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10-3.__ FIBER OPTIC TESTING

GENERAL

Testing shall include the tests on elements of the passive fiber optic components: (1) at the
factory, (2) after delivery to the project site but prior to installation, (3) after installation but prior to
connection to any other portion of the system, and (4) during final system testing. The active
components shall be tested after installation. The Contractor shall provide all personnel, equipment,
instrumentation and materials necessary to perform all testing. The Engineer shall be notified two
working days prior to all field tests. The notification shall include the exact location or portion of
the system to be tested.

Documentation of all test results shall be provided to the Engineer within 5 working days after
the test involved. The Contractors attention is directed to "As-Built Plans" elsewhere in these
special provisions, regarding the requirements for recording test results.

A minimum of 15 working days prior to arrival of the cable at the site, the Contractor shall
provide detailed test procedures for all field testing for the Engineer's review and approval. The
procedures shall include the tests involved and how the tests are to be conducted. Included in the
test procedures shall be the model, manufacturer, configuration, date and operating procedures.

FACTORY TESTING

Documentation of compliance with the fiber specifications as listed in the Fiber Characteristics
Table shall be supplied by the original manufacturer. Before shipment, but while on the shipping
reel, 100 percent of all fibers shall be tested for attenuation. Copies of the results shall be (1)
maintained on file by the manufacturer with a file identification number for a minimum of seven
years, (2) attached to the cable reel in a waterproof pouch, and (3) submitted to the Contractor and to
the Engineer.

ARRIVAL ON SITE

The cable and reel shall be physically inspected on delivery and 100 percent of the fibers shall be
attenuation tested to confirm that the cable meets requirements. Attenuation tests shall be performed
with an OTDR capable of recording and displaying anomalies of 0.02 dB as a minimum.
Singlemode fibers (SM) shall be tested at 1310 nm and at 1550 nm. Test results shall be recorded,
dated, compared and filed with the copy accompanying the shipping reel in a weather proof
envelope. Attenuation deviations from the shipping records greater than 5 percent shall be brought
to the attention of the Engineer. The cable shall not be installed until completion of this test
sequence and the Engineer provides written approval. Copies of traces and test results shall be
submitted to the Engineer. If the test results are unsatisfactory, the reel of FO cable shall be
considered unacceptable and all records corresponding to that reel of cable shall be marked
accordingly. The unsatisfactory reels of cable shall be replaced with new reels of cable at the
Contractor's expense. The new reels of cable shall then be tested to demonstrate acceptability.
Copies of the test results shall be submitted to the Engineer.
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AFTER CABLE INSTALLATION

After the fiber optic cable has been pulled but before breakout and termination, 100 percent of all
the fibers shall be tested with an OTDR for attenuation. Test results shall be recorded, dated,
compared and filed with the previous copies of these tests. Copies of traces and test results shall be
submitted to the Engineer. If the OTDR test results are unsatisfactory, the fiber optic cable segment
will be unacceptable. The unsatisfactory segment of cable shall be replaced with a new segment,
without additional splices, at the Contractor's expense. The new segment of cable shall then be
tested to demonstrate acceptability. Copies of the test results shall be submitted to the Engineer.

Attenuation tests shall be performed with an OTDR capable of recording and displaying
anomalies of 0.02 dB as a minimum. Singlemode fibers (SM) shall be tested at 1310 nm and at 1550
nm. Attenuation readings shall be recorded on a cable data sheet showing factory and after
installation results.

The OTDR shall have a printer capable of producing a verifying test trace with fiber
identification as shown in Appendix A "Link Loss Budget Work_Sheet,” numerical loss values, the
date and the operator's name. It shall also have a DOS based 3.5" disk recording capability that has
associated software to do comparisons and reproductions on 8.5" x 11" paper, via a personal
computer.

FIBER OPTIC SYSTEM GAIN MARGIN

The installed system gain margin shall be at least 6 dB for each and every link. If the design
system gain margin is less than 6 dB, the Engineer shall be notified and informed of the Contractor's
plan to meet that requirement. .Test results shall be recorded in Appendix B.

INTERCONNECTING PARTS TESTING AND DOCUMENTATION

All the components of the passive interconnecting parts (FDUs, pigtails, couplers and splice
trays) shall be from a manufacturer who is regularly engaged in the production of the fiber optic
components described.

Each ST termination shall be tested for insertion attenuation loss with the use of an optical power
meter and source. In addition, all singlemode terminations shall be tested for return reflection loss.
These values shall meet the loss requirements specified earlier and shall be recorded on a tag
attached to the pigtail or jumper.

Once interconnecting assembly is complete, the contractor shall visually verify that all tagging,
including loss values, is complete. Then as a final quality control measure, the contractor shall do an
"end to end" optical power meter/light source test from pigtail end to jumper lead end to assure
continuity and overall attenuation loss values.

The final test results shall be recorded, along with previous individual component values, on a
special form assigned to each FDU. The completed form shall be dated and signed by the
contractor's supervisor. One copy of this form will be attached in a plastic envelope to the
assembled FDU unit. Copies will be provided separately to the Contractor and to the Engineer.

ACTIVE COMPONENT TESTING

The transmitters and receivers shall be tested with a power meter and light source, to record the
transmitter average output power in (dBm) and receiver sensitivity in (dBm). These values shall be
recorded in the "Link Loss Budget Work Sheet" shown in Appendix A.
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SYSTEM VERIFICATION AT COMPLETION

Once the passive cabling system has been installed and is ready for activation, 100 percent of the
fiber links shall be tested with the OTDR for attenuation. Test results shall be recorded, dated,
compared and filed with previous copies. A hard copy printout and a electronic copy of the traces
and test results along with a licensed copy of the associated software on a minimun 4 GB USB
version 2.0 flash drive or a Secure Digital card shall be submitted to the Engineer. If the OTDR test
results are unsatisfactory the link shall be replaced at the Contractor's expense. The new link shall
then be tested to demonstrate acceptability. Copies of the test results shall be submitted to the
Engineer.

The "Link Loss Budget Work Sheet" shown in Appendix A shall be completed for each link in
the fiber optic system, using the data gathered throughout the installation process. The completed
work sheets shall be included as part of the system documentation in the As-Built Plans.

The "Total System Gain" shall be calculated by subtracting the measured "Optical Receiver
Sensitivity” (line 1B on the "Link Loss Budget Work Sheet") from the measured "Optical
Transmitter Average Power" (line 1A), which were obtained using a power meter and source. The
resulting difference shall be the maximum allowable loss between the transmitter and the receiver,
within O percent to +10 percent of the manufacturers specified loss budget for the
transmitter/receiver pair. The "Total System Gain" shall be recorded on line 1C.

The "Fiber Losses" for a link shall be calculated by multiplying the length of the fiber link (line
2A) by the normalized cable attenuation (dB/km, line 2B) at the operating wavelength. The
normalized attenuation for this calculation shall be the maximum value throughout the operating
temperature range of the cable. The product shall be recorded on line 2C.

The total connector losses shall be calculated by summing the individual attenuation values for
each connector pair in the link, excluding the transmitter and receiver connectors. The sum shall be
recorded on line 2D.

The total splice losses shall be calculated by summing the individual attenuation values for each
splice in the link. The sum shall be recorded on line 2E.

The total of other losses shall be calculated by summing the individual attenuation values for
each component in the link not previously addressed. The sum shall be recorded on line 2F. These
items may include, but are not limited to, couplers, splitters, routers and switches.

The "Total System Loss" shall be recorded on line 2G of the "Link Loss Budget Work Sheet."

The "Design System Gain Margin™ shall be calculated by subtracting the Total System Loss (line
2G) from the Total System Gain (line 1C). The resulting difference shall be recorded on line 3A.
The Contractor's attention is directed to "F/O System Gain Margin," elsewhere in these special
provisions.

At the conclusion of the final OTDR testing, 100 percent of all fiber links shall be tested end to
end with a power meter and light source, in accordance with EIA Optical Test Procedure 171 and in
the same wavelengths specified for the OTDR tests. These tests shall be conducted in both
directions. Test results shall be recorded, compared and proven to be within the design link loss
budgets, and filed with the other recordings of the same links. Test results shall be submitted to the
Engineer.

If during any of these system verification tests, the results prove to be unsatisfactory, the F/O
cable will not be accepted. The unsatisfactory segments of cable shall be replaced with a new
segment of cable at the Contractor's expense. The new segment of cable shall undergo the same
testing procedure to determine acceptability. Copies of the test results shall be submitted to the
Engineer. The removal and replacement of a segment of cable shall be interpreted as the removal
and replacement of a single contiguous length of cable connecting two splices, two connectors, or a
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splice and a connector. The removal of only the small section containing the failure and therefor
introducing new unplanned splices, will not be allowed.
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APPENDIX A

Link Loss Budget Worksheet
Contract No.

Contractor:

Approved by Caltrans:

Date: Operator:
Link Number: Fiber Color:
Buffer Color: Cable #:

Test Wavelength (Circle one): 1310 nm 1550 nm

Section 1: Total System Gain

Measured Optical Transmitter Average Power: dBm 1A
Measured Optical Receiver Sensitivity
(this should be a negative value): dBm 1B

Subtract line 1B from 1A to obtain Total System Gain:

dB 1C

Section 2: Total System Loss

Measured length of the link: km 2A

Measured loss per km of the fiber: dB/km 2B

Multiply line 2A by 2B to obtain the Total Fiber Loss: dB 2C

Sum of all Connector Losses in the link: dB 2D

Sum of all Splice Losses in the link: dB 2E

Sum of all Other Losses from other components  (couplers,

splitters, routers, switches, etc.) dB 2F

Add lines 2C, 2D, 2E and 2F to obtain Total System Loss: dB 2G
Section 3: Design System Gain Margin

Subtract line 2G from line 1C

(This number must be at least 6 dB): dB 3A
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