value, unless the effect can be sustained over the desired post-injection lifetime of
the cable. The alkoxysilanes utilized in the CC3 and CCDMDB utilize TIP as their
catalyst. The alkoxysilanes utilized in PO11, U732, and U733 utilize DDBSA as their
catalyst. All of these alkoxysilanes undergo two types of chemical reactions, both of
which typically are accelerated by catalysis.

The first reaction type is hydrolysis. Hydrolysis occurs even without catalyst and is
the reaction of the alkoxysilane with water. As water is ubiquitous in the
environment and therefore in every cable, the hydrolysis reaction proceeds without
delay and to quantitative completion.

The second reaction type is condensation. The condensation reaction does not occur
at an appreciable rate without the presence of catalyst in sufficient concentration.
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For example, Vincent demonstrated in (Vincent & Meyer) that, without catalyst, there
was no measurable condensation of PMDMS in 2,108 hours in a test tube at 25°C.

In other words, if there is an inadequate quantity of catalyst permeating along with
the silanes and siloxanes of a treatment fluid, there will be little or no condensation
and the monomers will exit the cable prematurely. The fugitive nature of these
uncatalyzed monomers means that any performance benefit they provide is short-
lived when compared to a desired life extension of 2 decades or more. This effect
was demonstrated in (Bertini G. , Accelerated Aging of Rejuvenated Cables — Part I,
2005) and (Bertini G. J., “Accelerated Aging of Rejuvenated Cables - Part II, 2005)
and is consistent with the data presented by Kleyer and Chatterton in (Kleyer &
Chatterton, 1994). The data and analysis demonstrate that in excess of 25%,, of the
TIP catalyzed PMDMS monomer permeates into the soil without undergoing any
condensation.

Diffusion data from (Bertini & Vincent, Method for enhancing the dielectrical strength
of a cable using a fluid mixture) and (Bertini & Vincent, 2006) for TMMS, PMDMS,
and TIP demonstrate that PMDMS monomer diffuses about 5.8 times faster than the
catalyst required for it to condense. At that same temperature, TMMS monomer
diffuses about 26 times faster than the TIP. The TMMS monomer is generally
precluded from any condensation reaction. With the TMMS component, representing
between 5 and 30%, of the formulation (depending upon the vintage of the
injection), essentially leaving the cable without condensation occurring and 25% to
39% of the PMDMS monomer doing the same, between one-third and one-half of the
CC3 treatment fluid has no influence on the medium-term or long-term post-
injection performance.

The retention efficiency may be expressed as a percentage of any monomer-catalyst
combination as X,/X;. X, is the mass fraction of the monomer that is not lost from
the system before condensation, less the non-functional hydrolysis by-products. For
methoxy silanes, the hydrolysis by-product is methanol. Methanol is a small and
fugitive molecule that quickly permeates out of the cable, and hence does not
confound the measurement of the retention efficiency. X; is the mass fraction of the
fully oligomerized monomer less the non-functional hydrolysis by-products. The
hydrolysis by-product for pure PMDMS, for example, calculated from stoichiometry is
25.3%,, methanol. Thus, a perfectly catalyzed system, which loses no uncondensed
monomer, would enjoy 100% retention efficiency.

Retention efficiency can be measured in full-size cables as in (Kleyer & Chatterton,
1994), but considerable time is required to obtain the data. Miniature or model
cables can be utilized to obtain results in a more timely fashion. The model cable is
filled with fluid and catalyst combinations in the same proportion as with full-size
cable, and the weight of the sealed assembly is monitored with time as fluid exudes
from the cable. The model cable is temperature controlled in a water bath to
simulate buried cable, or in a bed of diatomaceous earth to simulate a dry
environment for control purposes only.

Figure 6-5 presents data collected to measure retention efficiency from a 1/6 scale
model of a 15kV cable with 100% insulation and a 53.4 mm? (1/0 AWG) conductor
for the PMDMS/TIP system (CC3 sans TMMS). The horizontal line at 74.7%,, shows
the best possible retention after accounting for the unavoidable loss of methanol as
PMDMS hydrolyzes. The dashed line delineated with diamonds shows how the
monomer quickly exudes if there were no water available to allow hydrolysis to
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occur, since hydrolysis is a necessary precursor to condensation. Finally, the
smoothed line with triangles shows the performance when catalyst is added, and the
model cable is submerged in 55°C water. The point at which the silane/catalyst
system plateaus is 45.6%,. The retention efficiency for this system is 61% (i.e.
45.6/74.7). The retention inefficiency or portion of the treatment fluid that leaves
the cable very quickly and does not provide any medium or long-term benefit is
39%.

The TEMDMS/DDBSA system employed by U732 technology has a retention
efficiency of 98%. The data is provided in Figure 6-6 with each line being analogous
to the lines described in Figure 6-5. Note that the methanol (MeOH) loss line starts
with about a 5%, stoichiometric advantage over PMDMS. The PMDMS/DDBSA
system employed by PO11 technology has a retention efficiency of 98%. The reason
that the class of catalysts, from which DDBSA is an example, provide 98% retention
efficiency is that they protonate (i.e. add a single proton) the alkoxysilane. This
protonation makes the alkoxysilane effectively auto-catalytic. That is, the catalytic
proton diffuses right along with the monomer and its oligomers — the catalyst steals
a ride or piggybacks.

Figures 6-5 and 6-6 show the exudation inefficiencies for dimethoxysilanes. Figures
6-7 and 6-8 show the analogous exudation inefficiencies for commercially significant
dialkoxysilanes that are generally used for large-conductor, high-temperature
applications. Specifically, the system DMDBS/TIP and TEMDOS/DDBSA are
compared. As the alkoxy gets larger or has more carbon atoms, the dimer ceiling
and cyclic floor values calculated from stoichiometry decline. For the 4-carbon
alkoxy DMBDS of Figure 6-7, the floor and ceiling values are about 35%,,. For the 8-
carbon alkoxy TEMDOS of Figure 6-8, the floor and ceiling values are about 40%,,.
The reason that the TEMDOS floor and ceiling are higher than the DMDBS floor and
ceiling, even though the TEMDOS has twice the number of carbons in its alkoxy
functionality, is that the non-alkoxy functionality of TEMDOS is about eight times
more massive than DMBD.

The apparent catalytic efficiency of U733 from Figure 6-8 is unexpectedly 133%.
This “better-than-perfect” performance is likely due to the longevity of the 8-carbon
fatty alcohol. The actual catalytic efficiency is likely about the same 98% of the
analogous single-carbon alkoxy monomers. The unexpected and additional 35%
efficiency likely results from the persistence of the tree-retardant fatty alcohol
hydrolysis co-product. As demonstrated in (McMahon, Polyethylene Insulation
Containing a Tree Growth-Inhibiting Alcohol, 1980) and (McMahon, A Tree Growth
Inhibiting Insulation for Power Cable, 1981), the fatty alcohol that results from the
hydrolysis reaction of U733 fluid retards water trees and electrical trees. Fatty
alcohols with 6 or more carbon atoms have been shown in (McMahon, Polyethylene
Insulation Containing a Tree Growth-Inhibiting Alcohol, 1980) and (McMahon, A Tree
Growth Inhibiting Insulation for Power Cable, 1981) to reach a stable equilibrium in
the polyethylene for an extended time period.
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PMDMS & TIP (5500 1/6th scale, 1/0 model cable) s TEMDMS & DDBSA persistence (55°C, 1/6th scale, 1/0 model cable)
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Figure 6-5. Siloxane retention data Figure 6-6. Siloxane retention data for
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Figure 6-7. Siloxane retention data Figure 6-8. Siloxane retention data
for DMDB & TIP at 55°C. Exudation for TEMDOS & DDBSA at 55°C. Ex-
inefficiency is 60%. DMDB dimer Uudation efficiency appears greater
ceiling and cyclic floor are the una- than 100%. TEM dimer ceiling and
voidable loss of butanol calculated cyclic floor are the presumed loss of
from the hydrolysis and condensation 2-ethyl-hexanol calculated from the
stoichiometry. hydrolysis and condensation stoich-
iometry. Because of the persistence
of 2-ethyl-hexanol, catalytic effi-
ciency is mathematically confound-
ed.

6.2 Delivery
6.2.1 Injection paradigms

There are four paradigms that are utilized to deliver fluid to the polymeric insulation
of the cable. The oldest of the paradigms is continuous and perpetual rejuvenation
(CPR). A continuous flow of dry gas can be used to dry the cable or a fugitive fluid
such acetophenone may be supplied to the cable. The CPR paradigm requires a
perpetual maintenance schedule.
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The second injection paradigm introduced in the late 1980’s is unsustained pressure
rejuvenation with soak (i.e. UPR w/ soak). With UPR injection, a pressure of 15 to
500 psig is utilized to push the fluid from the feed end, and most times, a 10-13 psig
vacuum is use to pull the fluid from the outlet end (i.e. to urge the fluid from one
end of a cable through to the other end within the stand interstices). The feed
pressure is not sustained when the injection is complete, thus the term Unsustained
Pressure Rejuvenation. Instead, a lower soak pressure is normally employed for the
duration of a multi-month soak period to mitigate the risk of leakage in elbows and
splices. The actual pressure used to inject and the actual pressure used to soak are
each limited by the components used to inject.

Improvements in catalyst in 2007 created a variation of UPR where the soak is not
required (i.e. UPR w/o soak or iUPR [improved UPR]). In 2005 the fourth injection
paradigm, sustained pressure rejuvenation (SPR) was introduced. SPR utilizes
specialized fittings called injection adaptors (IAs), which seal each cable end and
have a design pressure in excess of the optimum injection pressure. The IAs fit
within almost any termination and splice. In addition to the aforementioned safety
advantages, SPR provides several performance advantages including faster initial
fluid permeation into the insulation and a greater volume of fluid supplied to the
cable without the need for a soak period.

Table 6-2 provides a day-by-day, step-by-step, and side-by-side process comparison
for each of the four (4) injection paradigms.

- UPR | iUPR
| 2 w/ w/o
Qo Description CPR | soak | soak | SPR
1 | a | close the normal open at beginning of day X X X X
b | switch cable out of service, test, and ground X X X X
C | testing the cable for splices and corrosion X X X X
d | pinpoint splices & corrosion (when required) X X X X
e | excavating a pit (when required) X X X X
f | remove legacy splices; install new splices X X X X
(when required)
g | preparing ends for injection X X X X
h | begin injection X X X X
i | end SPR injection; remove SPR feed tank X
j | switch cable back into service X X X X
k | open the normal open at the end of the day X X X X
2 | | end UPR injection X X
m | remove vacuum tank X X
n | remove feed tank X
0 | begin soak X
N | p | remove soak tank X
A | g | annual maintenance X

Table 6-2. Step-by-step process comparison for the 4 rejuvenation
paradigms. Notes: (1) The day column is approximate. N is 30 to 120 days;
A is for annual maintenance. (2) When more than a single section is injected
in a single day, some steps are repeated more than once per day. (3)
Individual steps may span from one day to the next. (4) Certain tasks may
be deferred to be handled in batches. (e.g. Splice excavations.)
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6.2.2 Termination Components

There are a wide variety of dead-front and live-front terminations that provide for
the injection of fluid into terminated cable ends. Table 6.3 provides a summary of
those injectable terminations and their applications.

Injectable Suitability

Termination UPR | SPR | Application Notes

Injection elbows X Available in all voltage classes, load-break and
non-load-break, with and without capacitive test
points. Some sizes are available in elongated
lengths. See Figure 6-9 for example.

Molded live-front X Suitable for cables up to a 1.2 inch diameter over

adaptors the insulation. See Figure 6-10 for example.

Shrink-to-fit live- X Suitable for cable up to a 2.2 inch diameter over

front adaptors the insulation. See Figure 6-11 for example.

Injection Adapters X X Suitable for all cables and all voltages. Suitable
for cables subject to 90°C thermal cycles and
large elevation changes. See Figure 6-12 for
example.

Table 6-3. Injectable Terminations

Figure 6-10.

Figure 6-9.

[ —1

R e, -
Figure 6-11. Figure 6-12.

6.2.3 Splice Components

It is common when utilizing unsustained pressure rejuvenation, or UPR, to flow
through one-piece molded legacy splices. Legacy splices of the shrink-to-fit and
multi-part (e.g. pin and socket, modular, etc) generally will not support flow. Legacy
splices must be field evaluated with air flow and air pressure tests to determine their
suitability to support UPR. Splices of all classes can be modified to make them
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injectable. Table 6-4 provides an overview of splicing options, suitability, and
application notes for various splice modification kits. Splices may be utilized as
injection points (i.e. flow-from), or as flow-through devices. Flow-through devices
support injection from termination to termination.

Suitability

Splice UPR | SPR | Application Notes

Heat shrink splice kit X Suitable for all cables and all voltages.
Supports flow-through operation.

Threaded splice kit X Suitable for all cables and all voltages.
Supports flow-through operation.

Injection Adapters X X Suitable for all cables and all voltages.
Suitable for cables subject to 90°C thermal
cycles and large elevation changes. Supports
flow-through and flow-from operation. See
Figure 6-12 for example.

Table 6-4. Injectable splice modification kits. UPR includes both
unimproved UPR with soak and improved UPR (iUPR).

7. Model Specifications

7.1 Pricing

Rejuvenation specifications allow for clear communication of expectations between
circuit owners and service and technology suppliers. The best practice in
specification and procurement is to align the interests of all parties. In some cases
the technology provider and the service supplier are the same party, in other cases
they may be different parties. Hence, the specifications should make the specific
responsibilities of the two or three parties perfectly clear. The pricing structure
should align the interests of all parties to achieve the following blended goal:
Provide a reliable circuit at the lowest capital cost, while minimizing risk for all
parties. See Section 5 of this guide.

Historically the two most common pricing structures utilized have been unit pricing
(UP) and productivity pricing (PP). Unit pricing typically includes fixed unit prices for
the four main elements of rejuvenation, and perhaps dozens of other ancillary tasks.
Those four main elements are: (1) Injection, (2) splice repair, (3) supplied parts
including injection terminations, and (4) conventional parts. Because the costs
associated with (1) injection vary so greatly depending upon circumstances such as
the length of the cable and delays in switching, the supplier must assume a
conservative case when pricing. Because the costs associated with (2) splice repair
vary so greatly depending upon circumstances such as the depth of a splice, the
hardness of the soil, location, the presence of other utilities in the same trench, and
the presence or absence of water, the supplier must assume a conservative case
when pricing. Items (3) and (4) are easy to price, but generally represent a small
portion of the total cost, but different parties may have different buying power. This
pricing structure does not provide the optimum value for the circuit owner and
creates substantial risks for the suppliers.

An improvement on unit pricing, productivity pricing, was introduced in the mid-
1990’s. Productivity pricing includes three main elements: (1) Injection technology,
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(2) labor, and (3) supplied parts such as injection terminations and conventional
parts. Most ancillary tasks are handled with elements (2) and (3). The competitive
labor rate is easy to determine, so the model is simple to administer. The problem
with productivity pricing, however, is the unintended consequence of discouraging
aggressive splice replacement critical to the optimization of capital discussed in
Section 5 of this guide. Because the labor charge by itself is generally not
particularly profitable for the technology supplier, splice repair is less profitable than
injection. The difference in profitability between injection and splice repair creates a
disincentive to excavate splices when it makes economic sense to the circuit owner.

The best practice, termed, Enhanced Productivity Pricing (EPP), salvages the best
portions of productivity pricing, but aligns the interests of the service and technology
suppliers with the circuit owner. Here is how EPP works. Each of the important, but
independent tasks required to test and treat a cable are given individual unit prices.
For a typical looped URD cable using SPR injection for example, these tasks include:

[EY

close the normal open at the beginning of the day

switch cable out of service and ground it

test the cable for splices and corrosion

pinpoint splices and corrosion when required
excavate/restore pit(s) when required

remove old splices and install new splices when required
prepare ends for injection

inject fluid

finish the injection (remove equipment, clean-up, etc)
10 switch cable back into service

11.open the normal open at the end of each day

CONOU WD

Each of these tasks are billed only as they are executed. There are no separate
charges for time in any of the technology units, 3-9 in bold. For the switching units
1, 2, 10, and 11, the service supplier and circuit owner agree on an appropriate time
standard for each. The actual time to execute these steps is tracked by the service
supplier. For example, if step 2 should take 15 minutes by mutual agreement, but is
delayed by the circuit owner’s dispatch operator and requires 40 minutes, the excess
time (25 minutes) is billed as non-injection activity at an agreed upon hourly rate.
Other tasks, ancillary to the eleven tasks, also crop up in a typical rehabilitation job.
For example, suppose a bushing fails when an elbow is removed. The team must
cease their activity until the failed bushing is replaced. Again, this time is billed to
the nearest tenth of an hour as non-injection activity.

Task/Item uUpP PP EPP
close the normal open at the beginning of the day standard unit
it charge 1
switch cable out of service and ground it | umth standard unit
unit ing charge 2
test the cable for splices and corrosion length ¢ a+rge each
pinpoint splices and corrosion when required | charge each
- . labor
excavate/restore pit(s) when required hour each
remove old splices and install nhew splices cha
. rge each
when required
prepare ends for injection each
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inject fluid .
o — - unit length
finish the injection (remove equipment,
charge
clean-up, etc)
switch cable back into service standard unit
charge 2
open the normal open at the end of each day standard unit
charge 1
Non-rejuvenation labor hours: labor ancillary to
rejuvenation and labor for switching operations hour hour
above agreed norms
parts & supplies each each each

Table 6-5. Pricing paradigms.

Enhanced Productivity Pricing, or EPP, is the best way to structure a rehabilitation
program. EPP aligns the strategic interests of the circuit owner with the
rehabilitation supplier. Table 6-5 shows the structure of the three different pricing
paradigms side-by-side.

7.2 Proposals

The balance of this section 7.2 is a template and example for a Rehabilitation
Request for Proposal or RFP. The circuit owner should fill-in-the-blanks and delete
portions, which are not relevant to its circumstances. A MS-Word version of this RFP
template is available for download at www.novinium.com/docs/RFP template.docx.

Request for Proposal for Cable Rehabilitation Services

Circuit Owner (hereinafter “"CO") is soliciting a proposal from qualified Rehabilitation
Suppliers (hereinafter “"RS”) to provide cable rehabilitation services to improve the
reliability of its existing underground cables.

Scope of Work:

The table below summarizes the scope of the proposed rehabilitation. Drawings of
the proposed project(s) are attached. Total length is in cable feet, not circuit feet.
Actual conductor sizes, voltage class, insulation polymer, and other configuration
elements may vary from those indicated. The RS is advised to make its own
determination.

O LA
3 © 0
- & i (OS] E
e} o © I o 2| < Q9 o
2 g S |© 5 X |29/ 2g5 &
c & + 2 < T © !
9 lg| 2 | 3|5 | B |5|EE832
- 9 © = o| =
o) © 8 % -g = ; 7 S lE&EQa|y Y
o ¥ ° 0 8 <>3 < - n|n clfla o0 g L
Project name/location 0 o = — ~ — | 40
Bretton Woods LB(95%)
(Route 302, Bretton Woods, NH 03575) 37 1 11’877 1/0 15 XLPE L B LF(59%)
Haight-Ashbur
(OakSgT, San Francisco, C}\l 94102) 111 1 36’075 N02 25 EPR R F DB
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Total 148 47,952

Table RFP-1. Project summary table.

The specific responsibilities for the rehabilitation tasks shall be performed by the
entity indicated in Table RFP-3. All tasks are to be carried out as called for in the RS
instructions and in accordance with CO work practices and standards. For each
enumerated task, the responsible party shall provide all materials, safety equipment,
and tools necessary to complete the task, unless the supply of such materials and
tools is explicitly defined elsewhere. All work performed and all equipment and
materials used to perform work under this contract shall meet all requirements and
applicable laws and regulations of the local, state (provincial), and federal
government. The responsible party for each task shall provide and use all Personal
Protective Equipment (PPE) necessary for protection of its workers. CO specified
accessories and components for this cable are listed in Table RFP-2. Where no
accessory or component is specified, RS should provide specific recommendations.

Class | Component Manufacturer | Model/Part number

LFT Skirted Termination kit, 35kV specify QT-III-7686-S-8

IA Live-front injection adaptor specify 1-IA-5-3

LBE Load-break elbow, 15kV specify 15 21LB(N-T)1-B#2

LBIE Load-break injection elbow, 15kV | specify 168AELR-7495
(repair length with test point)

DBIE Dead-break injection elbow, 25kV | specify 274AELR-88110
(repair length with test point)

SP Splice, cold-shrink, 25kV specify 5456A 260

Table RFP-2. Component specifications. For Class column use: LFT for live-
front termination, IA for injection adaptor, LBE for load-break elbow, LBIE
for load-break injection elbow, DBE for dead-break elbow, DBIE for dead-
break injection elbow, SP for splice.

Item | Specific Task (Table RFP-3) Responsible
1 |Customer Contact: Provide the name of the responsible CO
contact for the RS crew to contact in order to get questions co

answered, problems solved, and to sign off progress reports.

2 |Licenses and Permits: Obtain all licenses and permits that
are required to complete this project from state or local

authorities, and carry out any interface that may be required —
with these authorities.

3 Specialized Safety Equipment: Specify and provide any
specialized site specific safety equipment and PPE that are
uniquely required by the site or the project based on local site
procedures. This includes personal monitors/detectors and any
high visibility clothing required.

4 [Traffic Control: Provide personnel and signage for any
required traffic control. —
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Item

Specific Task (Table RFP-3)

Responsible

CO required training: Promptly provide any training required
by CO to allow RS to perform the scope of work contemplated
herein, including site specific training, safety training, and
switching certification, where RS performs switching. Training
will be billed at Non-Rejuvenation Labor Hour rates per person.

Cco

ICO Customer Communications: Be responsible for carrying
out any communication necessary to CO customers about the
roject.

Other Communications: Be responsible for carrying out any
communication with any public agencies, or the press, about
the project.

Area Maps: Provide all the maps, details, legal data, and
information about the project required to successfully complete
the job at least 3 weeks in advance of the start of the first
segment.

Cco

Circuit Maps: Provide accurate circuit maps indicating the
location of all terminations and circuit identification required to
successfully complete the job at least 2 weeks in advance of the
start of the first segment.

Cco

10

Specify: Specify all special injection elbows, injection
adaptors, or other accessories necessary to complete the
roject in Table RFP-2.

11

Location of Existing Utilities: Arrange for the location of
existing utilities in advance of non-soft-dig excavation work, if
required. If RS is responsible and One Call services are
available, no charge will be made for utilization of their
services. If there is a charge, cost + 10% will be billed.

12

Injection Planning: Plan all injection work to maximize
efficiency and productivity, and minimize time and expense.

13

Security Clearances: Costs and time to acquire security
clearances (i.e. Homeland Security clearance or TWIC card),
other permits necessary to work on the site. Costs will be billed
actual and any time required will be billed at Non-Rejuvenation
Labor Hour rates.

RS

14

Switching Planning: Plan all switching work to minimize
outages, maximize productivity, and minimize project costs.

15

Switching Orders/Acknowledgements: Provide switching
orders or switching acknowledgements for all requests within

15 minutes of such requests. All time in excess of 15 minutes
shall be charged at the Non-Rejuvenation Labor Hour rate.

Cco

16

Customer Notification: Notify CO customers when power will
be switched off and provide estimate of power outage duration.

17

Confined Space Entry: Provide suitable confined space
entry/rescue equipment and personnel when entry to confined

spaces is required to complete the injection.
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Item

Specific Task (Table RFP-3)

Responsible

18

Switching: Supervise the switching of circuits necessary for
the project. Insure that de-energized cables will be available for
cable injection in a timely way. Verify that circuits are de-
energized and properly grounded before work begins on a
circuit. Re-energize the circuit on completion of the injection.
Transformers are assumed accessible and any time beyond five
minutes spent making them accessible will be charged at the
Non-Rejuvenation Labor Hour rate per person.

19

Remove Old Terminations: Remove and discard old
terminations for any cable on which injection will be attempted.

20

Visual Inspection: Visually inspect cable ends for physical
damage, corrosion, bending radius violations, or craft issues,
which might affect circuit reliability.

21

TDR Test: A cable scan with a digital high-resolution time-
domain reflectometer (TDR) and an impedance streamliner to
dentify splices, severe cable bends, neutral corrosion position
and severity, and cable ends.

22

Pinpoint Impedance Anomalies: Pinpointing of all splices in
paved or lawn areas, severe cable bends, and level 2, 3, or 4
neutral corrosion sites. Pinpointing splices in areas with difficult
access (e.g. fences, shrubs, and unfriendly dogs) may be
charged at the Non-Rejuvenation Labor Hour rate.

23

Neutral: Verify that there is at least 50% of the original
neutral ampacity.

24

TDR Trace: Store a copy of the TDR trace in a cable
rehabilitation database.

RS

25

Excavating Splices and Corrosion Sites: Decide whether to
proceed with rejuvenation, repair the neutrals, replace
splice(s), or abandon the segment as per CO designated criteria
of Figure RFP-4.

26

Shoring: Supply pit shoring when required by regulations or
circumstances.

27

Pole Terminations: Provide vehicles and safety equipment,
when terminations are to be mounted on poles.

28

Standard Termination Materials: Supply standard elbows or
terminations and all non-injection materials required to re-
make terminations when utilizing SPR or replacing cable.

29

Injection elbows: Supply injection components for
application on UPR.

30

Splice Materials: Supply all non-injection splice materials.

31

Cable: Provide cable and other cable materials (e.g. conduit,
neutral replacement, etc.) as necessary based on the condition
of the cable and the location of existing splices.

32

Injection Adaptors: Supply injection adaptors for all SPR
injections (one for each termination and two for each splice or
splice pair) and live-front terminators (one each) on UPR

injections.
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Item

Specific Task (Table RFP-3)

Responsible

33

Termination PREP: Remove and discard termination or splice
(if not already removed) at one end of the segment being
rejuvenated and install injection adaptors. After SPR, install
new termination or splice as per RS instructions and component
manufacturer instructions.

34

Injection EIbow PREP: Remove and discard old elbow (if not
already removed) and install new injection elbow at one end of
the segment being rejuvenated.

35

Formulation: Determine the appropriate fluid, fluid mix,
delivery pressure, and the amount of fluid(s) to be used for the
segment. Lawfully store and dispose of all chemicals, cleanup
materials, or contaminated materials associated with this work
in accordance with all local, state (provincial), and federal
waste disposal laws and regulations. Provide onsite copies of
the injection fluid(s) Material Safety Data Sheet(s) (MSDS) for
distribution to site visitors or customers, if so requested.

36

Attach tanks: Attach the injection equipment to the feed end,
and collection tanks to the outlet end.

37

Inject: Inject the correct amount of fluid, and remove the
injection equipment.

38

Soak: Install/configure soak equipment, when soak periods
are required.

39

End Soak: Remove soak equipment, when soak periods are
required.

40

Backfill Material: Provide backfill material for pit and ground
opening restoration, if required.

41

Compaction: Compact all ground openings according to
requirements.

42

Restoration: Restore all pits and ground openings.

43

Clean Up: Remove all debris and excess material from the
work area and leave in the original condition.

44

Record Keeping: (a) Record all cable segment information
including: (i) cable number, (ii) vault, cabinet, or pole number
at each cable termination, (iii) actual cable segment length, (iv)
injected cable segment length, (v) name of the testing
technician, (vi) RS warranty tag number; (b) collect and store
a digital record of the cable radar measurement conditions,
splice locations, and neutral conditions; (c) record all other
testing performed on the cable; (d) record the amount of fluids
injected.

45

Progress Report: Maintain an internet accessible injection
report, including: (a) all cable information, (b) numbers of
cables injected or skipped, (c) actual injected footage of each
cable, (d) total footage of cable injected.

46

Replacement of Cable: Replace cable segment, if it is found
unsuitable for cable rejuvenation as per Figure RFP-4.

47

Disposal of Waste Materials: Properly dispose of any fluid
that comes out of the cable, or is excess, according to current
laws.

48

Other: Do any task or supply any materials not specifically

listed above or in Table RFP-2.
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Item

Specific Task (Table RFP-3)

Responsible

49

Invoicing: Bill weekly for (a) all testing upon the completion
of the testing; (b) all rejuvenation for totally completed
segments where all injection is complete and injection and soak
equipment has been completely removed; and (c) all
replacement when a cable segment has been replaced and

terminated.

RS

Table

RFP-3. Specific responsibilities table.

Excavate greater than (ft) less than (ft)
0 0 150
1 150 350
2 350 425
3 425 500
4 500 575
5 650 950

Table RFP-4. Utilize these excavation guidelines to determine if splices or
neutral corrosion should be addressed. If unusual conditions make
addressing the splice or corrosion site less capital efficient than normal,
contact CO representative for consultation and authorization.
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Project Staffing:

RS will provide staffing recommendations for the technology delivery option(s) listed
in Table RFP-5.

Option Option Description

License RS to provide materials and training to CO so that CO may perform
rehabilitation. Define training program, materials, and cost.

Fully Integrated | RS to provide injection technicians to work with CO linesmen and
Team craftsmen.

Partially RS to provide injection technicians and craftsmen to perform all
Integrated work, except switching operations, which will be provided by CO
Team linesmen.!

Turn-key RS to provide all craft and all line personnel.?

Table RFP-5. Staffing options.

RS will supply at least one injection technician to handle all injection activities and
the CO will supply a minimum of two qualified craft personnel to carry out the craft
work for this project.

2RS will supply a minimum three person injection crew to handle all injection
activities and craft work for this project. At least two of the crew will be qualified
linemen. Personnel credentials must be verified prior to work commencing.

Performance Bond:

Rehabilitation projects do not require a bid, maintenance, or performance bond.
Project Schedule:

This project will be completed by . A detailed

project schedule must be provided to the CO 30 days prior to the start of the
project. The schedule should reflect realistic activity durations.

Proposal Elements:

1. General RS company information and documentation on the RS’s
qualification to do similar work.
2. A list of three references with contact information where the RS has

done similar projects.

Identify any major areas where you will utilize subcontractors.

Product brochures and technical descriptions of the process.

Describe the project approach that will be used to test, evaluate, and

inject cable segments, outlining how splices will be located and

handled.

6. List of unit prices of all injection activities necessary to complete this
project.

7. The RS will outline a list of tasks and responsibilities for the project.

8. The RS’s proposal should include detailed product warranty
information. Choose the desired life of the product:

vihw
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a. The RS’s proposal should include a 40-year warranty for the injection

segments completed.

b. The RS’s proposal should include a warranty of at least 20 years.

Provide a hazard analysis of the injection process to be used.

Proposal Evaluation:

CO has the right to accept or reject all bids and select a RS based upon its evaluation
of those benefits, which are most attractive to the CO.

Preference will be given to:

1.
2.

3.

vk

10.

11.

12.
13.

14.
15.

16.
17.
18.

19.
20.
21.
22,

Injection fluids which are the safest to transport and employ.

Injection fluids that have flash points above the ambient temperature
where the fluid will be deployed.

Injection devices which include injection port flashover mitigation
technology.

Injection fluids which include no known carcinogens.

Injection devices which have been tested to the N264 provisional
specification for life-time leak-free performance. See Annex B for
N264.

Processes and fluids that do not require a soak period or otherwise
minimize crew exposure instances/time to hazards.

Processes that result in rapid time to achieving greater dielectric
strength.

Processes that have open source procedural documentation.

Processes and devices which minimize the loss of fluids into EPDM or
other rubber components.

Processes that employ condensation catalyst systems that minimize
the loss of uncondensed or under-condensed silanes into the
environment.

Processes and injection fluids that offer the flexibility to adapt to
different cable and service conditions.

Processes that offer longer life.

Fluids and Processes which have been approved by the FERC to be
capitalized for both proactive and post-failure applications.

Warranties that are longer or include fewer exclusions.

RS that have submitted technology for independent evaluation by
NEETRAC (Verification of “Life Extension” within Service Cables by
Rejuvenation Technologies) in which all RSs were invited to participate
in a side-by-side performance comparison.

RS that offers more than a single fluid choice.

RS that offers more than a single injection process choice.

RS than can provide fully integrated rehabilitation. (i.e. SPR, UPR and
replacement.)

RS that offers flexible project staffing arrangements.

RS that publishes their complete failure history.

RS with a superior safety record.

RS which can demonstrate the experience and longevity of their
corporate leadership. (i.e. CEO time in rehabilitation industry, CEO
time as CEO)
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RS which can demonstrate superior institutional stability. (i.e. Number
of years since last change in corporate ownership.)

RS who can demonstrate the experience, mastery, and longevity of
their first line operational management.

RS who have made notable technical advances to the injection
process, as measured by patents granted in the prior 36 months with
practiced claims.

For submarine applications RS who employ a method to extend the life
of a submarine cable in which a non-condensing exclusion fluid is first
continuously introduced and where the non-condensing exclusion fluid
includes component(s) with solubility in the insulation at least 100
times the solubility of water, and after the water has been thoroughly
removed, injecting a condensing dielectric enhancement fluid into the
interstitial void volume to displace the exclusion fluid.

Requests for Additional Information:

Please direct any requests for additional technical information or clarifications
concerning this RFP to:

Please direct any requests for additional commercial information or clarifications to:

Proposal Submittal Instructions:

copies of the proposal must be received no later than o’clock on

at CO office located at:

Proposals received after the deadline will not be considered.

The CO reserves the right to negotiate with any bidder, modify the scope of the
project, or to enter into an agreement under terms different from those set forth in

this RFP.
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Annex B N264 Draft Standard for Injection Adapter

1. Overview

1.1 Scope

This document defines the testing protocol for leak-proof injection adapters.

1.2 Purpose

The purpose of this draft standard is to establish a testing protocol, which will
discriminate leak-proof injection adapter design from those that may leak.

2. Normative references

The following referenced documents are indispensable for the application of this
document (i.e., they must be understood and used, so each referenced document is
cited in the text and its relationship to this document is explained). For dated
references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments or corrigenda) applies.

Draft Guide for Rehabilitation and Rejuvenation of Extruded Dielectric Cable Rated
2.5 kV through 46 kV.

3. Definitions

For the purposes of this draft guide, the following terms and definitions apply. The
Authoritative Dictionary of IEEE Standards Terms should be referenced for terms not
defined in this clause.

IA: Acronym for injection adaptor. See Injection Adaptor.

Injection: The act of introducing rejuvenation fluid into the interstices of a cable.

Injection Adaptor: Also called an IA. An injection adaptor is device, which makes
a fluid-tight seal with the cable subsegment and terminating compression connector
that is swaged into place. Its diminutive profile allows the IA to fit into almost any

splice and termination. The IA includes features, which provide leak-free operation
even with large swings in operating temperature.

Tailored Injection Pressure: Also called TIP. The pressure established by the
rejuvenation technology provider to provide the optimum cable life extension
performance.

TIP: An acronym for Tailored Injection Pressure.
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4. Testing Protocol

4.1 Pressure Decay Period

Purpose: To simulate the post injection high-pressure connector
sealing performance during the phase in which the pressure of the
fluid in the cable decays to a maximum head pressure of about 30 psig
over a period of several days.

A cable segment and two connectors are injected with a mixture of
95% rejuvenation fluid and 5% menthyl anthranilate (CAS 134-20-3)
at the tailored injection pressure (TIP) recommended by the
technology supplier. The fluid delivery mechanism used to inject
rejuvenation fluid is disconnected no sooner than ten minutes after the
TIP is achieved throughout the test string. The test string includes the
cable segments and injection adapters connected hydraulically in
series or parallel. Menthyl anthranilate fluoresces bright green under
UV illumination. Leakage from the connectors is monitored throughout
this test with the aid of UV light. After the fluid supply is
disconnected, the fluid pressure is allowed to decay for about 8 to 24
hours at an ambient temperature of 22°C (+/- 2°C). The test sample
assembly (a string of cable segments each with two connectors of each
injection adapter design) is immersed in an ambient temperature,
covered water bath and the temperature is increased over a period of
90 to 120 minutes to 60°C (+/- 2°C). When the water bath reaches
the nominal 60°C target, heating is discontinued to allow the water to
cool with the cover to the bath removed. After approximately 7 hours,
the test string is removed from the water and the samples remain at
ambient air temperature to the completion of the test. The pressure
as a function of elapsed time from injection is recorded until the
nominal residual pressure is less than or equal to 50 psig. A final
check is made for leaks. This is a pass/fail test and any leakage is a
failure. 100% passing of a minimum of 6 samples per design are
required for certification to 4.1.

4.2 Pressure Decay Period

Purpose: To simulate post injection sealing performance during the
fluid injection phase in which the fluid pressure has essentially
decayed to a level representing only head pressure and residual vapor
pressure of the dielectric enhancement fluid and where this pressure
level remains for a prolonged period of up to several years.
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The test assembly, including the connectors and attached cables, are
pressurized to 30 psig with air to simulate approximately 60 feet of
vertical head, or a lesser head and some fluid vapor pressure and
immersed in an ambient temperature (15°C to 22°C) water bath.

A cycle time of 110 to 160 minutes is imposed by heating the water,
such that the system experiences several complete temperature cycles
each work day. The temperature floats to ambient when laboratory
personnel are not present on evenings, weekends, and holidays.

Leaks are recorded when bubbles are observed in the water bath. Any
leak is recorded as a failed sample.

To pass protocol 4.2 100% of a minimum of six injection adapter (IA)
design samples must pass the entirety of the cycles outlined in Table
4.2 without experiencing any leaks.

Minimum Minimum
number | temperature
of cycles | range (°C)

100 50

100 60

100 70
Table 4.2

43



December 2011

Annex C Chemistry

Figure 6-1 shows seven rejuvenation mechanisms (as rounded rectangles) along with
arrows, which indicate the step(s) of the aging and failure process mitigated by each
rejuvenation mechanism. The next seven sections of this Annex provide an overview
of these mechanisms.

1. Micro-Void Filling

Not to be confused with voids, which can be imaged with an optical microscope,
micro-voids are on a nanometer scale. Micro-voids are usually chemical
imperfections in the polymeric insulation characterized by the presence of bonded
oxygen, often carboxyl-groups, which have a greater affinity for water relative to the
hydrophobicity of non-treed polymer. The silanes used by the CC3, CCDMDB, P011,
U732, and U733 technologies react with and displace water at oxidized PE sites
within the water-trees. The replacement of conducting ionic water with a silicone
dielectric increases the dielectric strength of the insulation. This effect is easily
demonstrated using standard water-tree staining techniques. Thick samples of
treated cable do not easily stain with methylene blue. Only after prolonged boiling is
the silicone driven off leaving the methylene blue free to react with the oxidized
polyethylene.

2. Drying

There are two drying effects. The first is the chemical reaction of methoxy silanes
found in CC3, CCDMDB, P011, U732, and U733 fluids with water yielding alcohol as a
by-product. It is the most widely reported drying effect in past literature, but is the
least important of the two effects. References (Bertini G. J., “Accelerated Aging of
Rejuvenated Cables - Part II, 2005) and (Kleyer & Chatterton, 1994) demonstrate
alkoxy water-reactive functionality is very short-lived. Even in the most favorable
circumstances, the alkoxy functionality is effectively consumed in less than two years
for all of the silanes found in CC3, CCDMDB, P011, U732, and U733 fluids. At higher
soil or operating temperatures, water reactivity may be depleted in two months.

Much more important than the initial short-term chemical drying is the ability of the
treatment fluids to reduce the reentry of water. To this end, materials that have an
improved affinity for the insulation polymer provide superior water repellent
capability.

3. Stress Grading

The inclusion of high dielectric constant layers to grade the electric field within cables
and cable components is widely practiced and well understood. As modeled in Figure
A3-1, cable rejuvenation with U732 and U733 allows for the introduction of carefully
chosen high dielectric materials, which provide stress grading on a micro-scale,
where highly divergent electrical fields create strong dielectrophoresis effects.
Materials such as water are drawn to such locations, because of the great difference
between their dielectric constants and that of polymeric insulation. The Clausius-
Clapeyron equation predicts this behavior.
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Table A3-1 provides dielectric constants for selected materials. The difference
between the dielectric constants of PMDMS, TEMDMS, or TEMDOS and their
respective oligomers with that of typical insulation polymers is not sufficiently high to
provide a significant dielectrophoresis effect or a stress grading effect.

CBMDMS or CBMDOS and their oligomers, enjoy a strong dielectrophoresis effect.
Dielectrophoresis draws these high dielectric constant materials to precisely the
locations where they are needed. Once at the locally high stress region, these high
dielectric constant materials smooth the highly divergent electrical fields. Referring
to Figure A3-1, localized stress grading interferes with at least four portions of the
failure mechanism.

1. The local AC stress is reduced, and water trees grow more slowly.

2. The high electrical fields around space charges are reduced, which reduces
the likelihood of UV photon creation and the inception of free electrons.

3. Any free electrons will not be accelerated to the same energy as they would
have been in a stronger field.

4. The reduced local field increases both the partial discharge inception and
extinction voltages.

4. Voltage Stabilization

The effects of voltage stabilizers such as ketones are due to keto-enol tautomerism
or similar resonant structures, which have been described, for example, in U.S.
patent 3,445,494 and utilized in (Wartusch, Increased voltage endurance of
polyolefin insulating materials by means of voltage stabilizers, 1980) and (Wartusch,
Polymer-Based Electrical Insulation and Electrical Coductor Insulated Therewith,
1990). Resonant chemical structures provide a stable receptor for the energy of hot
electrons. For example, the more stable keto form of the voltage stabilizer absorbs
much of the energy of hot electrons and converts through electron redistribution and
proton migration to the higher energy enol form.  The enol can then convert back
to the keto form with the evolution of heat energy, regenerating the voltage
stabilizer. This process prevents hot electrons from causing damage through the
production of free radicals. See Figure A3-2.

Dielectric
Material Constant
air 1.0
\ ‘ local field is water 78.0
\ | thed b
local diverge \ \\ ;" / spn::senie o? PE 2.3
electrical field at \ /ﬁ‘\/ higher dielectric PMDMS; 3.2
imperfection constant material TEMDMS*
§- § drawn by 4
i S dielectrophoresis TEMDOS
! 3 CBMDMS; >20.0
% % CBMDOS
S S acetophenone 17.3

Table A3-1. Approximate di-
Figure A3-1. Model imperfection with electric constants of selected
divergent electrical fields, dielectrophoresis, materials at 60Hz and 25°C.
and the resulting local concentration of high Oligomers of silanes are
dielectric constant material. about the same as their mon-
omers.
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Because of their greater polarity, ketones also show preferential solubility in water-
treed portions of the insulation, due the presence of similar carboxyl and hydroxyl
functionality associated with water trees, so the ketones tend to concentrate in the
areas where they are most needed. The U732 and U733 fluids include an
unsaturated ketone, geranylacetone, tailored to intercept and thermalize hot
electrons.

5. UV Stabilization

Figure A3-3 shows the spectra of visible and UV light emitted from charge
recombination near cable defects as reported by (Bamji, 1991) at three different
local electrical stress levels. A portion of the full UV spectrum (10 to 250 nm) is not
displayed in Figure A3-3, because there are no significant emissions of UV light at
wavelengths shorter than 275 nm. The phenyl and substituted phenyl groups of
PMDMS and TEMDMS do absorb UV, but that absorption occurs below the range of
the relevant UV emissions in cables. The relevant range is 275 to 400 nm. Thus,
the PMDMS component of the CC3 and P011 fluids plotted in Figure A3-3 is nominally
transparent to UV in the relevant range. The TMMS component of the CC3 fluid and
the DMDBS component of the CCDMDB fluid are nominally transparent to UV,
because they lack any conjugated double bonds.
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U732 and U733 fluids include components, called ultraviolet absorbers (UVA), which
absorb photons in the 275 to 400 nm range. Specifically, ferrocene and 1130 absorb
UV photons in the appropriate range. Ferrocene and 1130 are each quite soluble in
PE and EPR, but diffuse slowly. Their beneficial UVA effects persist for over 4
decades in most applications. Over the range of UV photons emitted by water trees,
the U732 and U733 technology absorbs from 31 to 181 times more UV than the
PMDMS utilized by the CC3 and P011 fluids at the same concentration.

In addition to the UVA components in U732 and U733, U732, U733 and P0O11 fluids
include 123, a hindered amine light stabilizer or HALS. HALS are free radical
scavengers that trap radicals before subsequent reaction leads to polymer
degradation. As demonstrated in (Step, 1994), HALS are self regenerative. After
quenching a free radical, the HALS regenerate and can then quench another free
radical. UVA and HALS enjoy a chemical synergy. Since UVA materials attenuate
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but don’t completely eliminate UV emissions, there will always be some UV photons,
which create free radicals that HALS must quench. By themselves, HALS would be
overwhelmed if 100% of the UV photons emitted contacted them, but they can
efficiently dispose of the consequential damage from the UV photons not eliminated
by the UVA. Together UVA and HALS provide greater UV stability than either one
alone. The optimum combination of UVA and HALS is found in U732 and U733 fluids.

6. Antioxidation

Antioxidants are included in virtually all modern cable compound formulations. While
originally deployed to prevent oxidation during the extrusion process, it has been
shown in (Matey & Labbe, 2007) that antioxidants also slow the growth of water
trees. It has also been demonstrated in (Sekii, 2001) that the presence of certain
antioxidants increases the electrical tree inception voltage. U732 and U733
technologies include KV10, a sulfur containing phenolic antioxidant, which has been
demonstrated to slow the growth of water trees by a factor of four. This class of
sulfur containing phenolic antioxidants has been shown to increase electrical tree
initiation voltage by up to 75% at just 0.2%,. KV10 enjoys a very high solubility in
polyethylene and EPR, and because of its high molecular weight of 424.7 and rigid
alkane side chains, it has a very low diffusion rate. The combination of high
solubility and low diffusivity yields a very low sweat out or exudation as was shown
in (Matey & Labbe, 2007).

7. PD Suppression

There are several mechanism involved in the suppression of partial discharges or
PDs. First, as described previously, local stress reduction through stress grading
increases the partial discharge inception and extinction voltages.

As described in (Boggs, 2003 ), a free electron, often from a cosmic ray interaction,
is a necessary precursor to the initiation of a PD. Therefore, a second suppression
mechanism is provided by the electron affinity of the voltage stabilizer (GA)
described in (Wartusch, Increased voltage endurance of polyolefin insulating
materials by means of voltage stabilizers, 1980) and (Wartusch, Polymer-Based
Electrical Insulation and Electrical Coductor Insulated Therewith, 1990), and the
electron accepting ferrocene as shown in (Gubin, 1971).

The ferrocene compound included in the U732 and U733 technologies also provides
third and fourth mechanisms. The presence of ferrocene suppresses the inception of
partial discharges through a partial ionization process outlined in (Feuvre &
Gaboriaud, 1972). This renders the walls of large voids partially conductive when
voltages exceed a threshold. Once the walls are partially conductive, the e-field all
but disappears. In the event that a PD does occur, a small portion of the ferrocene
is consumed, simultaneously raising the pressure in the void and releasing an
oxygen scavenger, hamely atomic iron. These effects act to quickly snuff out
incipient partial discharges and mitigate the damage normally incurred when a
discharge occurs.
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Annex D

(Informative)
Accounting Rulings — FERC (Federal Energy Regulatory

Commission) & RUS (Rural Utility Service)

The following documents are reproduced on the pages which follow:

RUS Letter Order dated April 3, 2009.

FERC Letter Order dated September 4, 2008, Docket No. AC08-143-000.

RUS Summary dated October 2, 2001. (Cover page and relevant page extracted.)
FERC Letter order dated January 18, 2000, Docket No. AC00-7-000

Georgia Power Petition to the FERC dated November 4, 1999.
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FEDERAL ENERGY REGULATORY COMMISSION
Office of Enforcement
Washington, D.C. 20426

In Reply Refer To:

OE

Docket No. AC08-143-000
September 4, 2008

Troutman Sanders LLP
Attention: Danidl L. Larcamp
Attorney for Novinium, Inc.
401 9" Street, N.W.
Washington, DC 20004

Dear Mr. Larcamp:

Thisisinreply to your July 10, 2008 letter, filed on behaf of Novinium,
Inc., (Novinium), requesting an accounting ruling confirming that its public utility
clients may properly account of the costs of installing Novinium Brand injection
rehabilitation products for underground residential distribution (URD) cable asan
addition to electric utility plant, i.e., a capital expenditure, under the Commission’s
Uniform System of Accounts.*

Based upon the information provided, a company may capitalize the cost of
installing injection rehabilitation products provided that the product is used by the
company to extend the useful life of its segments of URD cables beyond their
original estimated useful lives.

Novinium claims that its Perficio and Ultrinium products extend the useful
life of URD cable by at least 20 years from the date of injection and offersafull
money back warranty for 20 years for the “Perficio” fluid and a 40 year full
money back warranty for the “Ultrinium” fluid. Novinium states these products
rehabilitate URD cable through an injection process which can be used to
rehabilitate segments of URD cable or groups of contiguous segments of URD
cables. Novinium also states these products increase the dielectric, or voltage,
capacity of URD cable, significantly enhance the reliability of URD cable, and
improve public safety. Finaly, Novinium claims that these products include
advancements to the silicone dielectric enhancement fluid used in CableCURE, a

118 C.F.R. Part 101 (2008).
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silicone injection rehabilitation product previously approved by the Chief
Accountant to be appropriately capitalized as an addition to electric utility plant on
the basis that the product will be used to extend the actual useful life of significant
sections of an underground distribution system beyond itsinitially expected
estimated service life.?

Under the requirements of the Commission’s Uniform System of Accounts,
acompany may capitalize the cost of minor items of property that did not
previously exist provided that a substantial addition results. Electric Plant
Instruction (EPI) 10(C)(1), statesin part:

“When aminor item of property which did not previously exist is added to plant,
the cost thereof shall be accounted for in the same manner as for the addition of a
retirement unit, as set forth in paragraph B(1), above, if a substantial addition
results, otherwise the charge shall be to the appropriate maintenance expense
account.”

Further, Electric Plant Instruction 10(B)(1), statesin part:

“When aretirement unit is added to electric plant, the cost thereof shall be added
to the appropriate e ectric plant account...”

Therefore a company may capitalize the cost of installing injection
rehabilitation products when the cost isincurred for the purpose of extending the
useful life of segments of URD cables beyond their original estimated useful lives.

The Commission delegated authority to act on this matter to the Chief
Accountant under 18 C.F.R. 8 375.303 (2008). This letter order constitutes final
agency action. Y our company may file arequest for rehearing with the
Commission within 30 days of the date of this order under 18 C.F.R. § 385.713
(2008).

Sincerely,

Scott P. Molony
Chief Accountant

2 Georgia Power Company, Docket No. AC00-7-000 (January 18, 2000)
(unpublished letter order).



July 10, 2008

Hon. Scott Molony

Chief Accountant

Federal Energy Regulatory Commission
888 First Street, N.E.

Washington, D.C. 20426

RE:  Novinium, Inc.
Docket No. AC08-__ -000

Dear Mr. Molony:

Novinium, Inc. (“Novinium”) hereby requests the Chief Accountant of the Federal
Energy Regulatory Commission (“FERC” or “Commission”), pursuant to delegated authority, 18
C.F.R. 375.303(d) (2008), to pass upon proposed accounting treatment for the costs of using
Novinium products. Specifically, Novinium requests confirmation that its public utility clients
and prospective clients may properly account for the cost of installing Novinium Brand injection
rehabilitation products (“Perficio” fluid and “Ultrinium” fluid, collectively “Novinium
products™) for underground residential distribution (“URD’) cable as an addition to electric plant
(i.e., capital expenditure) under the FERC Uniform System of Accounts.1 As explained below,
such a ruling would be consistent with the Chief Accountant’s most recent ruling on a similar
product called CableCURE, which the Chief Accountant ruled may be capitalized due to its
ability to extend the actual useful life of significant sections of underground distribution
systems.2

l. Background

Novinium has developed an underground cable rehabilitation technology that extends the
service life of URD cable through a cable injection process. The Novinium technology can be
used to rehabilitate segments of URD cable, or groups of contiguous segments of URD cables.
Laboratory data, field data and modeling demonstrate that Novinium rehabilitation technology
will extend the service life of URD cables by at least 20 years. Consistent with these facts, for
the Perficio product, Novinium provides a full money back warranty for 20 years from the date
the cable is injected. For the Ultrinium product, a full money back warranty is provided for 40
years from the date the cable is injected. The differences in these products, and the data
supporting their extension of the service lives of URD cables, is described in the attached
Affidavit of Mr. Glen Bertini. Mr. Bertini is a world recognized expert in URD rehabilitation
technologies, including the Novinium products.

1 See 18 C.F.R. Part 101 (2008).
2 See Docket No. AC00-7-000, Letter Order, January 18, 2000 (“January 2000 Letter Order”).



This Novinium technology is similar to an older CableCURE technology, which also uses
a cable injection process to extend the life of underground distribution cable beyond its expected
service life. Novinium technology has improved upon the CableCURE process, as described in
detail below.

1. Reason for Filing

Novinium seeks the instant accounting ruling to confirm that the Novinium products may
properly be accounted for as an addition to electric plant (i.e., capitalized) under the FERC
Uniform System of Accounts, consistent with the Chief Accountant’s 2000 Letter Order ruling
regarding CableCURE. Out of an abundance of caution,3 Novinium seeks to confirm this
interpretation because the Commission in 1992 indicated the cost of installing CableCURE at
that time should be expensed and charged to Account No. 594, Maintenance of Underground
Lines.4

In contrast to the Commission’s earlier ruling, the 2000 Letter Order by the Chief
Accountant found that because the CableCURE product would extend the actual useful life of
significant sections of underground distribution system, it was proper to capitalize the costs of
the product. The 2002 ruling of the Chief Accountant is consistent with Commission precedent
permitting the capitalization of natural gas rehabilitation products.®> In a number of cases, the
Commission found that the pipeline rehabilitation products extended the useful life of the gas
pipelines beyond their estimated service life, the products added value by significantly enhancing
reliability, improving public safety and the condition of the property, and costs associated with
pipeline rehabilitation products are “non-recurring” costs as opposed to routine maintenance
expenses.6

Novinium asserts similar circumstances are present with the use of the Novinium
products and that the costs of using the products also should be capitalized under FERC’s
Uniform System of Accounts.

3 EPAct 2005 provided the Commission with increased civil penalty authority. See FPA § 316A, 16
U.S.C.S. § 8250-1(b). In addition, the Commission has in place various mechanisms under which industry
participants may seek guidance from FERC Staff on regulatory issues. See Obtaining Guidance on Regulatory
Requirements, 123 FERC { 61,157 (2008).

4 See Dow Corning Corp., 59 FERC { 61,181 (1992) (“Dow”).

5 See Natural Gas Pipeline Co. of America, 115 FERC 1 61,294 (2006); See Transwestern Pipeline
Company, Letter Order, Docket No. AC02-39-000 (Nov. 8, 2006); Florida Gas Transmission Company, Letter
Order, Docket No. AC97-110-000 (June 30, 1997); Kaneb Pipe Line Operating Partnership, Letter Order, Docket
No. AC95-213-000 (Aug. 15, 1996); Northwest Pipeline Corporation, Letter Order, Docket No. AC94-149-000
(Nov. 1, 1994); South Georgia Natural Gas Company, letter Order, Docket No. AC95-18-000 (Dec. 5, 1996); and
Colonial Pipeline Company, Letter Order, Docket No. AC97-163-000 (Aug. 14, 1997).

6 Id.



I11.  Proper FERC Accounting Treatment

Based on the Commission’s most recent ruling regarding CableCURE, and the
Commission’s prior precedent with regard to natural gas rehabilitation products, Novinium
asserts that the Perficio and Ultrinium products should likewise by capitalized for FERC
accounting purposes. Specifically, Novinium’s products extend the useful life of URD cable
well beyond its estimated service life; depending on the product, the service life of the URD is
extended from 20 to 40 years beyond the service life remaining at the time of injection. The
Novinium products also: (1) add value to URD systems by substantially increasing URD cable’s
dielectric capacity;’ (2) significantly enhance reliability and improve public safety; and (3)
provide direct economic and environmental benefits to public utilities and their ratepayers.
These public benefits will be furthered if utilities have assurance that the cost of the Novinium
products can be capitalized, consistent with the Chief Accountant’s earlier ruling. Since the
costs of installing Novinium products to URD cable only affect future periods, these costs should
be capitalized and allocated to the future periods benefiting from them.8

Moreover, under FERC’s Uniform System Accounts, the costs of Novinium products are
appropriately capitalized. Under Electric Plant Instruction No. 10(C)(1), “When a minor item of
property which did not previously exist is added to plant, the cost thereof shall be accounted for
in the same manner as the addition of a retirement unit, as set forth in paragraph B(1) ... ifa
substantial addition results . . .”® Electric Plant Instruction No. 10(B)(1) states, “When a
retirement unit is added to electric plant, the cost thereof shall be added to the appropriate
electric plant account.”10  The Novinium products result in a substantial addition, as they
significantly extend the useful life of service of the URD cable, and should therefore be added to
the appropriate 300-series electric plant account and capitalized accordingly.

A. Novinium is a Life Extension Product
Novinium products are underground distribution cable rehabilitation products used

primarily to extend the useful life of URD cable beyond its estimated service life.11 Data and
field experiences have been collected that conclusively establishe that Novinium’s products

7 Dielectric capacity, or voltage capacity, is one of the two factors that determine the total power which can
be transmitted or distributed on a cable.

8 See ELDON S. HENDRICKSEN, ACCOUNTING THEORY, (Richard D. Irwin, Inc. 1970).

9 18 C.F.R. Part 101, Electric Plant Instruction No. 10(C)(1). The definition of “minor item of property”

means the associated part or items of which retirement units are composed. 18 C.F.R. Part 101, Definition No. 18.
“Retirement units” means those items of electric plant which, when retired, with or without replacement, are
accounted for by crediting the book cost thereof to the electric plant account in which included. 18 C.F.R. Part 101,
Definition No. 34.

10 18 C.F.R. Part 101, Electric Plant Instruction No. 10(B)(1).

11 The product has limited application to transmission facilities; it is used approximately 99% of the time to
rehabilitate distribution facilities. There are over 1,000,000 miles of URD cable in the United States.



extend the service life of URD cable by at least 20 years.12 As a result of these data, Novinium
guarantees the life extension of its products from the date that the cable is injected with this URD
cable rehabilitation product. For the Perficio product, a 20-year full money-back warranty is
issued and for the Ultrinium product, a 40-year full money-back warranty is issued.

Novinium products include two levels of advancement built upon the proven
performance of CableCURE technology. The first advancement is represented by Novinium’s
Perficio product. Perficio fluid uses the same silicone dielectric enhancement fluid which makes
up 95% of the CableCURE formulation, namely phenylmethyldimethoxysilane. Improving upon
the catalyst and the method of delivery stretches the anticipated post-injection life by about 35%
or more. The second advancement is embodied within Novinium Ultrinium. Ultrinium includes
all of the functionality found in CableCURE and Perficio, and also includes entirely new
functionality. The new functionality of Ultrinium addresses electrical trees and other voids in
the cable insulation.13 This functionality broadens the applicability of the technology from the
pre-failure treatment, where the older technology is typically applied, to include post-failure
cables. While CableCURE technology has a failure rate of about 4% one year after treatment
and 16% after 15 years when applied in post-failure circumstances, laboratory testing on the
Novinium technology demonstrates 87-fold superior short-term performance, which is a key to
addressing post-failure cables.14 The laboratory results are backed up by over two years of field
proven performance, in all cases the failure rates are less than half those experienced by
CableCURE.15

B. Public Benefits Resulting From Novinium Products Being Capitalized

1) Novinium Adds Value to URD Systems by Increasing the Dielectric
Strength of Power Cable.

Novinium increases the dielectric strength, or “voltage capacity,” of URD cable by
preventing water-related deterioration resulting from oxidation within the cable’s polyethylene
insulation.16 Specifically, as URD cable ages and oxidizes, swiss cheese-like micro-voids,
called “water trees,” develop in the insulation.1? The constant passage of current through the
cable, combined with specific electrical and environmental events, ultimately reduces the voltage
capacity of the URD cable.18 Once injected, the Novinium products ameliorate the effects of

12 See Bertini Affidavit at 2.

13 See Bertini & Vincent, Cable Rejuvenation Mechanisms, presented at the IEEE/ICC semi-annual meeting
(March 14, 2006).

14 See Bertini, Underground Distribution Reliability: The 5¢Ps, presented at the Western Underground
(September 15, 2006).

15 See Bertini Affidavit at 3-4.
16 See id. at 4.
17 Id.

18 Id. at 3.



water-related deterioration and increases dielectric strength of URD cable by up to 350
percent.19

(2 Novinium Products Add Value to URD Systems by Significantly
Enhancing Reliability of URD Cable.

In addition to extending the service life and substantially increasing the dielectric
properties of URD cable, Novinium products add value to URD systems by significantly
enhancing URD cable reliability, thereby improving public safety. The reliability role played by
Novinium products is significant. Over the past 2 years, Novinium has injected over 700,000
feet of URD cable with a 99.5 percent success rate. Accelerated laboratory results demonstrate
an 87-fold faster increase in dielectric performance and a greater than 3.5-times improvement in
life extension than the legacy CableCURE technology.20

3) Capitalizing Novinium Products Will Provide Direct Economic and
Environmental Benefits.

Treating the cost of installing Novinium as a capitalized expenditure will encourage
investment in new, cost-efficient technologies that provide significant functional and economic
benefits to public utilities and their ratepayers. The cost of installing Novinium is estimated to
be approximately 10 percent to 50 percent of the cost of replacing the URD cable. By granting
the requested accounting treatment, utilities will have a clear economic incentive to undertake
cost-efficient URD system rehabilitations, without sacrificing system reliability or public safety.
In fact, since FERC approved capital treatment for the CableCURE product in 2000 an estimated
$1 billion of capital has been saved by utilities purchasing URD rehabilitation products. Similar
amounts of savings can be expected as more URD cable reaches the end of its useful service life.

In addition, using the Novinium Products provides environmental benefits compared to
the alternative of replacing the URD cable. Approving this request would minimize the intrusive
construction that utilities must undertake when they install new URD cable, generally
abandoning the old cable in place. The use of the Novinium products involves no retrenching,
eliminates the negative impacts of operating construction machinery, and recycles aging cables
in situ creating a significant environmental benefit given the approximately one-million miles of
distribution facilities that may be affected.

C. Improvements to Novinium Since CableCURE
The Novinium technology has also improved upon the CableCURE technology in several

respects. Data supports improved safety and functionality since the development of the
CableCURE product.2l While the older technology applied in a pre-failure mode has a failure

19 Id.

20 See Bertini Affidavit at 4.

21 See Glen J. Bertini, New Developments in Solid Dielectric Life Extension Technology, presented at the
IEEE International Symposium on Electrical Insulation (09/2004). See also Bertini, Accelerated Aging of
Rejuvenated Cables — Part I, presented at the IEEE/ICC semi-annual meeting (April 19, 2005) and Bertini,



rate of less than 1%, laboratory testing on the Novinium products demonstrate an 87-fold
superior short-term performance.22 The laboratory results are backed up by over two years of

field proven performance.23 Further, the Novinium products have been proven to extend the
service life of URD cable for longer than the 20 year period guaranteed by CableCURE.

V. Communications

Novinium requests that all notices and correspondence regarding this filing be sent to the

following:

Glen Bertini

Novinium

22019 70th Avenue South

Kent, WA 98032

Tel: 206-529-4828

Fax: 206-774-9754

Email: glen.bertini@novinium.com

Daniel L. Larcamp

Bonnie A. Suchman

Troutman Sanders LLP

401 9™ Street, N.W.

Washington, DC 20004

Tel: 202-274-2950

Fax: 202-274-2995

Email: Daniel.Larcamp@troutmansanders.com

Accelerated Aging of Rejuvenated Cables — Part |1, presented at the IEEE/ICC semi-annual meeting (November 1,
2005), and Bertini & Vincent, Cable Rejuvenation Mechanisms, presented at the IEEE/ICC semi-annual meeting

(March 14, 2006).

22 See Bertini, Underground Distribution Reliability: The 5¢Ps, presented at the Western Underground

(September 15, 2006).
23 See Bertini Affidavit at 4.



V. Conclusion

Given the significant pressure that public utilities are under in today’s environment of
rapidly increasing costs and to avoid unnecessary increases in rates. the Chief Accountant, by
granting this request, would remove disincentives to utilities selecting cost eftective ways to add
to the service life of the delivery infrastructure. Approving the instant request to capitalize the
costs of installing Novinium products would remove a possible disincentive to such utilities; the
alternative accounting treatment of expensing the cost of the product would require shareholders
to assume these costs until they could be reflected in rates and would, in any event, raise the
costs of electricity service to current ratepayers if the full costs were immediately reflected in
rates. as opposed to a more gradual return of capital through depreciation over the new service
life of the URD.2# Moreover, granting Novinium’s request would be consistent with the prior
ruling of the Chief Account with respect to CableCURE, as well as the decisions addressing
rchabilitation products” use in gas pipelines.

Wherefore, Novinium respectfully requests that the Chief Accountant confirm that
accounting for the cost of installing Novinium products as a capital expenditure is appropriate
under the FERC Uniform System of Accounts. Novinium requests such action by the Chief
Accountant as soon as possible and consistent with statf’s normal practice to act on such requests

within 60 days.
Respectfully Submitted,

Wifawff;i

Daniel L. Larcamp
Bonnie A. Suchman

Attorneys for Novinium, Inc.

22 T ) . i ;
= Novinium understands that accounting treatment of costs does not mandate any particular ratemaking
treatment of such costs. However, the accounting treatment may nevertheless bear on the ratemaking treatment of

such costs,



UNITED STATES OF AMERICA
BEFORE THE
FEDERAL ENERGY REGULATORY COMMISSION

)
Novinium, Inc. ) Docket No. AC08-__ -000
)

AFFIDAVIT OF
GLEN J. BERTINI
ON BEHALF OF
NOVINIUM, INC.

Please state your name, title and business address.

My name is Glen J. Bertini. |1 am the President, CEO, and Chairman of
Novinium, Inc. Novinium’s principal place of business is 22019 70" Avenue
South, Kent, Washington, 98032.

Please state your qualifications and experience.

I am a licensed Professional Engineer. | graduated from Michigan Technological
University with a degree in Chemical Engineering in 1980. 1 hold 17 patents in
cable rehabilitation technologies. | am a Senior Member of the Institute of
Electrical and Electronic Engineers and the Power and Energy Society, and a
voting member of the Insulated Conductors Committee. In September 1992, I,
along with several other co-developers, received the R&D 100 award for one of
the 100 most technologically significant innovations in the world, for the
development of underground cable rehabilitation technology.

For over two decades, | have focused my career exclusively on the research,
development, and commercialization of cable rehabilitation technology. | have
contributed to the development and commercialization of CableCURE® injection
technology, Perficio™ fluid injection technology, and Ultrinium™ injection
technology. CableCURE is registered trademark of my former employer UTILX.
Perficio and Ultrinium belong to the family of Novinium® brand injection
technologies, which are trademarks of my current employer.

From 1980 to 1986, | was employed by Dow Corning in various technical and
financial roles. In 1986, | was assigned by Dow Corning as one of the original
team members responsible for research, development, and commercialization of
Dow Corning’s CableCURE product. In 1991, Dow Corning sold the
CableCURE business to UTILX Corporation and | joined UTILX for the next 11
years as the individual responsible for the CableCURE business.



In 1999, | provided an affidavit in support of Georgia Power’s petition to the
Chief Accountant of FERC for confirmation that capital treatment of the costs of
using the CableCURE product was appropriate under the Uniform System of
Accounts. In 2002, | left UTILX and founded Novinium which has researched,
developed and commercialized the Novinium family of next generation cable life
extension technologies.

3. What is the purpose of your affidavit?

I have prepared this affidavit in order to provide my expert opinion supporting the
petition filed by Novinium in the above-referenced docket seeking an accounting
ruling from the Chief Accountant to confirm that existing public utility customers
of Novinium and future customers, can account for the costs of installing
Novinium products as a capital expenditure under the FERC Uniform System of
Accounts. | am personally familiar with the facts set forth herein. The injection
of Novinium products into in-service underground residential distribution
(“URD”) cable extends the useful service life of such facilities for at least 20
years from the date of injection. Use of the products also increases the dielectric
strength, or “voltage capacity,” of the URD cable, and significantly enhances the
reliability and safety of URD systems.

4. What evidence exists that the injection of Novinium products into URD cable
extends the useful service life of URD cable, and enhances the reliability and
safety of URD systems?

CableCURE technology, which was conceived and commercialized by me and
my colleagues, who are now employed by Novinium, has been in commercial use
for over two decades. The technology provider, UTILX, reports that over 75
million feet of URD cable have been treated over those two decades and that less
than 1% of treated cables have failed in service. This is an impressive real-world
result. Laboratory results and case study results were cited in my 1999 affidavit
to the Chief Accountant in support of the Georgia Power petition where | wrote:

“l have personally conducted, co-authored, and published two case
studies that specifically address the future benefits associated with using
CableCURE on in service and field-aged URD cable.* These studies
conclusively establish that CableCURE substantially increases the
dielectric capacity of URD cable, thereby extending the service life of the
cable by a minimum of twenty years and significantly enhancing
reliability of URD systems, thereby improving public safety.

Each of these case studies discussed above evaluated in-service, 16-22 year
field-aged polyethylene power cables with conductor sizes varying from

! See S.W. Mokry, et al., Cable Fault prevention using Dielectric Enhancement Technology, REVUE

De ELECTRICITE ET DE L’ELECTONIQUE (Aug. 1996); K.A. Jenkins and G.J. Bertini, Fourth Generation
Dielectric Enhancement Technology, JICABLE (June 1999).



54mm2 (small cable) to 507 mm2 (large cable) and insulation thickness
varying from 4.4 mm to 22.9 mm that were injected with CableCURE under
both laboratory and field conditions to determine the effectiveness of the
CableCURE treatment process at varying times after injection. The case
studies examine several distinct cable circuits with voltages varying from 15
KV to 115 kV to assure a broad representation of service history and
underground power cable type. In order to provide standardized results, each
study performs an AC breakdown analysis, microscopic examination for water
trees and infra-red micro-spectroscopic examination in order to determine the
efficacy of the treatment process for the underground cables tested. After
injection with CableCURE, the studies reveal that the dielectric capacity of
URD cable improves by one-half percent every day, or about 30 percent in 60
days, and continues to increase until it reaches its maximum at 350 percent
dielectric improvement (which is comparable to new URD cable), thereby
functi(ZJnaIIy extending the service life of URD cable by a minimum of 20
years.

With regards to reliability, empirical data collected since 1986 shows that
approximately 15 million feet of URD cable has been injected with
CableCURE with a 99.5 percent success rate. Specifically, 17,812
sections of small URD cable have been injected with CableCURE, with
only 102 reported cases in which CableCURE failed to increase the
dielectric strength of the URD cable within the first six months after
injection (“Dielectric Strength Failures”). In addition, approximately
1,440 sections of large URD cable have been injected with CableCURE,
with only 40 reported Dielectric Strength Failures. Thus over the past
thirteen years, a total of 19,252 sections of URD cable have been treated
with CableCURE, with only 142 reported Dielectric Strength Failures.”

Novinium products include two levels of advancement built upon the proven
performance of CableCURE technology. The first advancement is represented by
Novinium’s Perficio product. Perficio fluid uses the same silicone dielectric
enhancement fluid which makes up 95% of the CableCURE formulation, namely
phenylmethyldimethoxysilane. Improving upon the catalyst and the method of
delivery stretches the anticipated post-injection life by about 35% or more as
compared to use of the CableCURE product. The second advancement is
embodied within Novinium’s Ultrinium product. Ultrinium includes all of the
functionality found in CableCURE and Perficio, and also includes entirely new
functionality. The new functionality of Ultrinium technology addresses electrical
trees and other voids in the cable insulation.® This functionality broadens the
applicability of the technology from the pre-failure treatment, where the older

2 J. Pilling and G.J. Bertini, Incorporating CableCURE Injection Program into a Cost-effective

Reliability Program, presented at the IEEE Rural Electric Power Conference, St. Louis, Missouri, (April
26-28, 1998).

3 See Bertini & Vincent, Cable Rejuvenation Mechanisms, presented at the IEEE/ICC semi-annual
meeting (March 14, 2006).



technology is typically applied, to include post-failure cables. While CableCURE
technology has a failure rate of about 4% one year after treatment and 16% after
15 years when applied in post-failure circumstances, laboratory testing on the
Novinium technology demonstrate 87-fold superior short-term performance,
which is a key to addressing post-failure cables.* The laboratory results are
verified by over two years of field proven performance; in all cases the failure
rates are less than half those experienced by CableCURE.

5. How do the Novinium products affect URD cable’s dielectric strength?

There are at least three ways that Novinium products improve the electrical
performance of a treated cable. First, Novinium products dry and effectively
exclude future water intrusion from the cable insulation. Water is a principal
cause for the most prevalent cable degradation mechanism, namely “water trees.”
Water trees are so named, because upon staining and when viewed under a
microscope, they have a dendritic or tree-like structure. Water trees are a
collection of micro-voids or Swiss-cheese-like imperfections in the cable’s
polymeric insulation. Removing and excluding water provides an immediate
increase in dielectric strength or voltage carrying capacity of the cable. Novinium
products cure the micro-voids to permanently exclude water. Second, Novinium
technology also adds new functionality not found in vintage cables. Self-
regenerative anti-oxidants, ultraviolet absorbers (UVA) and hindered amine light
stabilizers (HALS) present in Novinium products all interfere with the process
where water trees convert to electrical trees just before failure. These functions
are absent from the earlier CableCURE generation of technology. Finally,
Novinium technology includes partial discharge suppression technology, which is
not found even in modern cables. Partial discharges occur in all cables before
they fail catastrophically.

6. Please state your conclusions.

Based upon the empirical data set forth above, I conclude that by increasing the
dielectric strength of URD cable and preventing failures due to voltage capacity
loss from water-related deterioration, Novinium products extend the actual service
life of URD cable at least twenty years beyond its estimated service life, and
significantly enhance the reliability and safety of URD systems.

4 See Bertini, Underground Distribution Reliability: The 5¢Ps, presented at the Western

Underground (September 15, 2006).



USDA
]
United States Department of Agriculture
Rural Development

Rural Business—Cooperative Service * Rural Housing Service * Rural Utilities Service
Washington, DC 20250

LTI b

SUBJECT:  Summary of Items of Engineering Interest - October 2001
TO: All Electric Borrowers
FROM: BLAINE D. STOCKTON

Assistant Administrator
Electric Program

The attached October 2001, Summary of Items of Engineering Interest continues the practice of
furnishing annually, on an informal basis, engineering information and developments related to
the rural electrification program.

The Rural Utilities Service (RUS) engineering staff has included in the attached material some
new ideas and techniques developed for the purpose of encouraging further thought when
designing, purchasing, or operating certain facilities. It should be noted, however, that nothing in
this summary should be construed to change existing policies and procedures as set forth in RUS
regulations or bulletins, the National Electrical Safety Code, or other publications.

Comments or suggestions regarding any of the items in this summary are welcome and should be
sent to George J. Bagnall, Director, Electric Staff Division, Rural Utilities Service, Stop 1569,
1400 Independence Avenue SW., Washington, D.C. 20250-1569.

Attachment

HiHt

Rural Deveiopment is an Equal Opportunity Lender
Complaints of discrimination should be sant to:
Secretary of Agriculture, Washington, DC 20250



Items of Engineering Interest
October 2001

If you would like more information or have any questions, please contact Trung Hiu, Electrical
Engineer, Distribution Branch, at 202-720-1877 or thiu@rus.usda.gov.

CableCURE

Several cooperatives have used the silicone injection rehabilitation product called CableCURE to
prolong the life of URD cable. CableCURE is designed to be injected into either energized or
de-energized cables. After injection (approximately forty-eight hours), CableCURE will
polymerize with water presently in the cable and cure into a solid dielectric gel that prevents
future water entry that causes splices and other components to fail. The product displaces water
contamination and the production of hydrogen gas produced by electrolysis by filling and
inhibiting existing water trees and diffuses into the insulation to retard future growth of water
trees.

CableCURE may be applied to any primary insulated cable regardless of size or voltage rating.
Due to its liquid property, CableCure’s application and performance are most effective on
insulated cables with stranded (rather than solid) conductors.

On January 18, 2000, the Federal Energy Regulatory Commission (FERC) approved the
capitalization of CableCURE based upon the authentication provided by the distributor that
CableCURE “... extends the service life of URD cable by at least 20 years.” In addition, the
licensed distributor, Utilx Corporation, guarantees the life extension function with a 20-year full
money back warranty that runs from the date the cable is injected. The FERC concluded that
this injection rehabilitation process meets the requirement of a substantial addition and,
therefore, the cost is properly capitalized.

On May 22, 2000, based on the actions of the FERC, the Rural Utilities Service authorized the
capitalization of the cost of CableCURE injected into underground cable. The labor and material
costs incurred in the process should not, however, be recorded as a separated retirement unit in
the Continuing Property Records (CPR’s). The cost should be added to the existing cost of the
cable units in the CPRs being injected with CableCURE. The cost of the injected cable should
then be segregated into separate cable retirement units. In addition, RUS borrowers should
consider the 20-year life extension of the injected cable when setting its depreciation rates.

RUS encourages cooperatives to share their experience applying this innovative product. If you
would like more information or have any questions, please contact Mr. Trung Hiu, Electrical
Engineer, Distribution Branch at (202) 720-1877 or thiu@rus.usda.gov. If you have any
questions regarding the accounting for CableCURE, please contact the Technical Accounting
and Auditing Staff at (202) 720-5227.
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FEDERAL ENERGY REGULATORY COMMISSION
WASHINGTON, .G 20428

Oftica ol Finantes, ALcauliting [n Reply Refer To:
and Operations OFAQ-DPPD

Docket Mo. ACOO-T-000

JAN ¢ 2 2009

Georgia Power Company @ O FB y
Amention: Mr. ClilT S. Thrasher

Vice President and {'."amfnmilqr
241 Ralph McGill Boulevard NLE
Atlanra GA 3I03(02.3174

Thank you for your letter dated November 4, 19949, requesiing approval (o
capilalize the cost of installing CableCURE, a silicone injection rehabilitation product lor
underground residential disiribution {UURD) cable.

Your request 15 approved on the basis that the product will be used to extend the
actual useful life ol signilicant sections of your underground distribution system hevond
its initially expected estimated service life. [n reaching this determination we relied on
the following Facts and circumstances contained in vour letter as supplemented in
telephone conversations with members of my staff,

You state that CableCURE is currently used as part of vour cable replacement
service. You indicate that CableCURE is used to rehabilitate entire seaments of vour
underground distribution svstem (e.g entire residential subdivisions as opposed (o
individual mins of cable between two terminal poinis). You assert that subslantial
evidenue exists that supports your reguest o capitalize the costs of installing CableCURE.
Specifically, vou state thut data has been collected that conclusively establishes that
CableCURE extends the service life of URD cable by ut least 20 years. You note thul
CableCURLEs lile extension function is guaranieed by Utilx Corporation, the licensed
distributor of this product, through a twenty (20) year, full money back warranty that runs
from the date that the cable is injected with this produet,

This letter mder cunsiilutes final agency action. To request that the Commission
rehear your case, you may file your request within 30 days of the date of this letter order
(scc 18 C.F.R. § 385.713).

Sipcerely,

John M. [Jelawa:c
Chiel Accountant
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CCPOWER
A SOUTHERN COMPANY
November 4, 1999

Hon. John M. Delaware

Chief Accountant

Federal Energy Regulatory Commission ’

888 First Street, N.E. L S

Washington, D.C. 20426

RE: Georgia Power Company
Docket No. AC00-____-000

Dear Mr. Dclawére:

Georgia Power Company (“Georgia Power™) hereby petitions the Office of the
Chief Accountant of the Federal Energy Regulatory Commission (“Commission™) for an
accounting ruling that would permit Georgia Power to account for the cost of installing
CableCURE, a silicone injection rehabilitation product for underground residential
distribution (“URD™) cable, as a capital expenditure under the FERC Uniform System of
Accounts, effective December 1, 1999. See 18 C.F.R. Part 101 (1999). Public utilities
are currently required to expense the costs of instailing CableCURE and charge these
costs to Account No. 564, Maintenance of Underground Lines.' As discussed herein, the
installation of CableCURE? is a “wminor item of property” under Electric Plant Instruction
No. 10(1) that represents a “substantial addition” or “betterment” which is properly
accounted for as a capital expenditure under the FERC Uniform Systems of Accounts.

L Background and Reason for Filing.

As the electric utility industry is restructured at both the wholesale and retail
levels, Georgia Power and other public utilities are being subjected to an increasing

y See Dow Corning Corporation (Requese for Accounting Interpretatior), 59 FERC § 61 191

(1992)(**Dow™).

? CableCURE, produced for Utilx Corporation by the Dow Coraing Corporation. is a silicon fluid
injected under pressure into URD cable for purposes of extending the useful life of the cable by retarding
water-related deterioration, and reestablishing its dielectric properties.



amount of pressure to provide customers with competitive, reliable, and safe service.
Existing Commission precedent requiring that costs of installing CabieCURE must be
expensed rather than capitalized, creates a strong disincentive for utility investment in
new, cost-efficient technologies for purposes of engaging in much needed infrastructure
improvements.

The instant request to account for the costs of installing CableCURE as a capital
expenditure under the FERC Uniform System of Accounts is consistent with Commission
precedent permitting the capitalization of natural gas pipeline rehabilitation products.’ In
this regard, the costs of installing CableCURE are “non-recurring costs” that provide
“substantial betterment in extending the useful life” of existing URD cable well beyond
its estimated service life. Equaily important, the installation of CableCURE into URD
cable enhances the overall value of URD systems by substantiaily increasing the dielectric
capacity of failing URD cable, as well as significantly enhancing reliability of service and
safety for the public. ' N

II.  Existing Commission Precedent Addressing the Accounting Treatment of the
Costs of Instailing CableCURE Under the FERC Uniform System of
Accounts.

Current Commission precedent addressing the accounting treatment for the costs
of installing CableCURE is set forth in an order issued on May 15, 1992, in Docket AI91-
1-001.° In Dow, it was argued that CableCURE is a “minor item of property and a
‘substantial addition’ and thus should be recharacterized as a capital expenditure under
the Uniform System of Accounts. ”s

The Commission ruled that the costs of installing CableCURE fall under the
definition of work “performed specifically for the purpose of preventing failure, restoring
serviceability or maintaining the life of plant” and should therefore be accounted forasa
maintenance expense and charged to Account No. 594, Maintenance of Underground
Lines, when incurred by public utilities.’ Specificaily, the Commission stated that:

3 See Florida Gas Transmission Company, Letter Order, Docket No. AC97-110-000 (Juge 30, 1997)
(*Florida Gas™); Kaneb Pipe Line Operating Parmership, Letter Order, Docket No. AC95-213-000 (Aug.
15, 1996)(*Kancb Pipe Line™); Northwest Pipeline Corporation, Letter Order, Docket No. AC94-149-000
Nov. 1, 1994) (“Northwest Pipeline™); South Georgia Nanmal Gas Company, Letter Order, Docket No.
AC95-18-000 (Dec. 5. 1996) (*South Georgra™); Williams Natural Gas Company, Letter Order, Docket No.
AC97-80~000 (June 30, 1997) (“Williams Namral Gas™); Colonial Pipeline Company, Letter Order, Docket
No. AC97. 161.[\00 (A"o 14 |QQ7) (“(‘nlcmqa‘ 'Dmlm."‘)

‘ See Dow, supra note 1.

s Id. at 61,662-63.
¢ Id. at 61,664-665 (citing 18 CF.R. § Part 101, Operating Expease Instruction Ne. 2).
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CableCURE is not installed primarily as a means of extendmg URD
cable’s actual service life seyond the 2540 year estimated life but to
prevent the cable’s failure before, and maintain the cable’s actual service
life until, the end of estimated service life. Installing CableCURE thus fits
within the definition of maintenance. This finding precludes a conuz:y
conclusion sought by Utilx that such costs represent a capital asset.”

Ultimately, the Commission took the position in Dow that CableCURE was not
installed primarily as a means of extending the cable’s actual service life beyond its
estimated service life. As new data and significant technological improvements have
become available since 1992, the Commission’s finding in Dow is no longer accurate. As
detailed below, CableCURE’s primary function is to extend the service life of URD cable
bevond the estimated service life. As discussed in Section V below, substantial empirical
evidence exists that supports this proposal to account for the costs of installing
CableCURE in URD cable as a capital expenditure under the FERC Uniformm System of
Accounts.

III. The Current Regulatory Environment and Newly Developed Empirical
Evidence Support the Capitalization of the Costs of Installing CableCURE
Under the Uniform System of Accounts.

The industry environment in which the Dow decision was issued has undergone
unprecedented change. Beginning with the Energy Policy Act of 1992° through Orders
No. 838° and 889,'? the electric utility industry has moved from a command and control
regulatory system towards a market-based regulatory system. During this seven-year
period, extensive additional research and development has been conducted that clearly
supports the proposal to account for the costs of installing CableCURE as a capital
expenditure under the FERC Uniform System of Accounts. Given the accounting policy
established in the namral gas rehabilitation products cases, together with the
unprecedented changes that have taken place in the electric utility industry and the
substantial empirical evidence supporting the future benefits associated with using
CableCURE, the Dow ruling is no longer appropriate. Accordingly, urilities should be

7 Id. (emphasis in original).

3 Egergy Policy Act, Pub. L. No. 102-486, 106 Stat. 2776 (1992).
9 Promoting Wholesale Competition Through Open Access Non-Discriminatorv Transmission
Services by Public Utilities: Recoverv of Stranded Costs by Public Utilities and Transmitring Utilities,
Order No. 888, FERC Stars. & Regs. (Regulations Preambles) 1 31,036 at 31,656-657 (1996), order on
rer’g, Order No. 888-A, Il FERC Stats. & Regs. 31,048 (1997), order on rek ‘g, Order No. 838-B, 81
FERC Y 61,248 (1997), order on rea’g, Order No. 888-C, 82 FERC 1 61,046 (1993).

i0 Open Access Same-Time Information System (Formerly Real-Time information Network} and
Standards of Conduct. Final Rule, Order No. 889, FERC Stats. & Regs. (Reguiations Preambles) § 31,035,
(1996), order on rea ‘g, Order No. 889-A, ILI FERC Stats. & Regs. § 31,049 (1997), order on reh’g, Order
No. 889 -B, 81 FERC 161,253 (1997).
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permitted to account for the costs of installing CableCURE into URD cable as a capital
expenditure under the FERC Uniform System of Accounts.

IV. Commission Precedent Permitting the Capitalization of Natural Gas
Rehabilitation Products.

From 1994 through 1997, the Deputy Chief Accountant issued a series of letter
orders permitting natural gas pipeline companies to account for the costs associated with
using pipeline rehabilitation products as capital expenditures under the FERC Uniform
System of Accounts.!! Prior to 1994, pipeline companies were required to account for
these costs as an expense. The rationale for this change in accounting policy appears 10
be based on three specific factors. First, the pipeline rehabilitation products extended the
useful life of the gas pipelines beyond their estimated service life. Second, these products
added value by significantly enhancing reliability and improving public safety. Third, the
Commission found that costs associated with pipeline rehabilitation products are “non-
recurring” costs as opposed to routine maintenance expenses. 2

V. Accounting for the Costs of Installing CableCURE as a Capital Expenditure
Is Consistent with the Capitalization of Natural Gas Rehabilitation Products.

The instant request for an accounting ruling fails squarely within the precedent
established by the Commission permitting the capitalization of natural gas pipeline
rehabilitation products. Specifically, CableCURE: (1) extends the usefui life of URD
cable well beyond its estimated service life; (2) adds value to URD systems by
substantially increasing URD cable’s dielectric capacity; (3) significantly enhances
reliability and improves public safety; and (4) provides direct economic and
environmental benefits to public utilities and ratepayers. Since the costs of instailing
CableCURE to URD cable only affect future periods, these costs should be capitalized
and allocated to the future periods benefiting from them. "

u See Florida Gas, supra note 3; Kaneb Pipe Line, supra note 3; Northwest Pipeline, supra note 3;
South Georgia, supra pote 3; Williamos Nawiral Gas, supra note 3; Colonial Pipeline. supra note 3.

2 As a result, pipeline companies may now capitalize the costs associated with: (1) installing pipeline
coating; (2) using hydrostartic testing and retated srmart pigging for exposed of shallow pipelines; and (3)
line fowering. In addition, the Commission has allowed pipeline companies to account for the costs of
using an Elastic Wave lnspection Tool (crack pig) as a capital expenditure.

S See ELOON S. HENDRICKSEN, ACCOUNTING THEORY, (Richard D. Irwin, Inc. 1970).
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A. CableCURE is 2 Life Extension Prodact.

CableCURE is an underground transmission and distribution cable rehabilitation
product used primarily to extend the usefui life of URD cabie bevond its estimated
service life.'* In contrast to the ruling in Dow, CableCURE does not merely prevent
URD cable “failure before, and maintain the cable’s actual service life until, the end of its
estimated service life.” 59 FERC at 61,664-65. Over the past thirteen years, data has
beea coilected that conclusively establishes that CableCURE “extends the service life of
[URD)] cable by at least 20 years.”* See Affidavit of Glen J. Bertini, attached hereto as
Exhibit A. It should be noted that CableCURE?’s life extension fimction is guaranteed by
Utilx Corporation, the licensed distributor of this product, through a twenty (20) year, full
money-back warranty, that runs from the date that the cabie is injected with this URD
cable rehabilitation product. The following examples provide substantial evidence of
CableCURE’s life extension capabilities.

In 1996, CableCURE was injected into two 10,700 foot submarine cables owned
by Northern States Power Company (“NSP”) that run across the bottom of Lake
Superior.'® The cables were installed by NSP in 1963 and had an estimated service life of
15-30 years.'” Rather than replacing the cables, NSP decided to extend the service life of
the 33-year old submarine cables by injecting them with CableCURE." Subsequent to
injection, NSP tested the cables and returned them to service at normal load."® Ata
minimum, NSP expects to get another 20 years of service beyond the submarine cables
estimated service life for a total actual service life of 53 years.?® In other instances,
utilities injecting CableCURE into young, failing cable have experienced a minimum ten
additional years of reliable service bevond the estimated service life of the cabte.?’

“ See CableCURE: Simple. Effective, Affordable. SPOTLIGHT: TEXAS UTILITIES COMPANY SYSTEM.
(Nov./Dec. 1994)“TU CableCURE Swudy"). See also John Lowrey, Taking the CableCURE, RURAL
ELECTRIFICATION 32. 33 (Oct. 1998).

i See Glen J. Bertini. CableCURE Dielectric Enhancement Technology: The Next Generation,
presented at the IEEE/ICC Annual Meeting (Nov. 8, 1993). See also Stephen W. Mokry, etal., Cable Fault

" Prevention Using Dielectric Enkancement Technology, REE 73, 78 (Aug. 1996)(hereinafter “Dielectric
Enhancement Technology™).

6 See Profiles of 10 Pacesetting Projects: Longest Submarine Cable Injected with Silicone,

ELECTRICAL WORLD 60 (Aprit 1996)(“Pacesetting Projects™).

7 See Id.
' See Id.
® See Id.
» See Id.
n See TU CableCURE Studv, supra aote 14.



B. CableCURE Adds Value to Cable Systems by Increasing the
Dielectric Strength of Power Cable.

As noted in the affidavit of Glen J. Bertini, CableCURE increases the diefectric
strength, or “voltage capacity,” of URD cabie by preventing watcr-rclated deterioration
resulting from oxidation within the cable’s polyethylene insulation.? Specifically, as
URD cable ages and oxidizes, swiss cheese-like voids, cailed “water trees,” develop in
the insulation.” The constant passage of current through the cable, combined with
specific electrical and environmental events, ultimately reduces the voltage capacity of
the URD cable.* Once injected, CableCURE ameliorates the effects of water-related
deterioration and “increases dielectric strength of [URD] cable by up to 350 percent.”®
Documented test resuits show that failing URD cables running at 25-50 percent of their
dielectric capacity rating, after being injected with CableCURE, have been successfully
restored up to 100-120 percent of their original dielectric capacity rating.

C. CableCURE Adds Value to URD Systems by Significantly Enh‘ancmg
Reliability of URD Cable.

In addition to extending the life and substantially increasing the dielectric
properties of URD cable, CableCURE adds value to URD systems by significantly
enhancing URD cable reliability, thereby improving public safety. As noted by Mr.
Bextini, the reliability role played by CableCURE is significant. Over the past thirteen
years, CableCURE has been xnjected into approximately 15 million feet of URD cabie
with a 99.5-percent success rate.”’ Specifically, 17,812 sections of small URD cable have
been treated with CableCURE, with only 102 reported cases in which CableCURE failed
to increase the dielectric su'ength of URD cable within the first six months after injection
(“Dielectric Strength Failures™).? Approximately 1,440 sections of large URD cable
have been injected with CableCURE, with only 40 reported Diclectric Strength Failures.”
Out of 19,252 sections of URD cable treated with CableCURE between 1986 and 1999,
only 142 Dielectric Strength Failures have been reported.”®

z See Diefectric Enkancement Technology, supra note 15.

B Seeld.
# See Id.

g Bertini Affidavit at 3; Walter Conzer, [nnovauve Utility Uses Enkancement Process To Extend
Cable Life, TRENCHLESS TECHNOLOGY (March 1994).

» See G. Bruce Shattuck, New Technigue Saves URD Cable, TRANSMISSION & DISTRIBUTION (Aug.
1995)(hereinafier “Saving URD Cable”).

z Bertini Affidavit at 3; Paceserting Projects, supra vote 16.
® Beruni Affidavit at 3.
» See ld

% See ld.



Given the significant competitive pressure that public utilities are under to
simuitaneously enhance refiability and increase shareholder value, the Conmmission
should ensure that it removes all disincentives to attract capital to the regulated
infrastructure side of the business. Approving the instant request to capitalize the costs of
installing CableCURE would help remove a possible disincentive and would allow the
Commission to take a leadership role on reliability issues, while allowing the actual
reliability decision-making process to remain tied to the marketpiace.

D.  Accounting for the Costs of Installing CableCURE as a Capital
Expenditure Provides Direct Economic aud Environmental Benefits
for Public Utilities and for Ratepayers.

1. Economic Benefits.

The Commission’s current accounting treatment of CableCURE discourages
investment in new, cost-efficient technologies that provide significant functional and
economic benefits to public utilities and ratepayers. As noted below, the cost of installing
CableCURE is estimated to be approximately 40-50 percent of the cost of replacing URD
cable itself. By granting the requested accounting ruling, utilities will have a clear
economic incentive to undertake cost-efficient URD system upgrades and incrementaily
defer the costs associated with large, full-repiacement capital improvement projects,
without sacrificing system reliability or public safety.

The rehabilitation of Northern States Power Company’s Lake Superior submarine
cables, discussed in Section V.A above, provides a paradigmatic example of the cost-
savings that public utilities would incur when using CableCURE.?! The replacement
costs for the 10,700 foot submarine cables were estimated to be approximately $18-320
per conductor foot, or $400,000, and the total replacement costs were estimared to be
approximately $700,000.°2 By comparison, the cost associated with instailing
CableCURE in both cables was approximately $50,000, which provided NSP with
approximately $650,000 in savings over the cost of replacing the submarine cables.” In
another case, a utlity instailing CableCure 1o over one million feet of URD cable was
able to obtain more than a 50 percent savings over the cost of replacing this cable.**
Finally, Puget Sound Energy, Inc. (“Puget Sound”) has stated that permitting it to
capitalize the costs of installing CableCURE into its URD system will result in

n Pacesetning Projects, supra note 16,

»2 See ld,

B See d.

» See Bill Koch, Sificone Injection Becomes a Part of Cable Maintenance, ELECTRIC WORLD 27, 29
(June 1998).



" approximately $160 million in dtrectratepayerbeneﬁts over the next 25 years, while
achicving equal or better system reliability.

2.  Environmental Benefits.

As of 1995, more than 4,000 miles of URD cable has been installed throughout
the United States. ¥ Much of the URD cable is buried in local neighborhoods beneath
driveways, lawns and gardens. Many jurisdictions are increasingly concemed about
disturbing local infrastructure projects, such as paving, which resuits in an escalation of
restoration costs to taxpayers (who also are ratepayers). Additionally, as noted by Puget
Sound, the management of water resources and its relationship to measures such as the
Endangered Species Act complicate what was formerly thought to be a very benign
comstruction activity.”’ Today, nearly half of the cost of a replacement project is related
to trenching and restoration.” Thus, totheextetnthamcanbeconn'oued,mmmuzmg
the amount of trenching is critical. )

The environmental benefits of the requested accoun'ang ruling are s:gmﬁcant
Specifically, approving this petition would provide an economic incentive to minimize
the intrusive construction that utilities must undertake to upgrade URD system reliability
in the various jurisdictions within which they operate and create less risk to the
management of water resources. Moreover, utilities would be able to significantly reduce
their URD system remediation costs, and ratepayers would experience fewer outages
related to URD cable failure.

s See Petition of Puger Sound Energy, Inc., For an Order Regarding the Accounting Treatment of @
Proposed Silicone Injection Program, Washington Transportation and Utilities Comumission, Docket No.
UE-991328 (Aug. 23, 1999)(hereinafter “Accownsing Petition for Provosed Silicone [njection Program™.
% See Saving URD Cable, supra note 26.

3 See Accounting Petition for Proposed Silicone Injection Program, supra note 35.

b Seeld

0027206.90¢ 8



VL Comnmnigtions. '

All communications regarding the instant filing should be forwarded to the
following persons:

C.S. Thrasher Clifford S. Sikora
Vice President and Comptroller R. Michael Sweeney, Jr.
Georgia Power Company TROUTMAN SANDERS LLP
241 Raiph McGiil Boulevard, N.E. 1300 I Street, N.W.
Atlanta, Georgja 30308 Suite 500 East
(404) 506-6733 Washington, D.C. 20005

: (202) 274-2950

VII. Conclusion.

Wherefore, Georgia Power Company respectfully requests that the Chief °
Accountant issue a letter order granting authority to account for the costs of installing
CableCURE to URD cable as 2 capital expenditure under the FERC Uniform System of
Accounts, effective December I, 1999.

Very Truly Yours,

[

C.S. Thrasher

Vice President and Compuroller
Georgia Power Company

241 Ralph McGill Boutevard, N.E.
Atlanta, Georgra 30308

(404) 506-6733
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Exhibit A

Affidavit of
Glen J. Bertini, P.E.
' on behalf of
Georgia Power Company
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UNITED STATES
BEFORE THE
FEDERAL ENERGY REGULATORY COMMISSION

)
Georgia Power Company ) Docket No. AC00-___-000
)
AFFIDAVIT OF
GLEN J. BERTINI
ON BEHALF OF
GEORGIA POWER COMPANY

1, Glen J. Bertini, being first duly sworn, depose, and say:

- L

Please state your name, title and business address.

My name is Glen J. Bertini. I am the Senior Vice President of Business -
Development and International Operations for Utilx Corporation (*Utilx™). Utilx’s
principai place of business is 22820 Russell Road, Kent, Washington 98032.

Please state your expetience and qualifications.

I am a licensed Professional Engineer. At present, [ hold six patents in
technologies associated with cable dielectric enhancement, and I am a past
Member of the American Institute of Chemical Engineers, currently a Senior
Member of the Institute of Electrical and Electronic Engineers and the Power
Engineering Society, and a voting member of the Insulated Conductors.
Committee. In September of 1992, L, along with several other co-developers,
received the R&D 100 award for one of the 100 most technologically significant
innovations in the world, for development of underground cable dielectric
enhancement technology.

For the past thirteen years, I have focused my career exclusively on the research,
development, and marketing of CableCURE, an underground transmission and
distribution cable rehabilitation product. In October 1991, I joined Utilx as
Director of the CableCURE Program, when Dow Coming Corporation’s (“Dow
Corning™) CableCURE business unit was acquired by Utiix. From 1980 through
1991, I was empioyed by Dow Corning in various technical and financial roles. In
1986, 1 was assigned by Dow Corning as one of the original team members
responsible for the research, development, and commercialization of CableCURE.



What is the purpose of your affidavit?

X have prepared this affidavit in order to provide evideace supporting the petition
filed by Georgia Power Company in the above-referenced docket seeking an
accounting ruling that would permit Georgia Power and other public urilities to
account for the costs of installing CableCURE as a capital expenditure under the
FERC Uniform System of Accounts. I am personally familiar with the facts set
forth herein establishing that the injection of CableCURE into in-service and field-
aged underground residential distribution (“"URD"™) cable adds value to URD
systems by increasing the dielectric strength, or “voitage capacity,” of the URD
cable. As discussed herein, CableCURE increases the value of URD systems by:
(i) extending the actual service life of the cable well beyond its estimated service
life; and (ii) significantly enhancing the refiability of URD systems and improving
public safety. v

How does CableCURE effect URD cable’s dielectric strength?

L]

CableCURE has tliree distinct effects on URD cable’s dielectric strength. First,
CableCURE effectively dries URD cabie suffering from water-related deterioration
by bonding with water molecules that have infiitrated the cable’s polyethylene
insulation, The presence of water in the high electric field of the insulation creates
swiss-cheese like voids within the insulation called “water-trees”, Removing the
water from these voids increases the cable’s overall dielectric strength. Second,
CableCURE gels within the water-trees and fills these voids while boosting the
voltage capacity of the polyethylene mnsulation of URD cable. Third, CableCURE
imparts a retardancy that siows the fisture growth of water trees within the URD
cable.

‘What evidence exists that the injection of CableCURE into URD cable extends the
useful life of URD cable and enhances the reliability of URD systems?

I have personaily conducted, co-authored, and published two case studies that
specifically address the fisture benefits associated with using CabieCURE on in-
service and field-aged URD cable.! These studies conclusively establish that
CableCURE substantially increases the dielectric capacity of URD cable, thereby
extending the service life of the cable by a minimum of tweaty years and
significantly enhancing reliability of URD systems, thereby improving public safety.

- Each of the case studies discussed-above evaluated in-service, 16-22 year field-

aged polyethylene power cables with conductor sizes varying from S4rmm’ (small
cable) to 507 mm? (large cable) and insuiation thicknesses varying from 4.4 mm to

See S.W. Mokxy, et al., Cable Fault Prevention Using Dielectric Enhancement Technology,

REVUE DE ELECTRICITE ET DE L'ELECTRONIQUE (Aug. 1996); K.A. Jenkins and G.1. Bertni, Fowth
Generation Dielectric Enhancement Technology, JICABLE (June 1999).
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22.9 mm that were mjected with CableCURE under both laboratory and field
conditions to determine the effectiveness of the CableCURE treatment process at
varying times after injection. The case studies examine several distinct cable
circuits with voltages varying from 15 kV to 115kV to assure a broad
representation of service history and underground power cable type. In order to
provide standardized resuits, each study performs an AC breakdown analysis,
microscopic examination for water trees and infra-red micro-spectroscopic
examination in order to determine the efficacy of the treatment process for the
underground cables tested. After injection with CableCURE, the studies reveal
that the dielectric capacity of URD cable improves by one-half percent every day,
or about 30 percent in 60 days, and continues to increase until it reaches its
maximum at 350 percent dielectric improvement (which is comparable t0 2 new
URD cable), thereby ﬁmcuonally extending the service life of URD cable by a
minimum of 20 years.?

With regards to reliability, empirical data collected since 1986 shows that
approximately 15 million feet of URD cable has been injected with CableCURE
with a 99.5 percent success rate. Specifically, 17,812 sections of small URD cable
have been injected with CableCURE, with only 102 reported cases in which
CableCURE failed to increase the dielectric strength of the URD cable within the
first six months after injection (“Dielectric Strength Failures™). In addition,
approximately 1,440 sections of large URD cable have been injected with
CableCURE, with only 40 reported Dielectric Strength Failures. Thus, over the
past thirteen years, 2 total of 19,252 sections of URD cable have been treated with
CableCURE, with only 142 reported Dielectric Strength Failures.

6. Please state your conclusions.

Based on the empirical data set forth above, I conclude that by increasing the
dielectric strength of URD cable and preventing failures due to voltage capacuy
loss from water-related deterioration, CableCURE extends the actual service life of
URD cable well beyond its estimated service, significantly enhances reliability of
URD systems, and improves public safety.

2 1. Pilling and G.J. Bertini, /acorporating CableCURE Injection Program into a Cost-effective
Reliability Program, presented at the [EEE Rural Electric Power Conference, St. Louis, Missouri, (April
2628, 1998).
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UNITED STATES
BEFORE THE
FEDERAL ENERGY REGULATORY COMMISSION

)

Georgia Power Company ) Docket No. AC00-___-000
| )

VERIFICATION

I, Glen J. Bertini, being sworn, state that [ am the Senior Vice President of
&mmMmmdemmonﬂOpmonsfmUﬂmepomomandthatlhm

read the foregoing affidavit and that its conteats are true -

| 4\1\//}— y)ﬂL_'

Gl J. Bertini
. -
Subscribed and sworn to before me this day of November, 1999. \
_Ein Al )

Notary Public
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