Specification Section 16K - Testing

Specification Section 16Q - Testing


1.0 - GENERAL

1.1   Scope of Work
a. All equipment furnished and installed under this Contract shall be tested as indicated in the Contract Drawings, or specified herein.

b. The Contractor shall perform all tests as may be necessary to demonstrate that the equipment, installed, complies with the Contract requirements.  The Contractor shall provide all labor, instruments and apparatus required for the tests.  If any of the equipment fails, under test, to meet the Contract requirements or to function properly, the defects shall be rectified by readjusting or removing and replacing, the faulty equipment until, under test, the requirements are met.  The Engineer may check the Contractor's instruments or furnish his own instruments.

c. All tests shall be performed in conformity with the standard test codes of the applicable association(s) specified in paragraph 1.2 Factory Tests.  Equipment factory test requirement shall be as indicated or required in the relevant equipment technical specification and shall be witnessed by the Engineer or his representative and by an authorized representative of the User Department. All factory witness test shall be arranged and expenses shall be paid by the contractor.

d. All measuring instruments shall be of the precision type and be calibrated immediately before and immediately after the tests.  All instruments and testing facilities, including labor, for the tests shall be provided by the Contractor.  The Engineer may check the Contractor's instruments or furnish his own instruments.  The Authority shall furnish electrical energy to the Contractor without charge for making the tests.

e. The Contractor shall furnish and install all necessary testing apparatus calibrated meters, gauges, fittings, thermometers, etc.  All apparatus supplied by the Contractor for these tests shall remain its property and be removed by him after the tests.

f. The Contractor shall submit test procedures for the approval of the Engineer, showing in complete detail the manner in which it proposes to perform each test.

g. The Contractor shall provide full documentation and certifications of all tests performed.

1.2   Factory Tests
a. All equipment, including machinery, apparatus and materials of construction, shall be tested at the places of manufacture.

b. All service and distribution equipment, switchboards and panel boards shall be given a Hi-Pot test at the place of manufacture in accordance with the requirements of Inter National Electrical Testing Association Inc. (ANSI/NETA ATS-2017).

c. All necessary ratings, capacities, calibration, temperature in operation and other characteristics shall be obtained by methods in accordance with the standard test codes of the applicable associations,  the Air Movement and Control Association, the Air Conditioning and Refrigeration Institute, the American Society of Heating, Refrigerating and Air Conditioning Engineers, the American National Standards Institute, Underwriters Laboratories, the Institute of Electrical and Electronics Engineers and the Illuminating Engineering Society.  Six copies of these certified ratings, etc., shall be submitted for the approval of the Engineer.  No material or apparatus shall be shipped to the work unless approved by the Engineer.

d. In lieu of Factory Tests as indicated in this paragraph, the manufacturer may provide a test report certifying compliance associated with all any required Factory Acceptance Test(s). 


1.3 Field Tests
a.  Factory tested equipment and field assembled equipment shall be field tested after installation to ensure compliance with the codes, contract and manufacturer requirements. In addition, performance tests shall be made in the field, upon its major subdivisions and required by the Engineer, in conformity with the standard test codes of the applicable association(s) specified in Paragraph 1.2, Factory Tests.  All measuring instruments shall be of the precision type and be calibrated immediately before and immediately after the tests.  All instruments and testing facilities, including labor, for the tests shall be provided by the Contractor.  The Authority shall furnish to the Contractor, without charge, electrical energy for making the tests.

b. The Contractor shall furnish and install all necessary testing apparatus calibrated electrical meters, gauges, fittings, thermometers, etc.  All the foregoing apparatus supplied by the Contractor for these tests shall remain its property and be removed by him after the tests.

c. The Contractor shall submit, for the approval of the Engineer, test procedures showing in complete detail, the manner in which it proposes to perform each test.

d. All defects in the new systems shall be corrected to the satisfaction of the Engineer.  All equipment shall be re-tested after the correction of defects.

e. The Contractor shall make insulation resistance and ground tests of all wiring installed under this Contract in conformity with the requirements of this Section and elsewhere specified herein during the progress of the work, and at a time the Engineer may desire.  These tests shall be made prior to connection to equipment and in the presence of the Engineer.

f. Apparatus as circuit breakers, contactors, motor starters, push button stations, etc., shall be checked for free movement and alignment of parts and contacts.

g. The ground fault protection system shall be performance tested, required by the National Electrical Code, Article 230-95(C).

h. The grounding system shall be tested and verified with accepted methods and standards by actual measurements in the field.  The proposed method of measurement shall be submitted for approval.  Refer to 16B for grounding resistance values.  The resistance values and the soil conditions at the time measurements were made, along with location of each ground rod shall be submitted to the Engineer.  Approved remediation shall be provided to attain the required resistance values prior to installation of the ground electrodes. 

i. A performance test shall be made to verify proper electrical operation of all power and control circuits and electrical apparatus.

j. After installation, performance tests shall be made in the field as a whole, upon its major subdivisions and required by the Engineer.  The tests shall be performed with all rated loads connected.

k. Similar tests shall be performed on the emergency equipment with all rated emergency loads connected.

l. Verify tagging. Tagging shall as per specification and standard drawing E-2052.

m. Motors shall be checked for proper rotation, and for balancing of the currents in all three phases.

n. Verify torqueing: All electrical bolted connections shall be tightened by the calibrated torque method in compliance with the manufacturer’s requirements. Where the manufacturer has no requirements, the connections shall be torqued as required by the NEC. Torqueing shall be witnessed by the Engineer.
o. Verify joint resistance: After splicing, but before applying insulation, perform a resistance test across the splice, use a minimum ten (10) ampere DC test current. Resistance shall be within 5% of the equivalent conductor DC resistance.   
p. Remove neutral link(s) in the service disconnect and perform a resistance check for neutral isolation from ground and equipment enclosures. Resistance shall be greater than 10 megohms using an insulation tester by applying a minimum of 500 VDC between the neutral and ground. Note: all equipment will have to be disconnected during testing.
q. General lighting: after installation of the lighting system, verify circuit numbers, circuiting, and equipment grounding. Verify lighting levels.
r. Emergency lighting: after installation of the emergency lighting system, verify circuit numbers, circuiting and equipment grounding, and perform an operational test by disconnecting appropriate energy sources to verify emergency lighting operation. Verify lighting levels.
s. Tunnel lighting and receptacles: after installation of the tunnel lighting system, verify circuit numbers, circuiting, and equipment grounding. Verify lighting levels. Verify tunnel receptacle circuiting and ground fault.

1.4 Electrical Tests After Installation
a. All electrical equipment, including wire and cable, shall be tested after completion of installation in accordance with the following: 

1. All wiring shall be installed that when completed, the system shall be free from shorts, crosses or grounds.  

2. All cables sizes larger than AWG #12 shall be tested for insulation as per NETA, Inc. The tests shall be performed on each conductor with respect to ground and adjacent conductors. Test duration shall be one minute. 

3.  	The insulation resistance values shall be as per manufacturer’s published data. If           manufacturer’s data is not available, the insulation resistance values shall not be            less than the following:

(a) For 208V Equipment: 
	
25 Megohms at 500V DC
	
(b) For 480V up to 1000V:
					                 100 Megohms at 1000V DC

b. 	The above values shall be measured with all switchboards, panel boards, cutouts and other safety devices installed.

b. c.	The Contractor shall make tests as necessary, including polarity test of the sockets, to demonstrate that the equipment, installed, complies with the Contract requirements.  The Contractor shall provide all labor, calibrated instruments and apparatus required for the tests. If any of the equipment fails, under test, to meet the Contract requirements or to function properly, the defects shall be rectified by readjusting, or removing and replacing, the faulty equipment until, under test, the requirements are met. The Engineer may check the Contractor's instruments or furnish its own instruments.

1.4.1 Test Equipment
1. Test equipment shall be listed for reference only.  The Contractor shall verify the availability of the said test equipment and submit updated calibration certificates.
1. The Contractor shall submit, for approval, the test equipment product data sheets and certificates of calibration concurrently with the test procedure.


1.4.2  Calibration of Test Equipment 
0. Test equipment shall be calibrated as per the manufacturers’ recommendations. 
0. Certificate of calibration shall indicate the following:
1. Kind of Equipment
1. Type/Model No.
1. Product Number or options fitted
1. Manufacturer
1. Calibration Report
1. Calibration Date
1. Confirmation Intervals
1. Ambient Temperature/Relative Humidity
0. All calibration certificates must be submitted with this procedure and shall be valid on the dates of testing.

1.4.3  Insulating Testing Procedure
1. Insulation Resistance Test shall be performed from end-to-end for each cable installed before terminating the cable ends.
1. Insulation Resistance Test shall be performed using an General Radio / Quadtech type 1864 Megohmeter 10-1090 volts, or approved equal, in the volt scale as specified in the specifications.
1. Each insulated conductor shall be measured with all other insulated conductors, and to ground. 
1. All readings from the meter shall be in Meg Ohms.  
1. Measurements shall be made for 1 minute duration. The test may be terminated within the minute as soon as the measurement demonstrates that the specified value has been met or exceeded.
1. Testing 
0. Use appropriate set of leads for test.
0. Connect test leads to the device; Set and adjust the testing voltage to the required VDC setting.
0. Conductors are spaced apart (approximately equally spaced from each other) to prevent conductors from touching each other.
0. Test lead from the (+) terminal is connected to the (+) group of conductors.
0. Test lead (-) terminal is connected to the (-) group of conductors.
5. Measure the Insulation Resistance of the cable.  Record the reading.
5. Expected reading must be the required minimum.
6.  Contractor shall perform an additional short circuit test upon the direction of the Engineer.

1.4.4  Calculation of IR:
a.	To calculate Insulation Resistance at 15.6°C (60°F), use the following formula:
IR = L × M × D × Tcf
Where
IR = Insulation Resistance in Megohms per 1,000’ at 15.6°C (60°F).
L = Length in thousands of single conductor feet, i.e. 1000 feet = 1.0, etc.
M = Resistance Multiplier switch setting.
D = Deflection (meter reading) read from scale of meter and should be between 5 and 0.5.
Tcf = Temperature correction factor (see Table 1 below).
b.	The following is a list of coefficients for various insulating materials:
Table 1: List of coefficients for various insulating materials
Compound Designation		                  Coefficient
HVK (EPR) 			1.04
ALL OTHER EPRs 			1.03
MICATEMP 			1.03
ALL SILICONES			1.05
KXL-500 (XLPE) 			1.06
KXL-760D (XLPE) 			1.07
KXL-760G (XLPE) 			1.07
KXL-800 (XLPE) 			1.06
KXL-830 (XLPE) 			1.11
By using the specific coefficient (Table 1) for material being tested and knowing the test temperature, the correction factor can be determined from Table 2 of the following page.
NOTE: If the insulating material is not listed in Table 1 above, then there is no temperature correction factor applied.

Table 2: Temperature Correction Factors for Insulation Resistance to 15.6°C (60°F)

	Temperature
	Coefficient for 1 °F



	°F
	°C
	1.03
	1.04
	1.05
	1.06
	1.07
	1.08
	1.09
	1.10
	1.11
	1.12

	50
	10.0
	0.74
	0.68
	0.61
	0.56
	0.51
	0.46
	0.42
	0.39
	0.36
	0.32

	51
	10.6
	0.77
	0.70
	0.64
	0.59
	0.54
	0.50
	0.46
	0.42
	0.39
	0.36

	52
	11.1
	0.79
	0.73
	0.68
	0.63
	0.58
	0.54
	0.50
	0.47
	0.43
	0.40

	53
	11.7
	0.81
	0.76
	0.70
	0.67
	0.62
	0.58
	0.55
	0.51
	0.48
	0.45

	54
	12.2
	0.84
	0.79
	0.75
	0.70
	0.67
	0.63
	0.60
	0.56
	0.53
	0.51

	55
	12.8
	0.86
	0.82
	0.78
	0.75
	0.71
	0.68
	0.65
	0.62
	0.59
	0.57

	56
	13.3
	0.89
	0.85
	0.82
	0.79
	0.76
	0.74
	0.71
	0.68
	0.66
	0.64

	57
	13.9
	0.92
	0.89
	0.86
	0.84
	0.82
	0.79
	0.77
	0.75
	0.73
	0.71

	58
	14.4
	0.94
	0.92
	0.91
	0.89
	0.87
	0.86
	0.84
	0.83
	0.81
	0.80

	59
	15.0
	0.97
	0.96
	0.95
	0.94
	0.93
	0.93
	0.92
	0.91
	0.90
	0.89

	60
	15.6
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	61
	16.1
	1.03
	1.04
	1.05
	1.06
	1.07
	1.80
	1.09
	1.10
	1.11
	1.12

	62
	16.7
	1.06
	1.08
	1.10
	1.12
	1.14
	1.17
	1.19
	1.21
	1.23
	1.25

	63
	17.2
	1.09
	1.12
	1.16
	1.19
	1.23
	1.26
	1.30
	1.33
	1.37
	1.40

	64
	17.8
	1.13
	1.17
	1.22
	1.26
	1.31
	1.36
	1.41
	1.46
	1.52
	1.57

	65
	18.3
	1.16
	1.22
	1.28
	1.34
	1.40
	1.47
	1.54
	1.61
	1.69
	1.76

	66
	18.9
	1.19
	1.27
	1.34
	1.42
	1.50
	1.59
	1.68
	1.77
	1.87
	1.97

	67
	19.4
	1.23
	1.32
	1.41
	1.50
	1.61
	1.71
	1.83
	1.95
	2.08
	2.21

	68
	20.0
	1.27
	1.37
	1.48
	1.59
	1.72
	1.85
	1.99
	2.14
	2.30
	2.48

	69
	20.6
	1.30
	1.42
	1.55
	1.69
	1.84
	2.00
	2.17
	2.36
	2.56
	2.77

	70
	21.1
	1.34
	1.48
	1.63
	1.79
	1.97
	2.16
	2.37
	2.59
	2.84
	3.11

	71
	21.7
	1.38
	1.54
	1.71
	1.90
	2.10
	2.33
	2.58
	2.85
	3.15
	3.48

	72
	22.2
	1.43
	1.60
	1.80
	2.01
	2.25
	2.52
	2.81
	3.14
	3.50
	3.90

	73
	22.8
	1.47
	1.67
	1.89
	2.13
	2.41
	2.72
	3.07
	3.45
	3.88
	4.36

	74
	23.3
	1.51
	1.73
	1.98
	2.26
	2.58
	2.94
	3.34
	3.80
	4.13
	4.89


	Temperature
	Coefficient for 1 °F


	75
	23.9
	1.56
	1.80
	2.08
	2.40
	2.76
	3.17
	3.64
	4.18
	4.78
	5.47

	76
	24.4
	1.60
	1.87
	2.18
	2.54
	2.95
	3.43
	3.97
	4.59
	5.31
	6.13

	77
	25.0
	1.65
	1.95
	2.29
	2.69
	3.16
	3.70
	4.33
	5.05
	5.90
	6.87

	78
	25.6
	1.70
	2.03
	2.41
	2.85
	3.38
	4.00
	4.72
	5.56
	6.54
	7.69

	79
	26.1
	1.75
	2.11
	2.53
	3.03
	3.62
	4.32
	5.14
	6.12
	7.26
	8.61

	80
	26.7
	1.81
	2.19
	2.65
	3.21
	3.87
	4.66
	5.60
	6.73
	8.06
	9.65

	81
	27.2
	1.86
	2.28
	2.79
	3.40
	4.14
	5.03
	6.11
	7.40
	8.95
	10.8

	82
	27.8
	1.92
	2.37
	2.93
	3.60
	4.43
	5.44
	6.64
	8.14
	9.93
	12.1

	83
	28.3
	1.97
	2.46
	3.07
	3.82
	4.74
	5.87
	7.26
	8.95
	11.0
	13.6

	84
	28.9
	2.03
	2.56
	3.23
	4.05
	5.07
	6.34
	7.91
	9.85
	12.2
	15.2

	85
	29.4
	2.09
	2.67
	3.39
	4.29
	5.43
	6.85
	8.62
	10.8
	13.6
	17.0

	86
	30.0
	2.16
	2.77
	3.56
	4.55
	5.81
	7.40
	9.40
	11.9
	15.1
	19.0

	87
	30.6
	2.22
	2.88
	3.73
	4.82
	6.21
	7.99
	10.2
	13.1
	16.7
	21.3

	88
	31.1
	2.29
	3.00
	3.92
	5.11
	6.65
	8.63
	11.2
	14.4
	18.6
	23.9

	89
	31.7
	2.36
	3.12
	4.12
	5.42
	7.11
	9.32
	12.2
	15.9
	20.6
	26.7

	90
	32.2
	2.43
	3.24
	4.32
	5.74
	7.61
	10.1
	13.3
	17.4
	22.9
	30.0

	91
	32.8
	2.50
	3.37
	4.54
	6.09
	8.15
	10.9
	14.5
	19.2
	25.4
	33.6

	92
	33.3
	2.58
	3.51
	4.76
	6.45
	8.72
	11.7
	15.8
	21.1
	28.2
	37.6

	93
	33.9
	2.65
	3.65
	5.00
	6.84
	9.33
	12.7
	17.2
	23.2
	31.3
	42.1

	94
	34.4
	2.73
	3.79
	5.25
	7.25
	9.98
	13.7
	18.7
	25.5
	34.8
	47.1

	95
	35.0
	2.81
	3.95
	5.52
	7.69
	10.7
	14.8
	20.4
	28.1
	38.6
	52.8

	96
	35.6
	2.90
	4.10
	5.79
	8.15
	11.4
	16.0
	22.3
	30.9
	42.8
	59.1

	97
	36.1
	2.99
	4.27
	6.08
	8.64
	12.2
	17.2
	24.3
	34.0
	47.5
	66.2

	98
	36.7
	3.07
	4.44
	6.39
	9.15
	13.1
	18.6
	26.4
	37.4
	52.8
	74.2

	99
	37.2
	3.17
	4.62
	6.70
	9.70
	14.0
	20.1
	28.8
	41.1
	58.6
	83.1

	100
	37.8
	3.26
	4.80
	7.04
	10.3
	15.0
	21.7
	31.4
	45.3
	65.0
	93.1



1.5     Acoustical Testing

a. Equipment:  All data shall be obtained and derived using a calibrator, sound level meters, tape recorders, octave band analyzer and a graphic level recorder.  Tape recording of minimum two minutes duration shall be made in the field through a sound level meter for all tests.  Subsequently, the tape recording shall be replayed in the laboratory, where a graphic record shall be made on a graphic level recorder.  For octave band analysis, a graphic record of at least fifteen seconds duration shall be made for each of eight octave bands.  Other equipment and test methods shall be used only if they have received the written approval of the Engineer.

b. Test Procedures and Laboratory Work:  Prior to conducting acoustical tests, the Contractor shall submit full details of the proposed field test methods, laboratory work and a complete list of all equipment to be used both in the field and in the laboratory.  Each item of equipment listed shall include the manufacturer’s name, model number, input and output sensitivity, accessories and other pertinent data.

c. Test Invalidation:  Any test conducted during a period of precipitation or while outdoor wind velocity is 15 mph or greater shall be deemed invalid and the test shall be repeated under proper conditions.

d. Test Data:  The following data shall be obtained and submitted for each test.

1. Sound Level, dB(A) Re .0002 microbar.
2. Octave Bank Analysis, sound pressure level, dB Re .002 microbar versus frequency in eight octave bands; center frequencies shall be from 63 hertz to 8,000 hertz inclusive.  The Octave Band Analysis shall be plotted on NC graph paper.



Submittal Approvals

	Item
No.
	Paragraph
No.
	
Submittal
	Approval By
(Engineer or Designer)

	1
	1.1f, 1.3c
	Test Procedures.
	Engineer

	2
	1.2c
	Factory Test - Certified ratings.
	Engineer

	3
	1.3h
	 Field Test - Grounding system - Method of measurement.
	Engineer

	4
	1.4.1b
	 Test equipment product data sheets and certificates   
 of calibration.
	Engineer



Notes:

1. This table does not include approvals for “or-equal” proposals.  Approvals for “or-equal” proposals are covered in information For Bidders, Paragraph 9 and Specification Section 1B, General Clauses, Paragraph 1.38.

2. This table does not include approvals for Operation and Maintenance Manuals.  For submittal requirements and approval of manuals refer to Specification Section 1L, Operation and Maintenance Data.
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