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Abstract: The neutral grounding of single- and three-phase ac electric-utility primary distribution 
systems with nominal voltages in the range of 2.4 kV – 34.5 kV is addressed. Classes of 
distribution-systems grounding are defined. Basic considerations in distribution-system grounding 
concerning economics, control of temporary overvoltages, control of ground-fault currents, and 
ground relaying are addressed. Also considered is the use of grounding transformers, grounding 
of high-voltage neutral of wye-delta distribution transformers, and interconnection of primary and 
secondary neutrals of distribution transformers. 
 
Keywords: distribution-system grounding, distribution systems, electric utilities, grounding, 
IEEE C62.92.4™, neutral grounding, primary distribution systems 
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Important Notices and Disclaimers Concerning IEEE Standards Documents 

IEEE documents are made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the 
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards 
Documents.” 

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents 

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a 
consensus development process, approved by the American National Standards Institute (“ANSI”), which 
brings together volunteers representing varied viewpoints and interests to achieve the final product. 
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE. 
While IEEE administers the process and establishes rules to promote fairness in the consensus development 
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the 
soundness of any judgments contained in its standards. 

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other 
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness 
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness 
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.” 
Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related 
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved 
and issued is subject to change brought about through developments in the state of the art and comments 
received from users of the standard.  

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his 
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as 
appropriate, seek the advice of a competent professional in determining the appropriateness of a given 
IEEE standard. 

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 

Translations  

The IEEE consensus development process involves the review of documents in English only. In the event 
that an IEEE standard is translated, only the English version published by IEEE should be considered the 
approved IEEE standard. 
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Official statements  

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board 
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its 
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, 
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall 
make it clear that his or her views should be considered the personal views of that individual rather than the 
formal position of IEEE.  

Comments on standards 

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice 
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a 
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a 
consensus of concerned interests, it is important that any responses to comments and questions also receive 
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and 
Standards Coordinating Committees are not able to provide an instant response to comments or questions 
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not 
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE 
standard is welcome to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

 Secretary, IEEE-SA Standards Board  
 445 Hoes Lane  
 Piscataway, NJ 08854 USA 

Laws and regulations  

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

Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. 
They are made available by IEEE and are adopted 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 these documents available for use and 
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the 
documents. 

Photocopies  

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to 
photocopy portions of any individual standard for company or organizational internal use or individual, 
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance 
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission 
to photocopy portions of any individual standard for educational classroom use can also be obtained 
through the Copyright Clearance Center. 
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Updating of IEEE Standards documents  

Users of IEEE Standards documents should be aware that these documents 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 IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.  

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten 
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although 
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to 
determine that they have the latest edition of any IEEE standard. 

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 IEEE-SA Website at 
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more 
information about the IEEE SA or IEEE’s standards development process, visit the IEEE-SA Website at 
http://standards.ieee.org. 

Errata  

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: 
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata 
periodically. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to 
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant 
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the 
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may 
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without 
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of 
any unfair discrimination to applicants desiring to obtain such licenses. 

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE 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 standard 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. Further information may be obtained from the IEEE Standards Association. 
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Introduction 

This introduction is not part of IEEE Std C62.92.4-2014, IEEE Guide for the Application of Neutral Grounding in 
Electrical Utility Systems—Part IV: Distribution. 

This guide is a part of a series of standards on neutral grounding in electrical utility systems. When the 
series was first approved and published, it replaced IEEE Std 143™-1954, IEEE Guide for Ground-Fault 
Neutralizers, Grounding of Synchronous Generator Systems, and Neutral Grounding of Transmission 
Systems. In this series of documents, individual considerations and practices have been given to the 
grounding of synchronous generator systems, generator-station auxiliary systems, and distribution systems.  

IEEE Std 143-1954 is a revision of AIEE No. 954, October 1954, which was a compilation of the following 
three AIEE Transaction papers:  

 AIEE Committee Guide Report, “Application of Ground-Fault Neutralizers,” AIEE Transactions 
(Power Apparatus and Systems), vol. 72, pt. III, pp. 183–190, April 1953. 

 AIEE Committee Report, “Application Guide for the Grounding of Synchronous Generator 
Systems,” AIEE Transactions (Power Apparatus and Systems), vol. 72, pt. III, pp. 517–530, June 
1953. 

 AIEE Committee Report, “Application Guide on Methods of Neutral Grounding of Transmission 
Systems,” AIEE Transactions (Power Apparatus and Systems), vol. 72, pt. III, pp. 663–668, 
August, 1953. 

The contents of Parts I–V of the revision of IEEE Std 143-1954 are based on these documents but are 
amplified and updated with new material from the IEEE tutorial course “Surge Protection in Power 
Systems” (79EH0144-6-PWR) and other sources.  

In Part I through Part V of this series, the emphasis is on power-system grounding practices as contrasted 
with the grounding, for example, of industrial systems, which is covered in other guides and standards. 
These guides and standards should be referenced, when appropriate, to gain a full picture of other 
grounding practices. 

It is impossible to give recognition to all those who have contributed to the technology and practices of 
grounding of power systems, since work involving the preparation of this guide has been in progress for 
more than 30 years. However, the assistance of members, past and present, of the Neutral Grounding 
Devices Subcommittee of the Surge Protective Devices Committee, and other similar groups with 
comparable purposes, should be acknowledged. 
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1. Overview 

 

1.1 Scope 

 

This section part of the guide is concerned with the neutral grounding of single- and three-phase 

alternating current (ac) electric-utility primary distribution systems with nominal voltages in the 

range of 2.4 kV to – 34.5 kV. For the purpose of this guide, the term “distribution” includes the 

substation providing power to distribution feeders, the distribution feeders, and the distribution 

transformers providing service at utilization voltages. The scope of this guide does not include the 

grounding of the low-voltage secondary systems supplied by distribution transformers or 

consumer-owned facilities that are covered by other standards documents such as the National 

Electrical Code® (NEC®) (NFPA 70, 2011 Edition) 
1 [B28]

2
 

 

 

1.2 Purpose 

 

The purpose of this guide is to provide information regarding neutral grounding of electric-utility 

primary distribution systems with nominal voltages in the range of 2.4 kV – 34.5 kV. Classes 

of distribution systems grounding are defined while basic consideration is given to economics, 

control of temporary over voltages (TOVs), control of ground fault currents, and ground relaying. 

 

 

 

 

 

 

 

- National Electrical Code, NEC, and NFPA 70 are registered trademarks of the National Fire Protection Association, Inc. 

 

2 The numbers in brackets correspond to those of the bibliography in Annex C. 
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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. 

 

IEEE Std 1410™, IEEE Guide for Improving the Lightning Performance of Electric Power 

Overhead Distribution Lines. 
3, 4

 

 

IEEE Std C62.92.1™, IEEE Guide for the Application of Neutral Grounding in Electrical Utility 

Systems—Part 1: Introduction. 

 

 

3. Definitions, acronyms, and abbreviations 

 

3.1 Definitions 

 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 

Dictionary Online should be consulted for terms not defined in this clause. 
5
 

 

3 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, 

Inc. 

 

4 IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, 

USA (http://standards.ieee.org/). 

 

5
IEEE Standards Dictionary Online subscription is available at: 

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 
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earth-fault factor (EFF): The ratio of the highest phase-to-ground power-frequency voltage on an 

unfaulted phase during a line-to-ground fault to the phase-to-ground power-frequency voltage 

without the fault. 

 

effectively grounded: Grounded through a sufficiently low-impedance (inherent, intentionally 

added, or both) so that the coefficient of grounding (COG) does not exceed 80%. This value is 

obtained approximately when, for all system conditions, the ratio of zero-sequence reactance to 

positive-sequence reactance, (X0/X1), is positive and ≤ 3, and the ratio of zero-sequence resistance to 

positive-sequence reactance, (R0/X1), is positive and < 1. 

 

 

3.2 Acronyms and abbreviations 

 

BIL basic (lightning impulse) insulation level 

 

COG coefficient of grounding 

 

EFF earth-fault factor 

 

MCOV maximum continuous operating voltage 

 

MOV metal-oxide varistor 

 

SCR silicon-controlled rectifier 

 

TOV temporary overvoltage 
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4. Classes of distribution-systems grounding 

 

4.1 General 

 

Distribution systems are classified as being either grounded or ungrounded. IEEE Std C62.92.1™
6
 

discusses means of grounding in detail. 

 

 

4.2 Ungrounded systems 

 

Ungrounded systems have the secondary windings of the distribution substation transformer 

connected either in ungrounded delta or ungrounded wye with the former connection being more 

common. The distribution feeders are three-wire, three-phase and two-wire, single-phase circuits. 

Surge arresters are connected from the phase conductor directly to earth, or to the grounded 

equipment tank or frame, either directly or through a spark gap. 

 

 

 

 

 

 

 

 

 

6 Information on references can be found in Clause 2. 
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4.3 Grounded systems 

 

4.3.1 Background 

 

Grounded systems usually are derived from a distribution substation transformer with wye-

connected secondary windings and with the neutral point of the windings solidly grounded or 

connected to ground through a non-interrupting, current-limiting device such as a reactor, etc. or 

resistor. A grounding transformer may also be used to establish a grounded system. The circuits 

associated with grounded distribution systems generally have a neutral conductor connected to 

the supply grounding point. The neutral conductor of the distribution circuits may be connected to 

earth at frequent intervals (multi-grounded), or it may be fully insulated and have no other earth 

connection except at the source (uni-grounded). In three-wire uni-grounded systems, a neutral 

conductor is not run with each circuit, but the system is grounded through the connections of the 

substation transformer or grounding transformer and sometimes at the customer transformer. 

 

 

4.3.2 Four-wire multi-grounded systems 

 

The neutral conductor associated with the primary feeders of multi-grounded neutral distribution 

systems is connected to earth at minimum intervals specified by national or local codes. It is also 

common practice to bond this neutral conductor to surge-arrester ground leads and to all 

noncurrent carrying parts, such as equipment tanks and the grounded end of guy wires, and to 

interconnect it with the secondary neutral conductor or grounded conductor. In some situations, the 

same neutral conductor is used for both the primary and secondary systems. There is some 

variation in this practice, however, and some utilities do not interconnect the primary and 

secondary neutral conductors nor bond the neutral to the grounded end of guy wires. If no direct 

interconnection is made, the secondary neutral conductor may be connected to the primary 

neutral conductor through a spark gap or arrester. 
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Surge arresters on multi-grounded neutral systems are connected directly phase-to earth-ground, 

and their grounding conductor may be interconnected directly to the primary neutral conductor and 

equipment tanks. They may also be interconnected with the secondary neutral at transformer 

installations. See Annex B for a discussion of techniques for interconnecting primary and secondary 

neutrals. 

 

 

4.3.3 Four-wire uni-grounded systems 

 

Four-wire uni-grounded systems are systems where have the primary neutral conductor is 

insulated at all points except at the source. The neutral conductor in these systems is connected to 

the neutral point of the source transformer windings and to ground. Distribution transformers 

usually are connected between phase and neutral conductors, with the surge arrester connected 

between phase and ground. Some four-wire uni-grounded systems use an arrester between the 

neutral conductor and ground. A spark gap may also be used at the distribution transformer 

between its secondary neutral and arrester ground to provide better surge protection to the 

transformer windings. The principal advantage of four-wire uni-grounded systems is the greater 

ground relaying sensitivity that can be obtained in comparison to multi-grounded systems (see 5.4). 

 

 

4.3.4 Three-wire uni-grounded systems 

 

On three-phase three-wire primary-distribution circuits, single-phase distribution transformers are 

connected phase-to-phase. The connection of three single-phase distribution transformers or of one 

three-phase distribution transformer is usually delta-grounded wye or delta-delta. The floating wye-

delta or T-T connections (back-to-back Scott-T transformers) also can be used. The grounded wye-

delta connection is generally not used because it acts as a grounding transformer. Surge 

arresters are generally connected phase-to-ground. However, the surge-arrester rating is higher 

than those that used on multi-grounded neutral systems since the temporary 60 Hz power-

frequency overvoltages expected under fault conditions are also higher. 
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4.4 Use of grounding transformers 

 

The feeders from an ungrounded systems may be grounded by the use of a grounding transformer, 

which may be connected in zig-zag or in grounded wye-delta. The grounding transformer provides 

a source for zero-sequence current and will permit the addition of a neutral conductor to an existing 

ungrounded circuit. 

 

 

5. Basic considerations in distribution-system grounding 

 

The basic considerations in distribution system grounding are economics, control of overvoltages, 

control of fault current magnitude and return path, and ground fault protection. 

 

 

5.1 Economics 

 

Ungrounded and three-wire uni-grounded systems generally result in the least investment when 

the load is mostly three phase. On the other hand, costs favor multi-grounded neutral systems 

when the loads are mostly single phase. Several factors must shall be given consideration to 

determine if the system should be grounded or ungrounded. Refer to IEEE Std 1410. 

 

One factor to consider is the geographical area and the isokeraunic level in which the system will be 

operating. This will have considerable effect on the type of surge arresters required and the degree 

of direct-stroke protection that is considered necessary. In an area having a high isokeraunic level, it 

may be advantageous to use a static wire or an overhead shield wire for direct stroke lightning 

protection. The primary neutral conductor can very easily be used for the shield wire and may also 

function as a common neutral conductor with the secondary system. However, with the use of aerial 

cable for secondary circuits, there will be some duplication of neutral conductors that may not be 

objectionable compared with the reduced outages and reduction of trips for fuse replacement and 

repair of lightning- damaged equipment. Also, the number of ground connections on the neutral 

conductor per mile of line must be considered. 
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Generally, a minimum of four ground connections per mile is considered adequate for a four-wire 

multigrounded neutral system, but, with the use of a static or overhead shield wire, it may be 

necessary to install grounds on every pole. 

 

Another method of providing lightning protection that is affected by the type of grounding is the use 

of surge arresters installed on each conductor at intervals of approximately every 394 m (1200 ft). 

The voltage rating of the arrester is directly related to the effectiveness of grounding employed on a 

particular system. For example, the arresters on a three-wire three-phase ungrounded system would 

need a voltage rating suitable for the phase-to-phase voltage. On the other hand, on an effectively 

grounded four-wire three-phase circuit, the arresters may have a voltage rating of only 75% of the 

phase-to-phase voltage. This may also allow the use of equipment having a lower Basic Insulation 

Level (BIL). 

 

The use of multi-grounded neutral distribution systems that satisfy the requirements of effectively 

grounded systems provides several areas in which reduced costs can be realized. Some of these 

areas include the following: 

 

a) The National Electrical Safety Code® (NESC®) (Accredited Standards Committee C2-2012)
7 

[B1] permits neutral conductors that are multigroundedmulti-grounded on systems with a 

phase-to-ground voltage of 50 22 kV and below to be attached directly to the structure 

surface. The same neutral conductor may be used for both the primary and secondary 

systems. 

 

b)  Surge arresters with lower maximum continuous operating voltage (MCOV) ratings can be 

used. 

 

c)  Lower surge-arrester voltage MCOV ratings may permit lower equipment basic insulation 

level (BIL), especially at the higher distribution voltages. 

 

7 National Electrical Safety Code and NESC are both registered trademarks and service marks of the Institute of Electrical 

and Electronics Engineers, Inc. 
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d) Equipment costs are reduced since it is necessary to use only one fuse cutout, arrester, and 

primary bushing on a single-phase distribution transformer. 

 

e) The earth acts as a conductor in parallel with the neutral, sometimes allowing reduced 

conductor size and a decrease in losses. However, it should be noted that a reduced neutral 

conductor size will may increase ground current and may produce or increase neutral-to-

earth voltage. 

 

f) Single-phase distribution transformers with one high voltage bushing may have a primary 

winding with reduced insulation at the neutral end. Three-phase distribution transformers 

with the primary windings connected in grounded wye may also have reduced insulation at 

the neutral end. 

 

 

5.2 Control of temporary overvoltages (TOVs) 

 

5.2.1 Faults to ground 

 

Faults to ground on power systems may cause fundamental frequency overvoltages on the 

unfaulted phases which that last for the duration of the fault. The grounding of the system 

determines the magnitude of these overvoltages, which in turn establishes the minimum voltage 

rating of surge arresters used on the system. 
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Based upon an evaluation of circuit parameters, operating voltage limits, type of construction, and 

distribution transformer magnetizing characteristics, a proposal for the selection of voltage ratings 

of silicon-carbide distribution- class surge arresters has been made by a working group of the IEEE 

Surge-Protective Devices Committee
1
. The group proposed that the duty cycle voltage rating of surge 

arresters selected for open-wire multigrounded neutral systems be equal to or greater than the 

nominal line-to-neutral voltage multiplied by the product of the Range A factor 1.05 (from ANSI 

C82.1-1985 [B3]), and 1.2, which is the maximum voltage rise on the unfaulted phases of a loaded 

circuit. This is equivalent to 1.25 times nominal line-to-neutral system voltage. method for the 

selection of MCOV ratings of metal- oxide distribution-class surge arresters is available in IEEE Std 

C62.22™ [B21]. 

 

An arrester’s MCOV rating is determined by taking into account the steady-state phase-to-ground 

voltage of the system as well as expected temporary overvoltage (TOV) that may occur on the 

system. Since the duration of TOV found on distribution systems are seldom known, the arrestor 

MCOV is chosen to be higher than the worst-case long-term TOV that could occur on a system. 

 

Similarly, for spacer-cable systems, a factor not exceeding 1.58 appears reasonable as the maximum 

value of overvoltage on the unfaulted phases of a three-phase circuit during single phase-to-ground 

faults. Taking into account connected distribution transformers, the factor reduces to 1.46. Thus, for 

spacer-cable systems, the duty cycle voltage rating of arresters should be based on the nominal line-

to-neutral voltage multiplied by the product of the Range A factor 1.05 and 1.46. This is equivalent 

to 1.5 times nominal line-to-neutral system voltage. 

 

The highest voltage an arrester will normally experience has traditionally been computed by 

considering a single line-to-ground fault as shown in Figure 1. The voltage to ground on the 

unfaulted phases will change by an amount that is a function of system impedances as illustrated in 

Fig 2 . 

 

 

 

1
Paper No. 71 TP 542-PWR. 
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