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1.0 PURPOSE

1.1 This procedure establishes methods for insulation resistance
testing Class IE and Non-Class IE electrical equipment and cable
identified as follows:

1.1.1 High potential testing of medium voltage systems*

including cable and equipment specified by Project
Engineering.

1.1.2 Insulation resistance testing (meggering) of electrical
cible and equipment and preparatory testing of medium
voltage systems prior to high potential testing.

NOTE: Megger testing of all 15KV, 513', and 600 volt power
cables, bus duct, switchgear, load centers, motor
control centers, power distribution panels, and
rotating equipment prior to systens turnover shall be

i performed by Startup.
..

2.0 DEFINITIONS

2.1 Abbreviations,ter=s,anddefinitionsmostcom$onlyusedinthis
procedure are contained in k'PP/QCI No. 1.0. '

.

3.0 REFERENCES ,

3.1 EE580 Cable and Raceway Manual.
'

3.2 Associated Research Hi-Pot Testing Manual for DC Hi-Pot Tester,
Model No. 5321.

,

3.3 IEEE Standard 43-1974. IEEE Recen: mended Practice for Testing
Insulation Resistance of Rotating Machines.

.

3.4 IEEE Standard 62-1958. Recomnended Guide for Making Dielectric
Measurements in the Tield.

3.5 WPP/QCI No. 5.0, "flonconforming Materials, Parts and Components".

3.6 Specification No. 13-EM-306, " Installation Specification for Cable
Splicing Termination and supports". (Section 15).-
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3.0 RETERENCES-(een't) ) " '/'
,

3.7 IEEE-STD-336-1971, " Installation, inspection, and Testing
Requirements for Instrumentation and Electric Equipment During the
Construction of Nuclear Power Generating Station".

3.8 KIP 004-G " Construction In-Service Tagging Procedure".
,

3.9 KIP 041-E, " Certification Testing of High Voltage Rubber Gloves and
Safety Llankets".

.

4.0 OUALITY CONTROL REOUIREMENTS

4.1 The Termination Engineer (TE) shall provide technical guidance and
surveillance f or testing of all Quality Class "Q", "R", and "S"
cables and motors. The Area Field Engineer (AFE) shall provide
technical guidance and surveillance for testing of all Quality
Class "Q", "R", and "S" equipeent as required.

NOTE: Where TE is identified in this procedure it shall be

taken to mean TE or ATE as applicable. , , ,

42 The TE shall witness the testing and record test results on the
cable / equip =ent test records. (Exhibit 256.0-1 and 256.0-2).

.

4.3 The QCE shall verify the test on Quality Class "Q" and associatec
cables and equipment.

4.4 The TE shall notify the responsible QCE at least one (1) hour prior
to testing to ensura QC participation. ,

5.0 CENERAL , .

5.1 The following relation defines voltage level, voltage rating and
service levelt

Voltage Level Rating Service Level

Low '600V 480 V
Medium SKV 4.16KV
Hedium 15KV 13.8KV

.

.

(

.

.
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5.2 sechtel safety procedures.shall be folloved for all tests to
protect e=ployees and equipment from harm. '

5.3 Test equip =ent shall be in goed operating conditten, clean (free of .|
dirt, dust. coisture. and all other contaminants) and be within *|
calibration limits.

1

5.4 The TE shall be familiar with the manufacturer's detailed
instructions, furnished with the particular test equipment to be *

used. -

NOTE: These instructions contain directions for connecting
and operating the test equipeent and also include -

valuable information on making insulation tests on
.

various types of installation.

5.5 Electrical terminations are inspected in ac:ordance with k*pP/QC1 i |No. 255.0. Record of that inspection status is maintained on the f '

EE580 cable termination card. '

: |

5.6 Requirements'for protective maintenance of motors are , covered in {|.
.

k'P/P No. 28.0. *
.

|

| |5.7 Megger readings shall be recorded upon stab (11:stion of resistance !

value. I I
*

1

I !5.8 k' hen negger testing cables, a separate "Co:penent Megger Test Data
Record" shall be used for each cable schena nutber. *

,

,

6.0 INSUI.AT10N RESISTANCE TEST ', '

I
'

6.1 Ceneral j,

'6.1.1 Deternine the type of magter test to be performed as
'

per paragraph 6.2 and 6.3..

6.1.2 Visually verify that the enclosure or frame is solidly
grounded to the station ground system.

L i

|-

,

.

'

.
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6.0 TN!t*:,A720N reg 1 STANCE 7tst (con't) *
. ..

.r
gelect a megger with the; proper DC eutput voltage.

.

6.1.3
E. .

6.1.4 Make circuit or component to be tested safe by opening
supply breaker, lifting leads, etc., and clearance
tagging as required by Reference 3.g.

*
6 .1. 5' Disch'arge equipment to be messered to station ground*

prior to performing insulation resistance test. ;,

< .

6.1.6 Repeat steps 6.1.1 through 6.1.5 as required prior to I

each sesser test. ;,

6.2 teviosent Mesterina
i

'

6.2.1 Megger equipment as follows: ,

6.2.1.1 Equipment rated 600 and belov shall be ,

tested at 1000 volts.
,

6.2.1.2 Equipment rated above 600 volts shall be
{*tested at 2500 volt or 3000 VDC depending

,

upon availibility of type af,segger. ' '.
.

6.2.2 Connect magger in acc.ordance with negger manufacturer's
,

instruction manual. i
...

6.2.3 Record negger readings on Exhibit 236.0-2 per the *

instructions contained in Appendix 11. If cables are
connected, record cable readings on Exhibit 256.0-2 per
the instructions contained in Appendix 11. Indicate in

,

the remarks section of the form that the cable is -

terminated to equipment.
. ..

6.2.3.1 'Upon completion of each test, ground -

component or circuit th'at was soggered to
discharge any accumulated charge.,

6.2.3.2 Repeat previous st'eps, as required, to 5

segger each phase.'

6.2.3.3 The r|eggering results for, rotating equip- [ment should be equal to or greater then
,

t

,

the sesohn value cemputed by formulas
*

;, .. .. .

,

I

'
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*N$t1AT 0'* 7:E!ISTANOI TEST (con't) '*'h,6.0 '

a.
g ,

..

Rm .= (kV*l) X- 100 I
,

.

R= = mini:u: acceptable insulation, resistance I
in =egoh:s. -

,

kV = rated Py.S k'11ovolts.
f

NOTE: Megger reading for n.otors shall be !

recorded when test voltage has
been applied for one (1) einute in
accordance with reference 3.3., .

6.2.3.4 Tor equipment other than cotors, the mini- !
mu= value shall be in accordance with (Table I. -

'

t6.2.3.5 If =egoh reading is less than the formula, rcontrolled heat shall be applied for dry- i

out operation before re=eggering. [
' i

'

No!E Refer to equip ent ennufacturer's technical information
tfor tenperature correction f actor (s) and drying-out '

procedures.

6.2.3.6 In the event of failure, remove all visible '

surface dust and moisture from the' equip ent !
being tested (cable jackets excluded). Vipe .
with lint-free cloth or blev of f with dry g,

air. Do not degrade insulation by direct !I
air impinge =ent.

|
6.2.3.7 Retest the component. In the event,a com- 8

ponent cannot be made to pass resistance
test, a NCR shall be prerated in accordance l
vith WPP/QC1 No. 5.0. 8

,

.

. ,.

6.2.3.8 Each vinding of rotating equipment shall |}
be checked for continuity prior to magger { ' t,
test.

.t

6.3 Cable Mercering , k. !
t
!6.3.1 All cables shall be checked for centinuity prior to

meggering and recorded en the " Component Megger Test
Data Record".

:
.

'-
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I,i ...
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. 6.3.2
. T. A- /

,

*. - All power esblehipnductors shall be meggered phase-
te-ground.~an'd M ase to phase. Fover circuits of''

m ! "snC vidual cabMraper phase shall be' messered only
ig , ,,,

\phasetoground. -If pod; cables are meggered when
,g <,

.f- % connected eo e4uipment, 41.1 associated control.,

N % ?
gs'

1%D-(>
).ircuitry mucq be isolateA' to prevent damage by'% p'ossible t;citage transtents.,

.e .*,4 ps..

.c 6.3.3 It is not rept sahded, in general, to unnecessarily ,~

isolare,1s; cad 1'sfroz an installation by breakinge.

y.' 9 ,, -
iitesertd.og(Mereissul'ficientdoubtabout' .,sp ;festing utCas.'. b tege'd tersfnals for the purpose

.

s
of

\, the serviceability,i of the cable.
.

,

/ i t I
,

3 t
_q , as s 6.3.4 Festore terminations cable support, etc., to as foundg '',_

cenditio-(if distyrbed f or magger .)hecking.ac 1g .>f ,

4
. \ '; Q;V 1" '

1.

O ,3'. 5 for pre; cry 14s/conductc,rs nod eonnected to ' equipment - ,|1g
.

h, ads. -the folf'ering eeggering requirements applyt-,
:>i .O ' ,4
;.,i

(
, ,, < , 9 g

g k ,'6.T.S.1 ), ' Power Tircuits cab 1$$ henducto'rs rated 600
, . .

;; -(t ' .

I|i t volts shall be sagdred, at 1000 volts.m .- 1 .
. 4 - %~, ..

. . K}
-

.A y
l.3.5.2 Power circuit cables /unductors rated over . . '

i

;.[ I ?- L *

a} 3
600 volts shal1 @e mefgered 2500'or 3000

.'.I i

volts.- g :, ,

d.3.5.3
, ' . .

.Poven. cables of 125qM shall be meggered l'a., ., at 1000 VDC. j,,
. . 3 .

a 6.4 'A'value of 100 mesche is considered acceptable for all cables. Any
..

. !
cable reading below this .vafue vill:be corgrad t: sanufacturer's = . '

specifiestion. . It'i value is less than convenurer's -recommendation.- ,

the cabla shall'tt' rejected. %. i
' '| :(,

LIf cables are connected to equipmen,t. minimum megger 3NOTE: ~

e
criteria as per paragraph 6.2.3.3 dall apply. .!

4

N ,-
t \

4.$ A polarization hidex test shall be performed on 4.16)*V and 13.8KV lY an ove&g eqilipuent to appraise insulation dryness and fitness for
rotatinj -voltage Wst. Read the resistance at 1 minute and 10 |-1' minutes. ThcNratieff '10 ~ minute reading to,1 minute reading is the. |-

'

polarisation index. Ne polarization index imust be ;it least L1.5
for Class A insulation 'and > 2.0 fer Class B. T. aYd H insulation.

j
'

'

'to proceed with DC over-voltige test.
.

(
, '

t ,
N i 'l
'u]

, : iy. \,

; .
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7.0; DC EIGH ?O*ENTIAL TEST g "Y~,
,

; ' 7.1 Due to the danger involved.vith hi-potential testing the following.
~

'

additienal safety proceiures shall be followed:

'7.1.1 An insulation resistance test shall be performed prior ,
to hi-pot testing any insulation. Do not conduct a DC
hi-pot test if the insulation resistance is belov R

~ ',
min, as described in Section 6.C.

7.1.2 The TE shall visually verify that barrier tape (yellov. *

vith black stripes) and danger signs are installed st a
safe distance around the test area.'(e.g., at each and
of cables and at equipment under test)..

.

7.1.3 A Safety Observer shall be stationed at. cable end
opposite from the test set.

.

NOTE: The Safety observer and Test Equipment Operator shall i
be in constant communication. .

'E
.

'a 7.1.4 The TE shall visually verify rubber gloves and a hot j
\ . s' tick are present. The rubber gloves shall be within i

certification limits and an air test shall be performed *

in accordance with Reference 3.9. '
,

'

7.1. 5 - Ths' high voltage. leads shall be spaced a minimum of
.

four inches (4") plus one inch -(1") from grounded ~ -

' surfaces for each 10KV incre=ent of test voltage. .

Where this distance cannot be achieved the leads shall . .-

be insulated with polyethylene or other insulating [,
material..

f.

7.1.6 To prevent any breeze from affecting the hi-potting I '.
-

process /results, whenever necessary a vind barricade i
shall be erected around the work area and/or 8

7

- polyethylene bags tied over the and of the cable.
,, ,

7.1.7 . Corona currents can not be prevented from reaching e ,'.

ground or micreammeter by grounding the bypass ~ svitch., ,,The correct method of stopping the corona current is '

;- . the usage of a corona guard / corona shield. I

L,
- 7.1.8 The motor phase leads shall be shorted to each other

f,L- prior to hi-potting.
;

i
|, 7.1.9 on rotating equipment which have RTD's, the RTD leads :
; shall be disconnected, shorted and grounded. I!* *

. , - .

[ -

.. .

j . ......, ,....n..n. - -:
.
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7.0 .DC F. GE POTENTIAL TEST (een't) *

'f, e
\

7.2L Test Precedures , ~

7 . 2 .' l The DC high poten:ial :ests shall be conducted in I
accordance with the instructions in Spe:. 13-EM-306. -

7.2.2- The TI shall be familiar with the operation of the
.

hi-pot test set and procedures _of DC hi-pot testing.
.

~7.2.3 The TE shall visually verify that the.tes: se: and
.

grounding are properly connected prior :o start of
test.

, ,,

i

7.2.4 The TE shall co=plete the :es:ing and record.the
results en the appropria:e data sheets.

.
~

7.2.5 If during the tes:, ~:he leakage current con:inues.to ;
increase without any increase in applied voltage, it
cay be an indica:icn of failing insulation. In all j
such cases the :es: should be ter=inated. The TE shall . *
deter =ine if the component shall'he tested-to .g-

r- destruction. ~~
.. p.

,
s .

7.2.6 If during the test, a tes: set circuit breaker trips .

'

due to sudden increase in current, it is an indication *

of probable failure in the cable. A failure can be ''
-

.

verified by the inability :o sustain the test voltage. ;
.-'

.7.2 7 Upon co:pletion of_the over-voltage test on cables, the '

applied voltage _ shall be reduced to zero and the DC set I
turned off. .On long lengths of cable, the time

, required to_ bleed off this charge =ay be from two (2). f'
'

t~ to five (5) minutes. . After the voltage has decayed to j"
less'than 10KV DC on the test set indicating volt =eter,. ;
apply'the DC. set ground hook stick to the DC t'est set fc,

'

high voltage output bushing or cable. Then ground the :
cable conductor.vich #16 or larger copper vire and f
leave the cable grounded fer at least four (4) times i-

the elasped time of the applied test voltage. For _!
exa:ple. if the total elasped time frem the initially [
applied. voltage is fifteen (15) einutes the cable :
should be grounded for at leas: one (1) hour. ).

I
7.2.8 The rate of rise for the DC hi-pot test voltage shall -|be gradual and shall be applied between the conductor ,

"

-or conductors -and the metallic sheath or shield. The [
'

L (
r
i
B

.

pr-spr gieesn estra '''
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'

7.2.8 initially applied DC voltage shall not be greater than
(con't) 20KY. The raie of increase from the applied voltage'to

the specified test veltage shall be apprcximately
unifor= and shall not be ever~one hundred percent'-

(100%) in ten (10) seconds ner less than one-hundred
percent (200%) in sixty (60) secends, per step' of
voltage.

'7.2.9 The voltage should be raised at a slev enough rate' to
avoid having the nietoac=eter pointer go off scale. -

E.O. ACCEPTANCE CRITERIA

8.1 If the leakage current does not become excessive (e.g. decays to a
lover stabili:ed value), the cable is accepted. Tailure is-
indicated by a gradual or abrupt increase in current sufficient to
trip the breaker of the test equipment or by an increase in current -

without increase in applied voltage.
. . " i
<t~

.ys 9.0 INS?ICTION REQUIREMENTS i
. . ;

.

9.1 At the' completion of a test, the TE~shall record the test results ;
'and shall sign and date in the space provided.

.

.
.9.2 The QCE for Quality Class "Q" shall witness the test and review the

test data and upon verification and acceptance of data shall stamp '

.and date the record in the. space provided. <

9.3 The TE or QCE as ' applicable shall prepare a NCR for the equipment.

or cable that failed the test. (Ref. W?P/QCI No. 5.0).

10.0 TEST DOCMfENTS ',*

.
,

-10.1 The test results shall be recorded on the appropriate documents..

I

10.2 Torms are to be completed by the appropriate engineer.
'

t
10.3 ' Forms for test . values (Exhibits 256.0-1 through 256.0-2) may be {

used to record values. Where the results are documented on IR's or [CIP's, these forms are not required. j
. . .

$_

>

?e

h:
.
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11.0 DOC:JMENTATION ,.'-

\ r
.

11.1 The TE shall transmit Quality Class "R" and "S" test records.. -

(Exhibit 256.0-1 and 256.0-2) to the LDTE. The LDTE shall file :he ~

tes: reccrd in the Electrical Departmen files. .

,

11.2 The responsible LDQCE shall fervard the comple:ed Quality Class "Q"
and asseciated class test records (Exhibit 256.0-1 and 256.0-2) to
DCC for file.

12.0 ATTACEMINTS

12.1 Exhibi: 256.0-1 (Rev. 1) " Electrical High Potential Test Record".

12.2 Exhibi: 256.0-2 (Rev. 2) "Cc:ponent Megger Test Data Record". *

12.3 Exhibit 256.0-3 (Rev. 0) Table I, " Insulation Resistance Acceptance
~

Criteria".

12.4 Appendix I Instructions for the preparation of the " Electrical High
.

~ , '

Potential Test Record". .

'

12.5 Appendix II Instructions for the prepara:1cn of the "C'mpenente -

Megger Test Data Record".
,

.
.

13.0 INCORPORATED PCN' S

13.l. Revision 5 to WPF/QCI is a ajor revision requested by .

Electrical /TE. '

s
a

13.2 Revision 3 to Appendix II is revised per Electrical /TE request. j
2

'
.
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.

&A. PURPOSE *

'f-,

ts .

1. To provide instructions for the prepara* don of the " Electrical High
Potential 'Ibst Record", (Exhibit 256.0-1) .

' s.

-B. ENERAL
,

'l.- Enter N/A for entries that are not applicable.
i.

C.' - TE ETRY inn,u nONS
-

' l. Ent:v No. Informa' don Becuired.

> .

1. Enter sheet nu.her and nL h of sheets.T
,. .

,
2. Enter unit number.- .

. 3. Enter scheme nuber.
~

* 4. Enter applicable cable code. ''-
.

,
,-

,
.

. . -

5. Ihter drawing nu:rber and revision nu:rber. .
.

6. Enter name of egaiprent and serial nu:rber if
applicable. .

7. Enter gaality class.
.

8. Enter 'the megger' pre-test data. Test equipTent *

n=6er (megger ID nuder), calih a' don due date and.

test voltage. The TE shall sign / initial and date.

acceptance of resistance, per Section 6.0 of this
procedure.

,

,

9. Enter test set ID nt:rber a:xi relibra+ don due date..

Enter Iraxir::rn test voltage to be used. Enter-

weather condition (e.g. dry, sto=y, dar.p, hu: rid,
. etc.). Enter values of test voltage steps to be

. used and the current values for each phase.

.

.

.

-

.
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cao a *' #, ,

2

..

C. TE EM DISTRDOTICNS (con't)
.

.

.
1. ' ' Entry No. I * Inferration Recuired

.,

10. Enter test numer ID n62 and r alibratica due
date. Enter the test voltage. Enter weather
condition (e.g. dry, wet, damp, hu:nid, etc.) . Enter
the current phase at tire incre: rents as listed an
the fom. -

NCTII: Khen ecuip:ent used for current versus voltage and
current versus tire tests is the sa:re, equiprent
entries used for Entry No. 9 are sufficient and the
b:nes for'Ite:n No.10 ray be left blank.

11. Enter failures as applicable including N3
neier (s) .

12. Enter re narks as apprcpriate.

. NOII: 2e pelarization index shall be entered in the
remarks sectica when applicable.

13. TE shall initial / sign and date acceptance of test..

In the eve.nt the equip ent fdils the hi-pet test,
initiate a N 3 per WPP/CCI No. 5.0.

14. CCE shall sta. p and date acceptance of test. L#. the-

equipmnt fails the hi-pot tests; initiate a N3 per
WFP/CCI No. 5.0. .

NOIE: For Quality claes "O" reghn*a, the CCE shall,

place a " hold sta:p" pending correctica of failure.

D. DOCL"WI"r.TICN
.

1. Se Electrical IICCE shall forward the c:roleted Oc.ality Class "Q" and
assocaited class test records to DCC for file.

~

2. De TE shall forward the test reccrds for Onlity Class "R" and "S" 'a
the IDFE for file in the Electrical Decamt.

.

.

.

.
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EI-?OT TESTING 256.0 , 3

APPENDIX Il
, , , , ,,

' ''A. PURPOSES g * *
.

,
.

1. To provide instructions for the preparation of the " Component
Megger Data Test Record", (Exhibit 256.0-2).

.

3. GENERAL

1.- ' Enter N/A for entries that are.not applicable.

-2. When megger testing of cables, a separate "Co=ponent Megger Test
Data Record".shall be used for each cable scheme number,

,

.._ --

4

-C.. TE ENTRY INSTRUCTIONS
,

1. Entry No. Information Recuired

1. ' Enter sheet nu=ber.

, .2. Enter name of equip =ent.

I fk. 3. Enter equipment tag nudber'or cable scheme
nusber.

4.. Enter unit number.

3. Enter the from/to location of the se' heme number if
applicable.

'

.

6. Enter test voltage.
.

7. Enter continuity per phase.

8. Enter the megger. resistance 'value for each . phase to
' ground and each phase to phase and polarity index when-
applicable.

9.. The TE shall initial and date acceptance of insulation
resistance test or initiate a NCR if the cable (s)
fails per W7P/QCI No. 5.0.

,-

10. QCE shall stamp and date verifying insulation
resistance'is acceptable or initiate a NCR if the.'
cable (s) fails per VPP/QCI No. 5.0.

.

.. .
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C. TE ENTRY INSTRUCTIONS (con't) '
-

a, y
\ j~

.

1. Entrv No. Infor=ation Reevired
.

,

.

NOTE: Tor Quality Class "Q" and associated cables, the QCE
shall pla:e a " hold stamp" pending correction of -

failure.

11. Inter applicable megger number and calibration
.

due date.

12. Indicate if disconnected to perfor= test. ~

13. Indicate reconnected after test.

14 Enter torque vrench number.
.

:
.

-

15. Enter torque wrench calibration due date.
S' .

3

-Y f16. Enter torque value. 3 [.
"

,"
17. Re= arks. Enter if cable is terminated to * ~.

;-

equipment. ( {.

-

. ;
.

D. DOCUMENTATION *

1. The Electrical LDQCE shall forward the co=pleted Quality Class "Q"
'

and associated class test data to DCC for file.
"

2. The TE shall forward the test data for Quality Class "R" and "S" to .

the LDFE for file in the Electrical Department. ;
,
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1. To previde instructions for,th'e preparation of the "Cc=penent
Megger Data Test Reccrd", (Exhibit 256.0-2). :

.

.

3. GENERAL

l ~. Inter N/A for entries that are not applicable. .

2. When negger esting of cables, a separate "Co=penent Megger Test-
Data Record" shall be used for each cable scheme nu=ber,

n

, -
.

C. ~E ENTRY INSTRUCTIONS '

1. Entry No. Information Recuired -
~:

-

1. Enter sheet ~ number. 'A

Yi.

2. Enter name of equip =ent. .# !,
!3. Enter.equipeent tag nu:ber or cable scheme ++,'

nu:ber. * ..
'

*

i.

4. Enter unit nu:bar. *

.

*
.

5. Enter the fro =/to location of the scheme nu:ber if !

..-

applicable. *j-
.

:.
6. Enter test voltage.

}}g .
. *

.t-7. Enter continuity per phase.
.

d,
*!'

-,

8. Enter the megger resistance.value for each phase to .
, **

ground and each phase to phase and polarity in'dex when .

applicable. * j-,

.

!. .v:
9. The TE shall initial and date acceptance of insulation j'32

resistance test or initiate a NCR if the cable (s)fa.ils per VFP/QCI No. 5.0. ,'

. -

F
.

10. QCE shall stamp and date verifying insulatien ',

; 4.resistance is acceptable or initiate a NCR if the, [{cable (s) fails per l'Pp/QCI No. 5.0.- 7-
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1. En:-v No. Info nt:fo . Receired
.

NOTE: Fer Quality Class "R" and associa:ed cables, the QOI
shall place a " held s:a:p" pending correction of -

failure.

11. In:er applicable = egger number and calibration
due date. ,

12. Indica:e if discennee:ed to perfor: tes:.
13. Indicate reconnec:ed after test.
14 Inter torque vrench nu=Ser. E

t

15. En:er. torque vrench calibration due date.
,
- c-

16. In:er torque value. S
* w ,

i"s) 8
.

17. Renarks. Enter if cable is terzinated to
. .:.< {.
- i

equipnent. .

; i''

s.

. 8
*

D. DOCWESTATION
- I.

,

1. The Electrical LDQCE shall forward :he ce:pleted Quality C':-sc, "Q" '

and associa:ed class test daca to DC0 for file.
.

2. The TE shall forward the test data for Quality Class "R" and "S" to
the LDTE for file in the Electrical Departnent.
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1.
To provide instructions for the preparation of the " Electrical HighPoten''=1 ':est Record", (Shibit 256.0-1) .

.

B. GE3'.L

1. S ter N/A for entries that are not applicable.

C. TE EXT?215&n<ua:10N$

1. Entrv No. Info = ration Recuired
1.

Enter sheet Ir:rber and n=ber of sheea.
2. Ster unit number.
3. Enter schere nirber.

.
'

4. Enter applicable cable code.j ,
' '

5. Enter druing nebar ard revisien nt=:er.
.

6. Eter nane of egai;nent and serial nt=ber if -

.

applicable.

7. Enter g wli y class.
' .

t

8. Enter the regger pre-test data. Test egai;ne=t
nu=er (regger ID number), caH% tion due date and
test voltage. Tne TE shall sign / initial and date
acceptance of resistance, per Sectica 6.0 of this
procedure.

- 9. Eter test set ID nirber and raFhration due date.
Enter maxi:nra test voltage to be used. Encer
weather .cendicion (e.g. dry, stc=g, da. p, htrid,

,

etc.). Enter values of test voltage steps to be
used and the current values #or each phase.

.

.
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a

-

HI-PIC T E CG **,7 256.0 "*" 3
-( A??DOIX I

.**cc '2 3
.

.

C. " ""' %.-CCNS (con't) 4
.-

\ ,. yw
. _ l. Entn* No.

, Infon atien Recnired
10.

Enter test n=ioer ID n=t>er and t *14h a' don duedate. S ter the test voltage. Enter weather
condition (e.g. d f, 'wat, dang, humid, etc. ) . - Ster -
the current phase ~at tire increments as lis'ad on
the fc=n.

..

b.enequipcentusedforcurrentversusvoltageandNOIE:

current versus time tests is the same, equip ent
entries used for 2try No 9 are sufficient and the
bexes for Item No.10 rray be left blank.

11. Star failures as applicable including N"'R
nt rber(s) .

12. Enter remarks as app cpriate.

f NOIE: . Tne pelariration f.mdex sb='' be entared in the
remarks section when applicable. .

13. .

TE shall 1:.itial/ sign and date acceptance of test.,

In the event the ege.i=ent fails the hi pot test,
initiate a NCR per IGP/QCI No. 5.0.

., 14. QCE shall sta.p and date accep ance of test. If t.he -
.

.

equipment fails the hi pot tests, initiate a tG per'

WPP/QCI No. 5.0.

NOIE: For.Caality Class "Q" requirements, the QCE shall
place a " hold scarp" pending correction of failure..

.

D. D r2 C G TION

1. Tne Electrical IICCE shall, fencard the ec=oleted Q*14ty Class "Q" and
assocaited class test records to DCC for file.

Ine T5.sh=11 foniard the test records for Om142.
ty Class "R" and "S" to .the IEE for file in the Electrical Deparuent...

.

.
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. TITLE -

f INSUEATION RESISTANCE AND~ "*- 256.0 arv 5-

, O,.
&', ~ .73,4dJ

'HI-POT TESTING*

'''' 1 or 10
-

issuco 9/2gf79
*

. WC 9K PL AN PRCcEDUREcou AL!TY CONTRCL INSTRUCTION REVISCD gf.jg.
* .sas esca p art

,

,
( - sh * '. 7d b.0' '

p--- ' ku*

3 . (/
.: .

?URPOSE1.0
.

1;1- -This peccedure establishes =ethods #cr-insulation resistance
.tes:ing Class II and Non-Class IE electrical equipment and cable
iden:ified as follows: .

'1.1.1 High potential tes:ing of mediu= voltage systems
including cable and equipment specified by Project

' Engineering.

1.1.2 Insulation resistance testing.(=eggering) of electrical
cable and equip =ent and preparatory testing of mediu=
voltage syste=s' prior to high potential testing.

NOTE: Megger testing of all 15KV, 5KV, and 600. volt power
cables, bus duct, switchgear, load centers, =otor
cor. trol centers, power distribution panels, and
'otating equip =ent prior to syste=s turnover shall be

f performed by Startup./.q
.

.

.
. .

2.0 DEFINITIONS

2.1 Abbreviations,. terms, and definitions =ost co==only used in this
procedure are contained in UPP/QCI No. 1.0.'

-

3.0 REFERENCES

3 .1 . EE580 Cable and Raceway' Manual.
,

3.2 Associated Research Ei-Pot Testing Manual for DC Hi-Pot Tester,
Model No. 5321.

3-

3.3 IEEE S:andard 43-1974. IEEE Reco== ended Practice for Tes:ing
Insulation Resistance of'Eotating Machines.

.

.3.4 - IEEE Standard 62-1958. Recc== ended Guide for Making Dielectric
Measure =ents in the Field.

..

3.5 UPP/QCI No. 5.0, "Nonconfor=ing Materials, Parts and Co=ponents".

-3.6 Specification No. 13-EM-306, " Installation Specification for Cable
Splicing Termina: ion and Supports", (Section 15).

,

.

,. * ,

|
-
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A _ TITLE - w
# INSL" ATION RESIS3 ACE AND

'

"*~Es.y F.:-70T TESnNG 236.0 y g'"-
T
OPAGE or

2 3 c,

,

8

I3.0 T.I? IRE';df5 (cen't) I
#

9

3.7 IEEE-STL-336-1971, " Installation, inspection, and Tes:ing
Requirenents fer' Instrumentation and Elec:ric Equipnen: During the
Cons:ruction of Nu: lear. Power Generating Station".

-3.8 KIP 064-G " Cons:ruction In-Service Tagging Procedure".

-3.9 KIP '041-E "Certificafion Testing of F.ig'h Voltage Rubber Gloves and
Safety Blankets"...

4.0 ORALITY CONTROL REOUIRD!bfTS
.

4.1 The Temination' Engineer (TE) shall provide technical guidance and
surveillance for tes:ing of all Quality Class "Q", "R", and "S"
cables and =otors.'The Area Field Engineer (AFE) shall provide
technical-guidance and surveillance for testing of all Quality -

Class "Q", "R", and "S" equip =ent as required.-

p NOTE: k'here TE is identified in this procedure it. shal2 be
taken to =ean TE or AFE as applicable., -

,

4.2 The TE shall witness the tesding and record test results on the
,

cable /equipnent test records. (Exhibit 256.0-1 and 256.0-2). .,

4.3. The QCE shall verify the test on' Quality Class "Q" and associated *
cables and.equipnent.

* -

4.4 The TI shall notify the responsible QCE at least one (1) hour prior
to testing to ensure QC participation.

.

*

5.0 . GENERAL .

5.1 The following relation defines voltage level, voltage ra:ing and .
~

service level:

Voltage Level Rating Service Level.

Eov 600V 480 V
Mediu= 5KY 4.16KV
Mediun 15KV 13.8KV -

,

.

.g-
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.. .gy
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,v .. .
- -

- *Ast or
. 3.

'
.5.0 CI':I?>.'.' i c e= ' : )

1 I.
s,

.

'5.2 sechtel safe:y pro:edures shall be f' olleved fe: a'.1 tests to
prote:: e=ployees and equip =en: fre: har=. ~

5.3 Tes: equip =en shall be in good opera ing cenditien, clean (free of -

'

dirt. d st, =eisture, and all e:her cen:a=in:nts) and be within :calibration li=its.
4 -

.

5 . I. he TI shall be fa=ili'ar vi h the-=anufae:urer's detailed
instructiens, furnished v$th the particular tes: equip =en: to beused. .-

.

.

'
ECTI: These instructions contain directiens fer connecting

and' operating the :est-equip =en: ar.d also include .

valuable infor:a: ion on =aking insulation tests.en
various types of ir.stalla: ion.

.

'
. .;

*5.5 Ilectrical ter ina: ions are inspected in accerdance with k'??/Q0! {.Fo. 255.0. Record of that-inspee: ion status:is cain:ained on :he- *

e'. II5'O cable ter=ina:1en card.
~

'
$kk-. 5.6

' . Require:en:s for pro:ee:ive =ain:enance of =o:ers ar,e. covered in
{.k?/? So. 23.0.-

. .

Megger readings shall be recorded upon stabili:a:ien of resistance 'i.5.7
value.

~

. ' -,

-
5.8 ,' Fnen = egger testing cables, a separa:e "Ce=ponen:_Megger Tes: Data 3

--Record" shall be used for each cable sche =e nu=ber. . 5

I
t

6.0 INSC.ATION RISISTANCE TEST - i*.
' ..k

6.1 . General '
:.

6.1.1 Deter =ine the type of = egger tes: to be perfor=ed as
|
.

per paragraph 6.2 and 6.3.

, 6.1.2 Visually verify tnat the enclosure or fra e is solidly jgrounded to the station ground system. .-.

f
,

(
1,-..

!
l

7., o
*

e
e

e,. i . i t t i s a a t l * * ".5
.

. .

.$g_. _ . _... _ _ _ _ _ _ _ . . . . . _ . . . _ . . _ . . . . . _ . . _ _ . . . . . . . __. . ._. .. . . . . . . . . - _ ___
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6.1.3 Selee a = egger with- he proper 00 eu:put ve.': age.,

6.1.4' Make cir: sit er cc:penen: te be tes:ed safe by epening
supply breaker, lif ting leads, etc., and clearance
tagging as required by-Eefe en:e-3.E.

6.1.5 Discharge equip:en: to-be ceggered : s:ation ground.

''

pric: to perferning : insula:idn resis:ance :es:.

6.1.6- Repeat s:eps6.1.1:hrough6.1.5asreceiredprio5:c
each cegger tes:.

6.2 Eevie en:-Mergering
.

6.2.1. Megger equip =ent as fellows:
i

6.2.1.1 Equipmen: rated 600 and belev shall be
tes:ed a: 1000 volts. |

.~

6.2.1.-2 Eeuip=en:~ :sted above 600 volts shall be '

tes:ed a: 2500 voit c: 3000 VDC depending I'

upon availibility of type of negger. !
*

.

,

:. .
,

6.2.2 Connect megger in ac:ordance with segge: canufse:urer's- '

ins:ruction =anual. *
. , ,

6.2.3 Record megger readings c'n Exhibit 256.0-2 -per the I
ins::uctions con:ained in Appendix II. If cables are *.

.

connected, record cable readings on Exhibit-256.0-2 per -!:
the. instructions contained-in Appendix II. Indicate in. I
the re= arks section of the for= that the cable is ['

ter inated to equipment. 'I

6.2.3.1 'Upon eo=pletien of each test,. ground !-

conponent or circuit that was'meggered to .,

, discharge any accu ula:ed charge.

6.2.3.2 Repeat previous steps, as required, to E
megger each phase. !

6.2.3.3 The ceggering results for, rotating equip-
ment should be equal to or greater than
the megoh . value co:puted by formula: .

,

i.

:
I.*

. . . .

.
- . , !.

..

.
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.e.s..w w . a we, egy-

y. . . o c . . .r .- . e. . n n x e e, e
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PAGe gr
.e in

*
.

6.* '."..e"..*.~.^..."..'.-..c.*"..-?. ..e-. ( .o.. ' . ) \ ,l'-. . . . .. z .

'

..-

Rc'= (kV+1) N 103 I
.

R: = nini:u: accep,:able insulatien, resis:ance
.

-

in =egeh:s.
,.

kV . rated RMS kilovolts. E
.

*

NOTE: Magger reeding fer notors shall be -

recorded when :es: voltage has
been applied fc one (1) =inute in
accordance with ref erence 3.3. _ .

.

6.2.3.4 For equip ent other :han ceters, the mini-
!

%

mun value shall be in accordance with j.
Table I. :

..

' ,

6.2.3.5 If =egeh: reading is less than the formula, r
t

con::elled hea: shall be applied for dry- *

out operation before reneggering. [.,

g. .
NOTE: Refer to equip =ent esnufacturer's te:hnical infor:ation f

i

for te=perature corree:ien f actor (s) and drying-ou: **

procedures. i
*

.

;-
.

.

6.2.3.6 In the event of failure, remove all visible. .

surface dust and cois:ure f pm the ec,uip=ent {;
being tested (cable jackets excluded). Wipe .
with lint-free cloth or blev of f vich dry g,i

,.air. Do not degrade insulation by direct .'
air impinge:ent,

j .,-_
s-

,

6.2.3.7 Retest the ce=ponent. In the event a com- t.-

i.

ponent cannot be made to pass resist'ance i i-test, a NCR shall be prepared in accordance '

with WPP/QCI No. 5.0.
!.6.2.3.8 Each winding of rota:ing equipment shall I'

be checked for continuity prior to cegger
f',

test. -

6.3 Cable Mercering j. i.-
.

;6.3.1 All cables shall be checked for continuity prior to
(. .

eeggering and recorded on the "Componen: Megger Test :/ Data Reccri". ii.
.-

5!
I

*;

$ F= t t t ? (t a a t t) le t'S .

*w

a. .

...



,, --

'*
s

'-

.

..

, ' PALC VEROC NUCLE AA GENER ArtNG 2:AriCN-

w... g o c e g,.,.,|.E- .
..

'.g INST A!:0N ?.I51ST::A0I A:C .. ,,, g-
El-?OT ES!!50 ats."

'

.=>6
-

*

PAGE OF
& %n

.

11.0 INST ATION RIS:!TA':CI !!!T (cen':)
'

' ' "; ,

'

6.3.2 A11.pever cable /cendu:ters .shall be neggered phase- e

te-greund, and phase te phase. Pever :1:cuits cf
individus1 cables per phase shall be zeggered only
phase te ground. If power cibles are neggered when-
connected to equip:en:, all associated control

:' circuitry mus: be iscla:ed te prevent dacage by .

pessible voltage ::ansients. .
,

6.3.3 It is no: rece = ended, in general, te unnecessarily '

isola:e a_ cable fro: an installation by breaking
splices er re:eving taped ter=inais-for the purpose

.

of testing.unless there is sufficien: doubt about-
the serviceability of the cable. .

.

6.3.4 Restere ter=inatiens, cable support, etc., to as'found ~

cendition if disturbed-for megger checking.
..

6.3.5 - Ter power cables /cenductors no: connected to equipment I'leads.,the'following ceggering require =ents apply: . ;-

. . .g
F.'

6.3.5.1 ~ Power circuits cables /conduebers ra:ed 600- .{'

volts"shall be meggered a: 1000 vol:s.
4,

, 6.3.5.2 Power circuit cables /cenductors rated over *

600 volts shall be meggered 2500-or 3000
volts. .;-

.

'6.3.5.3 Power cables of 125 VDC shall be zeggered l'.
at 1000 VDC. !

';
6,4 A value of 100 megohn is considered acceptable for all cables. Any !:

cable reading belev' this .value vill be compared to manuf acturer's j.

specification. If value is less than manufacturer's reco=nendation,
the cable shall be rejected. i

*
. NOTE: If cables are conniteted to equipment, minimum cegger .

criteria as per. paragraph 6.2.3.3 shall apply. 'j
t'6.5 A' polarization index test shall be perforced on 4.16KV and 13.8KV t
rrota:ing equip =ent to appraise insulation dryness and fitness for- ;an over-voltage test. . Read :he resistance at.1 minute and 10
[minutes.- The ra:io of 10 minute reading to 1 minute reading is the ;*

polarization index. The polarization index must be at least L1.5 *

g-
'

for Class A insulation and > 2.0 for Class B, F, and H insulation.
to proceed with DO over-vo1Ta~ge test. -

I7 .

|

|
I
.

.. ; peqist tissett setts

w .
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7.0 00 E:0E '?O!!':::A'_ TEST I
.

7.1 Lue te :he danger involved'vi:h hi-pe:ential tes:ing the folleving "

addi:ienal safe:y procedures shall be felleved:
'

7.1.1 An insulation resis:ance test shall be perfer:ed prier
:o hi-po: testing any. insula: ion. De no: conduct a DO
hi-pot test if the insula:icn resistance is belov R
cin. as described in Section 6.0. ,

7.1.2 The TE shall visually verify that barrier tape (yellow
with black stripes) and danger signs.are ins:alled a: a
safe distance around the tes: area, (e.g., a: each end -

of cables and at equip =en: under tes:).

7.1.3 A Safety Observer shall be s:ationed a: cable end
opposite fre= the tes: se:.

NOTE: The Safety Observer and Tes: Equip:en: Cperator shall i
be in cons: ant ce==unication. i.

:-7.1.4
I The TE shall visually verify rubber gleves and a he.

stick are present. The rubber gloves shall be within
[certification limits and an air test shall be perf ormed.

in accordance with Reference 3.9.
-

.

t7.1.5 The high voltage leads shall be spaced a minicum of '

four inches (4") plus one inch (1") from grounded
.

surfaces for each 10KV increment of tert voltage. '.

L'here this distance cannot be achieved the leads shall
. .

-

be insulated with polyethylene or other insulating {}ca t e rial. ,}
.

7.1.6 To prevent any 'bree:e f rom af fecting the hi-potting [[
,.

*

process /results, whenever necessary a wind barricade -

shall be erected around the work area and/or - {.
'

polyethylene bags tied over the end of the cable, i
t!
Ii7.1.7 Corona currents can not be prevented from reaching 81,

ground or cieroa= meter by grounding the bypass switch. ,

,;
The correct method of stopping the corona current is
the usage of a corona guard / corona shield. [!.

,?
'. I7.1.8 The motor phase leads shall be shorted to each other I6

prior to hi-potting.
;}

.

i7.1.9 On rotating equip =ent which have R!D's, the RTD leads .

,( ;
shall be '.isconnected, shorted and grounded.

'[
:.
J.
I I- .

er.n,r os.cn infrg
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7.2 Tes: Fre:edures
,

e- *

...

7.2.1 . . The DC' high petet:ial ests shall be condu::ed in -
.

-

._ = a :c: dance vich tha ins: rue:iens in Spe:. IS rv 106. (am
* __ _

s X .h . .
.7.2.2 I' Thi(TELssall be"fa=iliar with the operation cf the

.

, a

*hi-pot test.. set and procedures of DC hi-pot testing. -

,

# .

7.2.3 Tpe4TE shall visually verify that ~ thef es:-set andtm

4 s.oand.ir.('are properly co'ne::ed prio to star: of" '
n

CeSJ. y Ax ,3.. . .
,

5- 7.2.4 ' The TE shall conplet'e the tes:ing and record the
results^on the appropriate data sheets. ;.

\ . . -.
17;2.5 If duEing the cert, the leakage current continues: o !' ' # ' 2' increase;vithout any increase in applied . voltage, i: ;

' , - cay be an indication of f ailing insula: ion. ..In all' .p
such cases'the.tes: should be tereinated. The TE shall .i

7 s. c - determine.if the ce=ponen: shall be tested to y , .'
~

.,

F destruc. tion. "(.. .

, .

?-

''

. , '7.2.6 If during the test 'a tes: set circuit breaker trips. . [-
~

due to sudden increase in est;ent, it is an indica:icn L-_

of probable failure in the cable. A failure can be' 8-

verified by the inability- to' su~s tain the test voltage.
.

.

:. '7.2.7 Upon completion of the over-voltage test on. cables, the
applied voltage-shall-be reduced :o zero and the DC set 'I

turned off. On 1ons leng:h's of cable, the tide [
~

~'' rec,utred to bleed of f'this charge cay be fre: two.(2) ,

'''

to five' (5) minutes. After the voltage has decayed to -|
.less than 10KV DC on the test set indicating, voltmeter, ,
apply the DC set scound hook stick to the DC test set ,

'

high voltage outpu': bushing or cable. Then ground the
cable conductor with #16 or larger copper wire and ' b' '

-

leave -the cable grounded for at least four (4) times
the elssped time of the ' applied test voltage. For-

,

example, if the total elasped time from the ' initially ,

applied voltage is fifteen (15) minutes the cable. ;,

.

should be gtcunded for at leas: one (1) hour.
I.
t-- 7.2.8- The rate of rise for the DC hi-pot test voltage shall' i-

*

! be gradual' and shall be applied between the conductor !^
'

'

or conductors and the ce:s111e sheath or shield. The !
.-
I

*

-

'f:
'

i
.-
t-

3 _
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7 .'O DC E CE'*0!INTIAL TIST fcen':1 \
.

7.2.8 . initially ap lied DC ve': age shall ne: be grea:er than '

1
~

(cen':) 20KY. The rate ef in:: case ~f c: the applied voltage':e
the specified :es: vol: age shall be app cxicately
'unifor: and~shall no:-be'ever ene- hundred percent
(100*) in-:en (10) seconds ne: less than one-hundred
percent (1000) .in six:y (60) seconds, per step of
voltage. ' '

,

7.2.9 The veltage should be raised at a slow eneugh rate' :o
avoid having the tieroa= eter pein:er go cff scale. -

,

-

E.0 ACCEPTANCE CRITER!A
-

'E.1 If the-leakage current does no: become excessive (e.g. decays :o a
lover stabilized value), the cable is accepted. Failure is' '

indicated by a gradual or abrupt increase in current sufficient to '

trip the~ breaker of the test equipnent or by an increase in current .

without increase in applied voltage.
.

.

F 9.0. INSPECTION RIOUIRIMENTS - '
6 :-

.

9 .1' At the completion of a test, the TI shall record the test resul:s.
' ,

.:and shall sign and date in the space provided.

9.2: The QCE for Quality Class "Q" shall witness the test and reviev :he ~

.' test da:'a and upon verification and acceptance ef. data shall stamp
.

''-

and date-th.e record in the space provided.-

c..

:-
9.3 .The TE or QCE as. applicable shall prepare a NCR for the equipment *

or cable that failed the test. (Ref. k'PF/QCI.No. 5.0).
,. ,

-
-

'.
-

_

-10.0- TEST DOCUMINTS '
-

-

:

10.1 The test results shall be recorded on the appropriate documents. !^
;

10.2 Torms are to be completed by the appropriate engineer.
1.

10.3 Torms for test values (Exhibies .236.0-1 through 256.0-2) may be [used to. record' values. L'here the results are documented on IR's or iCIP's, these forms are not required.
-

;.,

i
a
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11'.0 D00'.S'E57ATION h'

-
g

11.1. The TE shall':rensci: Quali:y Class "R" and "S" :es: records . -

(Exhibi: 256.0-1 and 256.0-2) to the LD.s. .ne LETE.shall file the. *

test re:Ord in -he Electri:a1 Depar:cen files. -

11.2 -The responsible LDQOE shall fervard the ec:ple:ed Quali:y Class "Q"
and assceiated class.:es: records (Exhibit 256.0-1 and 256.0-2) to
DOC for file,

,, ..
..

12.0 A!!ACO'INTS
.

12.1 Exhibit-256.0-1 (Rev. 1) " Ele::rical F.igh Poten:ial Tes: Record".

12.2 Exhibi: 256.0-2 (Rev. 2) "Cenpenen: Megger Tes:' Data Record". *

12.3 Exhibit.256.0-3 (Rev. 0) able 1 " Insulation Resistance Accepta'nce
Criteria".

-12.4 Appendix I Instru::icns for the preparation of the " Electrical High -

Potential Test Record". ;.

r
.

. -
t

'

'12.5 Appendix II Instrdetions for the preparatien of the 'Corponent .

Megg'er Test Data Record".-
-

.

.

=13.0 INCORPORATED ?CN'S '

13.1 * Revision 5 to WP?/QCI is a =ajor revision rec,uested by
.

'Elec:rical/TE. ;

i
i
&

13.2 Revision 3 to Appendix II is fevised per Electrical /TI request. :
I
.
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ID.4.2.5 Ccoduit cnd fira seale shall b2 rettd for 3 hsurs exposura.~

D.4.2.6 Fire resistant seismic gap seals shall be rated for 3 hour expo-
|

sure and shall be designed for a maximum horizontal movement of 1-1/2 inch * . ,

and a maximum vertical movement of 1-1/4- inch. Drawing 13-A-ZYD 405 i

illustrates the typical details for fire rated seismic gap seals. i

Alternate design solutions will be considered if. accompanied by descriptive 'f,
literature and detailed information to allow for review of the proposed .1

seal design'by the Contractor. I ,f i'#

.<
- .a

D.4.2.7 Moisture seals for electrical cabinets shall be as shown on the 5.
detail drawings and shall be installed at the locations shown on attach- 4
ment D-1 and shall be capable of preventing water penetration into the

;'i
,

electrical cabinets in the event of discharge of sp'rinkler systems. g

? ~4.

-

.

D.4.2.8 Vertical cable tray runs shall be protected by fire break d .

barriers capable of preventing fire propagation for a minimum of 'I hour. ,3 I
The barriers shall be provided at 20 foot intervals, or less as directed by' " j |
the Contractor. The Subcontractor shall submit for Contractor's acceptance 3
the proposed ANI approved cable tray fire barrier design. A fire barrier . JO

seal on a vertical cable tray run penetrating a fire rated floor, shall be , 8, !
acceptable as a cable tray fire barrier. --,j% |

,

D.4.2.9 Boot seals shall be constructed of silicone impregnated glass 4-

'

fiber, or an accepted equal flexible material suitable for operating at /.
temperatures of 0*F to 600*F and able. to accomodate pipe movement of zero d
to 3 inch in any direction without loss of sealing capabilities. ''|
Dielectric gel or ceramic fiber materials shall be used in conjunction with -

'

boots as a fire barrier. .

..

leaded elastomer having a density of 147 to 160 lb/ft,ructed of high-densityD.4.2.'10 Radiation and/or fire seals shall be const .

and shall fill the. - '

whole thfckness of the penetrated fire barrier. ,

D.4.2.11 Annular spaces of 1/2" or less may be filled with silicone caulk ,yj
to a depth required to provide 3 hour fire rating. ; 1

:'.' l.

D.4.2.12 When required, seals shall be able to withstand the differential '}..

air or water pressure specified in the Penetration Seal Schedules. j
.. .
t

3:
:*

.

D.5 MATERIALS
c-
. c.

D.5.1 General .;.

i
D.5.1.1 Materials are specified herein by manufacturer's na=e and number
in order to establish standards of quality and performance. Alterna te- .,

materials from other manufacturers may be substituted, with prior accep- i.

tance by the Contractor, provided the request for substitution is accom- 1
4

panied by technical data as may be reasonably required to allow the
Contractor to verify the quality and acceptability of the proposed item. ,

D.5.1.2 All materials shall confor n to applicable requirements of -
'

standards listed in D.2 and to physical requirement specified in D.S.2.
<
4

.5
,

e

D-6
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.FIECTitICAli CAllIllET IDIS7UllE SEAL SCIIEDUI,E.

Pega 3 ef IO
I Location 'Penetrating Member Pcoctration Seal Size itema rk s

,

-

P Electricni Cabinet Designation Size
.

llutiding Tag Number Quantity (Lant 7 tilgtta) W D Length W i<l t h

control E-PKA -M41 1 1AATrilE 12" 4" 14" 6" 51.00
1 1AhTKBE 12" 4" 14" 6" 51.00

k
'

1 1AATK11F 12" 4" 14" 6" 51.00,

I 1AATKilG 14" 4" 14" 6" 51.00
.

i E-PilB-M32 1 IBBTTCA 24" 4" 26" 6" 95.00 t f1

i '
1 111BTKCA 24" 4" 26" 6" 95.00
l' 1BBTKCB 24" 4" 26" 6" 95.00

. E-P!10-D28 1 IBDTASL 12" 4" 14" 6" 51.00
s

j E-PKD-M44 1 IBDTSAK 12" 4" 14" 6" 51.00 ;
k

,

6 e
1 lilDTSAll 12" 4" 14" 6" 51.00 :s

>

1 IBDTSAJ 12" 4" 14" 6" 51.00
w ,

o
1 IBDTKAA 6" 4" 8" 6" 29.00

E-PBB-SO4 1 IBilTRVB 9" 4" 11" 6" 40.00.

1 IBBTSBC 9" 4" 11" b" 40.00
'

'

1 IBBTitVD 9" 4" 11" 6" 40.00
1 IBBTSVE 9" 4" 11" 6"

-

40.00-

1 IBBTitVF 9" 4"- 11" 6" 40.00
1 IBBTSBG 9" 4" 11" 6" 40.00

_
1 IB BTRVil 9" 4" 11" 6" 40.00
1 IBBTSVJ 9" 4" 11" 6" 40.00
1 lilBTEVK 9" 4" 11" 6" 40.00 %
1 IBBTSVL -

9" 4" 11" 6" 40.00 -
_

, i 1 IBBTitVM 9" 4" 11" 6" 40.00 (
]* -

N '

1 lilBTSVN 9" 4" 11" 6" 40.00 - .
;. -

g 1 IntlTitVP 9" 4" 11" 6" ', 40.00iD
'

/
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??'CE SCMEDt.1E (Continued)
4

ITEM QUANTITY DESCRIPTION UNIT PRICE EXTENSION
,

i 'r ; (,.

_- F. 1 each A-W-NRN-SO2 in accordance with drawing Each $ 174,679.00

SK-E-115
n

'|-G. 1 each One set of accessories for electrical Each 4,425.00
caintenance shop listed in 4.13.2 - . ."

:s
-2, 1 lot 13.8-kV,1000 WA, -indoor metal-clad
' suitchgear consisting of the following:

| A. 1 each 1-E-NAN-S01 in accordance with drawing Each 357,599.00
13-E-NAA-001 and one set of accessories..' ~ ' ~ listed in 4.13.2

0

$ B. 1 each 1-E-NAN-S02 in accordance with drawing Each 330,255.00
# 13-E-NAA-002

2
.3. 1 lot 4.16-kv, 250 W A, outdoor, walk-in-

Y type, weatherproof metal-clad switch-
l*' gear consisting of the following:
m

[ A. . 1 each A-E-NBN-SOS in accordance with drawing Each 78,241.00.

,

AO-E-NBA-001 and one set of accessories|

L lis ted in 4.14.2

}.
1 each A-E-NBN-506 in accordance with drawing Each 69,217.00f B'.

- AO-E-NBA-001-

s- C. 1 each one spare set of 250 WA switchgear Each 2,135.00
accessories for electrical caintenance
shop listed in 4.14.2

4, 1 lot 4.16-kV, 350 WA, indoor metal-clad
.

switchgear consisting of the following:

~1-E-NEN-S01 in accordance with drawing Each 203,207.00
A. 1 each

13-E-NBA-001 and one set of accessories

{
listed in 4.14.2

3. 1 each 1-E-NEN-S02 in accordan'ce with drawing Each 145,935.00
5 13-E-NBA-002
1

5. I lot 4.16-ky, 250 WA, Class IE, indoor ,

metal-cind switchgear consisting of the
3
: following:

.

--

A. 1 each 1-E-PEA-S03 in accordance with drawing Each 172,125.00
? 13-E-PEA-001 and one set of accecsories
3 lis:ed in 4.14.2

$_ jjg g,.... - ... ,.,,,
,
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E Gr4FntiLE (Continued) : !
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QUANTITY DESCRIPTION _ UNIT PRICE EXTENSION Ij

ri.

1 each 1-E-PBB-SO4 in accordance with drawing Each $ 172,125.00 j
~ 13-E-PBA-002 and one set of accessories (;

..
-lis ted in 4.14.2 *(~ i *#

\
|. f.

13.8-kV, 1000 MVA, outdoor, walk-in. type, "i1 lot
weatherproof metal-clad skitchgear
consisting of the following:

' (|1 each ~2-E-NAN-S05 in accordance with drawing Each 115,063.00

02-E-NAA-002 <
,

1 each 2-E-KAN-S06 in accordance with drawing Each 146,114.00 ,

02-E-NAA-002 and one set of accessories
listed in 4.13.2 . .

I cach 2-E-NAN-SO3 in accordance with drawing Each 107,061.00 :.
l'

13-E-KAA-003 and one set of accessories
,

,

- lis ted in 4.13.2
*

1 each 2-E-NAN-SO4 in accordance with drawing Each 100,600.00 .

I
, -

13-E-NAA-003 i
.

I lot 13.8-kV, 1000 MVA, indoor metal-clad
switchgear consisting of the following:..

"

1 each 2-E-NAN-S01 in accordance with drawing Each 332,986.00

13-E-NAA-001 and one set of accessories
.

,

listed in 4.13.2 . 4

1 each 2-E-NAN-S02 in accordance with drawing Each 330,255.00
-

3

13-E-NAA-002 .

~1 lot 4.16-kV, 350 MVA, indoor metal-clad ,

switchgear consisting of the following:

1 each 2-E-NBN-S01 in accordance with drawing Each 189,300.00'

13-E-NBA-001 and one set of accessories
.

listed in 4.14.2.
" L

1 each 2-E-NBN-S02 in accordance with drawing Each 145,935.00 .j'
!..

13-E-NBA-002

Each 3,435.00
;. 1 each one spare set of 350 MVA switchgear

accessories listed in 4.14.2 for
electrical maintenance shop.

9

PF-s c i 18 C a 0 7) 417 9

,
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g PAGE * / F 7
00'05dREPORT NO.

7 / "TO M /2'/*'' DATEJOB NAME Palo Verde Nuclear Generating Station SHIFT
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L Case No.: 5-82-009 !-

,'.

p Transcript of tape
i.recorded interview of: Philip A. AGUAYO r

Date of Interview:. June 17, 1982 . .

j
t.:.u *

!
h' h

Interviewers: Eugene J. POWER'and Owen C. SHACKLETON'Jr., l,

r.

Investigators assigned to Region V, U.S.
1

Nuclear Regulatory Commission ;

i
.

Purpose of Interview: To obtain AGUATO's responses to allegations
. . .

, _ . _ - made by Robert D. GUNDERSON Jr. . . electrician,
- who formarly worked on Unii:-1, PVNGS, in one'

, ,

-
s

- of the electrical termination crews with ' *

AGUAYO -

r
3

'

Location of Interview: Bechtel Management trailer at Unit-li PVNGS 1,

. - .

3

f

"c Conditions of Interview: Interview was conducted with AGUAYO I
9
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INTERVIEW WITH AGUAYO

e i

.

. SHACKLETON: This is an interview of Mr. Philip A. AGUAYO. Mr.AGUAYO].

'

is an electrician working for the Bechtel Power

Corporation at Unit il at Palo Verde Nuclear Generating;..

'

Station., Present to conduct this interview from,the

J,_. Nuclear Regulatory Comunission is E. J. POWER and O. C.
.,

,. ._. SHACKLETON, investigators from Region V. Mr. AGUAYO, do
,n

~[. we have your permission to log this interview on tape?
c .

'

<
.

AGUAYO: Yes, sir. .

.

_.

SHACKLETON: And, as I understand it Phil, you would like to have a
.

copy of the, uh, transcript.from this tape, is that
-:

correct?
.

.

,
.

-
-

a
- -

,.

AGUAYO: Yes, sir. ., i

~

SHACKLETON: 0.K. The Connaission will furnish it to you and I'll mail ,;
*

-

"

,
it to your home and be patient with us in time; it will be

i
'

a few weeks.
_

:%
AGUAYO: 0.K.' ..~; i

fy:
~SHACKLEION: 'O.K. Phil, what I want to do is go through this list of -j

W'A
-

.

i

allegations and find out whether or not you had any |.. .

.
similar experience or know anything about them or can''

:e. - -c . s-
L' enlighten us in any way.

1ip;i r
n- .

.( ,. POWER: Yeah ... before you get started ... how long have you
been op high-voltage' termination?*

,
.

.

~%
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~ AGUAYO: Oh, since September. When I turned out of the |g
t

apprenticeship, they asked me if I wanted ...
g.e

'
2"

- POWER: ... vanced to go ...
.

.

.

AGUAYO: Yeah.
~, ,

o

POWER: 0.K.- So, September '81 to date?-

.

n.1
w, .

0- . AGUAYO: Yeah. First of September of some time ....

*,,'.i'_
*

,

__ .
':

SHACKLETON: High-voltage since September 1981.
'

. .

AGUAYO: 0.K.
.
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- 4 SHACgI.ETON: 0.K. Now, see you'',e been here since, uh, only'1-1/2 '

y.' years, uh, you'll cover a period of time ... the next d,

issue is on improper installation of high voltage4, . *.

,

termination and what I'm talking about here is the use of
some of these materials you guys use to make the

- terminations like Scotchf111, and I understand that
~

.. -
.

approximately a year ago, two years ago, they were using.
.

'

this material on some of the terminscions and found that *

'it bled.because of the intense desert heat out here, and
so they've 6 sed another material. They use 130-c. It's a

vrap. Is that what you're using now?

J-
.
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AGUAYO: Oh, I don't ... I really don't ... see, we have all
these little specs on different motors and different

-

areas, and when they give you a card like on the motor~
'

,

over here, you check out your specs,'you know, 'cause you. -

- you use different things and sometimes, you know, like a:. ,

year age or something and you'd .be using such and such and
' if they'd say no, no we're not using that no more, we're

'

, 91
#v using this, so uh ...

pH
W .^

So, whatever the current specs are, yeah.m' .

" POWER:'

. . . and then we're updating them 'so that is, that isn't
'

AGUAYO: ,

good enough, we're gonna use this now. -. .

. -

POWER: Teah. 0.K. -: .

-: .
.

.

Phil, the next issue is concerned by some people where - ..,
'

SHACKLETON:
',

*

you do terminations like onto an electrical motor, have
.

.

.you done any of thoset.

- *

AGUAYO: Right.
-

.

r.
}Q. And I'm talking primarily about safety class motor, not.p ,' 5BACKLETON:~

tQ, wh, smaller ones but the larger motors that are involvedA
.

in Class Q systems where you may have on the pockerhead ac. w . - ,

-e - >6@
one-lug bolt connection off the motor and on your field17 e

u f':A
F

, cable you've got a two-bolt lug. Do you follow me% . ~

-

. allright?
%g .,;
C-
:..

p ], AGUAYO: Teah. .

,

r,.s
w ..

.c.,.

SHACKLETON: When,you ... .

I

AGUAYO: Two-bolt.
i
!
~

,

e
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SHACKLETON: ... when you go to connect them, have you done any of
,

those? |.

-

AGUAYO: Uh, if I remember correctly, everything I've done they,,

match right up.-

..

,,
SHACKLETON: So you've never had a two to a one?

;.
v._1
g. -AGUAYO: No, I don't think you can do that. '

:f,'f. '
.

-

SEACKLETON: 0.K. '

.

AGUAYo r - I'm pretty sure they came out and said we couldn't use
that.,

-
.

-:
. - .

SHACKLETON: The next issue is getting your opinion 'and observations, .

on your QC inspectors that work with you people'to inspect
,

; your work. From your observations, do ... are ... do they *

do an adequate job?
_.

.

AGUAYO: Here then adequate. See, if you make a mistake, they're
going to find out about it.,

m.
'c. ,
.+ ..
1

. - *

SHACKLETON:k. ; Do you feel that they, they are well enough trained that',7

. ~ 3.q ,. they know what they're doing? Do you feel satisfied?. . .

-

" " gr AGUAYO: Right. They do a real good job.
v:

( '

SHACKLETON: Good. Now the other part of that is that we've had an
-

- allegation that some of these people are intimidated by
i
* foremen and superintendents in construction to where,

<,

they'rt, they're afraid to enforce what they think they,

should do, like hang a red tag and then have a foreman

come along and tell them to take the damn thing off and

-
. .

J
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the guy does it because he's intimidated by. it. Have,you

ever observed or know of that to take place? i

ACUAYO: Never. They're king pin out here, you know, they're -
,

w

(unintelligible) main man. <

SHACKLETON: Do you feel then, that QC operates freely s.s quality

;;,. control without being subject to construction?

2h' i.

er 1
- AGUAYO: Right. Yes, I do..

SHACKLETON: Have you done any high pot testing?
'

,

AGUAYO: I actually have. I've been forenan on it, but as far as
,

hooking up all the things, f. haven't.
--

.
.

-

.

SHACKLETON: ' - Have you ever heard or observed excessive high potting on -

the cable? We understand, again as I explain to you, Gene
and I are not electricians or electrical engineers, but we

.

understand from the alleg ... from the alleger that ;

Anaconda, in their specs for their cable, states they can

only high pot test it once. If you do it over once. . . . . .
~ .c

('2. . . -
that ...

27 i :- 5:. w 1

7 i
i

;;. - - (end of tape)
. .q .

'' y-:::*

.'r SRACKLETON: Phil, have you ever worked on, uh, the installation where-

:, j 'you, you have conduit that comes down to a metal cabinet ,

- where'you terminate maybe some kind of a control cabinet,
>)

when you're using conduit and you have 0-rings where you

f -. got a fitting that, that has threads and it tightens down

[e.~ so that you have water-tight integrity.?

'

ACUAYO: Uh, I'd inagine so, 'cause they're all over out there.

h- .

.

- - - - - - - . - , - - , _ -__, .
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SHACKLETON: Yeah. Have you ever worked on then yourself?
J

AGUAYO: I would say' yes, I mean, I don't know . . . {
*

,

'

t.

SHACKLETON: Have you always, can you recall, have you always had
0-rings available when you needed them?

,

,- AGUAYO: Well, we don't install them, but the guys that run the

pipe do."-

SHACKLETON: Yeah, 0.K. So you've never done it yourself.

Well, I, I've ran pipe out here before ... |
*

AGUAYO: --

I,
. .

~

SEACKLETON: Yeah. .

- -: .
.

.*

AGUAYO: ... and I have intalled them.-

.

1.

SHACKLETON: Well, the allegation was that there was a period of time
here for about six months in which Bechtel didn't have q-

0-rings available and the men were told to go ahead and do
the piping without them, which they did. ,

, . . .

AGUAYO: Every time I was on piping we always had them available. !?g
i

,-a .
,

g. ~ SHACKLETON: The last area, Phil,1 vant to talk to you about has*

t nothing to do with electrical, but it's a problem that we
face in the country today and in many walks of life and

I
'

many places and that's the use of controlled drugs on the
site and we've been given information relating to the use
of and sale on this site of marijuana, hashish,;
ampheramines, uh, cocaine. Have you' observed or know of

this type of traffic on the site?

.

L J



,
\ Q 1-

.. ..
*

. 13
-

:
,

AGUAYO: I've heard of it, you know, but uh ...
.

SRACKl.ETON: Is there any particular' areas in the plant where a lot of,

pot has been smoked? -

.

AGUAYO: The only place I would say about that would be out in the
_

parking. lot. You know, like prior about three years ago.
[ you know, when the thing was going big you had a lot of
sw..
2- ; people out there smoking pot. You could smell it, you

know. i

SEACKLETON: Uh-huh.

.AGUAYO ... that's one thing ... I've never been around anybody
.

that's done that 'cause.I wouldn't even work with somebody
like that, you know, it<can. endanger'you.and' endanger -

,

somebody else.- -
.

,

.
-

.
_

-

SHACKLETON: Well, that's a real concern that we have, for the ...
.

'
'

everybody, the public in particularly. All they have to

- know 1f that we've got a drug problem out here in addition
,

y to all the other allegations and we're interested in, in

y curtailing it, getting it out of here because not only

[j_, - drugs, but alcohol. If a guy is inebriated, uh, he could

l.
_ ,

hurt somebody, hurt himself and he isn't going to do his..

Y ~

work very well. And if he's working on safety-related

'k work, uh, no one wants that, no one would want a surgeon
,

or a dentist to be crocked when they're at work now.
,

&

N AGUAYO: That's true.
, .7'

$
[ SHACKLETON: 0.K. J . .. the only other question I, have, Phil. Is

g- there anything that you've observed here at the plant that

__

4

r+ .
- -

_ . . . , _ . . . . _ . _ _ - _ . _ _ . _ _ _ _ _
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you feel that the Nuclear Regulatory Commission should
give it some special attention?

AGUAYO: The only thing I'd.like to see, like when they get Unit 1.*

going, some monitors out there. You know, I don't know-

how they're going to do it once they get Unit 1 on the
line,'but ...

'

SHAC EETON: They put monitors all over the count'ryside. -

.

AGUAYO: ....for my own safety, you know, I'd like to have a '
sonitor available whenever I wanted.to walk around here. -

.. .

SHACKLETON: They have, they have monitors all around for miles ...
*

.

.

-:
AGUAYO: But let me ... -'

-
-

..
,

, .

'
SHACKLETON: ... and, and on zones, it's all zoned off. And they -

,

'
-

. have, they have monitors on all the, uh ...
,

.

*

POWER: As far out as ten miles from the site.

;.

SHACKLETON: . Teah.

i.S .

N POWER: ... they go out quite a distance ... I bet ... we've got& ..

!c6 different people in our region (unintelligible).
:v

.

SHACKLETON: We're not health physicists ... they're health
*

physicists....

_

Yes, I'm not a health physicist, I'm a physical securityPOWER:

invesggator type, and we've got engineers, nuclear

|
engineers, mechanical and all that, whatever ... anyway,

e

..

.- ,. . .- . . _ . . - _ _ _ , - - . _ ...._ , _ ___ _ _ _ _ _ . _ _ . . _ . _ . _ .__ -
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the health physics side of the house does do that, uh,,
start-up takes a long time, uh, they really couldn't have
a problem, they could have, I, I'm not trying to belittle.

the situation. It could be serious, but because of the .

tests that they go through, they have a gradual, what is
called a power ascension. They're ... it's like turning
on a water f aucet, you turn it on a little bit and there's
going to be a little drip. Well, if you were working in.
the area and it's a little drip you can't get wet, 0.K.
and then they start turning it on a little more, they go
10%, 20%, 50%, and then they are allowed to go up

.

accordingly so far. Now this goes over a period of at ~

least a minimum of probably six months to.a year before .

they ever reach a point where they start producing power*

to sell and during this period of time they have to meet
certain criteria, in all the testing'so it is a controlled

.

situation, it is well tested. But when you have a ,
*

question, yeah, make sure you ask anytime and don't forget
.

'

they're'... there's three NRC onsite all the' time, right
.

now. They're three engineers. Two of which are start-up
engineers, that's where their deal is and they might, if
you've got a question or concern, you know, please ask

- them ...

bi -
c. *

-

I would like to know before they start Unit 1 orL" AGUAYO:

- anything . . .
.

SRACKLETON: They have ... they're required to ...'

I would like to be informed about what they are going to
AGUAYO:

be having cut here.
r .

PO**TR: Yeah.

.

---. - . . . _______ _ _ _ _ _ _ _ _ _ ______
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AGUAYO: Cause, you know, I, you know, you're supposed to work
safely, you know, I'm kinda ... .

*

SHACKLETON: Uh, most everybody is. That's why we're here. -
,

POWER: Maybe somebody else will say ... Well, maybe they, well,
they believe an electrical installation is improper and if

somebody has a question and they get to the NRC, I
guarantee you somebody is going to come and look at it and
make that determination. Now whether. or 'not you believe
the NRC that's another problem, but I guarantee you we
will ge.t the best that we have available that we can get

to go to the 9th degree to determine whether or not it's a
valid concern, you know, the allegation is true, if

,

correctable, change or.. correct it or.we'll, um, shut it
.

down, it's that simple ~...
,

..

s
r

'
SRACKLETON: Not only that, we have a very expensive mobile laboratory. ,

and they have come here periodically and run tests on, on

the systems in the plant and make sure that ...
.

POWER: see if they relate to ......

SEACKLETON: that that they're at proper levels and so on.-- ...

' There's a lot of checks and it's all available to the
public to, to know about.

AGUAYO: Yeah.
.

SRACKLETON: Is there any thing further you ...

POWER: Yeah,pI got one before you get going;

AGUAYO: Nc, that's about ...

.

w
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POWER: ... Uh, are you aware of or have knowledge of any
,

situation where, in drilling cores, they have damaged
conduit in concrete valls? Have you ever heard anything ,.

of this nature? *
.

AGUAYO: Damaged your concrete?

POWER: Yeah. While they're drilling core samples, you know,
they get conduit in the process and damage it.

AGUAYd: Oh3 No, I never heard of anything like that.

.

SHACKLETON: 0.K. We'll terminate, uh, this interview at this time

and it's approximately ten minutes after three.
.

-
|

(end 'of tape) -
-
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