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Purpose 
This document establishes comprehensive standards and procedures for the handling, installa-
tion, splicing, and testing of fiber optic cables intended for telecommunications, data transmis-
sion, security systems, and similar applications. It sets forth the minimum quality benchmarks 
for construction, splicing, as-built record keeping, safety compliance, and the final validation 
required for project acceptance. 

Specifically, this document addresses: 

• Proper handling techniques and storage requirements for all types of fiber optic cable to
prevent damage before and during installation.

• Approved installation practices, including guidance on following manufacturer specifica-
tions, adhering to bend radius and pulling tension recommendations, and the use of cer-
tified equipment and materials for a “stress-free” environment.

• Detailed splicing procedures for both fusion and mechanical methods, covering equip-
ment setup, splice enclosure use, and record-keeping for continuity and future mainte-
nance.

• Standardized procedures for field testing, acceptance criteria using industry-accepted
metrics (such as optical loss and reflectance), and documentation protocols to verify
that installed cables meet performance requirements and customer expectations.

• As-built and red-line documentation requirements to ensure accurate, up-to-date rec-
ords for project closeout, auditing, and future modifications.

• Safety guidelines for working with fiber optic cable, tools, and related installation envi-
ronments.

The standards within this document are recommended for use by qualified professionals 
trained in fiber optic technology. They are designed to support consistent, high-quality instal-
lations and to facilitate troubleshooting and maintenance throughout the fiber cable’s opera-
tional life. Any deviations from these procedures must receive prior approval from the NoaNet 
OSP Management Team. 
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Scope 
These standards outline procedures and require equipment for the installation, validation, and 
maintenance of fiber optic cables used for communications, security, device monitoring, and 
related functions. They establish a minimum baseline of quality for all testing and maintenance 
activities, and apply fiber optic cable construction, splicing, as-built red-lines, safety, and instal-
lation acceptance criteria. 

This document includes: 

• Manufacturer recommendations and field-proven techniques for proper cable installa-
tion.

• Use of approved equipment and Outside Plant (OSP) materials to ensure a stress-free
installation environment.

• Guidance on fiber optic cable splicing equipment and best practices.

• Defined standards for fiber testing, acceptance, and documentation processes include
red-lines and as-builts for accuracy and invoicing.

These guidelines are intended for qualified personnel experienced in fiber optic cable installa-
tion and testing as described within this document. Definitions and explanations are provided 
regarding fiber optic cable characteristics and their impact on handling and installation. Exam-
ples of various installation methods are included to assist in selecting appropriate approaches 
and materials that meet specific field requirements. 

Any deviations from these construction standards or procedural changes must be approved by 
the NoaNet OSP Management Team. 
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Safety and Regulatory Compliance 
All work performed under this standard shall fully comply with all applicable federal, state, lo-
cal, and private safety and environmental regulations, including—but not limited to—those es-
tablished by the Occupational Safety and Health Administration (OSHA), the Environmental Pro-
tection Agency (EPA), and relevant municipal authorities. Ensuring the safety of personnel is the 
highest priority in both aerial and underground fiber optic cable installation environments. 

The CONTRACTOR is solely responsible for establishing, maintaining, and monitoring safe work 
zones that align with all required OSHA and State/Local safety regulations and industry best 
practices. This includes, but is not limited to: 

• Conducting comprehensive site hazard assessments before work begins and routinely
throughout the project.

• Enforcing the use of proper personal protective equipment (PPE) for all employees and
subcontractor personnel throughout the duration of the project.

• Implementing clear safety policies for operating heavy machinery, handling fiber optics,
excavation, traffic control, and confined space entry.

• Providing ongoing safety training, routine safety meetings (tailgate talks), and immedi-
ate corrective action when unsafe conditions are identified.

• Maintaining documentation showing adherence to all applicable safety and environ-
mental laws and making these records available for inspection upon request.

Accountability for compliance, incident prevention, and corrective actions reside entirely with 
the CONTRACTOR for all on-site employees and subcontractors. NoaNet personnel are author-
ized and required to conduct regular inspections, audits, and field oversight throughout all 
phases of fiber optic cable installation, construction, and splicing to ensure continuous adher-
ence to safety standards and regulatory requirements. Deficiencies or violations identified by 
NoaNet will require immediate Contractor response and corrective action at no additional 
cost to NoaNet. 
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Work Zone Safety 
Safety Procedures and Worksite Requirements 

• The Contractor shall conduct safety briefings at the start of each shift and prior to com-
mencing any critical work activity. All crew members, including subcontractor personnel,
must attend and acknowledge understanding of the day’s safety precautions, potential
hazards, and emergency procedures.

• The Contractor is responsible for ensuring continuous compliance with all safety regula-
tions throughout the project duration and for promptly correcting any unsafe practices
observed in the field.

Work Zone Setup and Marking 

• All work zones must be clearly defined and barricaded using appropriate warning signs,
cones, and barriers placed within proximity to active work areas to protect both workers
and the public.

• When work impedes active traffic lanes, the Contractor will comply with Washington
State Department of Transportation (WSDOT) signage and flagging requirements, ensur-
ing lane closures and detours are properly managed by certified flaggers.

Equipment and Incident Reporting 

• All aerial lift devices (bucket trucks) used on site shall be equipped with insulated boom
sections rated in accordance with prevailing safety standards.

• Any accident or safety-related incident, no matter how minor—must be reported imme-
diately to Entrust project management and appropriately documented in a timely fash-
ion.

Personal Protective Equipment (PPE) Requirements 

• All personnel working on the job site must always wear the following PPE:

• Flame-resistant (FR) rated clothing, at a minimum of category 2 protection level.

• ANSI-approved hard hat.

• High-visibility reflective vests in orange, lime, or yellow.

• Safety glasses meet current ANSI standards.

• Leather work gloves or approved equivalent hand protection.
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• Safety-rated work boots with adequate toe protection during all cable construc-
tion and handling activities.

Failure to comply with these requirements may result in immediate removal from the work site 
and possible suspension of work until corrective measures are implemented. 
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Fiber Optic Cable Construction Practices 
All construction activities, material handling, and installation techniques must adhere strictly to 
the recommendations and specifications provided by manufacturers of Outside Plant (OSP) ca-
bles and related equipment. This ensures the continued integrity and optimal performance of 
fiber optic materials throughout all phases of construction, from receipt through post-installa-
tion. 

• The Contractor is responsible for following established industry best practices for cable
pulling, placement, and termination to prevent damage from excessive tension, im-
proper bending, or environmental exposure.

• Equipment such as cable pulling winches, rollers, and tension meters must be used in
accordance with manufacturer technical bulletins and guidelines to safeguard the cable
and associated materials.

• During storage, transportation, and staging, fiber reels must be protected against im-
pact, moisture, sunlight, and extreme temperatures, and should remain on manufac-
turer-approved stands or supports.

• Before installation, the Contractor must inspect and test each fiber reel provided using
standard visual inspections and optical time domain reflectometer (OTDR) measure-
ments to verify the absence of physical and optical defects. Any anomalies, discrepan-
cies, or visible damage must be reported immediately to NoaNet material management
for evaluation and possible replacement.

• All fiber reels are assumed to be defect-free upon issuance, as validated by the manu-
facturer's supplied test documentation. However, should a defect be discovered during
Contractor inspection or during pulling, installation will be paused until NoaNet author-
izes corrective action.

Following these procedures will help ensure that fiber optic installation is performed to the 
highest standards, minimizing risk of future faults and maximizing the longevity and reliabil-
ity of the network infrastructure. 
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NESC Bonding and Grounding Requirements 
The NESC (National Electrical Safety Code) establishes detailed requirements for bonding and 
grounding of communications cables and equipment, especially on joint-use poles and at ser-
vice entrances. 

Key NESC Bonding and Grounding Requirements 

• Bonding to Supply Ground:
Communications messenger wires must be grounded at least four times per mile (every
1,320 feet) and bonded to the supply grounding conductor wherever possible.

• When both supply and communications systems are grounded on a joint-use
pole and a single grounding conductor exists, both must be connected to that
conductor.

• Where separate grounding conductors are required (per Rule 097A), they must
be bonded together unless separation is mandated for specific technical reasons.

• Grounding at Crossing Structures:
Communications messengers, neutrals, and guy wires must be grounded and bonded
together at crossing structures to ensure a low-impedance fault path and improve
safety.

• Service Entrance Bonding:
At the customer’s premises, the communications ground must be bonded to the electri-
cal service ground using a conductor no smaller than #6 AWG copper. This meets both
NESC Rule 099C and NEC 800.100(D) requirements, ensuring common potential and re-
ducing surge risk.

• Equipment and Guy Grounding:
Communication equipment cases and anchor guys must be effectively bonded to a
grounded neutral conductor or messenger for worker safety and fault protection.

• Continuous Shield/Sheath Bonding:
Direct-buried cables with metallic shields or armoring must be effectively grounded at
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the required intervals and bonded to supply neutrals or other communication cables 
where specified. 

Typical Practice 

• Whenever possible, bond the communication ground system to the power multi-
grounded neutral (MGN) system, using approved compression connectors.

• Ensure all bonding and grounding conductors are sized per NESC, properly installed, and
securely attached to the structure or grounding electrode.

• Additional grounds may be required in high lightning or induction risk areas, per NESC
Table 092C1.

Following these NESC requirements minimizes risk from induction, lightning, and ensures com-
munications infrastructure safety on power infrastructure. 

Key NESC Grounding and Bonding Rules 

• Details additional supply and communications cable grounding practices, including pole-
top, riser, and crossarm installations for both aerial and underground plant.

These rules ensure 

• Multiple, effective grounding of communications infrastructure for safety against elec-
trical faults, lightning, and induced voltages.

• Reliable fault current paths by bonding communications and supply grounds where in-
stalled on the same structure.

• Consistency across joint-use structures and at premises for all service providers.

Consult the current edition of NESC (ANSI C2-2023) for exact language and cross-referenced ta-
bles for your jurisdiction and utility owner requirements. The key National Electrical Safety 
Code (NESC) rules for grounding and bonding of communications cables and hardware are: 

• Rule 92C: Ground the communications messenger at least four times per mile (every
1,320 feet) and at both ends, splices, and points of crossing or termination.

• Rule 97: All metal parts (including communication hardware, guy wires, and messen-
gers) must be bonded and grounded and should be interconnected with the supply
(power) neutral ground unless separation is expressly required.

• Rule 99: Customer premises communications ground must be bonded to the electrical
service ground with a minimum #6 AWG copper wire.
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• Rule 239I: Metallic shields, armor, and sheaths of buried cables must be grounded and
bonded at all entrances, splices, and where exposed.

• Rule 360–363: Additional rules for grounding supply and communication risers, cables,
and associated metallic equipment at the pole and service entrance.

These rules are essential for safety, protection from lightning/induced voltages, and ensuring 
common potential on joint-use poles. Always check the NESC in force (2023 edition or as 
adopted locally) for full requirements and consult utility- or jurisdiction-specific supplementary 
standards.  

These rules ensure effective, redundant grounding and bonding for all communications infra-
structure to minimize risk from faults, induction, or surges. 
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Aerial Fiber Construction: Strand & Lash 
• Overview: In the strand and lash method, a steel messenger strand is first installed and

tensioned between utility poles. The fiber optic cable is then lashed to the messenger
using stainless steel or other corrosion-resistant lashing wire.

• Messenger Installation: The messenger strand is placed at the approved position (usu-
ally 40" below the neutral), with appropriate sag and tension based on span length, pole
spacing, and environmental considerations (ice, wind, etc.).

• Cable Placement: The fiber cable is temporarily supported by the messenger using cable
blocks or rollers. The cable may be placed using moving reel or stationary reel methods:

• Moving Reel: The cable reel moves along the route as the lasher and cable ad-
vance together.

• Stationary Reel: The cable is pulled out along the route and lashed in sections
with the lasher either pulling cable blocks as it goes or with blocks removed as
the lasher passes.

• Lashing: A powered lasher is pulled along the messenger, wrapping the fiber cable
tightly to the strand with lashing wire. The lashing process ensures reliable cable sup-
port, vibration resistance, and long-term durability.

• Slack and Splicing: Slack loops for splicing and maintenance are left at designated poles
or mid-span as required by engineering plans. Splice closures are mounted either on
poles or the strand, with sufficient slack for future access and repairs.

• Safety: Work requires insulated bucket trucks, PPE, and only qualified personnel due to
proximity to energized conductors.

Step-by-Step Lashed Aerial Fiber Installation Workflow 

 Project Preparation and Survey 

• Review project designs and permits, confirming pole ownership and right-of-way access.

• Conduct a field survey to verify pole condition, span lengths, existing attachments, and
identify splice points and slack storage locations.
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 Pre-Construction Meeting 

• Coordinate with all stakeholders, including utility owners and project management, to
review installation plans, safety requirements, logistics, and hardware needs.

 Messenger (Strand) Installation 

• Install the steel messenger strand at the approved pole position (typically 40” below the
neutral).

• Tension and sag the strand as per design specifications, considering span length and en-
vironmental loading.

 Temporary Cable Support 

• Using cable blocks (rollers), temporarily support the fiber optic cable along the messen-
ger strand.

• Select either:

• Moving Reel Method: The fiber reel moves along the route with the lasher, best
for accessible routes.

• Stationary Reel Method: The fiber is pulled from a fixed reel, temporarily sup-
ported by blocks throughout the span.

 Lashing Fiber to Messenger 

• Attach a powered lasher to the messenger and pull it along the route, wrapping the fi-
ber cable securely with lashing wire.

• Remove temporary supports (cable blocks) as lashing progresses or have the lasher push
them to the next pole for collection.

 Slack Storage and Splice Preparation 

• Leave 150’ of appropriate slack at designated poles for splicing and maintenance, adher-
ing to project slack loop requirements.

• Prepare and install splice closures and mount them to the messenger as designed.

 Grounding and Bonding 

• Ground and bond the messenger strand and lashing wire at specified intervals (typically
every quarter mile) and at vertical ground terminal points for safety and compliance per
power pole owner requirements.
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 Inspection and Documentation 

• Visually inspect all lashing, cable placement, sag, hardware terminations, and completed
slack loops for workmanship and compliance.

• Document installation for as-builts, including locations of splices, slack storage, and
hardware.

• Provide sequential data at all pole attachment locations and risers (entering and exit-
ing).

9. Final Acceptance and Clean-Up

• Remove all temporary supports, tools, and waste from the worksite.

• Submit installation records and as-builts for project acceptance and closeout to engi-
neer for review.

This step-by-step approach ensures a safe, efficient, and high-quality lashed aerial fiber in-
stallation from planning through project completion. 
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Aerial Fiber Construction: ADSS-Self Support 
• Overview: ADSS cable is specifically engineered to be self-supporting and does not re-

quire a messenger strand. The cable's dielectric strength elements allow it to span pole-
to-pole under its own weight.

• Placement: The ADSS cable is installed directly between poles:

• Pulleys (rollers) are attached to each pole, and the cable is pulled through the
rollers for the entire route.

• When the cable is in place, it is tensioned by the manufacturer's specifications,
then dead-ended and secured at each pole with specialized hardware and fit-
tings.

• Sag and Tension: The amount of sag and cable tension is calculated based on span
length, temperature, and expected worst-case loading (ice, wind). ADSS must never be
over tensioned; manufacturer's span charts are always referenced.

• Attachment: At each pole, dielectric dead-end preform grips and supports are installed
that match the diameter and requirements of the ADSS cable.

• Slack and Splicing: Slack loops for maintenance and splicing are provided at intervals per
project documentation. Splice closures are mounted near poles with DDE hardware de-
signed for ADSS.

• Advantages: No metallic components mean ADSS is immune to electrical interference
and is suitable for installation beneath or alongside energized conductors.

• Safety: The absence of a messenger and high dielectric strength allow installation in
high-voltage corridors, but all crew must still use lift equipment, PPE, and follow utility
owner safety standards.
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Step-by-Step ADSS Aerial Fiber Installation Workflow 

 Pre-Construction Survey and Planning 

• Conduct a thorough site survey to assess pole conditions, route obstacles, required
clearances, and environmental concerns.

• Identify and record all pole locations, span measurements, locations for slack storage,
and potential splice or termination points.

• Obtain all required approvals and confirm route with OSP engineering/project manage-
ment.

 Cable Receiving, Inspection, and Staging 

• Inspect all ADSS cable reels for damage; verify length, integrity, and factory test docu-
mentation.

• Store cable reels upright on firm, flat ground and shield them from sunlight and mois-
ture until ready for use.

• Ensure adequate protection and access at the storage and staging areas near the work
site.

 Equipment and Safety Preparation 

• Ensure all crew members have appropriate PPE: hard hats, safety vests, gloves, eye-
wear, and footwear.

• Set up traffic and worksite safety controls (barriers, signs) according to regulations.

• Deploy insulated lift equipment/bucket trucks as needed.

 Route Preparation and Hardware Installation 

• Attach appropriate dead-end and suspension fittings at each pole. These should match
cable specifications and span requirements.

• Install rollers (cable blocks) at every support point to guide cable during the pulling pro-
cess.

• Confirm minimum bend radius and cable handling protocols are understood by all per-
sonnel.



20 

Cable Pulling and Placement 

• Position the cable reel at the starting pole, aligned properly for a straight feed into the
first roller.

• Using a pull line or capstan winch, pull the cable through the sequence of rollers along
the aerial route, carefully monitoring tension to avoid exceeding manufacturer tensile
ratings.

• Communicate constantly during pull to coordinate the feeding and pulling teams.

• Avoid twists, kinks, and exceeding bend radius throughout the process.

 Dead-Ending and Tensioning 

• At each end and at each major directional change (≥20°), anchor the cable using ap-
proved ADSS dead-end preform grips/hardware.

• Tension the cable according to manufacturer charts, considering span length, tempera-
ture, and anticipated environmental loads (wind, ice).

• Remove rollers and secure the cable at tangent supports between dead-ends.

 Slack Storage and Splicing Points 

• Create and secure 150’ slack loops at designated locations to allow ease of future
maintenance or rerouting.

• Use Snow-Shoe brackets to store and coil slack safely out of the way, following OSP en-
gineering specs.

 Post-Placement Inspection and Documentation 

• Inspect the full aerial route for secure hardware attachment, proper cable sag, tension,
and conformance to safety and clearance codes.

• Record all as-built information such as sequential data at all pole attachments and risers
(entering and exiting) span lengths, slack locations including sequential footage, tension
readings, and any deviations from original plans for closeout documentation.

• Test fiber using OTDR or related equipment to confirm proper installation and docu-
ment cable integrity.

 Site Restoration and Final Acceptance 

• Remove all installation equipment, debris, and temporary safety controls from the work
area.
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• Repair any construction impacts to pole grounds, vegetation, or public infrastructure.

• Submit as-built documentation, OTDR test records, and maintenance recommendations
for final project closeout and acceptance.

This workflow ensures safe, effective, and standards-compliant installation of ADSS aerial fi-
ber and supports future maintenance and operational reliability. 

Both strand and lash and ADSS methodologies require pre-construction surveys to determine 
the most appropriate approach for each route section, and approval from project manage-
ment. Documentation of installation tension, sag measurements, and as-built details are re-
quired for system records and future maintenance. 
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Aerial Construction / Installation Hardware 
To ensure secure and reliable aerial installation, only hardware and materials approved by the 
cable manufacturer and in compliance with utility standards must be used throughout the pro-
ject. The hardware secures fiber optic cable to various pole types (wood, concrete, metal) while 
maintaining cable integrity and service longevity. 

Essential Hardware Components 

• Steel Messenger Strand: 6.6m (1/4”) or 8m (5/16”) Extra High Strength (EHS) galvanized
steel strand to provide durable, tensioned support for lashed cable.

• Preforms: Wire preforms or grips for securing messenger strand to pole anchors and
dead-ends.

• Auxiliary Eye Attachments & Down Guy Hardware: For side attachment points and guy
anchor terminations.

• Machine Bolts (5/8” various lengths): Heavy-duty hardware for securing clamps and
hardware to poles.

• Square and curved Washers & Nuts: Provide secure bolting and load distribution.

• Messenger Clamps: For attaching the messenger strand to poles and transferring me-
chanical loads.

• Single & Double Dead-End Sets: Secures messenger strand at span ends, maintaining re-
quired tension.

• Insulators (Johnny Balls): Electrically isolate messenger/guying from energized conduc-
tors where necessary.

• Span Guy & Anchor Assembly: Stabilizes poles subject to lateral loads from guy wires.

Fiber and Safety-Related Hardware 

• Fiber Wrap-Around Markers: High-visibility tags (e.g., orange with black lettering) dis-
playing owner or NOC (Network Operations Center) information for asset identification
and safety.

• #6 Solid Copper Wire & Bonding Clamps: For grounding the messenger strand and hard-
ware to mitigate electrical hazards.

• Guy Guards (Yellow): Plastic or composite covers to improve visibility and reduce trip-
ping hazards at guy anchor locations.
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• Bonding/ Split Bolts: For secure electrical connections between copper grounds and
hardware.

• Suspension and Tension Clamps: Maintain cable alignment, minimize vibration, and pre-
vent sagging across long spans.

• Cable Rollers/Blocks, Brackets: For guiding and temporarily supporting the cable during
installation.

Installation Process (Highlight Steps) 

• Messenger Installation: Install steel messenger strand according to span requirements
using approved preforms, clamps, bolts, and dead-end kits.

• Guying & Anchoring: Install down guys, anchors, and guy guards to reinforce poles ex-
posed to extra tension or large spans.

• Grounding: Bond messenger to ground rods at specified intervals using #6 copper wire
and bonding clamps.

• Marker Placement: Place fiber wrap-around markers at key locations, such as road
crossings and at regular intervals, to identify ownership and cable type.

• Cable Placement: Use cable blocks and rollers to support cable as it's lashed to the mes-
senger, ensuring minimum bend radius and avoiding sharp contacts.

• Clamping and Dead-ending: Use suspension clamps, insulators if required, and dead-end
assemblies to complete mechanical and electrical isolation at terminations.

• Final Inspection: Verify all bolts are properly torqued, hardware grounded, and cable se-
cured without excessive sag or bends.

All materials and installation methods must comply with NoaNet standards, local utility 
codes, and OSP best practices to ensure long-term system reliability and safety. 
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Fiber Cable Slack Storage 
Aerial fiber slack storage using snowshoes is the best practice for protecting and managing ex-
cess cable in both ADSS (All-Dielectric Self-Supporting) and strand & lash installations. Snow-
shoes maintain minimum bend radius, reduce cable stress, and facilitate future maintenance. 

Purpose and Benefits 

• Bend Radius Protection: Snowshoes (fiber slack storage brackets) keep cable from ex-
ceeding its minimum bend radius, which is critical for both performance and longevity.

• Mechanical Protection: Distributes cable weight, absorbs wind and thermal contrac-
tion/expansion, and prevents macrobends and sheath damage in aerial deployments.

• Maintenance Access: Provides enough slack for future splicing, relocation, or emergency
repairs without cutting the main cable.

Installation for ADSS and Strand & Lash 

• Location:

• Typically installed near splice points, mid-span breakouts, or at regular intervals per en-
gineering (e.g., every 1200–2000 ft or at key crossing points).

• Mounting:

• Attach snowshoe brackets to the messenger strand (for strand & lash) or directly to the
pole, tower, or ADSS support hardware.

• Use approved mounting kits compatible with wood, steel, or concrete structures. For
ADSS, ensure dielectric hardware is used to prevent electrical arcing.

Cable Routing: 

• Lay excess cable in a figure-eight or circular pattern in the snowshoe, securing with UV-
stable cable ties (not over-tight). Never coil cable tightly on the pole alone, always use a
support bracket.

• Ensure cable loops maintain at least the minimum manufacturer-recommended diame-
ter—commonly 18"–30" depending on cable spec and snowshoe size.
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Best Practices 

• Slack Quantity:
Store enough slack to allow lowering the cable for ground-level splicing (typically 100–
200 ft at splice closures), or as specified by project standards.

• Labeling:
Label each slack storage site by location or with asset tags for future location reference.

• Securement:
Use all provided hardware—cable straps, locking nuts, and extension kits as needed—to
ensure the cable is held firmly but not pinched.

• Inspection:
Regularly inspect after storms or high winds to verify cable is secure and no damage or
excess sag has developed.

Summary Table 

Method Use Bracket On Typical Size Min. Dia. Placement 

ADSS Pole/Span 12–30" ≥18–30" Splice/termination/Poles/Span. 

Strand & Lash Messenger 12–30" ≥18–30" Near closures/intersections/Span 

Proper slack storage with snowshoes is essential for aerial fiber reliability and compliance 
with industry standards. Aerial fiber slack storage using snowshoes is standard for 
both ADSS (All-Dielectric Self-Supporting) and strand & lash fiber installations, ensuring pro-
tection of excess cable while maintaining minimum bend radius for network reliability. 
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Route Assessment & Planning 
Prior to the start of any field construction activities, a rigorous review of the project’s engineer-
ing maps, bill of materials, and proposed cable routes must be performed. Key steps include: 

• Engineering Review: Study all construction plans, technical drawings, and design docu-
ments to confirm the intended routing and to ensure all necessary materials and equip-
ment are accounted for.

• Physical Route Assessment: Walk or drive the proposed cable path to visually inspect
and record existing site conditions, identify any discrepancies against the plans, and
evaluate potential logistical challenges.

• Obstacle and Risk Identification: Document all critical areas that may impact construc-
tion, such as:

• Large angles or extreme pole offsets requiring special hardware or construction meth-
ods

• Crossings of railroads, highways, interstates, or bodies of water, which may demand reg-
ulatory approvals or specialized equipment

• High-traffic intersections needing advanced traffic control planning

• Environmentally sensitive or restricted areas requiring permits, specific work windows,
or special mitigation measures

• Site-Specific Hazards: Note any existing utilities (overhead or underground), difficult ter-
rain, vegetation, or right-of-way restrictions that can affect installation.

• Traffic and Access Planning: Develop a traffic control plan in coordination with local au-
thorities if construction impacts vehicle or pedestrian flows.

• Permitting and Coordination: Verify all permitting requirements are met and coordinate
with utility owners, municipalities, and railroads as needed for shared use and safe
crossing overlays.

• Stakeholder Engagement: Communicate with property owners, public works, and stake-
holders along the route to set expectations and minimize disruptions during construc-
tion.

Thorough route assessment and proactive planning ensure obstacles are addressed in ad-
vance, reduce the risk of delays or rework, and increase the overall efficiency and safety of fi-
ber optic cable installation. 
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Joint-use Pole Attachment / Cable Installation Standards 
• Neutral Space Attachment: The standard cable attachment height is 40” below the low-

est power conductor, within the neutral space designated for telecommunications at-
tachments.

• Wood Poles: Drill holes to size and install 5/8” galvanized machine bolts to anchor sup-
porting hardware (messenger clamps, suspension brackets, etc.).

• Steel or Concrete Poles: Use approved steel banding systems to affix hardware; do not
drill into steel or concrete poles under any circumstances.

• Dead-End (DE) Attachments: Required at both ends of new cable runs, and where at-
tachment level or cable direction changes significantly. Use manufacturer-approved
dead-end grips or assemblies.

• Double Dead-End (DDE) Attachments: Install at any pole where the cable route angle ex-
ceeds 15°, on both sides of all road crossings (unless otherwise specified for steel mes-
senger), when changing cable size, and at least every 1,500 feet in continuous construc-
tion to manage tension and route stability.

• Down Lead Clamps: Use down-lead clamps to secure and guide the cable as it transitions
vertically from the aerial run onto the pole (for drop to ground or device), spacing
clamps approximately every 30” to support and organize the cable.

• Down-Guy Strand & Hardware: Install down-guy steel strand and attach with rated an-
chors and clamps at all poles with existing down-guys, and wherever cable attachment
angle exceeds 22°. Bond new down guys to the electric utility’s vertical ground using a
bonding clamp and #6 solid copper wire. Only use open-eye anchors on communication
utility anchors for new down-guys.

• Fiber Wrap Around Markers: Place fiber identification markers at every pole: in the drip
loop area at pass-throughs and at the side of the pole at dead-end and transition points.
Use custom-printed markers for asset management and emergency contact.

• Bonding and Grounding: In cases where required, bond the steel messenger strand to
ground using #6 solid copper wire and approved bonding clamps or split bolts to existing
utility ground systems for personnel and equipment protection.

These standards ensure long-term reliability, proper identification, and compliance 
with safety and utility requirements for aerial fiber optic installation. 
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Joint Use Pole Owner Attachment Agreements 

General Provisions & Scope 

• Purpose: Specifies the nature of the installation—communications, broadband, or elec-
tric utility services—and clarifies that the use is non-exclusive.

• Grant of License: Formal permission for the utility to occupy specified space on listed
poles, subject to permit approval and compliance with codes.

Technical & Safety Requirements 

• Designated Attachment Space: Defines the communication and supply zones, as well as
required vertical clearances in accordance with the National Electrical Safety Code
(NESC) and local authority requirements.

• Engineering Review: The Utility must submit pole-by-pole plans, strength calculations,
and proposed attachment heights for the owner's review and permit approval before
any work begins.

• Compliance: All installations must meet NESC, OSHA, local permitting, and municipal
codes. Attachments within city limits must also comply with relevant franchise agree-
ments and municipal codes.

Operational Responsibilities 

• Maintenance & Relocation: The Utility is responsible for the maintenance and safety of
its own facilities and must relocate or remove attachments if required by the owner (in-
cluding transfers during pole replacements or abandonments).

• Permit System: Permit applications are required for new, modified, or transfer attach-
ments, except for certain defined routine service drops.

• Abandonment: If either party abandons their facilities or poles, notification periods and
removal/protection procedures are outlined.

Legal & Financial Terms 

• Compensation: Specifies fees, cost allocation (make-ready, engineering, relocation), bill-
ing, and payment procedures. Rates must be just reasonable, and non-discriminatory as
per Federal and State law.
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• Insurance & Indemnification: The Utility must provide insurance coverage and indemnify
the pole owner for damages or liability arising from its activities on the pole.

Duration & Termination 

• Term: Agreement duration, renewal conditions, and notice requirements for termina-
tion or modification by either party.

Other Provisions 

• Dispute Resolution: Methods for resolving conflicts, including arbitration or legal reme-
dies.

• Applicable Law: Agreement specifies which state, local, or federal laws govern the con-
tract.

• Access & Records: Owner retains right to inspect attachments and verify compliance at
any time.

• Default and Remedies: Circumstances constituting breach and available remedies, up to
and including removal of facilities.

A structured joint use agreement protects both the Utility and pole owner, ensures legal and 
technical compliance, and defines clear operational standards for all shared infrastructure. 
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NESC Riser and Stand-Off Bracket Placement 
The NESC rule most directly governing riser standoff bracket placement on a pole is NESC Rule 
217A2c. This rule requires that standoff brackets supporting conduit risers are arranged so that 
there is not less than 8 feet between either: 

• The lowest bracket and the ground or other accessible surface, or

• The lowest two brackets (i.e., if two brackets, the separation between them must be at
least 8 feet)

This is intended to preserve clear climbing space, public safety, and meet minimum accessibility 
requirements on wood poles. 

Additional industry best practices (NESC-referenced): 

• Brackets should be no lower than 8 feet from ground level.

• Bracket spacing should not exceed 10–15 feet; the last bracket is installed near the con-
duit’s upper end.

• Minimum clearance from pole to conduit riser via standoff is typically 4–6 inches.

For full details, refer to NESC Rule 217A2c and consult local utility standards which frequently 
incorporate these requirements, supplemented with additional safety and spacing details. 

The exact NESC rule text governing riser standoff bracket placement is found in NESC Rule 
217A2c (from ANSI C2-2023 and recent prior editions): 

NESC Rule 217A2c: 

"Where standoff brackets are used on wood poles, the brackets shall be so arranged that there 
is not less than 8 ft (2.44 m) between the ground or other accessible surface below and either 
the lowest bracket or the lowest pair of brackets." 

This rule ensures that riser standoffs for conduit or communication cables are placed high 
enough above ground for safety and accessibility, requiring the lowest bracket to be at least 8 
feet above grade or the lowest two brackets to be at least 8 feet apart if using a two-bracket 
configuration. For utility and field implementation, always reference this rule directly when 
specifying riser and bracket installation.
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Aerial Construction Vertical Clearances 
Vertical Clearance Standards 

• Ground (Non-Vehicular Access, e.g., yards, fields):
Minimum clearance from lowest point of sag to ground is 15'-6" (fifteen feet, six inches).

• Streets, Roads, and Areas Subject to Regular Vehicular Traffic:
Minimum clearance is 15'-6". For state roads or city streets subject to truck or bus traf-
fic, clearances may be set at or above this value depending on state Department of
Transportation (DOT) requirements.

• State Roads (Heavily Traveled or Truck Routes):
Minimum clearance is 24'-0" (twenty-four feet, zero inches) per most State DOT and
highway codes; always confirm exact requirements with the local agency.

• State Roads - Parallel ROW (Right-of-Way):
Where fiber is installed parallel to a state roadway within the right-of-way but not over
the roadway, a vertical clearance of 20'-0" is recommended.

• Interstate Highways:
Minimum vertical clearance is 24'-0" per Federal Highway Administration guidelines and
most state codes.

• Railroads (Measured from Top of Rail):
Minimum vertical clearance is 27'-0", unless a greater height is required by the specific
railroad authority’s standards. Always consult with the railroad operator for special
crossing approvals and standards.

Note: 
Required vertical clearances may vary by state or local authority; always verify with the cur-
rent State DOT, local municipality, and, for railroad crossings, with the controlling railroad op-
erator. Installers shall reference latest National Electrical Safety Code (NESC) Table 232 and 
local amendments for compliance. 
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Underground Construction 
Underground Construction 

Underground construction is required when existing utilities are already underground, when 
aerial installation is not feasible due to pole make-ready constraints, or when necessary, over-
head clearances cannot be achieved. Several established methods are used for underground 
fiber deployment, including open trenching, horizontal directional drilling (HDD), and vibratory 
plowing. 

Backbone and Lateral Conduit/Cable Construction 

Construction Methods 

• Open Trenching: Involves excavating a trench along the designated route, laying conduit
or direct-bury fiber, and then backfilling. This method allows controlled placement but is
more surface-disruptive and labor-intensive.

• Horizontal Directional Drilling (HDD): Used to install conduit beneath obstacles (e.g.,
roads, driveways, waterways) by boring a path underground and pulling conduit
through; it minimizes surface disruption, especially at crossings.

• Plowing: A vibratory plow slices through soil and feeds conduit/cable into place in a sin-
gle pass, ideal for continuous long routes across open terrain, minimizing restoration
work.

• Micro-trenching: For urban settings, a narrow, shallow trench is cut (typically 1-4" wide,
12-20" deep) along paved edges to install micro duct or fiber in high-density areas for
minimal disruption and fast restoration.

• Conduit Placement:
Appropriately sized underground conduit (PVC, HDPE, or specified by design) is placed
as each segment is constructed. Depth of burial is based on local codes but typically 42”-
48”inches. Conduit diameter is chosen to accommodate planned cable count and allow
future expansion.

• Cable Placement:
After conduit installation, cable is installed using pulling or blowing methods. Minimum
bend radius and tension limits for the fiber cable must be strictly observed throughout
to avoid damage
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Purpose and Importance of Long Radius Sweeps for Fiber Cable 

• Maintaining Bend Radius:
Fiber optic cables are highly sensitive to bending. Each cable type specifies a minimum
bend radius (the smallest allowed curve without risking fiber breakage or excess optical
loss). During pulling (installation), the bend radius is typically 20 times the cable’s outer
diameter; after installation, it is usually 10 times the diameter or greater.

• Preventing Damage and Attenuation:
Sharp or tight conduit bends can overstress or even fracture the delicate glass within fi-
ber cables. Even if immediate breakage is avoided, excessive bending causes increased
"bend loss"—signal attenuation from energy escaping the fiber core.
Long radius sweeps allow fiber cables to transition gradually around corners or between
elevation changes, preventing exceedance of the minimum bend radius and supporting
long-term durability and performance.

• Code & Specification Compliance:
Construction standards, including manufacturer requirements, often mandate that all
underground conduit sweeps (elbows) be long radius: typically, Schedule 40 PVC, 36”
minimum radius is a common specification. For aerial or pathway transitions, similar
long, smooth curves are required.

• Summary Table: Example Minimum Conduit Sweep Radii

Application Minimum Sweep Radius 

Conduit Elbows (Vaults) 36" (Schedule 40 PVC) 

Cable Bend (Pulling) 20x cable diameter 

Cable Bend (Static) 10x cable diameter 

Using long radius sweeps when routing fiber ensures the cable’s physical integrity, minimizes 
optical losses, and keeps the installation compliant with both manufacturer and industry 
standards. 
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Handholes, Splice Enclosures, and Access Points 

• Handholes:
Install handholes (vaults) of types and sizes specified in design packages at all major
splice points, OFDC (Optical Fiber Distribution Cabinet) terminals, cable storage loca-
tions, and house drop access locations.

• Splice Cases & Cable Storage:
Inside each handhole, coil adequate slack (typically at least 150 feet per entry, as re-
quired by project standard), attach splicing cases securely, and rack cables to maintain
bend radius and enable ease of future access and maintenance.

Recommended industry standards call for at least 12 inches vertical separation (directly above 
the conduit) for warning tape placement in open trench installations, and a minimum 1-foot lat-
eral spacing between fiber conduit runs and other utility lines, unless otherwise required by 
joint utility agreements or local code. 

Lateral Spacing Between Conduits 

• Main fiber conduit runs should maintain a minimum 1-foot (12 inches) lateral separa-
tion from parallel utility conduits (such as power, water, or gas) to minimize risk and fa-
cilitate safe future access.

• This spacing helps avoid electromagnetic interference and physical damage from other
utilities.

• Increased separation may be required in joint trench scenarios where congestion or util-
ity type demands it.

Warning Tape Placement Relative to Conduit 

• The warning tape must be placed directly above the conduit, with a standard vertical
spacing of 12 inches below finished grade, and with at least 6–12 inches of compacted
soil covering the conduit before tape placement.

• Tape should run continuously and center over the conduit path for the entire length of
the installation, using overlaps as necessary where rolls change.

Special Notes 

• For multiple fiber conduits within the same trench, maintain spacing as specified by pro-
ject engineering standards, so that each conduit and corresponding warning tape can be
distinctly detected and identified.
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• Always confirm lateral spacing requirements with local utility coordination and munici-
pal standards, which may call for greater separation (up to 36 inches or more in some
jurisdictions).

• See trench cross-section diagrams in official fiber optic construction standards for pro-
ject-specific details.

Underground Route Assessment & Planning 
Before any field construction activity begins, a comprehensive review and assessment must be 
performed to ensure proper project execution and minimize unintended impacts. 

Key Assessment Steps 

• Engineering Plan Review: Examine final engineering maps and cross-verify with the bill
of materials to ensure all construction components and placement locations are accu-
rately represented.

• Physical Walkout: Conduct an on-site route walk or drive to inspect conditions, confirm
map accuracy, and identify any obstacles not present on engineering drawings (e.g.,
new landscaping or unmarked features).

• Equipment Setup Areas: Designate and protect equipment laydown and setup zones.
Utilize plywood, planking, or similar materials to prevent or limit damage to sod, pave-
ment, or landscaping from heavy vehicles and machinery.

• Access & Egress Pathways: Identify clear and safe routes for crew and equipment move-
ment to, from, and along the work area, considering traffic patterns, tight spaces, and
public interface points.

• Handhole and Access Point Locations: Review and identify all proposed handhole place-
ments. Confirm that positions meet design intent and avoid conflict with existing or fu-
ture structures, utilities, or landscape features.

• Hazard Assessment: Identify and document adjacent roadways, intersections, and street
hazards requiring specific traffic control plans; plan accordingly for signage, flaggers, or
barriers.
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• Obstruction & Landscape Jeopardy: Flag all physical obstructions (retaining walls,
fences, trees, garden beds) and areas where construction may threaten landscaping or
private property. Consider alternate routing or special construction techniques as
needed.

• Documentation & Verification

• Photo/Video Documentation: Systematically record pre-construction conditions using
photographs and/or video. Document driveways, sidewalks, lawns, gardens, other land-
scape elements, and property entrances adjacent to the construction route.

• Damage Prevention & Claims: All documented imagery should be time-stamped and
stored securely as evidence for resolution of any future damage disputes or resident
complaints.

These planning and documentation steps are critical for protecting customer and property 
owner interests, supporting defensible construction practices, and ensuring project compli-
ance and professionalism. 
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Underground Utility Cable Locates 
Before starting any underground excavation or directional boring, contractors must ensure that 
all existing buried utilities (telecom, power, gas, water, sewer, etc.) in the work zone have been 
accurately located and clearly marked. 

• 811 One Call Protocol:

• Contractors must contact the local One Call system (811) at least 72 hours before
work is scheduled to begin, providing complete dig location details and scope of
excavation.

• Utilities (or their subcontracted locators) will visit the site to mark buried lines,
typically with color-coded flags or paint:

• Red: Electric

• Yellow: Gas

• Orange: Communications

• Blue: Water

• Green: Sewer

• If marks are missing or unclear, or if the contractor has any reason to suspect the
presence of unmarked cables, they must immediately renew the 811 locate
ticket request—do not dig until confirmation is received.

• Mark Validity and Ticket Management:

• Locate markings expire after 15 days (or sooner if eroded, moved, or construc-
tion delays occur).

• If the construction start is delayed or if initial paint/flag marks are no longer visi-
ble, the contractor must update or submit a new ticket for re-locating and mark-
ing the area.

• Work Start Authorization:

• Excavation, trenching, or boring should only commence once all known existing
facilities are visually identified and clearly marked in the field.

• Contractors must keep active locate ticket documentation on-site for the dura-
tion of excavation activities.
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• Safe Digging Requirements:

• No mechanical excavation or directional boring is allowed within 2 feet (24
inches) of a marked utility line.

• When a crossing or close approach is necessary, “pot-holing” (careful soft digging
or vacuum excavation) is required to visually expose and confirm the exact loca-
tion and depth of the existing utility before proceeding.

• Extreme caution must be taken to avoid damaging any marked or unmarked util-
ities, especially when working within congested urban corridors or near critical
infrastructure.

Failure to follow these requirements may result in hazardous conditions, service outages, se-
vere financial penalties, and project shutdowns. Strict adherence to One Call (811), utility lo-
cation best practices, and jobsite documentation requirements is mandatory on all fiber con-
struction projects. 
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Open Trenching 
The open trench method for installing fiber optic cable involves a sequence of clearly defined 
steps focused on safety, efficiency, and network reliability. The method is widely used for new 
underground deployments where direct access to the soil is permitted, and restoration require-
ments are manageable. 

Summary of Open Trench Method 

The core steps are route marking, excavation, conduit or cable placement, backfill, and post-
installation testing. 

Step-by-Step Process 

• Route Marking & Utility Location
Mark the entire cable path using paint or flags. Confirm the location of existing utilities 
to prevent damage during excavation.

• Trenching (Excavation)
Excavate a trench according to local depth and width standards—typically 36 inches 
deep, avoiding unnecessary soil disturbance. For handhole or large section place-ment, 
deeper trenches may be required.

• Conduit Placement
Place the required conduit directly into the open trench per the engineering specs. The 
conduit should lay flat, and all joints glued, and proper long radius sweeps installed per 
the design. The cable should be fed gently to avoid kinks and sharp bends (maintain 
minimum bend radius).

• Backfilling & Warning Tape
Backfill the trench with indigenous soil, restoring compactness to avoid future settling. 
Include a warning tape at a standard distance above the cable (e.g., 12 inches below 
the surface) to alert future excavators.

• Cable Splicing & Testing
After cable placement, complete splicing using fusion methods for reliability. Test with 
an OTDR or power meter to ensure signal integrity across the installed length.

Best Practices 

• Avoid sharp bends in conduit/cable.

• Monitor cable tension during pulls to prevent fiber damage.
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• Verify trench depth and alignment for consistent protection and performance.

• Use marking and safety protocols throughout the job.

• Restore site conditions upon completion in accordance with relevant environmental
standards.

Notes 

• Open trenching offers the advantage of immediate visual inspection and adjustment
during installation.

• All procedures should strictly follow local codes, safety standards, and manufacturer
recommendations concerning fiber cable minimum bend radius, conduit types, and soil
backfill.
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Horizontal Directional Boring 
Process Overview 

• Planning and Setup

• A bore path is designed based on engineering maps and existing utility locates, consider-
ing depth, alignment, and entrance/exit points.

• Entry and exit pits are excavated at the planned bore start and end to facilitate drilling
equipment setup and to capture drilling fluids.

• Pilot Bore Drilling

• A pilot bore is drilled along the pre-determined horizontal path. The drill head is steered
using real-time surface tracking/locating technology to maintain constant depth and
alignment around utilities and obstacles.

• Drilling fluid (mud) is pumped continuously to cool/lubricate the bit and carry debris to
the surface.

• Borehole Enlargement (Reaming)

• If the required conduit diameter is larger than the pilot bore, a back-reamer is attached
to the bore rod and pulled back through the bore, enlarging the diameter in one or
more passes as necessary.

• Drilling fluids are used to help maintain borehole integrity and remove cuttings.

• Conduit Installation

• The fiber conduit(s), with tracer wire securely taped alongside and swivel connections to
prevent twisting, is attached behind the reamer and pulled back through the completed
bore from exit pit to entry pit.

• The pipe must be free of kinks, excessive bends, or damage.

• Bore Logging and As-Built Documentation

• Bore logs are created for every HDD shot, documenting entry/exit points, depth, pitch,
utilities crossed, conduit size/type, and pulling tonnage.

• This record is part of final as-built package and is critical for future maintenance and
compliance.

• Restoration and Clean-Up
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• The pits are backfilled/compacted and all work areas restored to pre-construction condi-
tions with care to restore sod, pavement, or landscaping as appropriate.

• Drilling fluids are properly disposed of according to environmental regulations.

Advantages 

• Minimally Invasive: Significantly less surface disruption compared to open trenching—
ideal for installing under paved surfaces, railroad tracks, driveways, wetlands, and wa-
terways.

• Efficient and Safe: Reduces traffic impacts, accelerates installation, and protects existing
infrastructure.

Key Requirements 

• All utilities must be safely potholed and verified before drilling.

• Tracer wire must always be installed with conduit for future locate purposes.

• Bore logs are required for every section for quality control and future reference.

Directional boring is the preferred method for fiber optic installation in complex areas due to 
its precision, reduced restoration requirements, and ability to navigate congested corridors 
with minimal risk to existing utilities. 
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Plowing 
Plowing cable is a trenchless installation method ideal for rural, open areas with minimal bur-
ied utilities. It enables rapid conduit or cable placement with lower surface disturbance but is 
not suitable in constrained or utility-congested corridors. 

Conduit Plowing 

• Optimal Conditions:
Plowing is best suited for open land or rural rights-of-way where the risk of encounter-
ing multiple underground utilities is minimal and equipment has ample maneuvering 
space.

• Plowing Equipment:
A cable plow machine, typically a tracked or wheeled tractor—features a strong steel 
blade attached to its rear. The blade has a trailing “chute” that guides inner-duct or ca-
ble down into the soil as the machine moves forward.

• Vibratory plows use a vibrating action to ease the blade into the ground, minimizing soil 
displacement and the force needed for installation.

• Static plows use direct force, suitable for softer soils.

• Installation Sequence:

• Route & Utility Clearance:

• The intended path is clearly staked, and all underground utilities are located, marked, 
and cleared.

• Obstacles or structures (culverts, old foundations) are identified and managed before 
plowing.

• Plowing Action:

• The machine inserts the plow blade to the specified burial depth—typically 36" 
depending on cable type and local code.

• The inner-duct/conduit is continuously fed from the payout reel, through the guide 
chute on the plow, and placed at the bottom of the furrow as the blade advances.

• Marker tape (or warning tape) is also installed above the conduit or cable, usually about 
12" below the final grade, to alert future excavators.
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• Operation Completion:

• At the completion point, the blade is smoothly withdrawn from the ground, leaving the
conduit exposed at both ends for later access (such as for handhole or splice vault instal-
lations).

• The conduit ends are cut clean, capped or taped, and left exposed until subsequent con-
struction activities are complete.

• Restoration:
• The soil closes naturally over the narrow slot left by the plow, requiring minimal site res-

toration compared to open trenching. In some soils, additional backfill or regrading may
be required.

• Key Precautions:

• Plowing should never be attempted through areas with dense utility congestion or
where precision placement and numerous crossings are required—the risk of damaging
existing facilities is too great.

• All plowing operations must strictly avoid existing locates, and a “ripping pass” without
duct may be done first to scout the route in tough soils.

Cable plowing is a cost-effective, efficient, and environmentally friendly installation method 
for new fiber routes in suitable conditions, greatly speeding construction where utility risks 
are low and open land is available. 
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Underground Conduit Depths 
Buried Conduit/Cable Depths 

Construction Method Minimum Depth WSDOT Standard Depth 

Open Trench 36" 60" in state highway ROW 

Horizontal Directional Drilling 36" 60" in state highway ROW 

Cable Plowing 36" 60" in state highway ROW 

• Open Trench:
Standard burial for conduit and cable is 36 inches below finished grade for most local 
roads and easements. WSDOT requires 60 inches (5 feet) in state highway right-of-way 
to provide increased protection from future excavation and heavy traffic loading.

• Horizontal Directional Drilling (HDD):
Common burial depth for drilled conduit/cable is also 36 inches, matching open trench 
standards, with state highway crossings requiring a minimum of 60 inches per WSDOT 
requirements.

• Cable Plowing:
For rural and open areas, plowed conduit/cable is installed at 36 inches deep; again, 60 
inches is the minimum for WSDOT-regulated state highway right-of-way cross-ings.

Note: 
Local ordinances, the presence of existing utilities, geological conditions, and/or specific cus-
tomer requirements may mandate increased burial depth or special protection measures for 
conduit or cable. 
Any planned depth variation or deviation from these standards must receive explicit approval 
from NoaNet OSP management prior to construction. 

This ensures compliance with state and local regulations while maintaining the safety and in-
tegrity of the fiber optic network. 



46 

Permitting Requirements 
Required Permits 

• Right-of-Way (ROW) Permit:
Issued by the authority having jurisdiction (city, county, or state) for construction activi-
ties in public roads, ROWs, or easements. Includes road crossings, shoulder work, and
sidewalks.

• Excavation/Dig Permit:
Required for any type of excavation, grading, or open trench installation in public or pri-
vate property.

• Traffic Control Plan Approval:
Needed when trenching adjacent to or within roads—specific plans for signage, flaggers,
barriers, and safe pedestrian management, approved by the local road or highway de-
partment.

• Erosion and Sediment Control Permit:
Required by state/local agencies to ensure compliance with stormwater, erosion, and
restoration plans for disturbing soil or working near waterways.

• Railroad Crossing Permit or Utility License Agreement:
Special permit/license required when trenching under or adjacent to railroad property,
with plans often requiring engineering stamps and agency review.

• Environmental Permit(s):
Needed if work will impact wetlands, protected species/habitats, or other environmen-
tally sensitive areas (may require coordination with EPA, Fish & Wildlife, or similar).

• Franchise or Utility Installation Permit:
Often required for installing public utilities/fiber in municipal or utility-owned corridors,
can include insurance, bonding, and franchise agreements.

Utility Clearances 

• 811 One Call / Utility Locate Ticket:
Contractor must notify the local One Call system (811) prior to excavation, typically at
least 72 hours in advance. All buried facilities (gas, electric, telecom, water, sewer) must
be marked and cleared before digging begins.
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• Verification and Potholing:
Required for all marked utilities prior to crossing—visual confirmation (potholing) is
mandated to determine precise depth and alignment.

• Utility Coordination/Relocation Approval:
If a conflict is found, contractor must coordinate with utility owner(s) for relocation ap-
proval or risk mitigation.

Additional Documentation 

• Approved Construction Plans:
Must include details of open trench alignment, conduit spacing, minimum depth, utility
separations, and restoration measures, submitted to and approved by the local author-
ity.

• Performance Bond and Insurance:
Most jurisdictions require proof of adequate insurance and a performance bond to
cover restoration or damages.

Obtaining all proper permits and utility clearances is essential for legal compliance, safety, 
and protection from liability during open trench fiber optic installation 

Hard Surface Removal/Replacement 
Hard Surface (Pavement Removal/Replacement) Standards 

• Advance Approval Required:
No pavement shall be cut or removed during the underground construction process
without specific, advance authorization from NoaNet OSP Project Management.
Contractors must submit a detailed work plan for prior review and approval outlin-
ing the scope, location, and restoration strategy for any pavement impact.
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Restoration Requirements 

• Any approved pavement excavation must strictly comply with local agency or re-
gional pavement cut policies, including alignment, edge treatment, backfill mate-
rials, and compaction requirements to restore subsurface support.

• Road base must be reconstructed to match or exceed the original compaction
(by specification or as indicated in local standards).

• Final surface restoration must use pavement materials (asphalt, concrete, or
specialty materials) that match the pre-existing surface type, thickness, and fin-
ish, ensuring a flush and even transition at all joints.

• Pavement cuts typically require full-depth saw cuts with straight edges, and re-
moval must avoid damaging adjacent slabs or pavement sections.

• Restoration includes the removal of all debris, temporary surface treatments,
and excess materials from public ways.

Inspection and Warranty 

• Restoration work is subject to inspection and acceptance by NoaNet, the rele-
vant municipality, or agency.

• A warranty period (often 12–24 months) may be imposed for repairs to settle or
fail prematurely, with the contractor responsible for re-work within this period.

Documentation 

• All restoration work, including field testing of compaction and records of mate-
rial placement, must be documented in as-built submittals.

Note: No unapproved pavement disturbance is permitted. Substandard restoration or unau-
thorized work may result in stoppage, additional corrective costs, and/or penalties as out-
lined in NoaNet and local agency standards. 
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Cable Placement in Conduit: Pull and Blowing Methods 
Placing fiber optic cable in conduit is achieved by either the “Pull” or “Blowing” method, each 
suited to different conduit lengths, configurations, and site conditions. 

Cable Placement in Conduit: Pull and Blowing Methods 

Preparation for Both Methods 

• The cable reel must be positioned in-line with the conduit pathway, allowing for smooth
feed as the cable is pulled or blown in.

• Always pull cable off the top of the reel to avoid twists and ensure proper cable orienta-
tion.

• Trained personnel should be stationed at both the sending and receiving ends, equipped
with line-of-sight or wireless communication to coordinate and monitor installation pro-
gress and address issues immediately.

Pull Method 

• Best Use: Short conduit segments (generally less than 100 meters) or routes with multi-
ple interim access points (break points) or bends.

• Setup: Requires a pre-installed pull rope or mule tape in the conduit, cable grips or pull-
ing eyes, rollers at entry/exit to avoid sharp bends, and a powered cable puller or man-
ual effort.

• Process: The cable is attached to the pull rope at one end and drawn steadily through
the conduit to the other end. Proper tension control is critical to prevent exceeding the
cable’s maximum rated pulling force. Lubricant may be used to reduce friction.

• Advantages: Minimal equipment needed; effective for short, complex runs or building
entryways. Simple to mobilize and reset for multiple segments.
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Blowing Method 

• Best Use: Long, continuous conduit segments—often hundreds or thousands of feet—
with minimal splices or access point interruptions.

• Setup: Specialized compressed-air blowing machine and seals; the cable is fed into the
conduit entrance and propelled by high-pressure airflow, sometimes with a mechanical
feed assist.

• Process: The pressurized air reduces friction, allowing the cable to move smoothly
around bends and through extended conduit runs. Personnel at start and end points
track cable progress and communicate to avoid jams.

• Advantages: Faster and much lower cable tension over long segments. Tens of thou-
sands of feet may be installed in a single run if the conduit is clear and conditions are
optimal. Particularly effective for modern large-diameter HDPE or micro duct systems
with sweeping bends.

Safety and Best Practices 

• Always Monitor cable tension and pathway; use proper lubricants compatible with the
cable jacket.

• Use intermediate figure-eight lay-down techniques for long or complex pulls to prevent
twisting or excess tension.

• Communication between all involved installers is essential for preventing cable damage
and ensuring successful conduit placements.

• Test conduit for continuity/obstructions prior to installation to ensure a clear pathway.

• Follow manufacturer and industry standards for minimum bend radius and pulling ten-
sion in all conduit placement scenarios.

Both pulling and blowing, applied appropriately, enable efficient, damage-free fiber cable in-
stallation in conduit networks, supporting reliable, long-term network performance. 
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Underground Construction Materials 
Below is a detailed overview of core underground construction materials for conduit and ca-
ble installation, with notes on common applications and best practices: 

Underground Construction Materials 

• Conduit / Inner-Duct
High-density polyethylene (HDPE) or PVC conduits in standard sizes (typically 1.5” or 2”)
used to protect and route fiber optic cable. For mainlines, inner-duct is often pre-in-
stalled with 3/4" 2500 lb.-rated mule tape for pulling or blowing fiber during cable
placement. Multiple conduits may be used in a single trench based on design require-
ments.

• Conduit Couplings
Connect conduit lengths without kinks, bends, or internal obstructions. Couplings must
meet manufacturer standards and maintain minimum bend radius requirements during
cable placement.

• Cable
Fiber optic cable types vary by application (e.g., backbone, lateral, drop). It is typically
dielectric or armored, with physical and optical specifications based on project scope.

• Handholes
Underground access points (vaults or handholes) sized to house splice enclosures, slack
cable, OFDC terminals, and allow for easy cable access and future additions or repairs.

• Rodent Screen Material
Metallic or composite mesh screen placed in vulnerable handholes, conduit entries, or
riser transitions to deter rodent intrusion and cable damage.

• Aggregate (Compaction Rock)
Crushed aggregate or rock bedding, placed beneath handholes and around conduit for
stable, well-drained support and required base compaction.

• Pea Gravel (Drainage Rock)
Small-radius gravel backfills inside handholes, and vaults ensure proper drainage for
splice cases and cable coil storage, preventing water accumulation and cable submer-
sion.
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• Tracer Wire
Insulated copper wire (typically 14 AWG or heavier) laid along conduit path and inside
all buried ducts to enable future electronic location of cables for maintenance and
avoidance.

• Tracer Wire Bonding Clamps
Connect tracer wire to ground rods, bonding points, or above-grade locator stations to
ensure circuit continuity and signal transmission for locates.

• Cable Marker Tape
Bright, durable “Buried Fiber Optic Cable” warning tape is installed 12" above the con-
duit during open trench and plow construction for early warning during future excava-
tion.

• Cable Marker Posts / Test Stations
Surface locators or posts installed at key route points (e.g., entry/exit of road crossings,
bends, or handholes) labeled with cable owner info and contact details for emergency
and test point identification.

• Cable Wrap-Around Markers
High-visibility, wrap-around plastic identifiers (orange with black lettering and NoaNet
NOC or emergency info) attached to cable at entry/exit points in handholes or on riser
guards for easy field identification.

Additional or specialized materials may be specified by engineering design or by customer re-
quirements for segments requiring special protection, security, or identification. 
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Conduit 
Conduit and inner-duct are essential for all underground fiber optic construction, providing 
physical protection, ensuring cable longevity, and allowing for future upgrades. The type, size, 
and number of conduits used may vary according to engineering design, local codes, and pro-
ject-specific requirements. 

Types and Uses of Underground Conduit/Inner-Duct 

Standard Conduit Sizes and Materials 

• 2” Schedule 40 PVC: Rigid polyvinyl chloride conduit, commonly used for both
primary and secondary fiber routes. Offers good crush resistance and durability
in underground environments.

• HDPE (High-Density Polyethylene): Available in various wall thicknesses such as
SDR-9, SDR-11, and SDR-13.5. HDPE conduit is flexible, impact-resistant, and
ideal for trenchless methods (like directional drilling and plowing) due to its abil-
ity to handle gradual curves and soil movements.

• Pin-point, Micro ducts, and Multi-cell: Specialty conduits (such as micro ducts or
pinpoint) are used for high-density network deployments, allowing multiple ca-
bles (or future additions) in a single pathway.

Inner-Duct 

• Placed inside a larger conduit to provide additional organization, separation, or
future-proofing. Typically used when multiple fiber routes share a primary duct.

• Smooth wall HDPE inner-duct is preferred for direct burial and blowing/cable jet-
ting applications. Corrugated forms are used for interior (riser/plenum) or short-
run flexibility.

Tensile Support 

• Mule tape (e.g., 3/4" 2500 lb.) is pre-installed for cable pulling or blowing,
marked with footage indicators for precise installations and future pulls.
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Multiple Conduits 

• Multiple conduits may be placed simultaneously for backbone, lateral, or future
expansion needs. Backfill and conduit separation should follow design drawings
to ensure proper spacing and locate-ability.

Conduit Selection Considerations 

• Mechanical protection (crush, impact, UV).

• Flexibility for installation method (trenching, bore, plowing).

• Chemical and environmental resistance.

• Ease of cable pulling/blowing based on interior surface.

• Future re-entry and expansion.

Always confirm conduit type, size, and placement with the current engineering design and 
construction maps for each phase of underground installation. Adhering to these require-
ments ensures robust, scalable, and code-compliant fiber network infrastructure. 
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Underground Conduit and Long Radius Sweeps 
Conduit couplings and long radius sweeps are vital components in underground fiber optic in-
stallations, ensuring a continuous, safe cable pathway and minimizing risk of physical stress 
or damage during placement and throughout service life. 

Purpose and Installation 
• Conduit couplings are used to join individual conduit sections in cases where continuous

conduit runs from start to finish are not possible due to transportation, access, or instal-
lation constraints.

Specifications 

• All couplings must match the conduit manufacturer's specifications to provide a flush,
smooth, and burr-free transition inside the conduit. Any mismatch, internal lip, or pro-
trusion can obstruct cable movement or cause damage.

• Best Practices:
Use only manufacturer-approved mechanical, compression, or fusion (for HDPE) cou-
plers. Upon joining, verify the inside diameter is clear and true before cable installation.
Couplings must not create a step or edge internally that would increase cable friction or
cause the cable to exceed its minimum bend radius.

Long Radius Sweeps 

• Purpose:
Sweeps are used to change conduit direction (typically 90°) at handholes, vaults, or
route turns while maintaining minimum cable bend radius inside the bend. This is critical
to prevent micro-bends, macro-bends, or kinking which degrades fiber performance or
causes eventual failure.

• Minimum Requirements:
All conduit transitions and bends must use long radius sweeps. The minimum acceptable
specification is a 90-degree, 36" radius Schedule 40 sweep. This complies with common
fiber optic installation standards, ensuring cables never exceed manufacturer minimum
bend radius for both installation and long-term operation.

• Field Guidance:
Never use tight (short-radius) electrical sweeps or elbows intended for power wiring. All
bends must be gradual and documented in construction drawings and as-built records.
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Strict adherence to these coupling and sweep guidelines ensures that fiber cables can be in-
stalled efficiently, safely, and without excessive friction, reducing the risk of attenuation, sig-
nal loss, or sheath damage. 

Fiber Cables 
In most underground conduit installations, standard armored fiber cable is used to protect 
against physical damage and rodent intrusion. Throughout installation, strict adherence to 
cable pulling tension and bend radius standards is critical to prevent micro-bending, attenua-
tion, or permanent fiber damage. 

Key Installation Standards for Underground Armored Fiber 

Cable Pulling Tension 

• Always respect the manufacturer's maximum rated pulling tension (commonly in
the range of 600-800 lbs. for most outside plant cables but should always be con-
firmed for the cable on hand).

• Use a calibrated dynamometer or continuous tension monitor when using pow-
ered pullers to ensure forces are never exceeded.

• Utilize proper pulling grips and protect the cable ends from stress or kinking dur-
ing installation.

Bend Radius 

• Maintain a minimum bend radius during pulling—typically 20 times the outer ca-
ble diameter—and 10 times the diameter once in final position (refer to cable
manufacturer's data sheet for specific values).

• Installers must use long radius sweeps at all conduit bends and ensure cable
pathways are free of sharp angles or obstructions.

Pulling/Blowing Methods 

• For short runs or routes with many access points, the pull method (using pre-in-
stalled mule tape or rope) is acceptable if tension is closely monitored.
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• For long, continuous segments or difficult routes, cable blowing (jetting) is pre-
ferred, as it keeps the cable under lower tension and reduces risk of exceeding
bend radius in bends and handhole transitions.

Conduit Verification 

• All conduit should be proofed (checked for continuity and blockages) before ca-
ble installation to ensure a clear, smooth path with no tight bends or internal ob-
structions.

Marking and Documentation 

• Cable segments, transitions, and handhole entries must be clearly labeled, with
wrap-around markers for easy identification and as-built documentation for
long-term maintenance.

Testing and Inspection 

• After placement, all cables must be OTDR and power-meter tested to ensure op-
tical integrity and no excess loss from bending, pulling, or physical stress encoun-
tered during installation.

Strict compliance with these standards ensures that armored fiber is installed safely, reliably, 
and in accordance with all industry’s best practices for underground construction. 
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Handholes 
Handholes are critical underground access structures used in fiber networks to accommodate 
splice enclosures, optical fiber distribution cabinets (OFDC), slack storage, and provide access 
for ongoing maintenance or expansion. Proper sizing, placement, and material selection are 
essential for network reliability and ease of future work. 

Handhole Design and Sizing 

• Purpose and Placement:
Handholes are strategically located at splice points, OFDC and MST installations,
drop/access points, and other network locations requiring access to cables and equip-
ment. Their placement aligns with network design for both current needs and future
flexibility.

• Standardized Size Categories:
To streamline engineering and inventory, handholes are categorized by size—small, me-
dium, large, and extra-large—to suit the specific logistical and equipment requirements
for each project segment.

• Small:
Typically used for drop access or housing small splice enclosures.

• Medium:
Suited for OFDC/MSTs or standard splice enclosures, and often for single back-
bone or distribution cables.

• Large:
Accommodates multiple devices, large or multiple splice enclosures, large slack
coils, or special hardware; often specified for traffic-rated or main backbone lo-
cations.

• Extra Large:
Reserved for heavy traffic or specialty installations, or where future expansion is
anticipated.

• Selection Criteria:
The appropriate handhole size depends on:

• Equipment physical requirements (closure/enclosure size, slack storage needs,
minimum bend radius for coiled cable)
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• Customer or owner preferences

• Handhole manufacturer's standard product dimensions and field availability

• Anticipated future expansion or network densification needs

Typical Size Examples 

Category Common Inside Dimensions (inches) Typical Use Case 

Small 12 x 18 x 18; 17 x 30 x 36 Drop access, small splice 

Medium 24 x 36 x 24; 24 x 36 x 36 OFDCs, standard splices 

Large 30 x 48 x 36; 36 x 60 x 36 Backbone/traffic rated 

Extra Large 48 x 60 x 36/48 Multi-device, future expansion 

• Minimum Sizing Calculations:
Ensure handhole width and length accommodate both the minimum cable coil diameter
(as determined by cable bend radius) and the length of the largest enclosure/splice case
to be installed.

Installation Considerations 

• Excavation:
Excavate sufficiently deep for handhole plus aggregate bedding; allow at least 6" clear-
ance on each side for placement and leveling.

• Bedding and Drainage:
Place compacted aggregate/rock below handhole; use pea gravel inside for drainage.

• Sod Restoration:
Preserve and reuse removed sod around the handhole for landscape restoration when-
ever feasible.

• Duct Entry:
Duct entries are typically located near the corners to maximize coiling/storage area.
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• Product Selection:
Select handholes rated for the anticipated load (standard, light traffic, or heavy/traffic-
rated lids as specified by project scope).

• Documentation:
Record precise handhole locations for as-builts (sometimes including GPS coordinates)
and ensure all equipment/cable types and storage details adhere to OSP design.

Standardizing handhole sizes and selection criteria ensure network reliability, efficient field 
operations, and cost-effective long-term maintenance for underground fiber plant. 

Handhole Placement Standards: 
Here are detailed placement standards and best practices for fiber optic handholes, based on 
current industry guidelines and construction standards: 

Handhole Placement Standards 

• Top Alignment with Landscape:
The installed top surface of each handhole must be level with the existing terrain or fin-
ished grade, ensuring flush alignment for safety, drainage, and unobstructed access.

• Rodent Screen Protection:
Place rodent screening at the base of the handhole. The screen should overlap the edge
of the handhole by at least 4 inches to prevent rodent penetration and protect internal
cables and equipment.

• Compacted Aggregate Base:
Before placing the handhole, add a layer of compacted aggregate rock for stability:

• Large handholes: minimum 6 inches.

• Small handholes: minimum 4 inches.
The aggregate base levels the structure provides structural support.
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Pea Gravel for Drainage 

• Place a minimum of 2 inches of pea gravel inside the bottom of every handhole. This
drainage layer helps prevent water accumulation under and around cables and splices.

• Field Verification:
Field-verify the precise handhole location, orientation, and size prior to excavation and
construction start. Confirm alignment with design maps, utility locates, and project re-
quirements. Check for unanticipated obstructions or environmental conditions at each
proposed site.

• Design Changes and Red-Lines:
Any deviation from the approved design, including handhole location, orientation, or
size, requires written authorization from NoaNet OSP Project Management. All design
modifications must be clearly documented as red-lines and included in the final as-built
construction records.

• Excavation Dimensions and Restoration:
The handhole excavation should extend a minimum of 6 inches beyond each sidewall to
accommodate placement, leveling, and compaction around the entire perimeter. Reuse
removed sod, if possible, for restoration and to improve post-construction landscape
appearance.

Following these standards ensures handhole stability, cable protection, proper drainage, and 
a professional, maintainable underground fiber network. 
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Handhole Materials 
Aggregate (compaction materials) is a foundational element used to provide a stable, level, 
and well-drained base for handhole installations in underground fiber optic construction. Its 
correct selection and placement are essential for long-term performance and stability of un-
derground enclosures. 

Aggregate (Compaction Materials) for Handholes 

Type 

• Aggregate used beneath handholes is typically clean, crushed stone or compactible
rock such as limestone, granite, or white rock. The material should be free from
fines, clay, or organic debris that might settle or retain moisture.

Purpose 

• Creates a level, stable base to support the handhole structure, preventing settling
and shifting caused by soil movement or water infiltration.

• Improves drainage under and around the handhole, reducing the risk of water accu-
mulation or frost heave that can destabilize the enclosure or damage cables.

• Provides uniform load transfer from the handhole to the surrounding soil, maintain-
ing alignment with finished grade and adjacent terrain.

Installation and Thickness 

Thickness by Handhole Size 

• For large handholes: A minimum of 6 inches compacted aggregate base.

• For small handholes: A minimum of 4 inches compacted aggregate base.
Adjustments may be made based on specific soil conditions, customer requirements,
or manufacturer guidance.

• Excavation:
The excavation area should extend at least 6 inches beyond each edge of the hand-
hole to allow for proper placement, leveling, and compaction of the aggregate
around the full perimeter.
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• Compaction:
Aggregate must be placed in layers (lifts), each lightly watered and compacted with a
mechanical tamper or hand tool to reduce voids and ensure long-term stability.

Source and Specification 

• Aggregate is sourced in bulk from local quarries and should meet local or project-spe-
cific gradation and compaction standards. The rock size is generally in the 3/4" to 1"
range, but specifications may vary.

Additional Considerations 

• Pea Gravel Drainage:
A separate 2-inch layer of smaller pea gravel is typically placed inside the handhole
above the compacted base to further enhance drainage and cable protection.

• Adaptability:
The thickness and type of aggregate may be adjusted to suit project scope, manufac-
turer specifications, geographic region, and customer preferences.

Proper use of aggregate compaction materials is critical for handhole durability, ease of 
maintenance, and long-term reliability of underground fiber infrastructure. 

Pea gravel is a small, smooth, rounded aggregate—typically about 1/4” in size—used inside 
fiber optic handholes to promote water drainage and minimize water accumulation around 
sensitive cables and splice hardware. 

Pea Gravel (Rock) for Handholes 

Purpose and Function 

• Drainage: Pea gravel creates an open, porous layer within handholes, allowing any wa-
ter that enters to percolate through to the bottom, where it can drain out or evaporate,
rather than pooling around cable jackets or splice cases. This reduces risks of corrosion,
insulation degradation, or water-related cable failures.

• Material Characteristics: Pea gravel is generally smooth, rounded, and sized around 1/4”
(but may range from 1/8” to 3/8”). Its uniform nature, without fine particles, prevents
compaction and preserves drainage over time.
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• Source and Availability: Pea gravel is widely available at local landscape or build-
ing supply yards and can be purchased in bulk or bags depending on project
scope and logistics.

Usage Guidelines 

• Depth: Typical installation calls for a minimum of 2” of pea gravel placed inside
every handhole and vault, but the exact level may vary based on customer re-
quirements, handhole size, or soil drainage conditions.

• Placement: The gravel is poured as a level layer just above the aggregate base,
after the handhole itself is set and before cabling or splicing hardware is placed.

• Adaptability: In areas with poor native drainage (clay or low spots), customer
specifications may call for deeper layers of pea gravel to further enhance water
management or to surround and support cables.

Benefits 

• Maintains a dry environment for fiber cable and hardware.

• Reduce settlement and erosion within the handhole over time.

• Easily replenished or adjusted during routine maintenance or upgrades.

Proper use of pea gravel in handholes is a standard best practice for ensuring long-term per-
formance and maintainability of underground fiber networks. 
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Tracer Wire 
Tracer wire is a critical component in all underground fiber optic conduit and cable installa-
tions, providing a continuous, easily detectable metallic path that enables precise location of 
buried infrastructure by utility locators. 

Tracer Wire Specifications and Best Practices 

Purpose 

• Utility Locating: Tracer wire allows future detection and mapping of non-metallic (plas-
tic/HDPE/PVC) conduits, ensuring cables can be safely traced and excavated for mainte-
nance, repair, or upgrades without accidental damage.

Material and Sizing 

• Wire Type: The recommended tracer wire for fiber installations is #12 AWG EHS (Extra
High Strength) copper-clad steel, designed to maintain signal integrity through long runs
and resist stretching or breakage during installation.

• Jacket: Orange HMWPE (High Molecular Weight Polyethylene) jacket is standard for fi-
ber optic tracer wire, indicating telecom usage and providing resistance to moisture,
abrasion, and chemicals.

• Alternative Applications: Integrated conduit/tracer wire solutions (e.g., Dura-Line, Pin-
Point) can streamline installation and improve continuity. Detectable mule tape is a sec-
ondary option but may have locate limitations due to low conductor mass; its continuity
must always be verified after installation.

Installation Requirements 

Placement 

• In trenching, lay tracer wire directly beside the conduit at the trench’s bottom,
running uninterrupted from origin to termination.

• For directional boring or plowing, pull or insert tracer wire in parallel, taped or
zip-tied to the conduit exterior.

• Standalone placement inside conduit is not recommended unless project man-
agement specifically approves, as signal distortion and discontinuity are more
likely.
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Continuity 

• All breaks, splices, or joints in tracer wire must be bonded using waterproof split bolts or
approved ground clamps, especially at every handhole, pull box, or splice vault to main-
tain an unbroken circuit for electronic locators.

• At handholes and transition points, securely tie at least 3 feet of tracer wire off inside
the vault for access and future testing.

Grounding & Bonding 

• Bonding:

• Tracer wire should be bonded at power vertical ground at riser poles, or to a ground rod
where required by local code, to complete the metallic locate circuit and provide opti-
mal locate performance on long runs.

• Testing:

• After installation, perform a continuity and locate test on all tracer wire segments, in-
cluding across all splices and junction points. All alternative methods (such as using mule
tape) must be tested for reliability and continuity.

Documentation & Marking 

• Identification:

• Mark locations of tracer wire at all access points, handholes, and at surface test stations.
Clearly label for identification and future maintenance.

• As-Built Records:

• Record tracer wire location, splicing, bonding points, and test results as part of final as-
built construction documentation.

Notes 

• Local conditions, customer specifications, or unique project requirements may require
heavier-gage wire, different color codes, or additional ground rods for extremely long or
complex routes.

• Any deviations from standard installation practices must be reviewed and approved by
project management and documented on red-lined as-built drawings.
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Adhering to these tracer wire installation guidelines ensures reliable future location capabil-
ity, enhances system integrity, and supports safe, efficient maintenance for the life of the un-
derground fiber network. 

Tracer Wire Bonding 
Tracer wire bonding clamps ensure electrical continuity and locate-ability of the tracer wire 
throughout underground fiber installations by securely connecting tracer wire segments at 
junctions, grounding points, and splices. 

Purpose and Locations 

• Bonding to Ground:

• Bonding clamps are used to connect tracer wire to existing vertical ground wires at riser
poles, providing a reliable return path for locator signals.

• In handholes or pull boxes, clamps are used to tie tracer wire ends from different con-
duit segments together to maintain a continuous detection circuit.

• Ground Rods:

• Where a handhole is far from grounded utility infrastructure or where local specifica-
tions are required, a ground rod may be installed in the handhole and the tracer wire
bonded to it for both continuity and enhanced locate signal quality.
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Fiber Locate Marker Test Station Bonding 
A fiber locate marker test station is used to access and bond the tracer (locate) wire for under-
ground fiber—with the goal of ensuring a reliable signal path for utility locators. Proper bond-
ing is essential for accurate locating and long-term network integrity. 

Materials & Tools Needed 

• Approved test station (usually a marker post with an internal terminal block)

• Tracer wire (copper-clad steel, orange jacketed)

• Split-bolt connector, ground clamp, or test station terminal lugs

• #6 AWG bonding jumper if required by code

• Dedicated ground rod (usually 8’ copper-clad), if site grounding is used

• Waterproof/tamper-resistant test station cover

Step-by-Step Bonding Procedure 

Expose Tracer Wire Ends 

• At the test station (marker post or designated handhole), strip 2–4 inches of
tracer wire insulation.

• Use a wire brush or alcohol wipe to clean the exposed conductor.

Bond Tracer Wires Together 

• If multiple tracer wire segments are present (e.g., from two duct directions), con-
nect them using a split-bolt connector, stainless steel crimp sleeve, or on the
provided terminal lugs inside the test station, ensuring all ends are securely
bonded for electrical continuity.

Attach to Test Station Terminal 

• Terminate a clean tracer wire lead on the station’s internal terminal, following
the manufacturer's specific terminal arrangement.

• Allow 12–18 inches of extra wire coiled inside the post for future testing and re-
pair access.
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• Keep the connection neat and protected from accidental pulls or moisture.

Bond to Ground (if required) 

• In many systems, especially for long routes or at ends, bond the test station ter-
minal (with attached tracer wire) to a dedicated ground rod at the site.

• Use a ground clamp and #6 AWG bonding jumper (preferred for code compli-
ance) to connect to the 8' ground rod.

• NEVER bond tracer wire to a power company vertical ground or to utility grounds
shared with energized equipment—always use a dedicated, isolated ground to
prevent stray voltage and interference.

• Integrity/Continuity Check

• Test end-to-end continuity between adjacent marker posts/handholes for low
resistance (target <1000 ohms, lower is better).

• Troubleshoot and rework any high-resistance or failed paths before closing test
stations.

Final Steps 

• Label the test station according to OSP standards: “Fiber Optic Locate/Tracer
Test Point,” date, and circuit route if required.

• Secure all connections, replace station cover, and log results and location in pro-
ject documentation.

Additional Notes 

• After use, always disconnect locate equipment to leave tracer wire "floating" (uncon-
nected to ground) except at designated test points—this protects the network from
lightning and stray current.

• All bonding must comply with local code and project engineering standards.

• Document terminal block assignments and ground points for future maintenance refer-
ence.

This procedure ensures the tracer wire provides a continuous, accessible locating path along 
the entire underground fiber route, compliant with best safety and performance practices for 
buried cable networks. 
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Types of Clamps 

• Copper Alloy Split Bolt Connector (6 preferred):

• A robust, corrosion-resistant connector for mechanically binding multiple wire
ends—most used for #6 wire or similar. Split bolts are favored for their strong
connection and resistance to loosening overtime.

• Copper 1-Bolt Bonding Clamp:

• A single-bolt clamp designed for rapid, secure connections between tracer wire
and ground rods or other wires, often featuring serrated jaws for enhanced grip.

• Other Acceptable Connectors:

• These may include alligator-style clamps for armored cable, B-bond clamps, or
manufacturer-approved mechanical lugs—always ensuring good electrical con-
tact, weather resistance, and physical robustness.

Installation Best Practices 

Preparation 

• Strip insulation from tracer wire ends as required, taking care not to nick or
weaken the conductor.

• Clean the bonding point (especially on older ground wires or rods) for best con-
ductivity.

Connection 

• Use split bolts or approved clamps to secure all wire ends at handholes, ground
rods, or riser grounds. Tighten securely and check for any movement.

• Multiple tracer wires can be joined under a single connector, provided all are in
good contact and well-aligned.

Protection 

• Once connected, wrap all exposed connections with electrical tape, corrosion-
protective compound, or heat-shrink tubing if specified, to minimize corrosion
and ensure long-term performance.

Inspection and Testing 

• After installation, perform continuity and locator signal tests to confirm the en-
tire tracer wire path is intact and reliably bonded through all connections.
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Correct use of approved bonding clamps is essential for maintaining utility locate compliance 
and long-term reliability of underground fiber optic networks. 

Cable Marker Warning Tape 
Cable Marker Warning Tape is a crucial safety and identification tool used during open trench 
fiber optic conduit installation. It serves as a highly visible warning to alert future excavators 
that fiber optic cables or conduits are buried below, helping prevent accidental dig-ins and 
service outages. 

Cable Marker Warning Tape Specifications and Installation 

• Placement:

• Warning tape must be installed in the trench 12” above the top of the conduit or cable
during backfill, ensuring it is encountered by anyone excavating before they reach the
buried asset below.

• The tape should run continuously along the length of every trench where fiber optic ca-
ble or conduit is installed using open trench or plowing methods.

• Tape Characteristics:

• Color: Bright orange is the standard color for communications and fiber optic lines, per
APWA (American Public Works Association) codes.

• Width and Thickness: A minimum width of 3 inches is recommended; thickness typically
4.5 to 5 mils for durability.

• Legend: Clearly printed with a repeating warning message such as “CAUTION BURIED
FIBER OPTIC LINE BELOW” or similar, in bold contrasting black lettering for high visibility.

• Material: Made of polyethylene; available as non-detectable (visual warning only) or
with a built-in metallic foil core (detectable) for electronic locators.

• Resistance: Engineered to resist degradation from soil acids, alkalis, and environmental
conditions for long operational life underground.
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Best Practices 

• Ensure tape is installed straight, wrinkle-free, and above the entire length of all
new conduits/cables within the trench.

• If possible, select detectable tape with an aluminum core for critical backbone or
public ROW installations, allowing it to be found with non-ferrous metal locators
during future marking operations.

The proper use and installation of Cable Marker Warning Tape significantly reduce the risk of 
accidental damage to buried fiber optic infrastructure and help maintain network reliability 
and safety for the long term. 

Cable Route Marking Posts & Locate Test Stations: 
Cable Route Marker Posts and Locate Testing Stations are above-ground devices installed 
along fiber optic cable routes to provide visual warning of buried infrastructure and enable 
effective cable location and maintenance. Their standardized placement enhances long-term 
safety, utility coordination, and operational reliability. 

Cable Route Marker Posts 

Placement Protocols 

General Spacing 

• Place marker posts at a minimum interval of every 1,500 feet along continuous
conduit/cable paths.

• In WSDOT right-of-way (ROW), more frequent placement is required—every 500
feet and at each handhole location.

Handhole and Splice Locations 

• Install marker posts with an integrated or adjacent locate/test station at every
handhole and splice location for ready identification and maintenance access.
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Residential Exception 

• Marker posts are generally not installed inside residential subdivisions unless specifically
called for and approved by engineering or customer requirements.

• However, a marker post should be placed at the entrance to each subdivision on the
side where the cable enters for visibility and safety.

Physical Characteristics 

• Visible Colors/Labeling

• Fiber optic marker posts are typically orange or bright yellow, featuring prominent
warnings and “Fiber Optic Cable” legends, and often company or emergency contact
info printed in contrasting color.

• Construction

• Made from UV-resistant plastics or fiberglass to prevent fading or deterioration

Locate Testing Stations 

• Test Station Integration:

• Dedicated locate/test stations are incorporated at all handholes, splice points, or at reg-
ular intervals, providing an accessible, secure terminal for tracer wire continuity and sig-
nal testing.

• Terminate and label tracer wire at these stations so locators can easily attach test equip-
ment for accurate path finding.

Engineering Plan Details 

• As-Built Map Inclusion

• All marker post and test station locations must be shown on engineering plans and in-
cluded in final as-builts

• Site-Specific Adjustments

• Final marker post placement may vary due to customer requirements, physical site re-
strictions, or local ordinances; all exceptions should be documented.
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Best Practices 

• Installation

• Posts should be set deep enough to withstand impact and remain upright (consult man-
ufacturer for depth), tamping earth or setting concrete as appropriate for soil condi-
tions.

• Documentation:

• Record GPS or reference locations for all marker posts and test stations for maintenance
and emergency response.

Consistent use of marker posts and locate test stations along fiber optic routes is the best in-
dustry practice for operational safety, utility coordination, and rapid restoration in case of ac-
cidental dig-ins. 
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Construction Redline Drawings: Key Functions and Procedures 

Construction redline drawings are essential real-time records created during fiber optic con-
struction to document all deviations, field changes, additions, and clarifications from the engi-
neered design. These annotated drawings not only capture as-built conditions but also ensure 
that cable quantities, hardware installed, and the precise position and depth of buried infra-
structure are accurately tracked for quality management, payment, and future maintenance. 

Construction Redline Drawings: Key Functions and Procedures 

Purpose and Use 

• Field Documentation:
Redline drawings are marked up in the field to reflect all construction deviations, includ-
ing routing adjustments, additional or deleted splice points, and changes in cable
lengths and hardware locations.

• Verification and Reconciliation:
They are the authoritative reference for invoice reconciliation (verifying work performed
against materials billed), facilitating QC inspections, and tracking actual field work.

• As-Built Production:
After construction, the redline set is “cleaned up” (transcribed clearly and profession-
ally) to create the official as-built drawings delivered to the customer, design engineer-
ing teams, and retained for regulatory or maintenance purposes.

Items Documented on Redline Drawings 

• Cable Sequential Footage:
Tick marks at conduit entrances/exits, handhole walls, risers, and pole attachments, in-
dicating distance from pull start or reel.

• Slack Loops:
Location and footage of cable slack reserved for splicing or maintenance.

• Distribution Terminal (Type/Location):
Optical Fiber Distribution Cabinets types and installed positions.

• Splice Enclosure Additions/Deletions/Moves:
Documenting all splice case changes, including hardware swaps or new locations.
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• Hardware Changes:
Noting substitution or installation of non-planned connectors, brackets, etc.

• Attachment Height Variance:
Marking actual cable or messenger heights, especially at roadway, driveway, or mid-
span crossings.

• GPS Data:
Capturing handhole, splice, and key structure coordinates for GIS and maintenance rec-
ords.

• Cable Path in ROW/Easement:
For underground installs, mark position and depth relative to ROW boundary and major
landmarks at 20-ft intervals or as specified.

• Splicing and Fiber Data:
Variations in splicing plan, strand reassignments, or loss budgets.

Process and Management 

• Archiving and Distribution:
The original field redlines must be archived digitally (shared drive or project folder) for
reference against design questions, damage claims, or as part of compliance documen-
tation.

• Workflow:
Prior to construction, the project team clarifies the flow how redlines move from the
field to QC/inspection, to engineering and customer deliverables, minimizing infor-
mation loss or errors.

• Standardization and Format:
Redlines are typically color-coded (e.g., red for changes/additions, blue for removals)
and cleaned up for clarity before final as-built submission.

• To accurately record conduit and warning-tape locations on as-built drawings, best prac-
tices require clear documentation of actual installed horizontal and vertical position,
depth, and reference points for future locating and compliance.

Key As-Built Documentation Elements 

• Horizontal Location:
Show the exact route on scaled site plans using surveyed coordinates, dimensions rela-
tive to fixed landmarks, and swing ties from permanent objects (such as buildings, curbs,
or utility poles).
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• Vertical Profile and Depth:
Indicate installed depths for both conduit and warning tape—include vertical elevation
data (finished grade to top of conduit and warning tape). Note changes in depth, eleva-
tion at bends, and any slope along the route.
Example:

• “Conduit top at 48 inches below finished grade.”

• “Warning tape at 12 inches, centered above conduit.”

• Reference Points & Tie-ins
Mark major features such as handholes, splice points, terminations, and bends with GPS
coordinates or offsets from site benchmarks.

Drawing Techniques 

• Red-line (markup) the original design drawings to show "as-built" versus "as-designed"
conditions.

• Use “clouding” or highlighting to call out as-built data—especially where the field instal-
lation differs from design details.

• For buried warning tape, note distance intervals (e.g., “3″ orange warning tape placed
12″ above conduit") and label on longitudinal profiles.

• For multi-duct installations, include cross-section diagrams showing lateral separation
and tape location relative to each conduit.

Records and Annotation 

• Include installation dates, crew notes, and manufacturer/part numbers for tape and
conduit.

• Add photographic documentation or electronically scanned field notes for critical loca-
tions, connections, and tape placement for added accuracy.

• All documented data should allow for future verification via utility locating equipment
or excavation.

• Proper as-built records are critical for future maintenance, construction, and damage
prevention. They help support compliance with utility marking laws and internal net-
work management.
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Below is a recommended standard annotation legend for conduit and warning tape as shown 
on fiber optic as-built drawings, based on APWA utility color-code guidance and common 
CAD/construction practices. 

  Standard Annotation Legend for As-Builts 

Symbol / Annota-
tion 

Description Color 

--- 
Fiber Optic Conduit (PVC, HDPE, Steel—specify 
type) Orange 

--- Conduit Size (ex: 2" PVC) 
Text 
Only 

--- Conduit Depth (ex: 36" BFG) 
Text 
Only 

- - - Warning Tape (Detectable/Non-Detectable) Orange 

[WT] 
Warning Tape Placement (12" below finished 
grade) Orange 

● Handhole/Splice Box Black 

[L] 
Lateral Separation Indicator (distance in 
feet/inches) 

Text 
Only 

[GPS] GPS Install Location/Key Reference Point Black 

X End-of-Run or Termination Point Black 



79 

Legend Notes: 

• Orange line/symbol consistently denotes telecommunication assets (fiber optic conduit
and warning tape).

• Conduit runs and warning tape lines should be clearly labeled with depth, size/type, and
installation notes such as "Warning Tape: 12” centered above conduit, overlapped every
20’ as required."

• Lateral separations to other utilities should be annotated and dimensioned in plan view
(e.g., "Minimum 12” from water main").

• Each run of warning tape should be noted in longitudinal profiles and cross-section dia-
grams for completeness.

Red line as-built guidelines ensure all field construction changes are captured for accu-
rate post-construction documentation in fiber optic projects. The following best prac-
tices and typical markups support high-quality redline drawing preparation:

Red Line As-Built Guidelines for Fiber Optic Construction 

• Use Red Ink or CAD Markup Tools

• Mark all deviations from design in red on physical drawings or digital markups to
visually highlight changes.

• Record Field Modifications

• Document actual routes, offsets to permanent landmarks, conduit runs, hand-
holes, fiber cable locations, and lateral separation from other utilities.

• Amend depths, sizes, and installation method notes when varying from planned
design (e.g., open trench vs. directional bore).

• Update Features and Assets

• Add handhole, splice case, junction box, and termination locations with meas-
ured field data and GPS coordinates if available.

• Note cable sequential footage at entry/exit points, slack loop locations, and any
additional features introduced during construction.

• Label Changes Clearly

• Annotate all adjustments with dates, who performed the markup, and legible
notes explaining the reason for change if required by project standards.
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• Use project-specific abbreviations and legends to keep documentation consistent.

• Include Depth, Elevation & Dimensional Data

• Show installed depths for conduit and cable, warning tape placement, and vertical/lat-
eral offsets from reference objects.

• Maintain On-Site Access Throughout Construction

• Preserve redlined drawings on site until final as-built submittal so all field crews and in-
spectors can reference current updates, minimizing lost change history.

• Coordinate With As-Built Drawing Production

• After construction, transfer all redlines markings to final as-builts with scale-matched,
neat, and clear information; do not omit interim updates from crews.

Typical Redline Drawing Items for Fiber Optics 

• Conduit type/size changes and installed depth

• Actual cable pathway (horizontal and vertical route)

• Swing tie dimensions to permanent features/structures

• Handhole & splice box locations (w/GPS or reference points)

• Warning tape, slack loop, and meter/tic mark labels

• Lateral separation and crossing details with utilities

• Date and initials for each marked-up change

Consistent, clear redline practices ensure efficient as-built record production, regula-
tory compliance, and reliable future maintenance. Red line as-built guidelines for fiber
optic construction should be consistently applied to capture all field changes for post-
construction documentation and compliance. The most important best practices are
outlined below

Red Line Drawing Procedures 

• Use red ink or equivalent digital markup to highlight every change from the issued-for-
construction (IFC) drawings.

• Record actual field location for conduit runs, handholes, cable paths, slack loops, and
utility crossings, providing swing-ties or measured offsets to permanent site features
(e.g., curb, pole, building).
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• Indicate all vertical and horizontal dimension changes, including depth/elevation for
conduit, cable, and warning tape placement.

• Clearly note the type and size of installed conduit and fiber cable if different from plan.

• Annotate changes with field dates and initials for traceability; maintain a legend match-
ing original drawing nomenclature and abbreviations.

• Document GPS coordinates at key assets such as handholes, splice points, and every 100
feet for long backbone routes.

• Include meter/tic marks at cable entry, splice, handhole, or exit locations for accurate
sequential tracking.

• Keep a dedicated red line set on-site throughout construction, and ensure all crews up-
date it regularly until project closes out.

Typical Fiber Redline Markups 

• Cable route deviations (plan vs. installed)

• Depth changes for trench or conduit

• Lateral offset and alignment to permanent markers/structures

• Actual handhole or splice case installed locations

• Crossing details for other utilities (label, dimension, and type)

• Addition/removal of field-installed accessories (slack loops, marker posts)

• Final cable counts and fiber strand usage, if different from plan

Thorough redline documentation is essential for creating accurate as-builts and ensuring
ongoing network maintenance and safety.

GPS Data Collection for Red-Lines 

For fiber optic as-builts, the standard requirement is to collect GPS data with sub-meter 
horizontal accuracy (±1 foot or ±0.3 meters), using survey-grade or real-time kinematic 
(RTK) GPS, and to document coordinates in decimal degrees (latitude and longitude) to 
at least five decimal places for compatibility with GIS and mapping systems. 
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Required GPS Precision 

• Horizontal Accuracy:
±1 foot (±0.3 meters) is best practice for buried asset location, and in many jurisdictions
this level (sub-meter) is a minimum for regulatory or permitting compliance.

• Vertical Accuracy:
±0.1 foot (±0.03 meters) when elevation data is captured, especially for critical
depth/bury documentation.

Coordinate Format

• Decimal Degrees (WGS84):
Example:

• Latitude: 47.60985

• Longitude: -122.33322
Record to at least five decimal places for 1-meter resolution.

• Alternative formats:

• UTM (Universal Transverse Mercator) or State Plane, if required by local jurisdic-
tion or engineering standards.

• X, Y, Z (Easting, Northing, Elevation):
Used if site benchmarks reference a specific projection.

Field Protocols

• Document all significant assets—handholes, splice vaults, major bends, slack loops—
with discrete GPS points.

• Use continuous line-string or segmented points for long conduit paths if supported by
asset management system.

• Always specify coordinate reference system (CRS), such as "WGS84," on as-built docu-
mentation.

Following these guidelines ensures all as-built GIS data is precise, field-verifiable, and
interoperable with all major mapping and locating platforms. Industry best practices
for fiber as-built GPS documentation require sub-meter accuracy (±1 foot or ±0.3 me-
ters) horizontally and decimal degree coordinate format captured to at least five deci-
mal places, referenced to WGS84 or the project’s required datum.
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Recommended GPS Precision 

• Horizontal: ±1 foot (±0.3 meters) minimum accuracy for buried assets, achieved via RTK
GPS, post-processed differential correction, or survey-grade equipment.

• Vertical: ±0.1 foot (±0.03 meters) if elevation is specifically required for project docu-
mentation.

Standard Coordinate Format 

• Decimal Degrees (WGS84 datum)

• Latitude: 38.89768

• Longitude: -77.03655

• Record to five decimal places (e.g., 38.12345) for sub-meter asset mapping.

• Alternative formats:

• UTM, State Plane, or other local coordinate systems if required for the project, with ex-
plicit note of the coordinate reference system (CRS) on documents.

• For elevation (vertical), add the Z value in meters or feet.

Documentation Protocol 

• List the coordinate system and datum on all as-built plans and GPS data summaries.

• Document individual points for major assets (handholes, splice cases, vaults) and line
strings for conduit runs.

• Include import logs and post-processing files if required by client or regulatory delivera-
bles.

Using these standards supports accurate fiber network asset management, regulatory
compliance, and reliable future utility locating. The required GPS precision for fiber op-
tic as-builts is typically sub-meter accuracy (±1 foot/0.3 meters horizontally), which is
achievable with survey-grade GNSS or RTK GPS. Coordinates should be recorded
in decimal degrees format (e.g., 47.12345, -122.54321), with at least five decimal
places to ensure 1-meter or better spatial resolution.
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Precision and Format Standards 

• Horizontal accuracy: ±1 foot (±0.3 meters) minimum; ideally to sub-meter level using
differential or RTK GPS.

• Vertical accuracy: ±0.1 foot (±0.03 meters) when elevation is provided or required.

• Coordinate format: Decimal degrees (WGS84), e.g., 47.12345, -122.54321. Record the
CRS (Coordinate Reference System) with all data.

• Alternative coordinate systems: UTM NAD83 or State Plane may be required by some
agencies or clients, include details on deliverables if used.

• Data documentation: Note specifics of the survey method, device, and correction files in
project records.

Field Practice 

• Record discrete GPS points for all major features (handholes, splice vaults, cable transi-
tions) and at representative intervals along long continuous runs.

• Label each asset on the drawing with the latitude, longitude (and elevation where rele-
vant), using the agreed format.

These standards allow high-confidence location data for future maintenance, damage
prevention, and regulatory compliance. For as‐built documentation of fiber optic con-
struction, the standard required GPS precision is sub‐meter horizontal accuracy (±1
foot/0.3 meter) for all key assets and changes in alignment. The accepted coordinate
format is decimal degrees (latitude and longitude, e.g., 47.12345, -122.12345) to at least
five decimal places, with the WGS84 datum or a project‐defined coordinate system
clearly specified.

Key points for GPS data in as‐builts:

• Use professional mapping or RTK GPS equipment that provides sub‐meter accuracy.

• Record coordinates in decimal degrees (latitude and longitude), with a minimum of five
decimal places.

• Document elevation (Z) to ±0.1 foot if required for project depth verification.

• Note the coordinate reference system (CRS)usually WGS84 or local State Plane/UTM as
required.

• Provide GPS data for all critical features (handholes, vaults, alignment changes, cross-
ings).
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• Retain field and post-processing data for compliance and audit purposes.

This ensures locations are compatible with GIS, regulatory, and client requirements for
asset location and future utility management.

There are several GPS technology options for collecting data in fiber optic construction
as-builts, ranging from basic handheld units to advanced survey-grade solutions offering
sub-meter accuracy. The right choice depends on required precision, budget, and inte-
gration with asset management systems.

GPS Options for As-Built Data Collection 

Basic Handheld GPS Units 

• Devices like Garmin eTrex or Magellan handhelds.

• Provide 3–5-meter accuracy—adequate for rough mapping but not suited for precise
utility locating.

Mapping-Grade GNSS Receivers 

• Units from Trimble, Leica, or Topcon (such as Trimble Geo 7X, Leica Zeno).

• Typically achieve 1–3-meter accuracy and integrate with field mapping apps for asset
documentation.

• Suitable for non-regulated projects and asset mapping where sub-meter accuracy is not
critical.

Survey-Grade GPS (RTK GNSS) 

• Capable of sub-meter to centimeter accuracy (e.g., Trimble R10, Leica GS18, Topcon
HiPer).

• Uses reference stations or real-time correction (RTK) for ±1 foot or better accuracy re-
quired in utility and fiber as-builts.

• Typically paired with tablet/mobile platforms, GIS apps, and data loggers.

GNSS Mobile Mapping Systems

• Integrated GPS+IMU systems on vehicles or handheld rigs.

• Ideal for high-volume, linear assets (long conduit runs or backbone fiber) with real-time
georeferenced mapping capability.

Smartphone and Tablet GPS (Consumer Devices)
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• Accuracy ranges from 3–10 meters; Field apps (ArcGIS Collector, ESRI Field Maps) can
collect and sync data but are limited in precision.

• Useful for preliminary mapping but not sufficient for regulatory or asset management
documentation.

Recommendations 

• For high-precision as-builts, use survey-grade RTK GNSS receivers with GIS integration.

• For inspection or field checks, mapping-grade GNSS or mobile mapping is often suffi-
cient.

• Always ensure devices can export coordinates in decimal degrees and documentation
complies with specified accuracy and coordinate system standards.

Selecting the right GPS solution ensures reliable asset tracking, regulatory compliance,
and smooth data integration into GIS and mapping platforms.
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This legend ensures clear, standardized identification, supporting future locate requests and 
network maintenance. If project-specific symbols are required, add custom legend items to 
match organizational design standards. 

 Common Conduit Type Abbreviations 

     For as-built documentation, the following industry-standard abbreviations are recom-
mended for different conduit types and sizes. These abbreviations improve clarity, reduce 
plan clutter, and are widely recognized by engineers and inspectors. 

Abbreviation Full Name Description 

PVC Polyvinyl Chloride Conduit Standard plastic conduit for direct burial 

HDPE High-Density Polyethylene Flexible, continuous duct for long pulls and HDD 

EMT Electrical Metallic Tubing Thin-walled metallic conduit (for exposed/interior runs) 

RMC Rigid Metal Conduit Rigid steel conduit 

IMC Intermediate Metal Conduit Lighter than RMC, approved for many of the same uses 

RNC Rigid Nonmetallic Conduit 
Generic plastic/concrete raceway; often overlaps with 
PVC 

LFMC Liquid-tight Flexible Metal Flexible, water-resistant metallic conduit 

GRC/GRMC 
Galvanized (Rigid) Metal Con-
duit Heavy-duty, corrosion-resistant steel 

PLA Plastic (generic) Used for nonstandard or various plastic pipes 
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Conduit Size Annotation 

• Indicated by inside diameter in inches or mm (example: 2" PVC, 4" HDPE)

• For multi-duct packages, use: (3) 1.25" HDPE (denotes three 1.25" HDPE ducts)

• For metric: 110mm HDPE

Typical Abbreviation Usage in Plan Notation 

• 2" PVC  @ 36" BFG: 2-inch PVC conduit at 36 inches below finished 
grade

• 4" HDPE @ 36" BFG: 4-inch HDPE at 36 inches below finished grade
Cable/Innerduct 

• SM: Single-mode fiber

• MM: Multimode fiber

• PLB: Polyethylene Lined Steel Bore

• CIC: Cable-In-Conduit (often prefabricated assembly)

• 

Standardizing these abbreviations supports consistency and quick reference in any construc-
tion documentation or fiber optic network as-built record. Always reference the project’s spe-
cific legend for any additional custom abbreviations. 

Utilizing thorough, well-managed redline drawings is a recognized best practice and contrac-
tual requirement in fiber network construction, directly supporting quality, accountability, 
and effective network operation. 
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Fiber Optic Cable Splicing Standards and Best Practices 
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Fiber Cable Prep for Splicing: 
Here’s a detailed summary of standard fiber optic cable preparation (prep) and the industry standard 
fiber splicing order: 

Fiber Cable Preparation Steps 

• Safety and Tools

• Gather tools: fiber jacket stripper, buffer tube stripper, Kevlar cutters, fiber cleaver, iso-
propyl alcohol wipes, lint-free wipes, fusion splicer, splice sleeves, and safety glasses.

• Access the Cable

• Remove the outer cable jacket carefully, expose buffer tubes or ribbon, and trim
strength members like aramid yarn as needed.

• Buffer Tube Removal

• Strip buffer tubes to reveal color-coded fibers, leaving enough exposed fiber for routing
and preparation.

• Clean the Fibers

• Use isopropyl alcohol wipes to thoroughly clean bare fibers. Repeat with fresh wipes to
prevent contamination.

• Precision Cleaving

• Cleave the fibers so each end is flat and perpendicular (ideally 90)critical for low-loss
splicing.

• Splice Protection

• Slide the splice sleeve onto one fiber before splicing, so it can be easily placed over the
finished fusion splice for protection.
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Standard Splicing Order (Color Code) 

TIA-598-C Color Sequence for Individual Fibers (repeats every 12 in large cables) 

• Blue 

• Orange 

• Green 

• Brown 

• Slate (Gray) 

• White 

• Red 

• Black 

• Yellow 

• Violet 

• Rose (Pink) 

• Aqua 

Standard Splicing Order 

• Always splice matching colors between cables to maintain logical continuity for trouble-
shooting and future test/repair. 

• For cables over 12 fibers, the color code repeats: Fibers 13–24 start again at blue but 
may have a colored stripe to distinguish tube/bundle. 

 

Standardized splicing orders for 288, 144, and 48-fiber cables, showing how fibers are typically desig-
nated for transport, future use, and distribution: 

 

Standard Splicing Order Examples 

288-Fiber Cable 

• Fibers 1–24: Reserved for Transport (long-haul or critical backbone circuits) 
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• Fibers 25–60: Reserved for Future Use (for growth, restoration, or future customers) 

• Fibers 61–288: Used for Distribution Feeder Fibers from the cabinet to the subscriber/service 
areas 

• Splicing Process: Start splicing at the highest fiber count position down (i.e., begin with fiber 
288, work downward as necessary for distribution splices; reserve the lower counts). 

144-Fiber Cable 

1. Fibers 1–24: Reserved for Transport 

2. Fibers 25–48: Reserved for Future Use 

3. Fibers 49–144: Used for Distribution Feeder Fibers 

4. Note: "Highest cable count down" means distribution splices typically begin at fiber 144 and de-
scend, retaining lower numbers for trunk and growth. 

48-Fiber Cable 

• Fibers 1–12: Reserved for Future Use 

• Fibers 13–48: Used for Distribution Feeder Fibers 

• Order: Splicing starts with fiber 48 (distribution) and proceeds downward, leaving the lowest fi-
bers unused or for planned expansion. 
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Fiber Splice Case Enclosure: Step-By-Step Guide 
Here’s a detailed, standardized step-by-step process for preparing and installing a fiber optic 
splice case enclosure, incorporating best practices for both safety and reliable network perfor-
mance: 

 

Preparation 

• Gather the splice closure kit and all required hardware (grommets, sealing rings, reten-
tion clamps, ground wires, mounting brackets). 

• Ensure all fiber cables to be installed are onsite and have slack available for splicing. 

• Prepare all necessary fiber tools: jacket and buffer tube strippers, fiber cleaver, fusion 
splicer, scissors, and measuring tape. 

• Get cleaning supplies—alcohol wipes, lint-free cloths—for cable and fiber prep. 

• Have all consumables ready: zip ties, heat shrink splice sleeves, labeling tape, work 
gloves, and safety glasses. 

Site Prep 

• Choose a clean, dry, well-lit work area—ideally a bench in a splicing trailer or controlled 
environment. 

• Lay out all tools and materials within easy reach. 

 

Step-by-Step Installation Process 

 Cable Preparation 

• Remove the outer cable jacket to the specified length, exposing buffer tubes at the base 
of the sheath opening. 

• Unravel and clean buffer tubes; remove excess filling compound and aramid yarn or ar-
mor as required. 

• For mid-sheath (“express”) splices, keep non-cut tubes intact and stow them above or 
below spliced tubes, tying off slack for organization. 

 Splice Closure Setup 
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• Review splice closure instructions and parts layout. Identify all ports to be used. 

• Install cable entry sealing rings, grommets, and hardware matching each cable’s diame-
ter. 

• Secure cables in the closure using retention clamps and brackets per manufacturer 
specs. For armored cable, attach the armor bond and connect the ground wire as 
needed. 

• Make sure each cable is strain-relieved and aligned to prevent movement after installa-
tion. 

 Splice Tray Preparation 

• Attach or insert the proper number of splice trays into the closure base. 

• Place slack buffer tubes for splicing in the bottom of the tray and tie them down. For 
pass-through or “tail” tubes, route and secure them above spliced tubes, each with its 
separate tie point. 

• Carefully mark and remove the buffer tube jackets to expose splicing-length fibers, clean 
all fibers with alcohol wipes. 

 Fiber Splicing 

• Slide splice sleeves onto one set of fibers before fusion. 

• Using the fusion splicer, splice fibers according to the standard color code and splicing 
plan. 

• After each splice, protect the joint with the heat shrink sleeve and place/organize it into 
the tray slot. 

• Route and store fiber slack neatly within the tray to maintain bend radius and prevent 
tangling. 

 Final Assembly 

• Neatly organize all fibers and buffer tubes, secure with provided cable ties, and double-
check splices for correct order and integrity. 

• Attach the cover to the closure base, ensuring all seals are properly seated. 

• If required, pressurize the closure and check for air leaks using a soapy water solution. 
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 Final Inspection/Testing & Deployment 

• Inspect all seals, hardware, and fiber routing for compliance. 

• Perform end-to-end continuity and/or OTDR testing before final burial or mounting. 

• Label the closure exterior according to project requirements. 

• Restore the work area and ensure the closure is securely mounted or buried as speci-
fied. 

 

This standardized sequence ensures a clean, reliable, and easily maintainable splice point in 
outside plant fiber networks. 

 

All fiber splice tray labeling must be machine-generated for consistency, legibility, and durability, in 
accordance with telecommunications standards and best practices 

 

Splice Closure/Tray Labeling Requirements: 
Labeling Method 

• Use only a label maker (mechanical or electronic label printer) for all splice tray and clo-
sure labeling. 

• Labels must be printed on appropriately sized durable material, preferably with a white 
background and black text for maximum contrast and readability. 

Label Content 

• Label each tray with relevant information, such as cable ID, tray number, splice position, 
and service type (e.g., feed/field, cabinet port/fiber numbers). 

• Use only label material rated for the environment (temperature, humidity, and expo-
sure) and of appropriate adhesive/longevity to remain legible throughout the life of the 
enclosure. 

No Handwritten Labels 

• Handwritten labels are strictly prohibited on any fiber splice tray, closure, or housing. 

• Do not use marker, pen, or temporary labels for final documentation—use only printed 
labels from the approved label maker. 
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• Placement: 

• Secure the printed label on a flat, visible part of the tray or enclosure for easy identification dur-
ing maintenance or future work. 

 

Summary Table: Splice Tray Labeling Standards 

Attribute Requirement 

Labeling Method Machine-printed (label maker only) 

Background White 

Text Black 

Content Cable ID, tray #, splice data, etc. 

Durability Environmental & adhesive appropriate 

Handwritten Not allowed 

 

This approach ensures a standardized, professional, and maintainable fiber management system com-
pliant with industry documentation and QC requirements. 
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Cable Splicing & Testing 

Cable splicing and testing are critical steps after fiber optic cable construction, ensuring that 
individual fibers are joined for network continuity and performance from the originating light 
source to the subscriber. The process is systematic, follows specific technical standards, and is 
typically overseen by the contractor’s splicing supervisor in coordination with the project 
management team and the customer. 

 

Cable Splicing Process Overview 

• Splicing Initiation: 
Splicing usually begins at the originating device (optical line terminal or headend in a 
building or cabinet). In PON systems, this could be an active electronics cabinet or pas-
sive optical splitter cabinet. All required fibers are spliced to designated ports on the Fi-
ber Distribution Panel (FDP), and jumpers are installed back to active equipment (light 
source). 

• Backbone and Lateral Junctions: 
Along cable routes, multiple intermediate splice points (“splice locations”) are used 
where backbone cables, lateral cables, drops, and branch circuits are interconnected. 
Here, both end-to-end continuity splices and distribution splices (sending certain fibers 
to other cables or splitters) are performed. 

Splice Types 

• Fusion Splicing: The industry standard method, which uses a fusion splicer to align and 
permanently fuse (weld) two bare fiber ends using an electric arc. This results in very 
low optical loss and long-term reliability. 

• Mechanical Splicing: Occasionally used for temporary or field repairs, involving an align-
ment sleeve and index-matching gel. Mechanical splices generally have higher loss and 
are not typical for backbone or PON construction. 

Splicing Steps (Fusion Method) 

• Preparation: Strip buffer coatings from the fibers, clean with alcohol, and cleave ends to 
a precise 90° angle. 

• Alignment: Place both fibers in the fusion splicer, where they are automatically or man-
ually aligned. 
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• Fusion: An electric arc is applied to melt and fuse the fiber ends. The splicer reports an 
estimated splice loss—typically less than 0.1 dB for high-quality work. 

• Protection: A heat-shrink splice sleeve is applied over the joint and shrunk down using 
the splicer’s heater. 

• Organization: Completed splices are arranged in splice trays within closures, cabinets, or 
handholes to protect them from environmental hazards and stress. 

 

Testing and Quality Assurance 

• Continuity Checks: Immediately after splicing, each fiber is tested to confirm continuity 
and low optical loss (using OTDR, power meter, and light source tests). All failed or high-
loss splices must be reworked. 

• End-to-End Verification: After segment completion, end-to-end testing ensures the de-
signed fiber paths provide the required signal quality up to splitter or subscriber points. 

• Documentation: All splicing activities, test results (including dB loss per splice and per 
link), and as-built fiber allocation records are logged and reported as part of closeout 
documentation. 

 

Splicing activities are coordinated with NoaNet OSP project management and completed ac-
cording to the project schedule and customer requirements, with plans adjusted as needed to 
accommodate field conditions, QC feedback, or adjustments in network routing. 
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Fusion Splicing 
Fusion splicing for telecommunications grade single mode fiber must meet stringent require-
ments for equipment, personnel qualification, process control, and loss/test documentation. 
The focus is on individual single fiber splicing—ribbonizing or mass fusion of loose tube fibers 
is not accepted unless explicitly approved. All equipment must be up to date, suitable for tele-
com environments, and properly calibrated. 

 

 

Fusion Splicing Standards 

Equipment & Environment 

Splicer Type 

• Use automatic core alignment fusion splicers (typically three-axis or “active core” mod-
els) capable of <0.1 dB typical splice loss on single-mode fiber. 

Associated Tools 

• Precision cleaver for preparing fiber ends 

• Approved striping tools and cleaning supplies 

• Heat shrink/sleeve oven for splice protection 

Environment 

• Equipment must be rated for: 

• Temperature: −10 to +45°C (14 to 133°F) 

• Humidity: 0–95% RH 

• Elevation: 0–5000 meters 

Operator Requirements 

• All splicers must have current training and certification on the specific fusion and test 
equipment used. 

• Only technicians with documented experience in telecom-grade fiber preparation and 
fusion splicing may perform this work. 
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Splicing Procedure 

• Strictly single (one-at-a-time) fusion splicing—no mass fusion or ribbonizing of loose 
tube fiber unless specifically approved. 

• Fibers must be stripped, cleaned, and cleaved to a 90° end-face. 

• The fusion splicer carries out optical core alignment, applies an electric arc to fuse the 
fibers, and reports an estimated splice loss for each connection. 

• Each completed fusion is immediately protected in a heat-shrink sleeve and placed in 
the splice tray. 

 

Testing & Documentation 

• All automated splice machine loss results must be verified with manual OTDR traces at 
both 1310 nm and 1550 nm. Splice events, fiber length, and ORL are documented for 
every tested link. 

• NoaNet standard: minimum acceptable fusion splice loss is 0.3 dB/km, per EIA/TIA 568. 
If a single splice loss exceeds this, rework is required. 

• Splicing and test equipment must be calibrated by the manufacturer’s recommended 
schedule (usually annually or every two years); calibration documentation/cert stickers 
must be provided if requested. No uncalibrated test set or splicer may be used on the 
project. 

Best Practices 

• Fiber, splicer, and test equipment cleanliness is essentially inspected and clean before 
every splice or test. 

• Each step (splicing and testing) is to be logged, preferably in both electronic and physical 
forms, and submitted as part of project closeout. 

 

These standards ensure fiber continuity, minimal loss, reliable operation, and full traceability 
of the optical network for quality assurance and long-term service. 
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Splice Tray Labeling 
A standard labeling scheme for splice trays and Fiber Distribution Panel (FDP) ports is crucial 
for fiber management, troubleshooting, and long-term documentation. The best practice in 
industry is to use clear, unique, and systematic identifiers that correspond to cable, fiber, and 
splice locations, and make it easy to trace fiber continuity along the entire route. 

 

Splice Tray Labeling Scheme 

• Tray Identifier: 
Each splice tray is assigned a unique tray number or letter (e.g., ST-1, ST-A). 

• Cable and Fiber Designation: 
Every fiber in the tray is labeled with: 

• Incoming/outgoing cable ID (e.g., CBL-101) 

• Tube number or color (if applicable) 

• Fiber position (standard color code or numerical order: 1–12, 1–24, etc.) 

• Splice Number: 
Each fusion or mechanical splice is labeled according to tray position (e.g., ST-1/F12, 
meaning Splice Tray 1, Fiber 12). 

• Splice Map Sheet: 
Attach a laminated or protected label sheet (or a permanent tray map) to the inside of 
each splice closure showing the tray assignment, cable entry, fiber color/number, and 
customer route ID. 

Example (Label in Tray or Map) 

Tray Cable Entry Tube No. Fiber Color Splice No. To/From Device or FDP Port 

ST-1 CBL-101 3 Blue ST1/F1 FDP-A/Port-01 

ST-1 CBL-201 7 Orange ST1/F12 FDP-A/Port-12 
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FDP Port Labeling Scheme 

• Port Numbering: 
Ports on the FDP are labeled sequentially (e.g., Port 1, Port 2, ... Port N), matching the 
exact fiber landed for each subscriber, splitter, or network segment. 

• Panel/Cabinet Name: 
Each FDP itself is labeled with a unique identifier, such as FDP-A or Main-FDP, along with 
its physical location (cabinet, room, or vault ID). 

• Path Description: 
For clarity, labels should include the cable/fiber origin and termination points (e.g., “To 
ST-1/F1”, “To Building X, Rack 4, Port 3”). 

• Color Coding: 
If applicable, match port colors or grouping with fiber color codes for troubleshooting 
(e.g., blue for Fiber 1, orange for Fiber 2, etc.). 

Example (FDP Label) 

• Panel: FDP-A, Closet 2 

• Port 01: ST-1/F1 – Main Riser, Blue 

• Port 12: ST-1/F12 – Lateral CBL-201, Orange 

 

Best Practices 

• Use durable labels that are water-resistant and legible over time. 

• Keep electronic and physical records of all labels, port assignments, and tray maps. Up-
date immediately if moves, adds, or changes are made. 

• Match all tray and port labeling in the network documentation and red-line drawings for 
easy cross-reference. 

 

Here is a QC checklist specifically for verifying fiber tray labels during installation: 
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QC Checklist: Splice Tray Label Verification 

• Label Presence 

•  Every splice tray has a label affixed. 

• Label Type 

•  All labels are machine-printed using a label maker (no handwritten labels present). 

• Material and Format 

•  Label has a white background with black text. 

•  Label is appropriately sized and securely attached to a visible, flat part of the tray. 

• Text Content and Order 

•  Label includes, in the following order: 

• Tray Number/ID (e.g., “Tray 1”) 

• Cable IDs and feed/field/entry directions (e.g., “IN: CBL-1201 OUT: CBL-1301”) 

• Fiber Assignment/Range (e.g., “Fibers 1–24”) 

• Service/Note if used (e.g., “Transport Reserved”) 

• Accuracy & Legibility 

•  All information matches network documentation and as-built drawings. 

•  Print is clear and legible (no smudging, fading, or font too small). 

• Standard Compliance 

•  Labeling order and field content follow project or organizational standards. 

•  No extraneous information or missing mandatory fields. 

• Durability 

•  Label appears resistant to peeling, abrasion, and environmental conditions (touch test 
and visual). 

• Correction/Action 

•  Any non-compliance corrected and retested; issue documented for follow-up. 
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Final Sign Off 

• Inspector Name: 

• Date: 

• Project/Tray ID: 

• Non-conformances (describe): 

 

This checklist ensures every fiber splice tray label is present, permanent, legible, and con-
sistent—streamlining future maintenance and supporting system documentation. 

 

Systematic labeling guarantees operational clarity, efficient maintenance, and precise fiber 
tracing in the field. 

 

 

 

 

 

 

 

 

 



105 
 

Connector Inspection & Cleaning 
Connector inspection and cleaning are essential for maintaining fiber optic link performance 
and reliability. Every connector, adapter, and bulkhead must be inspected and cleaned prior 
to testing or mating, following industry standards and best practices. 

 

Connector Inspection & Cleaning 

• Protective Covers: 
Always use protective caps on all connectors and bulkheads when not in use to prevent 
dust and contamination. 

• Inspection: 

• Use a fiber microscope with at least 200x magnification to inspect every fiber optic con-
nector, adapter, or bulkhead before connecting or testing. 

• Follow the IEC 61300-3-35 standard for visual inspection, ensuring there are no 
scratches, dirt, oil, or other defects on the end face. 

• Cleaning Procedures: 

• Dry Cleaning: Begin with a dry lint-free wipe or dedicated dry cleaning tool (optic cas-
sette or click cleaner). Gently wipe the connector end face before inspection. 

• Wet Cleaning: If contamination persists, use a cleaning solution or moistened lint-free 
wipe for a wet clean, immediately followed by a dry wipe to prevent residue. Avoid us-
ing excessive solvent and never touch the cleaned surface with bare hands. 

• Inspect the end face after each cleaning cycle and repeat as necessary until the con-
nector passes inspection. 

• Do not use hard surfaces or figure-eight motions; use only straight-line cleaning for best 
results. 
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Insertion Loss (end of line) Testing 
Insertion loss testing of an installed fiber optic plant (end-of-line) is most performed 
using a light source and power meter (Optical Loss Test Set, OLTS), following standard-
ized procedures such as TIA/EIA OFSTP-14 for multimode and OFSTP-7 for single mode 
fibers. 

 

End-of-Line Insertion Loss Testing Procedure 

Equipment Needed 

• Stabilized light source (matching system wavelengths, e.g., 1310/1550nm SM, 
850/1300nm MM) 

• Power meter calibrated for the test wavelengths 

• Reference test cords (high-quality launch cables) 

• Adapters to match connectors on the cable under test 

Step-by-Step Process 

• Clean and Inspect 

• Clean all fiber connectors with appropriate tools and inspect with a scope to ensure they 
are free of dirt and scratches. 

• Set Reference ("Zero") 

• Connect light source to power meter using the reference test cord(s). 

• Set the reference reading to zero on the power meter (0 dB), establishing a baseline for 
the test setup as specified by the 1-cord, 2-cord, or 3-cord reference method. 

• Connect to Installed Fiber Link 

• Move the reference cord from the power meter to the near end of the installed plant. 

• Connect a matching reference/test cord from the power meter to the far end of the link. 

• Test Each Fiber 

• Transmit light from the source through each installed fiber to the power meter. 

• Record the output power in dB; the difference from zero is the insertion loss for that fi-
ber. 
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• Verify Results 

• Loss must not exceed the calculated link loss budget. 

• Insertion loss should be less than the project’s maximum—for example, often <2 dB 
end-to-end for short links, higher for longer spans or complex link budgets. 

• Document & Report 

• Record all readings alongside fiber IDs, wavelengths, and test setup details. 

• Submit results for certification and system acceptance. 

 

Key Points 

• Use high-quality test cords and correct reference procedures as per standards. 

• Cleanliness is critical—dirty connectors often create artificially high loss readings. 

• OLTS/Power Meter test is Tier 1 certification; OTDR is Tier 2 and supplements but does 
not replace OLTS results. 

For detailed standards and reference methods, see TIA/EIA OFSTP-14 and ISO/IEC 
11801/14763 series. 

 

A typical port reading at a fiber optic distribution terminal (such as an OFDC port in a PON or 
FTTH network) for receive power is usually in the range of -12 dBm to -28 dBm. This range en-
sures reliable service and falls within the generally accepted window for most GPON/Active 
Ethernet and similar systems. 

• Normal Operating Range: 

• Most systems prefer port readings between -12 dBm and -28 dBm. 

• Readings around -20 dBm are considered strong and typical for many installations. 

• At or lower than -28 dBm is often considered the lower limit for reliable operation—be-
low this, connectivity becomes unreliable or fails completely. 

• What if outside range? 

• Above -12 dBm (closer to zero) may risk damaging sensitive receivers. 
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• Below -28 dBm indicates excessive link loss and must be investigated and cor-
rected for system stability. 

 

Summary Table 

Type Typical Acceptable Range 

Standard OFDC Port -15 dBm to -28 dBm 

Minimum for Service -28 dBm (some up to -30) 

Strong Typical Value -18 dBm to -22 dBm 

 

Values within this range confirm a healthy and properly engineered fiber link. 

 

By ensuring measured insertion loss is within budget and closely grouped across all ports, net-
work designers and operators can guarantee consistent performance, ease of troubleshoot-
ing, and compliance with telecom standards. 
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OTDR Testing 
OTDR (Optical Time Domain Reflectometer) testing is an advanced fiber optic field test used 
to evaluate the integrity, performance, and physical characteristics of installed and spliced 
fiber links. It is required for all engineered active fibers and backbone segments and provides 
a visual "trace" to pinpoint issues, document link health, and certify that construction meets 
telecom standards. 

 

OTDR Testing: Methodology and Standards 

Equipment & Setup 

• Recommended OTDR: EXFO FTB1 platform with FTB 730 module (or approved equiva-
lent) calibrated to current standards. 

• Launch Cable: Minimum 1 Km long, matching the fiber type, used between the OTDR 
and the fiber under test to mitigate the dead zone and reveal near-end connector/splice 
loss. A receive (tail) cable is also used for bidirectional testing. 

• Ancillary Tools: Power meter, light source, visual fault locator (VFL), inspection scope, 
cleaning tools, connector adapters, pigtails as needed. 

OTDR Test Process 

Preparation 

• Inspect and clean all connectors, adapters, and launch/receive cables. 

• Connect launch cable to OTDR and fiber under test. 

• Set OTDR to appropriate wavelength (typically 1310nm and 1550nm for single mode). 

Unidirectional Testing 

• Shoot an OTDR trace from the cabinet (FDP/Active/Splitter) to the OFDC or subscriber 
terminal. 

• Record trace, documenting total fiber length, event locations (splices, connectors), and 
loss values. 

Bidirectional Testing 

• Required for backbone fiber links for highest accuracy. 
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• Shoot from both ends of the link, then average the measured splice and event loss to 
account for differences in fiber properties and eliminate "gainers" due to modal field di-
ameter mismatch. 

Trace Review 

• OTDR results must show all connectors, cable segments, splices, and loss/reflection 
events. 

• Document optical return loss (ORL), length, and all significant reflectance/splice loss 
events per standard. 

Result Submission 

• Traces must be saved in both raw .trc (native) file and PDF format, then uploaded to the 
specified shared folder for NoaNet OSP review. 

• Results must meet or exceed contract and engineering requirements. Any failure on key 
parameters (loss, reflectance, splice quality) requires remediation and retesting. 

Best Practices and Standards 

• Calibration: All OTDR and supporting test equipment must be calibrated according to 
manufacturer and telecom standards. 

• Fiber Type & Event Mapping: Use matching launch and tail fibers, and correct OTDR pro-
files for the fiber under test. 

• Testing Direction: Always include location, direction, port/fiber identifier, and environ-
mental notes in results for as-built documentation. 

• Frequency: OTDR is required on all backbone and distribution fibers, with intervals de-
fined by project scope and industry guidelines. 

 

OTDR testing provides full-route fiber characterization, rapid fault detection, and certification 
for every major fiber segment, ensuring the integrity and long-term reliability of the con-
structed network. 
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Fiber Characterization 
Fiber characterization is a comprehensive suite of tests conducted on a fiber optic cable link to 
determine its performance, integrity, and suitability for current or future applications (such as 
high-speed data or DWDM systems). This process ensures that fiber links meet both the re-
quired network standards and vendor specifications before being commissioned or upgraded. 

 

Fiber Characterization Process and Key Tests 

 Connector End-Face Inspection 

• Purpose: Identify contamination, scratches, or damage that may impair optical perfor-
mance. 

• Standard: Use a fiber inspection scope against IEC standards; clean and retest as 
needed. 

 Insertion Loss (IL) Measurement 

• What: Measures total optical power lost across the fiber span due to connectors, 
splices, and intrinsic fiber losses. 

• How: Use a calibrated light source and power meter; test bi-directionally at operating 
wavelengths (typically 1310/1550 nm for single mode). 

Optical Return Loss (ORL) Measurement 

• What: Evaluates the amount of reflected light, which can adversely affect transmitter 
performance and system stability. 

• How: Performed with an OTDR or optical return loss tester from both ends of the link. 

OTDR Testing 

• What: Optical Time Domain Reflectometer testing provides a “trace” showing points of 
loss, reflection, and the physical location of splices, connectors, or faults, as well as total 
length. 

• How: Perform at multiple wavelengths and bi-directionally; analyze for consistency and 
to ensure no hidden faults. 
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Dispersion Testing 

• Chromatic Dispersion (CD): 
Measures time delay differences among wavelengths; critical for high-speed or DWDM 
systems. 

• Polarization Mode Dispersion (PMD): 
Measures time delays due to different polarization states in the fiber; important for 
10G+ transmission and long distances. 

 Spectral Attenuation 

1. Purpose: Assess signal attenuation at different wavelengths, especially for systems using 
multiple channels (WDM). 

2. Method: Use a spectral attenuation profile (SAP) analyzer or broadband source with an 
optical spectrum analyzer. 

 Documentation and Analysis 

• All results are compiled into a professional, comprehensive report that summarizes ca-
ble quality, system capability, and any remedial action recommended for non-compliant 
fibers. 

• Documentation includes span diagrams, OTDR traces, IL/ORL data, CD/PMD values, and 
spectral attenuation graphs. 

 

Summary Table: Standard Fiber Characterization Tests 

Test Type Measure-
ment 

Notes 

Connector End-Face Inspection Visual Microscopic, per IEC standard 

Insertion Loss (IL) dB Bi-directional, all used wavelengths 

Optical Return Loss (ORL) dB 
Bi-directional, minimized for optimal perfor-
mance 
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Test Type Measure-
ment 

Notes 

OTDR Trace dB, meters Bi-directional, all wavelengths, trace analysis 

Chromatic Dispersion (CD) ps/nm·km Required for high-speed >10G, DWDM 

Polarization Mode Dispersion 
(PMD) ps/km Sensitive for 10G+ or long-haul links 

Spectral Attenuation dB WDM links, wavelength-dependent 

 

Comprehensive fiber characterization is an industry best practice—required for dark fiber ac-
ceptance, upgrades, and system turn-up—to ensure robust, high-performance network ser-
vice and simplify future troubleshooting. 

 

 

Fiber Testing Step-By-Step Process for PON Network 
Here is a step-by-step guide to OTDR testing for a PON network, covering best practices for 
initial setup, configuration, execution, result interpretation, and documentation: 

 

OTDR Testing: Detailed Process 

Initial Setup 

• Connector Cleaning & Inspection: 
Clean all connectors, adapters, and bulkheads using inspection scopes and approved 
cleaning tools. Visual inspection using a microscope (>200x) ensures no dust, oils, or 
scratches that can distort test results. 
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• Launch Cable Connection: 
Connect a minimum 100m OTDR launch cable to the OTDR and to the output port of the 
active PON cabinet. The launch cable helps to overcome dead zones and allows accurate 
measurement of splice and connector loss at the near end. 

 

Testing from Active PON Cabinet to Splitter Cabinet 

OTDR Configuration 

• Wavelengths: 1310 nm and 1550 nm (recommended for single mode PON net-
works). 

• Pulse Width: Medium (100ns) is a good starting point but adjust based on the 
length and desired resolution—a longer pulse for longer span, shorter for higher 
resolution testing of short links or splitters. 

• Averaging Time: 1–3 minutes. 

• Range: Set to the estimated fiber span (5–20 km typical for access, longer for 
backbone; avoid too-long ranges on short fibers). 

Execution 
• Perform OTDR trace from the PON cabinet (origin) to the splitter cabinet. Ana-

lyze the trace for insertion loss, reflectance, event locations (connectors, splices), 
and overall fiber length. 

Testing Through the Splitter Cabinet 

Splitter Testing 

• Disconnect the direct test path at the splitter cabinet. 

• Connect the OTDR to the input of one of the splitter’s 1xN ports. Use another 
launch cable or tail fiber at one output port, run to OFDC or test output port. 

• Splitters introduce high loss (typically 6–8dB for 1x4 or 1x8); ensure the OTDR 
dynamic range is sufficient to see through the splitter. 

Execution 

• Shoot traces for each splitter output path, carefully recording insertion loss and 
trace shape for each. Note that splitters may increase the apparent dead zone. 
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Testing from Splitter Cabinet to OFDC Terminal 

• Downstream Testing: 
With the OTDR at the splitter output, test each fiber segment between the splitter and 
the OFDC or distribution terminal. 
Verify total end-to-end link loss, sum of all splice, connector, and splitter loss, and check 
for reflections or unintentional high-loss points. 
Ensure total link loss is within the loss budget (usually not exceeding 28 dB for PON sys-
tems). 

 

Final Validation and Documentation 

• End-to-End Power Testing: 
At the OFDC port, use a power meter (and light source at cabinet) to measure actual re-
ceive power. 
Ensure it falls within the design limits (typically -15 dB to -28 dB for standard PON links). 

• Documentation: 
Save raw (.trc) OTDR files and PDFs for each tested path. 
Record all test parameters, port/fiber IDs, loss values, and annotate any high-loss or re-
flection events. 
Upload results to the designated review folder as required for approval and record-
keeping. 

 

Troubleshooting & post-testing 

• Use a Visual Fault Locator (VFL) to pinpoint visible breaks or severe loss locations not 
clearly defined on the OTDR. 

• Investigate, re-clean/re-test, or re-splice as needed to ensure all results pass project-de-
fined PASS/FAIL thresholds. 
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Recommended OTDR Pass/Fail Thresholds 

Parameter Value/Aim 

Splice Loss 0.0 – 0.3 dB 

Mated Connector Loss <0.2 dB (APC) / <0.5 dB (UPC) 

Splitter Loss (1x8) 7–8 dB 

Reflectance -40 dB or better 

Fiber Attenuation <0.35 dB/km 1310 nm / <0.20 dB/km @ 1550 nm 

Optical Return Loss (ORL) >32 dB conn, >45 dB link 

 

Using the above process ensures accurate documentation, effective troubleshooting, and reli-
able performance for every link in a PON or FTTH deployment. 
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Fiber Testing Step-By-Step Process for End-to-End Net-
work 
Here is a step-by-step guide to end-to-end fiber optic cable testing, following industry stand-
ards for verifying the quality and performance of installed fiber links: 

 

End-to-End Fiber Testing Procedure 

 Preparation 

• Visual Inspection: Inspect and clean all fiber ends, connectors, and adapters using a fiber 
scope (minimum 200x magnification) and appropriate cleaning tools. Repeat until con-
nectors are free of dirt, dust, and scratches. 

• Documentation: Record cable, port, or location IDs. Prepare test equipment (Optical 
Loss Test Set [OLTS], power meter, light source, launch cord, etc.) for the proper fiber 
type and wavelength. 

Continuity and Polarity Check 

• Visual Fault Locator (VFL): Inject visible red light at one end; check for clear transmission 
and correct routing at the far end. 

• Fiber Identifier (optional): Confirm traffic presence and polarity in live systems. 

Insertion Loss (IL) Measurement (Tier 1 Testing) 

• Set up: 

• Attach the calibrated light source to one end and the power meter to the other. 

• Use reference-grade test jumpers and follow one-cord, two-cord, or three-cord refer-
ence methods based on project requirements. 

• Test: 

• Measure insertion loss at all operating wavelengths (e.g., 1310/1550 nm for single 
mode). 

• Document loss for each fiber. Typical maximum link loss is project-specific, but standard 
limits are usually <0.35 dB/km 1310nm and <0.20 dB/km 1550nm for the fiber span 
(plus allowances for connectors and splices). 

• Pass/Fail 
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• Results must meet the engineered link loss budget for each fiber span. 

 Optical Return Loss (ORL) Measurement 

• Test: 

• Some power meters support ORL; otherwise, use an ORL meter or analyze reflectance 
using OTDR data. 

• Goal: 

• Keep ORL above the minimum required (often >32 dB at connectors, >45 dB for the en-
tire link). 

 OTDR Testing (Tier 2/Advanced) 

• Set up: 

• Connect the OTDR with 1 Km launch and tail fibers (test box) at each end. 

• Test: 

• Shoot trace at required wavelengths, both directions. 

• Document all events: splices, connectors, macrobends, faults, end-of-fiber. 

• Average results if testing bi-directionally; analyze for excessive loss, reflectance, or ORL. 

Pass/Fail 

• All events must fall within allowed maximums (splice <0.3 dB, connector <0.5 dB typi-
cal). 

 Troubleshooting (if span fails) 

• Inspect/clean connectors and repeat tests 

• Use VFL or OTDR event table to locate and repair high-loss points or breaks 

• Replace defective jumpers, connectors, or faulty cable sections as needed 

 Documentation & Reporting 

• Save all test data (power meter, OTDR .trc and PDF files, test plans) 

• Complete test reports with fiber routing, loss values, pass/fail status, and event logs 



119 
 

• Submit for review before system handover Systematic end-to-end fiber testing ensures 
each installed fiber link meets standards for attenuation, reflectance, and continuity—
delivering reliable high-performance communications. 

 

Recommended Launch/Receive Cable Lengths by Link 
Length 
Recommended launch and receive cable (tail) lengths for OTDR testing vary by the overall link 
length and the pulse width being used. Here are typical industry guidelines: 

 

Recommended OTDR Launch/Receive Cable Lengths 

Link Length Pulse Width Launch/Receive Cable Length 

≤ 2 km (short links, enterprise, FTTx, LAN) Up to 200 ns 150–200 meters 

2–10 km (typical access/backbone) Up to 500 ns 500 meters 

10–50 km (backbone/long-haul) Up to 1 μs 1,000 meters (1 km) 

>50 km (long-haul, outside plant) 2–10 μs 2,000–3,000+ meters (2–3 km) 

Additional Notes 

• The launch/receive cables should always be long enough to exceed the OTDR's event 
and loss dead zone for the largest pulse width used on that link. 

• For most PON and typical backbone links, a 1 km launch/receive cable is considered best 
practice. 

• For FTTx/MDU applications with short pulse widths, 150–300 meters is generally suffi-
cient. 

• When testing through high-loss elements (like splitters), ensure the launch cable is not 
too short, as this will hinder accurate near-end loss measurement. 
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• Launch and receive cables must match the type of fiber under test (e.g., SM or MM, 
same core size/MFD). 

 

These recommendations help ensure OTDR measurement accuracy for both connector and 
link loss at all tested endpoints. 

 

 

Link Loss Budget Calculator 
Calculating a fiber optic link loss budget involves summing up the expected losses from fiber 
attenuation, connectors, splices, and adding a safety margin. This ensures the total loss be-
tween transmitter and receiver does not exceed what the system can tolerate for error-free 
performance. 

 

Step-by-Step Fiber Link Loss Budget Calculation 

• Gather Component Loss Values 

• Fiber Attenuation: Typical values: 

• Single mode: 0.35 dB/km 1310nm, 0.25 dB/km 1550nm 

• Multimode: 3.5 dB/km 850nm, 1.5 dB/km 1300nm 

• Connector Loss: TIA standard is 0.75 dB per mated pair (many real-world connectors 
achieve 0.5 dB or less). 

• Splice Loss: TIA standard is 0.3 dB per fusion splice; field values may be lower (as little as 
0.1 dB for high-quality fusion splices). 

• Splitter Loss: Include if splitters are present (typically 7 dB for 1x8 split, etc. per manu-
facturer's specs). 

• Calculate Individual Loss Contributions 

• Fiber Loss: 

Fiber Loss (dB)=Fiber Length (km)×Attenuation (dB/km)Fiber Loss (dB)=Fiber Length (km)×At-
tenuation (dB/km) 
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• Connector Loss: 

Total Connector Loss (dB)=Number of Connector Pairs×Loss per PairTotal Con-
nector Loss (dB)=Number of Connector Pairs×Loss per Pair 

• Splice Loss: 

Total Splice Loss (dB)=Number of Splices×Loss per SpliceTotal Splice Loss (dB)=Num-
ber of Splices×Loss per Splice 

• Safety/Engineering Margin: Typically add 1–3 dB to account for aging, repairs, 
and variable conditions. 

• Sum for Total Loss Budget 

• Formula: 

Link Loss Budget (dB)=(Fiber Length (km)×Attenuation (dB/km))+(Number of Con-
nector Pairs×Loss per Pair)+(Number of Splices×Loss per Splice)+Splitter Loss (if any)+Margin-
Link Loss Budget (dB)=(Fiber Length (km)×Attenuation (dB/km))+(Number of Con-
nector Pairs×Loss per Pair)+(Number of Splices×Loss per Splice)+Splitter Loss (if any)+Margin 

 

Example Calculation 

For a 10 km single mode link 1310nm, with 2 connector pairs, 4 splices, and 2 dB margin: 

Link Loss Budget=(10×0.35)+(2×0.75)+(4×0.3)+2=3.5+1.5+1.2+2=8.2 dBLink Loss Budget=(10×0.
35)+(2×0.75)+(4×0.3)+2=3.5+1.5+1.2+2=8.2 dB 

 

Use this process to evaluate whether a proposed fiber route and design will perform reliably 
for the system’s requirements. 
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Recommended acceptance limits per TIA/EIA and IEC 
standards 
Recommended acceptance limits for fiber optic networks per TIA/EIA (ANSI/TIA-568) and IEC 
standards ensure reliable link performance by specifying maximum allowable losses for atten-
uation, connectors, and splices, along with best practices for physical installation and testing. 

 

TIA/EIA-568 and IEC Acceptance Limits 

Fiber Attenuation (Maximum Loss per Kilometer) 

Single mode 

• 1.0 dB/km 1310 nm (indoor) 

• 0.5 dB/km 1310 nm (outdoor, typical real world) 

Multimode 

• 3.5 dB/km -850 nm 

• 1.5 dB/km 1300 nm 

• 50/125 OM3/OM4: 3.0 dB/km 850 nm (industry best practice is often lower) 

Connector/Mating Loss 

• Maximum Allowed (per mated pair): 

• 0.75 dB (TIA/EIA-568 and IEC 11801) 

Splice Loss (Fusion) 

• Maximum Allowed: 

• 0.3 dB per fusion splice (field experience and many specs use 0.1–0.2 dB as best prac-
tice) 

Return Loss 

• Minimum Required: 

• ≥ -26 dB (PC), ≥ -60 dB (APC, angled physical contact), per IEC/TIA/EIA for connectors 
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Optical Return Loss (ORL)link 

• 32 dB per connector, >45 dB for total link (typical best practice) 

Physical Criteria 

• Bend Radius: 

• 10× cable OD minimum (unloaded); 15× cable OD if under tension 

• Pulling Tension: 

• Max 2670 N (600 lb.) for outside plant (check cable spec) 

Insertion Loss Testing 

• Test Wavelengths (single mode): 

• 1310 nm and 1550 nm 

• Limits: 

• Must not exceed calculated link loss budget using above component maxima 

Documentation & Testing 

• All tested values (OTDR, IL, ORL) must be recorded, and any values exceeding 
specification require remediation. 

 

Summary Table: Standard Acceptance Limits 

Parameter TIA/EIA & IEC Standard 

Single mode Attenuation 1.0 dB/km 1310 nm 

Multimode Attenuation 3.5 dB/km 850 nm 

Connector Mating Loss 0.75 dB per pair 

Splice Loss 0.3 dB per fusion splice 
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Parameter TIA/EIA & IEC Standard 

Return Loss (Connector) > -26 dB PC, > -60 dB APC 

ORL (Entire Link, Best Practice) >32 dB connector, >45 dB link 

Bend Radius 10× cable OD (installed) 

 

Using these limits as acceptance criteria in construction and testing ensures the fiber optic net-
work will perform to international expectations and is reliable for high-speed applications. 
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Exhibit Examples 

 

 

Fiber Backbone POP & PON Cabinets Examples: 

 

                      Active PON Cabinet 
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Pole Mount PON Splitter Cabinet 

           
 

              Slab mounted PON Splitter Cabinet 
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       Fiber Backbone Equipment Huts/Colo 

 
 

   Fiber Backbone Equipment Cabinet 
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Distribution Terminal Options 

          

                                          CommScope OFDC Terminal 
https://www.commscope.com/product-type/hubs-closures-terminals-boxes/access-ter-
minals/fiber-terminals-non-hardened/ofdc/ 

                                          

https://www.commscope.com/product-type/hubs-closures-terminals-boxes/access-terminals/fiber-terminals-non-hardened/ofdc/
https://www.commscope.com/product-type/hubs-closures-terminals-boxes/access-terminals/fiber-terminals-non-hardened/ofdc/
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        Distribution Terminal Options Continued 

Corning MST Terminals 
https://www.corning.com/optical-communications/worldwide/en/products/npi/mst-
multiport-service-terminal.html 

 

https://www.corning.com/optical-communications/worldwide/en/products/npi/mst-multiport-service-terminal.html
https://www.corning.com/optical-communications/worldwide/en/products/npi/mst-multiport-service-terminal.html
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Channell Yellow Jacket 
 

https://www.channell.com/product/aerial-terminals/ 

                            
 

 

 

 

 

 

 

 

 

https://www.channell.com/product/aerial-terminals/
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Fiber Splice Case Enclosure Options 

AFL-APEX Splice Enclosure 
https://www.aflglobal.com/en/Products/Fiber-Optic-Connectivity/Splice-Closures/Apex-
Fiber-Optic-Splice-Closures 

 
 

https://www.aflglobal.com/en/Products/Fiber-Optic-Connectivity/Splice-Closures/Apex-Fiber-Optic-Splice-Closures
https://www.aflglobal.com/en/Products/Fiber-Optic-Connectivity/Splice-Closures/Apex-Fiber-Optic-Splice-Closures
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FOSC Splice Enclosure Options 
https://www.commscope.com/product-type/hubs-closures-terminals-boxes/splice-clo-
sures/fiber-splice-closures/ 

 

https://www.commscope.com/product-type/hubs-closures-terminals-boxes/splice-closures/fiber-splice-closures/
https://www.commscope.com/product-type/hubs-closures-terminals-boxes/splice-closures/fiber-splice-closures/
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           Coyote Splice Enclosure Options 
https://plp.com/communications/fiber-networks/splice-cases/coyote-splice-case 

 

https://plp.com/communications/fiber-networks/splice-cases/coyote-splice-case
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Fiber Route Markers & Test Station Examples 
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                                  Tension & Sag 
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                          Methods of Tensioning   
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 RUS Design Examples and Best Practices 
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               RUS Design ADSS Support Clamp 
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              RUS Design ADSS Suspension Unit 
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     RUS Design ADSS Suspension Unit Extension 
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RUS Design 12” Extension FGA 
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RUS Design Dead-End-Limited Tension 
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RUS Design Dead-End Medium Tension 
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RUS Design Dead-End Maximum Tension 1000Lbs 
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RUS Design Dead-End Maximum Tension 2000Lbs 

 



147 
 

RUS Design Single Fiber Dead-End  
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RUS Design Double Dead-End 
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RUS Design ADSS Storage-No Splice Case 
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RUS Design Storage Loop Dead-End Assembly 
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RUS Design Strand & Lash Fiber Storage  
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RUS Design ADSS Storage Bracket on Pole 
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RUS Design Messenger Suspension Clamp 
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RUS Design Fiber ADSS Support Clamp FGA 
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RUS Design Fiber Messenger Clamp Support FGA 
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RUS Design PUPI Arm Assembly  
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RUS Design 6000 LBS Messenger Single Dead-End 
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RUS Design 6000 LBS Messenger Double Dead-End 
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RUS Design 6000 LBS Down Guy w/Insulator 
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RUS Design 6000 LBS Span Guy 
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RUS Design Plate Anchor Assembly 
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RUS Design Plate Anchor Installation 
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RUS Design Helix Screw-In Anchors 
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RUS Design Expanding Type Anchors 
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RUS Design Screw Anchors (Power Installed) 
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RUS Design Plate Type Anchors 
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RUS Design Rock Anchors 
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RUS Design Swamp Anchors (Power Installed) 
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RUS Design Fiber Cable Riser 
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NoaNet Design Underground Fiber Installation 
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RUS Design Fiber Optic Handhole Installation 

 
 

Refer to the HH Placement 
Standards-Pg. 60 
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NoaNet Design Handhole Installation Process 

 

 

 

 

 
 

 

NoaNet Handhole 
Placement Standard. 
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RUS Design PLOW Example Drawing 
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RUS Design Trench Conduit Installation Example 
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RUS Design ADSS Air Flo Spoiler Example 
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RUS Design ADSS Spiral Vibration Dampener  
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NoaNet Handhole Splice Case Placement-1 
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NoaNet Handhole Splice Case Placement-2 
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                 Aerial Service Drop Installation 
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                Underground Fiber Service Installation   
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                      NID Installation and Grounding 
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RUS Design Joint Use Vertical Clearance at Pole 
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RUS Design Joint Use Mid-Span Clearance 
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RUS Design Joint Use Grounding & Bonding 
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RUS Design Joint Use Riser Installation 
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RUS Design Joint Use Climbing Space 
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RUS Design Lashed Cable Support at Pole 
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RUS Design Cable Arrangements at Pole 
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RUS Design Lashing Wire Terminations 
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RUS Design Suspension Strand Mounting (Corners) 
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RUS Design False Dead-End 

 



192 
 

RUS Design Sidewalk Guy Assembly 
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RUS Design Ground Wire Assembly 
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NESC Clearances Summary Example 
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HUBBELL Telecom OSP Hardware Example 
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HUBBELL Telecom Osp Pole Hardware Example 
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US Pole Loading Districts 
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