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1.0

2.0

INTRODUCTION

Acceptance tests are performed to provide assurance that the equipment tested
and inspected is in proper operating condition. As well as maintaining
continuous, reliable service; free from unscheduled electrical power interruptions
and costly unplanned "down time" maintenance.

Protective devices are tested to assure protection against faults,
overloads, and/or improper voltage conditions. Circuit breakers and relays
are mechanically checked for conformance to manufacturer's
specifications. Switchgear control wiring is checked for circuit integrity.
Engineers' specifications are followed with regard to relay settings and
electrical system operation.

The results of these tests when compared to results from future maintenance
testing will provide a written track record on the performance of your electrical
system.

SUMMARY

Power Systems Testing Company was awarded the contract to perform
acceptance testing of the College of San Mateo, San Mateo, CA. The testing was
performed on June 8, 2011 and June 9, 2011 by Carlos Gasca, Matt Hart, and
Shane Carnine. The work was coordinated with Dave of Contra Costa Electric.

Equipment that was found with problems of a minor nature, were remedied
immediately. Problems that will require additional work for correction are noted
on the data sheets. A list of any discrepancies uncovered and recommendations
for corrective action appear under the "Results and Recommendations" heading
of this report. .



3.0

EQUIPMENT TESTED AND INSPECTED

NEW PADMOUNT SWITCH:

1.

One (1) Medium Voltage Padmount Switch, G & W, Type Gas
Insulated Switch, 630 amps.

One (1) Protective Relay, G & W.

Nine (9) Medium Voltage Cables, Okonite, 15KV, 2/0 AWG,

NEW PADMOUNT TRANSFORMER:

1.

One (1) Oil Filled Transformer, CG Power Systems, 1500KVA.

NEW MAIN SWITCHBOARD 480V:

1.

One (1) Low Voltage Circuit Breaker, Cutler Hammer, Type
Magnum SB, 2000 amps.

One (1) Low Voltage Circuit Breaker, Cutler Hammer, Type HND,
1200 amps.

Six (6) Low Voltage Circuit Breakers, Cutler Hammer, Type HKD,
225 amps to 400 amps.

One (1} Dry Type Transformer, Cutler Hammer, 30KVA.

One (1) Grounding System.



4.0 TEST PROCEDURES

¢ SWITCHES, VACUUM, MEDIUM-VOLTAGE (NETA 7.5.3)

1.

VISUAL AND MECHANICAL INSPECTION

a. Compared equipment nameplate data with drawings and
specifications.

b. Inspected physical and mechanical condition.

C. Inspected anchorage, alignment, grounding, and required
clearances.

d. Verified the unit was clean.

e, Performed mechanical operator tests in accordance with
manufacturer's published data, if applicable.

f. Verified correct operation of all indicating and control
devices, if applicable.

. Verified appropriate lubrication on moving current-carrying
parts and on moving and sliding surfaces.

ELECTRICAL TESTS

a. Performed contact-resistance test across each switchblade
and fuseholder.

b. Performed insulation-resistance tests for one minute on each
pole, phase-to-phase and phase-to-ground with switch
closed, and across each open pole. Applied voltage in
accordance with manufacturer's published data. In the
absence of manufacturer’s published data, used Table
100.1.

C. Performed a dielectric withstand voltage test on each pole

with switch closed. Tested each pole-to-ground with all other
poles grounded. Test voltage was in accordance with
manufacturer's published data. In the absence of
manufacturer's published data, used Table 100.19.



40 TEST PROCEDURES CONT'D

° SWITCHES, VACUUM, MEDIUM-VOLTAGE (NETA 7.5.3) CONT’D

3. TEST VALUES

a.

Microhm or dc millivolt drop values did not exceed the high
levels of the normal range as indicated in the manufacturer's
published data. In the absence of manufacturer's published
data, investigated values that deviated from adjacent poles
or similar switches by more than 50 percent of the lowest
value. '

Insulation-resistance values were in accordance with
manufacturer's published data. in the absence of
manufacturer's published data, used Table 100.1. Values of
insulation resistance less than this table or manufacturer’s
recommendations were investigated. Dielectric withstand
voltage tests did not proceed until insulation-resistance
levels were raised above minimum values.

If no evidence of distress or insulation failure was observed
by the end of the total time of voltage application during the
dielectric withstand test, the test specimen was considered
to have passed the test.



4.0 TEST PROCEDURES CONT’D

° PROTECTIVE RELAYS, ELECTROMACHANICAL AND SOLID-STATE

(NETA 7.9.1)

1. VISUAL AND MECHANICAL INSPECTION

a.

e.

Compared eqguipment nameplate data with drawings and
specifications.

Inspected relays and cases for physical damage. Removed
shipping restraint material.

Verified the unit is clean.

Relay Case

1. Tightened case connections.

2. Inspected cover for correct gasket seal.

3. Cleaned cover glass. Inspected shorting hardware,
connection paddles, and knife switches.

4. Removed any foreign material from the case.

5. Verified target reset.

Set relays in accordance with coordination study.

2. ELECTRICAL TESTS

a.

Inspected targets and indicators.

1.

2,

3.

Determined pickup and dropout of electromechanical
targets.

Verified operation of all light-emitting diode indicators.

Set contrast for liguid-crystal display readouts.



4.0

TEST PROCEDURES CONT'D

3.

PROTECTIVE RELAYS, ELECTROMACHANICAL AND SOLID-STATE

(NETA 7.9.1) CONT’D

FUNCTIONAL OPERATION\
a. 50 Instantaneous Overcurrent Relay

1. Determined pickup.

2. Determined dropout.
3. Determined time delay.
b. 51 Time Overcurrent
1. Determined minimum pickup.
2. Determined time delay at two points on the time

current curve.

CONTROL VERIFICATION
a. Functional tests
1. Verified that each of the relay contacts performed its

intended function in the control scheme including
breaker trip tests, close inhibit tests, 86 lockout tests,
and alarm functions. Referred to Section 8.0.

TEST VALUES

a. When not otherwise specified, used manufacturer’s
recommended tolerances.



4.0 TESTPROCEDURES CONTD

'y CABLES-MEDIUM AND HIGH VOLTAGE (NETA 7.3.3)

1.

VISUAL AND MECHANICAL INSPECTION

a. Compared cable data with drawings and specifications.

b. Inspected exposed sections of cables for physical damage.

c. Inspected compression-applied connectors for correct cable
match and indentation.

d. Inspected shield grounding, cable supports, and
terminations.

e. Verified that visible cable bends met or exceeded ICEA and
manufacturer's minimum published bending radius.

f. Inspected fireproofing in common cable areas.

g. Inspected for correct identification and arrangements.

h. Inspected cable jacket and insulation condition.

ELECTRICAL TESTS

a. Performed an insulation-resistance test individually on each
conductor with all other conductors and shields grounded.
Applied voltage in accordance with manufacturer's published
data. In the absence of manufacturer's published data, used
Table 100.1.

b. Performed a shield-continuity test on each power cable.

C. In accordance with ICEA, IEC, IEEE and other power cable

consensus standards, testing can be performed by means of
direct current, power frequency alternating current, or very
low frequency alternating current. These sources may be
used to perform insulation-withstand tests, and baseline
diagnostic tests such as partial discharge analysis, and
power factor or dissipation factor. The selection was made
after an evaluation of the available test methods and a
review of the installed cable system. Some of the available
test methods are listed below.



4.0 TESTPROCEDURES CONT'D

. CABLES-MEDIUM AND HIGH VOLTAGE (NETA 7.3.3) CONT'D

1. Dielectric Withstand

A. Direct current (dc) dielectric withstand voltage
2. Baseline Diagnostic Tests
A. Power factor/ dissipation factor (tan delta)

. Power frequency (60/60 Hz)
1. Very low frequency (VLF)

B. DC insulation resistance

3. TEST VALUES

a.

Insulation-resistance values were in accordance with
manufacturer's published data. In the absence of
manufacturer's published data, used Table 100.1. Values of
insulation resistance less than this table or manufacturer’s
recommendations were investigated.

Shielding exhibited continuity. [nvestigated resistance values
in excess of ten ohms per 1000 feet of cable.

if no evidence of distress or insulation failure was observed
by the end of the total time of voltage application during the
dielectric withstand test, the test specimen was considered
to have passed the test.

Based on the test methodology chosen, referred to
applicable standards or manufacturer's literature for
acceptable values.



4.0 TEST PROCEDURES CONT'D

J TRANSFORMERS, LIQUID-FILLED {NETA 7.2.2)

1.

VISUAL AND MECHANICAL INSPECTION

a.

Compared equipment nameplate data with drawings and
specifications.

Inspected physical and mechanical condition.

Inspected impact recorder prior to unloading.

Tested dew point of tank gases, if applicable.

Inspected anchorage, alignment, and grounding.

Verified the presence of PCB content labeling.

Verified removal of any shipping bracing after placement.
Verified the bushings are clean.

Verified that alarm, control, and trip settings on temperature
and level indicators are as specified.

Verified correct liquid level in tanks and bushings.

Verified that positive pressure was maintained on gas-
blanketed transformers.

Performed inspections and mechanical tests as
recommended by the manufacturer.

Tested load tap-changer in accordance with Section 7.12.
Verified presence of transformer surge arresters.

Verified de-energized tap-changer position was left as
specified.



4.0

TEST PROCEDURES CONT’D -

° TRANSFORMERS, LIQUID-FILLED (NETA 7.2.2) CONT’D

2.

ELECTRICAL TESTS

a.

Performed insulation-resistance tests, winding-to-winding
and each winding-to-ground. Applied in accordance with
manufacturer's published data. In the absence of
manufacturer's published data, used Table 100.5. Calculated
polarization index.

Performed turns-ratio tests at all tap positions.
Performed insulation power-factor or dissipation-factor tests
on all windings in accordance with test equipment

manufacturer's published data.

Performed excitation-current tests in accordance with test
equipment manufacturer’s published data.

Measured the resistance of each high-voltage winding in
each de-energized tap-changer position.Measured the
resistance of each low-voltage winding in each de-energized
tap-changer position, if applicable.

Removed a sample of insulating liquid in accordance with
ASTM D 923. Sample was tested for the following.

1. Dielectric breakdown voltage: ASTM D 877 and/or
ASTM D 1816

2. Acid neutralization number: ANSIVJASTM D 974
3. Specific gravity: ANSIVASTM D 1298

4. Interfacial tension: ANSI/ASTM D 971 or
ANSI/ASTM D 2285

5. Color: ANSIJASTM D 1500
6. Visual Condition: ASTM D 1524
Removed a sample of insulating liquid in accordance with

ASTM D 3613 and performed dissolved-gas analysis (DGA)
in accordance with ANSI/IEEE C57.104 or ASTM D3612.



4.0 TEST PROCEDURES CONT'D

° TRANSFORMERS, LIQUID-FILLED (NETA 7.2.2) CONT’D

3. TEST VALUES

a.

Liquid levels in the transformer tanks and bushings were
within indicated tolerances.

Positive pressure was indicated on pressure gauge for gas-
blanketed transformers.

Minimum insulation-resistance values of transformer
insulation were in accordance with manufacturer's published
data. In the absence of manufacturer's published data, used
Table 100.5, Values of insulation resistance less than this
table or manufacturer's recommendations were investigated.
The polarization index was not less than 1.0.

Turns-ratio test results did not deviate by more than one-half
percent from either the adjacent coils or the calculated ratio.

Maximum winding insulation power-factor/dissipation-factor
values of liquid-filled transformers were in accordance with
the manufacturer’s published data. In the absence of
manufacturer's published data used Table 100.3.

Typical excitation-current test data pattern for a three-legged
core transformer was two similar current readings and one
lower current reading.

Temperature corrected winding-resistance values were
compared within one percent of previously obtained results.

Insulating liguid values were in accordance with Table 100.4.

Evaluated results of dissolved-gas analysis in accordance
with ANSI/IEEE Standard C57.104.



40 TEST PROCEDURES

. SWITCHGEAR AND SWITCHBOARD ASSEMBLIES (NETA 7.1)

1.

VISUAL AND MECHANICAL INSPECTION

a.

Compared equipment nameplate data with drawings and
specifications.

Inspected physical and mechanical condition.

Inspected anchorage, alignment, grounding, and required
area clearances.

Verified the unit was clean and all shipping bracing, loose
parts, and documentation shipped inside cubicles have been
removed.

Verified that fuse and circuit breaker sizes and types
correspond to drawings and coordination study as well as to
the circuit breaker's address for microprocessor-
communication packages.

Inspected bholted electrical connections for high resistance
using the following method:

1. Used a low-resistance ohmmeter in accordance with
Section 7.1.2.

Verified appropriate lubrication on moving current-carrying
parts and on moving and sliding surfaces.

Inspected insulators for evidence of physical damage or
contaminated surfaces.

Verified correct barrier and shutter installation and operation.
Exercised all active components.

Inspected mechanical indicating devices for correct
operation,

Verified that filters are in place and vents are clear.



4.0 TEST PROCEDURES CONT'D

° SWITCHGEAR AND SWITCHBOARD ASSEMBLIES (NETA 7.1)

CONT'D

2, ELECTRICAL TESTS

a.

Performed resistance measurements through bolted
electrical connections with a low-resistance ochmmeter, if
applicable, in accordance with Section 7.1.1.

Performed insulation-resistance tests on each bus section,
phase-to-phase and phase-to-ground, for one minute in
accordance with Table 100.1.

Performed ground-resistance tests in accordance with
Section 7.13.

Verified operation of cubicle switchgear/switchboard space
heaters.

3. TEST VALUES

a.

Compared bolted connection resistance values to values of
similar connections. Investigated values which deviated from
those of similar bolted connections by more than 50 percent
of the lowest value.

Insulation-resistance values of bus insulation were in
accordance with manufacturer’s published data. In the
absence of manufacturer’s published data, used Table
100.1. Values of insulation resistance less than this table or
manufacturer's recommendations were investigated.

Results of ground-resistance tests were in accordance with
Section 7.13.

Heaters were operational.



4.0 TEST PROCEDURES CONT'D

J CIRCUIT BREAKERS, AIR, INSULATED CASE/MOLDED-CASE (NETA

7.6.1.1)

1.

VISUAL AND MECHANICAL INSPECTION

a. Compared equipment nameplate data with drawings and
specifications.

b. Inspected physical and mechanical condition.

c. Inspected anchorage and alignment.

d. Verified the unit was clean.

e. Operated the circuit breaker to insure smooth operation.

f. Performed adjustments for final protective device settings in
accordance with the coordination study.

ELECTRICAL TESTS

a. Performed insulation-resistance tests for one minute on each
pole, phase-to-phase and phase-to-ground with the circuit
breaker closed, and across each open pole. Applied voltage
in accordance with manufacturer's published data. In the
absence of manufacturer’s published data, used Table
100.1.

b. Performed a contact/pole-resistance test.

c. Determined long-time pickup and delay by primary current
injection.

d. Determined short-time pickup and delay by primary current
injection.

e. Determined ground-fault pickup and time delay by primary
current injection.

f. Determined instantaneous pickup by primary current

injection.

Verified operation of charging mechanism.



4.0

TEST PROCEDURES CONT'D

J CIRCUIT BREAKERS, AIR, INSULATED CASE/MOLDED-CASE (NETA

7.6.1.1) CONT'D

3.

TEST VALUES

a.

b.

Settings complied with coordination study recommendations.

Insulation-resistance values were in accordance with
manufacturer's published data. In the absence of
manufacturer's published data, used Table 100.1. Values of
insulation resistance less than this table or manufacturer’s
recommendations were investigated.

Microhm or dc millivolt drop values did not exceed the high
levels of the normal range as indicated in the manufacturer’s
published data. If manufacturer's published data was not
available, investigated values that deviated from adjacent
poles or similar breakers by more than 50 percent of the
lowest value.

Long-time pickup values were as specified, and the trip
characteristic did not exceed manufacturer’s published time-
current characteristic tolerance band, including adjustment
factors. If manufacturer's curves were not available, trip
times did not exceed the value shown in Table 100.7.

Short-time pickup values were as specified, and the trip
characteristic did not exceed manufacturer’s published time-
current tolerance band.

Ground fault pickup values were as specified, and the trip
characteristic did not exceed manufacturer’s published time-
current tolerance band.

Instantaneous pickup values were as specified and within
manufacturer's published tolerances. In the absence of
manufacturer's published data, referred to Table 100.8.

Pickup values and trip characteristics were within
manufacturer's published tolerances.

The charging mechanism operated in accordance with
manufacturer's published data.



4.0 TEST PROCEDURES CONT'D

. TRANSFORMERS, DRY-TYPE, AIR-COOLED, LOW-VOLTAGE, SMALL

(NETA 7.2.1.1)

1.

VISUAL AND MECHANICAL INSPECTION

a. Compared equipment nameplate data with drawings and
specifications.

b. Inspected physical and mechanical condition.

c. Inspected anchorage, alignment, and grounding.

d. Verified that resilient mounts were free and that any shipping
brackets were removed.

e. Verified that as-left fap connections were as specified.

ELECTRICAL TESTS

a. Performed insulation-resistance tests winding-to-winding and
each winding-to-ground. Applied voltage in accordance with
manufacturer’s published data or in the absence of
manufacturer's published data, used Table 100.5. Calculated
polarization index.

b. Performed turns-ratio tests at all tap positions.

TEST VALUES

a. Tap connections were left as found unless otherwise
specified.

b. Minimum insulation-resistance values of transformer
insulation were in accordance with manufacturer's published
data. In the absence of manufacturer’s published data, used
Table 100.5. Values of insulation resistance less than this
table or manufacturer’'s recommendations were investigated.
The polarization index was not less than 1.0.

c. Turns-ratio test results did not deviate by more than one-half
percent from either the adjacent coils or the calculated ratio.

d. Phase-to-phase and phase-to-neutral secondary voltages

were in agreement with nameplate data.



4.0

TEST PROCEDURES CONT’D

GROUNDING SYSTEMS (NETA 7.13)

1.

VISUAL AND MECHANICAL INSPECTION

a. Verified ground system was in compliance with drawings,
specifications, and NFPA 70 National Electrical Code Article
250.

b. Inspected physical and mechanical condition.

c. Inspected anchorage.

ELECTRICAL TESTS

a. Performed fall-of-potential or alternative test in accordance
with ANSIIEEE 81 on the main grounding electrode or
system.

h. Performed point-to-point tests to determined the resistance
between the main grounding system and all major electrical
equipment frames, system neutral, and derived neutral '
points.

TEST VALUES

a. Grounding system electrical and mechanical connections
were free of corrosion.

b. The resistance between the main grounding electrode and
ground was no greater than five ohms for large commercial
or industrial systems and 1.0 ohm or less for generating or
transmission station grounds unless otherwise specified by
the owner. (Referenced ANSIIEEE Standard 142)

(e Investigated point-to-point resistance values that exceed 0.5

ohm.



5.0 RESULTS AND RECOMMENDATIONS

All equipment, listed in section 3.0 “Equipment Inspected and Tested”, tested
satisfactory as installed and is operational and acceptable for service.

This is for your information and documentation.
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Insulation Resistance Test Values

TABLE 100.1

09-100.1-A

Electrical Apparatus and Systems

RERSEITE RN I et L .'.'Recolmnen_ded Minimum
Nominal Rating - 5f o i Insulation Resistance in
of Equipntent in Volts - ot Minimum Test Voltage, DC - Megohmns

250 500 25

600 1,000 100

1,000 1,000 100

2,500 1,000 500

5,000 2,500 1,000

8,000 2,500 2,000

15,000 2,500 5,000

25,000 5,000 20,000

34,500 and above 15,000 100,000

In the absence of consensus standards dealing with insulation-resistance tests, the Standards Review Council suggests

the above representative values,

See Table 100.14 for temperature correction factors,

Test resulis are dependent on the temperature of the insulating material and the humidity of the surrounding environment

at the time of the test.

Insulation-resistance test data may be used to establish a trending pattern. Deviations from the baseline information

permit evaluation of the insulation.



TABLE 100.3

Recommended Dissipation Factor/Power Factor at 20° C
Liquid-Killed Transformers, Regulators, and Reactors

Acceptance Test Values

09-100.3-A

E O_i], Si]x"cbn'e; hnd:Lé;ss-F!amﬂiable-'Hyd'l"f)_'ca'rbb'l'l Maximum Value (Percent)

New Power Transformers and Reactors 0.5%
New Distribution Transformers and Regulators 1.0%
Remanufactured Power Transformers and Reactors 1.0%

1.5%

Remanufactured Distribution Transformers and Regulators

In the absence of consensus standards dealing with transformer dissipation-factor or power-factor values, the NETA

Standards Review Council suggests the above representative values.



09-100.4.1-A

TABLE 100.4.1

Ins ulatmg Fluid Limits

Table 100 4.1

Test Lmuts for New Insulatmg 0il Rece:ved in Ne“ Equlpment

L MmemlOll - .
b As"m el s GOKY and | >69 kv - <_230 >230kV-<345 | >345KV and
Test ' ‘Method | Below v SRV . kv Above
Dielectric breakdown, D877 30 10 30

kV minimum

Dielectric breakdown,
kV minimum @ lomm D1816 25 30 32 35
{0.04") gap

Dielectric breakdown,

kV minimum @ 2 mm DI1816 45 52 55 60
{0.08") gap

Interfacial tension D971 or

mN/m minimum D2285 38 38 38 38
Neutralization n}lmber, D974 0.015 0015 0.015 0015
mg KOH/g maximum

Watv:er content, ppm D1533 20 10 10 10
maximum

Power factor at 25° C, % D924 0.05 0.05 0.05 0.05
Power factor at 100° C, % D924 0.40 0.40 0.30 0.30
Color DL1500 1.0 1.0 1.0 0.5
Visual condition D1524 Bright and clear | Bright and clear Bright and clear | Bright and clear

ANSVIEEE C57.106-2002, Guide for Acceptance and Maintenance of Insulating Oil in Equipment, Tables 1, 2, and 3.



09-100.5-A

Table 100.5

Transformer Insulation Resistance
Acceptance Testing

. A L REBT ' Reconunended Minimum
Transformer Coil - | * Minimum DC Test - .. - Insulation Resistance in Megohms
Rating Type in Volts Lo Noltage oY - Liquid Filled Dry
0- 600 1000 100 500
60t - 5000 2500 1000 5000
Greater than 5000 5000 5000 25000

In the absence of consensus standards, the NETA Standards Review Council suggests the above representative
values.

See Table 100.14 for temperatore correciion factors.

NOTE: Since insulation resistance depends on insulation rating (kV) and winding capacity (kVA), values
obtatited should be compared to manufacturer’s published data.



09-100.7-A

-TABLE 100.7

Inverse Time Trip Test
at 300% of Rated Continuous Current of Circuit Breaker
Molded-Case Circuit Breakers

. AT A "-M_éki_l:l_ii;_m_T;'ip_ Time in Seconds
Range of Rated Continuous o For Each Maximum Frame Raﬁ“ga
Current (Amperes) By o | VR 251 - 600V
0-30 50 70
31-50 80 100
51-100 140 160
101-150 200 250
151-225 230 275
226-400 300 350
401-600 F eeee- 450
6e1-800 0 ----- 500
goi-t000 e 600
[or—-1260 | eean- 700
1201-1¢00 v ----- 775
le01-2000 | - 800
2001-2s00 | ----- 850
2501-5000 1 e 900
60000 - 1000

Derived from Table 5-3, NEMA Standard AB 4-1996, Guidelines for Inspection and Preventive Maintenance of Molded-

Case Cireuif Breakers Used in Commercial and Industrial Applications.

a. Trip times may be substantially longer for integrally-fused circuit breakers if tested with the fuses replaced by solid

links {shorting bars).




TABLE 100.8

Instantaneous Trip Tolerances
for Field Testing of Circuit Breakers

09-100.8-A

L0 Tolerances of Manufacturer’s

" Published Trip Range

“““High Side

Breaker Type ' 'Toleréuée of Settings Low Side
Adjustable 0%
-30%
Nonadjustable  {  ----- +25% -25%

Reproduction of Table 5-4 from NEMA publication AB4-1996.

For circuit breakers with nonadjustable instantaneous trips, tolerances apply to the manufacturer’s published trip range,
i.e., +40 percent on high side, -30 percent on low side.



09-100.14.1-A
TABLE 100.14.1

Insulation Resistance Conversion Factors (20° C)

N -T?bie 100141 T T
coen et e Test Temperatures to 20°.C
Temperature o | o Multiplier
s 1o .y -App_a__j§aﬁ|s' Containing |  Apparatus Containing
T ~Immersed Oil Insulation Solid Insulation

-10 14 0.125 0.25
-5 23 0.180 0.32
32 0.25 0.40
41 0.36 0.50
i0 50 0.50 0.63
15 59 0.75 0.81
20 68 1.00 1.00
25 77 1.40 1.25
30 86 1.98 1.58
35 95 2.80 2.00
40 A 104 3.95 2.50
45 113 5.60 3.15
50 122 7.85 3.98
55 131 11.20 5.00
60 140 15.85 6.30
65 ‘ 149 22.40 7.90
70 158 3175 10.00
75 167 44.70 12.60
80 176 63.50 15.80
85 185 89.789 20.00
90 194 127.00 25.20
95 203 180.00 31.60
100 212 254.00 40.00
105 221 359.15 50.40
110 230 509.00 63.20

Derived from Stitch in Time...The Complete Guide to Electrical Iusulation Testing, Megger.

Formula; Example; Resistance test on oil-inunersion insulation at 104°
R.=R, xK Ry = 2 megohms @ 104°F
Where: R, is resistance corrected to 20° C K =395
R, is measured resistance at test R. =R, xK
femperature R, =2.0x3.95

K is applicable multiplier R; =7.90 megohms @ 20° C




09-100.19-A
TABLE 100.19

Dielectric Withstand Test Voltages
Electrical Apparatus Other than Inductive Equipment

Nominal R B SRR ~ Maxinmum Maximum
System (Line) . - . Insulation . - . -AC Factory - |  Field Applied Field Applied
Voltage® (kV) o Class oo Fest (RV) 0L o AC Test (KV) DC Test (kV)

1.2 1.2 10 6.0 8.5
24 2.5 5 9.0 12.7
4.8 5.0 {9 i14 16.1
8.3 8.7 26 15.6 22.1
14.4 15.0 34 204 28.8
i8.0 18.0 40 24,0 33.9
25.0 25.0 50 30.0 42.4
34.3 35.0 70 42.0 59.4
46.0 46,0 95 57.0 80.6
69.0 69.0 140 34.0 118.8

In the absence of consensus standards, the NETA Standards Review Council suggests the above representative values.

a. Intermediate voltage ratings are placed in the next higher insulation class,



Power Systems Testing

Test Data Sheets
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Two-Winding Transformers
Capacitance and Power Factor Tests

COMPANY _ patra Coila leciric

P

DATE (o -8-4f
TESTLOCATION ['n/i¢d¢ ol Sau fVates TESTEDBY ¢ <o
XFMR IDENT, 7 TEST SETNO. S100v s folia ~geos cA Frvinnao
XFMR SERIALNO. 7o 1 He26 229 AR TEMPERATURE £ oo
XFMRMFR £ 6 Power by fann TYPE (1 OF L KVA ispo OIL TEMPERATURE s 9"
HIGHKV_ {2470 ) SGLO YO AG” % RH 0%
HIGH KV BUSH WEATHER _ GFoo b
LOWKY d4@oylat SGLO Y@~ a0 TERTIARY KV SGLO YO AD
LOW KV BUSH - TERTIARY BUSH
TRANSFORMER OVERALL TESTS .
WATTS WSUL:
TESY TEST TEST CONNECTIONS TEST | CAPACITANCE BB 10 ATION
NO. INSULATION TESTED KCDE (WIHDING S} Ky c PR % POWER FAGTOR Decuvasxy | FATRG
20°C | CORR |
ENG GND | GAR Ust MEASURED L 3ud FCTR
1 Cug + C GST | H | L _
: He T GND 1981903, . 25% 7188
2 GST | H L
Cro jo.oz) fo37 19 % 06D
3 UsT | H L
Cr 0,051 79702 iz o850 |
4 c — TEST1MINUSTEST 2 | — .
HL 79764
5 Cg +C GST L H .
Ko T GND 28 | 4537 ,32% L 728
[ . C GST L H
- A9 | 95848 L 28% 75 %
7 UsT L H .
Cue _ 28 | 79784 274 L 6863
8 C — TESTSMINUSTEST 6 | —
e 19502
8 Cug' — Cng MINUS HIGH —
BUSH,
10 Cue' — Cus MINUS LOW —
BUSH.
BUSHING TESTS
TEST BUSHING | ¢ S I
NO. | NO.SER. NO. Excitatibn Test |\ IAKY
11
vsT i 126,704
RI 12
KV usT Horp3e |83.6m4
13 usT
Hxul . 1 &iimk
14N UsT
15 UsT
[Ke] [
ME usT
i7 UsT
i | N UST
19 QiL TEST UST
INSULATION RATING KEY REMARKS
G EQUIVALENT CIRGUIT Test No. 4, 8,5, 10 are calculated inleccheck valuss.
Ga GOOD c"_ L
D=

DETERIORATED ol
= INVESTIGATE
Be BAD (REMOVE OR RECONDITION)

Ha HIGH VOLTAGE WINDING
La LOW-VOLTAGE WINDING
Ga GROUND G
Ns NEUTRAL BUSHNG 1
NOTE: SHORT EACH WINDING ON ITSELF, :

Test™ = 28,30 mh Tesr#s= E/L78m4A.
Tosi¥2 = 3.255mA  Togr¥g 2e F3nA.
Test?3: A8 0¥mA  Test#ro 25 04u 4




AETS AR

Date Printed 07/05/2011 TC# 9389
Customer 3177500 POWER SYSTEMS TESTING City HAYWARD, CA Location QUTOOCOR/GROUND

Sub-Name COLLEGE OF SAN MATEO Unit No. NEW CADMOUNT XFMR Other BLDG. SCIENCE

NAMEPLATE DATA ADBITONAL EQUIPMENT
Manufaclurer GG FOWER Equipment Type TRANSFORMER Radlators Yes Conservator Tank  No
Manufaciure Date  04/20/2011 Transformer Class OA Fans No LTC Compartment  No
Serlat No, 20000026724 impedance % 5.75 Walter Cooled No Bushing Location  Side Enci.
KVA Rating 1,500 Phase/Cycle 360 Oll Pumps No Breather
High Voltage 124700 Liquid Type oL Top FPV 1.50in Plug Hose Length Oft
Low Voltage 480 Y Gallons 335 Bottom FPV 1.50 In Valve Service Online
Weight 8,050 1bs Olher Access Insulation Type 65C Power Avallable
VISUAL INSPECTION FIELD SERVICE
SAMPLE TOP DATE SERVICE
DATE LEVEL TEMP TEMP PV PAINT LEAKS
061512011 NORMAL 15 25 0.00 GOOD NONE

Additional Information

Reason Not Tested

LIQUID SCREEN TEST DATA

DATE SERVICE ACID iFT DIEL 877 DIEL 1816 COLOR SP.GRAV., VISUAL SEDIMENT
06/15/2011 0.020 AC 39.8 AC 48 AC 0.50 AC 0.890 AC CLEARAC NONE AC
s INHIBITOR GONTENT 0 v o LIQUID POWER FAGTOR
DATE PCT. BY WEIGHT DATE 250G 100C

NOTE: STUDIES SHOW THAT A LEVEL OF .3% INHIBITOR IS

OPTIMUM FOR PRESERVATION OF IN-SERVICE TRANSFORMER This test was not run on this transformer.

8][\!1_9&.'_'(?”?8 WITH A LEVEL BELOW .08% ARE CONSIDERED TO BE
[ BITED,

KEY TO ABBREVIATIONS: AC - ACCEPTABLE QU -- GUESTIONABLE UN -- UNACCEPTABLE




TC# 9389

Page 2 Pate Printed 07/05/20t1
Customer 3177500 POWER SYSTEMS TESTING S/N 20000026724
Sub-Name COLLEGE OF SAN MATEOQ Mfg. CG POWER Gal Lig 335 gal Primary 124700
Location QUTDOOR/GROUND Unit No.  NEW OADMOUNT XFMR KVA 1500 Secondary 480Y

R

o

2FOL  2FAL 5M2F TOTAL

- AVG PCT. MOIST./DRY WGT.
DATE TEMP PPM SATURATION PCT. GRADE

06/15/2011 20 6 10.0 AC 1.18 A

This test was not run on this transformer.

GAS-IN-OIL ANALYSIS GAS CHROMATOGRAPHY EXPRESSED IN PPM

CARBON  CARBON TOTAL TOTAL
DATE HYDROGEN OXYGEN NITROGEN. METHANE MONOXIDE DIOXIDE ETHANE ETHYLENE ACETYLEN COMBUST. GAS
oeM6/2011 7 19,546 78,851 2 G 261 ND ND ND 15 88,673
RECOMMENDATION RETEST 3 MONTHS
A-THE ANALYSIS OF THIS SAMPLE SHOWS ONLY MINOR AMOUNTS OF COMBUSTIBLE GAS. THIS BASELINE INDICATES
NORMAL OPERATION.
E PCB CONTENT EXPRESSED IN PP

PRESSED IN PPM.

DATE ALUMINUM IRON

COPPER

This test was not run on this transformer.

DATE

1242

1254

1260

OTHER TOTAL

This {est was not run on this transformer.
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