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DISCLAIMER: 

This 30% design is specifically created for the Hampton Roads region, we have made our best efforts to 
apply the needs of the region by using our experience and knowledge of the business and technical 
information contained herein. We believe the data we have presented at this point in time to be accurate 
and to be representative of the current state of the Hampton Roads Region. 

This 30% design has been prepared for discussion purposes only and does not purport to contain all of the 
information that may be required or relevant to the evaluation of the Regional Connectivity Ring.  This 30% 
design shall not form the basis of any contract with any recipient or with any vendor.  Vendors referenced 
in this design were not asked to endorse this design nor are they responsible for any errors or omissions 
contained in this document. 

In addition, this 30% design contains certain estimates, projections, and forward-looking statements with 
respect to the anticipated cost, benefits and performance of the [RCR].  Such estimates, projections and 
forward-looking statements reflect various assumptions and subjective judgments concerning the RCR and 
are subject to business risks, uncertainties and contingencies.   

This business plan is presented here to benefit and promote the services of HRPDC. The information and 
ideas herein are the confidential, proprietary, sole, and exclusive property of HRPDC This plan should not 
be distributed without the consent of HRPDC. 

This plan was prepared by the team at Broadband-Telecom Services, LLC. For any questions, please contact 

jeffb@broadband-telecom.com or call (757) 505-0126. 

 

 

mailto:jeffb@broadband-telecom.com
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Introduction 
 

These days, fiber optic networks are becoming an increasingly important asset for communities to flourish 
in this digital landscape. With technological platforms being pushed to address the growing demands of 
citizenry, municipalities need a robust foundation for deploying these digital systems. 

Municipalities around the nation have started to see the importance of these assets to their operations and 
have begun to implement their own “next-generation networks” (NGNs) to expand their infrastructure. The 
Hampton Roads region has many constituent cities that have their own network in place, but this is not 
uniform throughout the region. Southside Hampton Roads -- consisting of Chesapeake, Norfolk, 
Portsmouth, Suffolk, and Virginia Beach – only has full NGNs in Virginia Beach and Norfolk, with 
Portsmouth’s in the works. Ultimately, the region sees the need for fiber optic infrastructure, but is limited 
by barriers to entry for some cities. Seeing the imperative, HRPDC, along with the Broadband Steering 
Committee, backed a 30% pre-engineering study that identifies a possible design of a region-wide fiber 
optic backbone, also known as the Regional Connectivity Ring (RCR). 

An accompanying Master Plan details the high-level strategy, design, and organizational structure this RCR 
will require to support the cities’ operations and the leasing of dark fiber as a revenue generating asset for 
the region. With this Plan, the region can start seeing firsthand the benefits of this critical infrastructure and 
how it will support the evolution of these cities into smart communities. High costs for telecom spending 
in the region are tied to annual contracts by incumbent providers that limit the potential of the network 
through nerfed speeds and high prices. As fiber optic infrastructure is critical infrastructure, akin to water, 
sewer, and roads, it is important that this is pursued, as this will lay the foundation of supporting operations 
and community needs for the next few decades. And with growing communication needs requiring services 
to be upgraded from year to year, this is an opportunity to take regional operational expenses and turn 
them into a capital program, in the way other key utility infrastructure is treated. Also, this ring can be 
deployed alongside other capital improvement projects to ensure that the Dig Once policy is upheld and 
costs are kept low. Also described are the backbone routing and technology services on RCR, as well as the 
possible connections to critical facilities and higher education centers to provide a singular, region-wide, 
connectivity platform. It will also cover the operational and management structure, as well as costs 
associated on a 10-year forecast. Additionally, many regional benefits of the ring will be detailed alongside 
the regional approach for smart city integration, which is dependent on this critical fiber infrastructure. 
Ultimately, the purpose of this Master Plan and 30% design is to communicate the imperative that unlimited, 
scalable bandwidth is necessary for the future of the Hampton Roads region and detail step-by-step the 
process in getting there. 
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Mission and Vision 
The Regional Connectivity Ring will accelerate the growth of digitally-empowered communities.  

Our Vision 
Hampton Roads is an international hub and coastal gateway, fueled by innovation which:  

• Connects us more efficiently 
• Creates industries 
• Inspires higher learning 
• Raises our resiliency 
• Improves quality of life for all communities 

 

Our Mission 
 

“To promote economic vitality, enhance quality of life, and strengthen resiliency for the benefit 
of all citizens and stakeholders by applying innovative technologies for more efficient networks 

and services.” 

Thanks to our digital port, it is imperative that Hampton Roads become a “Terabit Region”. It is a direct 
investment in the future, setting the infrastructure for increased competition for jobs and businesses over 
the next five to thirty years. Seeing how fast many industries digitized traditional products and services in 
the past few decades justifies the increasing potential demand for a robust broadband infrastructure that 
can keep up with this rapid shift. Also, with increased competition, especially among internet service 
providers, the increase in potential broadband services will increase job creation, help retain existing 
businesses, and improve the region’s ability to attract new businesses and entrepreneurs. 

As the transatlantic fiber cables landing in Virginia Beach bring an influx of companies and data centers, 
new regional opportunities will be created. Similarly, the RCR aims not only to support the transatlantic 
communication and data pipelines, but also act as an attractor for businesses that will create new openings 
for businesses and professionals, that will in turn, bring impacts region-wide. 
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RCR Overview 

 

Figure 1: Regional Connectivity Ring Overview w/ Network Operation Centers 

Priority Areas: Public Safety, Infrastructure, Open Data and Cybersecurity 

Goal: Create a 103.11-mile regional dark fiber, open access ring, which will serve as the foundation for smart 
region development and digitally-empowered communities. 

Benefits: 

• Leverages the transatlantic fiber capabilities to bring unprecedented broadband speeds to the 
region 

• Serves as a foundation for Smart City and IoT development in each connected city 

• Connects regional critical infrastructure, including higher education facilities, to a network that 
provides top-of-the-line cybersecurity 

• Uses cutting edge analytics to constantly learn and iterate tangential projects, as well as holistically 
improving technologies through cross-project last mile analytics 

• Gives easier access to high-speed broadband for underserved/unserved areas, spurring economic 
development at all levels 
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Needs Assessment 
Minimum broadband speed requirements have been increasing at an unprecedented rate as more people, 
devices, and operations become dependent on connectivity. In 2010, the FCC stated a minimum speed of 
4/1 Mbps was considered acceptable. In 2015, they upped that minimum to 25/3 Mbps. According to this 
trend, speeds of 100/10 would be at least required when we enter 2020. Thus, having the infrastructure in 
place to futureproof these growing demands is a necessity for any region that wants to thrive in the 
Information Age. Here are some specific cases where increased broadband capacity is seen as a solution: 

As business travel is becoming more expensive, more companies are relying on video conferencing to 
conduct meetings and reduce travel costs. HD quality business videoconferencing systems require dramatic 
increases in bandwidth that are often not affordable or in most cases even available in certain areas. 

There is an increase in the number of teleworkers. More and more workers and businesspeople are working 
from home, either on a part time or full-time basis. Home businesses and work from home job opportunities 
are growing rapidly, but most of those jobs require a wired Internet and a wired phone connection to 
qualify. Some major businesses in other parts of the U.S. are already actively planning to have 20% of their 
workforce work full time from home to reduce employee travel costs and office energy costs. Additionally, 
many states have been actively promoting telework initiatives to reduce traffic congestion and auto 
emissions. 

Americans are watching more than 10 billion videos per month over the Internet. 

Globally, video represented 73% of all Internet traffic (both business and consumer) by 2017, up from 60% 
in 2012. The sum of all forms of video (TV, video on demand, Internet, and P2P) was in the range of 80-90% 
of global consumer traffic in 2017. 

A 2011 report from the McKinsey Global Institute studied the Internet’s growing impact on the economy. 
The report found that the Internet accounted for 21% of GDP growth in the last five years for mature 
countries, and this number is only expected to climb higher. Eight trillion dollars is exchanged through e-
commerce annually. 

Traffic from wireless devices will exceed traffic from wired devices by 2015. In 2015, wired devices will 
account for 46% of IP traffic, while Wi-Fi and mobile devices will account for 54% of IP traffic. In 2010, wired 
devices accounted for the majority of IP traffic at 63%. 

Below is a summary of the needs assessment for each city: 

Virginia Beach 

Virginia Beach has a very robust conduit and fiber infrastructure already that has already been deployed. 
Their NGN (Next Generation Network) currently provides service to more than 70% of the anchor 
institutions, which has already provided a significant cost avoidance for the next five years. The benefit to 
the RCR is that the 30 miles required for the regional ring already has conduit in place that can be utilized 
for the 288-ct fiber proposed for the RCR. The downfall is that the RCR is being proposed as a dark fiber 
open access network, which means that 288 fibers have to be available throughout the cities to follow the 
MP and qualify for funding as a dark fiber network. 

An immediate win for the RCR is to utilize existing fibers from the Virginia Beach network to provide service 
to Norfolk NOC from the transatlantic fiber, which will allow the operating entity to provide services to key 
higher educational facilities and generate revenue with minimal funding requirements. Virginia Beach will 
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ultimately be required to have the 288ct fiber installed but it can be the final completion steps of the RCR 
dependent on funding. 

Norfolk 

Norfolk has an INET in place which is similar to Virginia Beach’s NGN. The INET has multiple connection 
points to anchor institutions and higher education facilities. By connecting to existing fibers from Virginia 
Beach and utilizing Norfolk’s INET, the cities can work on regional programs and provide connections to a 
few higher education facilities. The path for the RCR through Norfolk uses a combination of new and existing 
conduits to accommodate the 288-ct fiber for the ring. 

Portsmouth 

Portsmouth had the smallest deployment cost for the RCR of all five cities due to the city building its own 
NGN (fiber network). Portsmouth CIO had the foresight to plan ahead for the regional ring and allocated 
an extra conduit to be built to accommodate the Regional Ring. The only requirement for the regional ring 
construction in Portsmouth is to pull the 288-ct fiber through new conduit. 

Suffolk 

The Suffolk path for the RCR required all new conduit and construction due to the fact that they currently 
have minimal fiber optic infrastructure. When designing the path, the Regional Ring had to accommodate 
the new economic development areas and diverse path routing to fiber connection points to accommodate 
co-build design factors.  

Chesapeake 

Chesapeake had the highest cost of construction of all the five cities, as they required the most of new 
construction due to the size of the City with proximity to Virginia Beach and Suffolk. Chesapeake’s high cost 
of construction makes it an ideal candidate to utilize co-build partnerships to subsidize the Ring, which in 
turn will benefit the region as a whole. 
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RCR 30% Design Principles  
This section details the RCR’s design in terms of best practices considered, indicators for success, and a 
breakdown of the network architecture of the ring which factors key technologies that are the foundation 
for our overall approach. 

Network Architecture 
Transatlantic Fibers Capabilities 
 

Due to the mid-East Coast location of our region, we are in a position to leverage the two transatlantic 
fiber cables landing in Virginia Beach. These offer an unprecedented bandwidth that will be used to 
supercharge each city’s own next-generation-network, as well as any entity that will be leasing dark fiber 
from the Ring. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Transatlantic Cables Landing in Virginia Beach (graphic by Virginia Beach Economic 
Development) 

MAREA: Speed: 200 Tbit/s, Length: 4,000 miles 

BRUSA: Speed: 138 Tbit/s, Length: 6,500 miles 
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The cables will have a route-diverse backhaul that connects to Ashburn, VA, which houses the densest 
concentration of data centers in the world. 

Due to the increasing number of these cables landing in Virginia Beach, the region can now be seen as a 
“Digital Port”, shipping unparalleled high-speed data across the globe with the Regional Connectivity Ring 
serving as the infrastructure that can handle and disperse the new influx of digital traffic. 

 

Regional Network Design   

The Regional Connectivity Ring is a 103.11-mile, 288-ct dark fiber, open access ring, which will serve as the 
foundation for smart region development and digitally-empowered communities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: 30% Match Set Drawings Key Map  

The RCR is capable of handling terabytes of data on its dark fiber network platform. Each city will have a 
12-count direct point-to-point fiber from the Regional Ring Network Operations Center (NOC) to the city’s 
demarcation point. This will allow each city to tie into their existing network and provide connectivity to all 
their anchor institutions. The key numbers in Figure 3 correspond to specific drawings in the 30% pre-
engineering design drawing set.  

The Ring is self-healing and will also connect to Richmond’s data centers for redundancy. Any breaks in the 
ring will have automatic routing capability to with 99.9% reliability and 99.9% uptime. 
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High-level Network Schematic: 

 

Figure 4: Regional Connectivity Ring Network Layout 

Figure 5 details a high-level design of the ring, starting with the transatlantic fibers coming into the 
colocation site and terminating at the data centers in Richmond. This is not representative of the full design, 
solely the initial Southside portion of the RCR. 

The transatlantic fibers, MAREA and BRUSA, will both terminate at the Telxius colocation site. This will 
provide the capability for a carrier neutral hotel to be established and provide high capacity, reliable 
connectivity options to carriers, data centers, and auxiliary fiber networks, such as the RCR. 

The RCR must have a dedicated Network Operations Center (NOC) that will monitor the status of the ring, 
power, alarms, and performance issues. This will also serve as the main hub for the cybersecurity and open 
data solutions provided by the RCR, being the origination point of the regional connection. The 288-ct fiber 
will then be deployed from the NOC to each city, through new or existing conduit as part of their NGNs. Six 
fibers will then come off the ring to each city’s own NOC, where they will be able to use the improved 
capabilities of the transatlantic cable boosted fiber to support their operations and provide regional 
services, such as CAD2CAD. Critical city facilities, as well as higher education campuses, will then be able to 
connect to the ring to utilize the improved connectivity. 
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In preparation for future expansion, possible routes across the bridge to Hampton have been identified 
using existing fiber from Metro Fiber. This strategy has been pursued in this phase because the connection 
to Richmond will also enable connectivity to Jefferson Labs and William and Mary, two esteemed research 
institutions that have been identified as high priority connections for the ring. 

Design Considerations: 

When identifying the path through each city, considerations were taken to accommodate the following: 

• Strategic Growth Areas 

• Proximity to Higher Education 

• Locations of City Anchor Institutions 

• Economic Development 

• Unserved/Underserved Areas 

Each city was unique in terms of proximity, current fiber infrastructure, and size, making it very difficult to 
come up with a fair and equitable plan for the region to create a unified government network. The difference 
in cost ranges from $6 million to $250,000. I would suggest putting the smallest number first and the larger 
number second. 

Other considerations that were instrumental in this design are fully detailed in the following appendices: 
Appendix A: ROW Arrangements 
Appendix B: Conduit Use Alternative 
Appendix C: Co-Build Summary 
 

Redundancy: 

The Regional Ring design is based on self-healing ring technology which is a common configuration in 
telecommunication transmission systems. The looped nature of the network increases reliability by 
providing a redundant return path for communications. If one or more links are damaged, there will still be 
functionality in the sub-rings along the network. As a dark fiber open access network, the RCR must be built 
to carrier class grade, as key data functions critical to government operations need to be 99.9% reliable. As 
a platform for regional disaster recovery and public safety, redundancy is a critical component of this design. 

The primary connection will originate from the RCR NOC (Network Operations Center) with a scalable 
connection that will increase with demand. There will be a secondary passive connection at the Richmond 
data center that will automatically activate if the primary connection loses more than 10 pings. The SHR is 
bi-directional and utilizes traffic flow in both directions to operate efficiently. 

During construction of the RCR as each city activates their own dark fibers from the Regional NOC, it will 
be recommended that they reduce the capacity of their existing circuits with the local providers and keep 
it as a backup until the RCR is fully constructed and activated. There will be a phased activation and 
deployment schedule for the Ring so the cities and higher education facilities can plan accordingly with 
their existing contracts. 
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Last Mile/Wireless Connections 
 

The Regional Connectivity Ring serves as a middle-mile transport for all 17 districts of Hampton Roads, with 
last-mile access points to the regional and city smart projects. The connectivity between the middle-mile 
and last-mile will use a combination of active Ethernet and GPON technology. Network operations for 
cybersecurity and data analytics will be imbedded into the middle-mile architecture. By utilizing the 
Regional Connectivity Ring as the foundation for all IoT development, we can create specifications and 
standards for non-profit and for-profit organizations utilizing the ring. 

The concept of active Ethernet and GPON technology on the last-mile network is being used in 90% of all 
FTTX builds in the Unites States. It allows for the optimal use of the fibers in the fiber network. High capacity 
data requirements for large businesses and city anchor institutions use active Ethernet due to minimal 
limitations on bandwidth but increased demand on fiber requirements. Smart Poles, Wi-Fi access points, 
and sensors utilize GPON because you can utilize one fiber on a 32-way splitter which allow for many more 
active devices connecting to the network.  

 

Figure 5: GPON Cabinet to Last-Mile Services 

The last-mile connection will be the final communications segment constructed. It connects the region’s 
critical facilities or commercial clients to the primary fiber network using either a wireless or direct fiber 
connection. In each case, a branch fiber cable will be spliced into the city fiber trunk ring and allow for the 
city facility or commercial clients to have full access to the communications network using either the wireless 
or direct fiber connections.  
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Fiber routing and connection type depends on the building location, network setup, building requirements, 
and other site-specific factors. For city facilities, the city will construct the last-mile connection, choosing 
which connection type will be installed and coordinating the construction. Commercial clients, on the other 
hand, must coordinate the construction separately. The fiber network will be put in place by the region, but 
the commercial client must construct infrastructure from their facility up to and including the splice to the 
city trunk fiber cable. The last-mile connection can be achieved in one of two ways. They include wireless 
connection or direct fiber connection, as detailed below. 

Wireless Connection - For the wireless connection option, the branch cable is connected to a fiber 
distribution unit in a fiber cabinet along the trunk fiber ring. There are two potential options for a wireless 
last mile connection: Wi-Fi or Point-to-Point. For the Wi-Fi option, the fiber distribution unit is connected 
to a wireless Wi-Fi router which can serve multiple facilities at once. In a Point-to-Point connection, the fiber 
distribution unit is connected to a wireless radio which can serve only one building directly. 

Direct Fiber Connection - For the direct fiber connection option, the branch cable is brought directly to the 
facility where it connects to the fiber distribution unit and switch. There are two potential installation 
methods for a direct fiber last mile connection: conduit installation or aerial installation. When installing the 
fiber optic branch cable using conduit, the fiber is brought to the building using underground conduit, 
some if not most of which would also be newly installed as shown in Figure VI.4(a). When using aerial 
installation, the branch cable is brought to the buildings by hanging the fiber from MID (or other utility- 
owned) poles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Last Mile Services 
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Cybersecurity Platform  

A rapidly urbanizing and digitizing world leads to the logical progression of Smart Cities, which is exactly 
what the Hampton Roads Regional Ring will serve as a foundation of. By their very nature, Smart Cities 
become the epicenter of massive digital ecosystems, inclusive of all inter-connected supply-chain elements. 
In our hyper-connected society, digital data and network infrastructure are the most at-risk assets, as 
evidenced by daily news cycles that demonstrate how vulnerable we are to this ever-growing threat. While 
these networks enable enormous human creativity, new job growth, and social and commercial value 
creation, this potential is limited by our ability to protect the resulting commerce and digital intellectual 
property. Industry experts estimate that cyber risk exposure has reached the trillion-dollar mark and a single 
successful cyber-crime can financially & operationally devastate any entity. 

Leveraging top-of-the-line cybersecurity to protect its investment, the fiber ring project provides the 
Hampton Roads region with a golden opportunity to convert these inherent critical cybersecurity risks into 
a huge competitive economic advantage by showcasing a world-class Cyber Secure Smart City (CSSC). 

Hampton Roads is ready to make that a reality by bringing to the Regional Ring the proven strengths of 
NSA/Military cyber requirements, enabling local governments, educational institutions, and the business 
community to operate within highly secured, assured, and trusted digital environments. 

The overall objective of the Regional Connectivity Ring fiber optic network and the RCR NOC will enable 
the region to meet its Smart City goals and will be used as the underlying secure connectivity technology 
for the Smart City solutions. All the solutions align with our mission of creating a thriving, resilient region, 
with an increased quality of life for all connected citizens. By upgrading our infrastructure and providing a 
platform for these capabilities, our region will be positioned to be one of the most attractive communities 
on the East Coast, as well as be able to provide the standard of living that is expected from being a critical 
military hub that is so invaluable to our nation. 

Another objective is to develop, integrate, test, validate, manage, and refine a joint offering and supporting 
business case that combines the best of the downstream vertical market-oriented risk assessment 
capabilities, threat intelligence capabilities and upstream risk monitoring, prevention and remediation 
platform. The resulting solution is designed create a trusted, highly secure Mutually Assured Resilience 
Community to the Ring and provide more useful, accurate, timely, and contextually relevant and actionable 
cyber risk insights to the entire Ring stakeholder body and to each participating Ring entity in a direct, 
private, and individualized form. 

The specific objectives are to test and validate the following: 

• Overall architectural structure and segmentation of the physical and virtualized networks  
• IT and IoT systems bi-directional integration, configuration, and operational integrity  
• Model and performance of logical data flows between the various networks and systems 
• Format, accuracy, timeliness, and relevancy of the shared cyber data sets between: 

o The Ring & the RCR NOC 
o Individual & mutual stakeholders 
o Between companies across various vertical markets 

• Security at rest and in motion for each trusted environment and each private network 
• Most effective User Interface (UI) tools such as dashboards, alerts, notifications and report 

communication methodologies.  
• Universal applicability, operational impact and efficacy of the cyber governance model  
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Risk Operations Command Center (ROCC): 
A Risk Operations Command Center (ROCC) is being developed to enable and support the Ring with a 
Mutually Assured Resilience Community (MARC) that combines downstream risk assessment with dynamic 
upstream risk monitoring, inside of a hyper-secure network environment. This perpetual service offering 
integrates Security and Network Operation Centers (SOC/NOC) into a secure NERC-CIP operating compliant 
command, control, and monitoring of citizen or company client’s infrastructure and ecosystems. 

The ROCC is intended to provide the Ring with a comprehensive suite of preventative threat and cyber 
protection services rolled up under a common governance program that utilizes a shared knowledge base 
to continuously improve community resilience. A truly resilient community of mutually beneficial 
stakeholders requires a real-time participatory network with a universal governing process that provides an 
extraordinary level of trust and threat intelligence. 

The ROCC of the Regional Ring will host all the cybersecurity hardware and communicate back to all the 
edge devices on the last-mile network. The dark fiber network of the Ring will be individually engineered 
for each service, such as city infrastructure and higher education facilities, based on their specific needs. 
When activating the dark fiber, cities, higher education facilities, and big businesses will be responsible for 
working with an approved cybersecurity vendor to tailor a solution specific to the requirements. 

The ROCC will support the Ring with the following capabilities: 

 Frontline defender with alert analysis and continuous monitoring of the alert queue; triage security 
alerts; monitoring the health of security sensors and endpoints, and collecting data and context 
necessary for remediation 

 ROCC analysts/engineers keep their eyes on the network infrastructure and do proactive alarm 
monitoring, alerting, and incident response 24/7/365 

 Integrated functions work closely together for a holistic infrastructure and security view of the IT 
system with overlapping data on network events, system and endpoint events 

 Better analysis and situational awareness, which will allow the CORE to remain effective in 
addressing monitoring and service recovery challenges amid infrastructure growth and 
complexity 

 Establish a deeper understanding of roles, risks, threats, and security vulnerabilities and effectively 
using collaborative tools that integrate and automate key SOC and NOC functions 

 Potential to lower costs, improve communications, increase visibility, increase efficiencies, and 
optimize resources for both groups 

 Operate a secure and NERC-CIP compliant datacenter and ROCC in the Virginia Beach facility 

 Support associated security technologies 

 Manage and coordinate the response to cyber threats and incidents 

 Monitor the cybersecurity posture and reports deficiencies 

 Coordinate with regulatory and compliance bodies 

 Perform threat and vulnerability analysis of cybersecurity events 

 Provide regular reporting to management and cyber incident responders 
 



“Enabling the                                                                                        REGIONAL CONNECTIVITY RING MASTER PLAN    
Hampton Roads Region”                                                                         HAMPTON ROADS, VIRGINIA                                    
 

DECEMBER  2018                        17 | P a g e  
 

Architecture and Integration Requirements:  
The Regional Connectivity Ring and trusted environments and operations will remain independent and 
operate in their current business model and configurations. This project will work to provide and enable 
secure communication portals and secure data exchange between the cybersecurity infrastructure, the Ring, 
and citizen or company clients. The introduction of the security appliances will have minimal architectural 
and integration impact to environments. 

Architectural Requirements 

The security solution is designed to protect citizen or company clients Trusted Environments, data, and 
internal devices with a highly secure layered VPN architecture. A key function of the security appliance suite 
is the provisioning of an isolation gateway with dual encryption for communication between citizen or 
company clients critical network assets. Furthermore, the security appliance protects the confidentiality and 
integrity of the Ring citizen or company client’s data as it transits over the Ring and any untrusted, unowned, 
or potentially compromised networks. 

The following diagrams show how a security appliance protects the Ring citizen or company client’s network 
and provides strict type enforcement so that protected components are not visible to non-critical network 
assets. Effectively, a point-to-point network enables the citizen or company client’s site to act as a secure 
logical extension of the proprietary Trusted Environments. The only component the citizen or company 
client’s router can see is the security appliance configured router in the network. Similarly, the only device 
capable of communicating with the security appliance firewall in the Ring citizen or company client’s site is 
the corresponding security appliance configured firewall from within the enterprise. Extremely robust 
authentication techniques help to ensure only legitimate traffic is allowed through a security appliance 
protected network. 

Minimization of visibility for layer-2 data exiting the Ring citizen or company client’s critical network and 
the confidentiality of devices on the critical network limits an intruder’s ability to perform reconnaissance 
on network traffic, topology, and behavior. The protection of data within highly secure tunnels and isolation 
of components mitigates risk to data manipulation, spoofing, or intrusions by adversarial actors and data 
leakage initiated by threats that emanate from within the Ring network itself. 

 

 

 

 

 

 

 

 

 

 

Figure 7: Logical Data Encrypted Layers 
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Figure 8: High Level Overview of Secure Network 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Detail Level Overview of Secure Network 
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Figure 10: Example View of Connections to the Ring 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Example Monitoring Data Flow Through the Ring 

 

Data Flow: 
- Equipment communicates to central hub 

- Equipment sends data, syslogs, and SMTP traffic 

- Hub monitors equipment heartbeat and operations 

- Hub send patches and updates as required 
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Figure 12: Security Appliance Transmission of Client Sensitive Data 

 

As detailed in Figure 12 above, internal Trusted Environments data transverses the unowned or untrusted 
network (e.g. Internet, Wide Area Network (WAN) or service provider network) within an encrypted VPN. If 
a remote user or component within the Ring citizen or company client’s (Sensitive Network C) requires 
access to the Internet, the only permissible path will be through Sensitive Network B, out the enterprise 
firewall, back through Sensitive Network B, which then returns to Sensitive Network C within a secure VPN 
tunnel.  

Figure 13 below shows data traversing from the citizen or company client’s critical network to the 
proprietary Trusted Environments network. This data will be encrypted twice (Layered Approach) and source 
and destination information will not be externally visible. 

 

 

 

 

 

 

 

 

 

 

Figure 13: Security Appliance Transmission of Client Critical Data 



“Enabling the                                                                                        REGIONAL CONNECTIVITY RING MASTER PLAN    
Hampton Roads Region”                                                                         HAMPTON ROADS, VIRGINIA                                    
 

DECEMBER  2018                        21 | P a g e  
 

Integration Requirements 

The integration requirements will have minimal impact to the current citizen or company client’s 
environments. 

As the security appliances are being deployed, additional consulting services will be deployed to help the 
Ring citizen or company clients integrate needed policies and procedures, operational, and configuration 
changes. 

 

Open Data and Analytics 
 

Active fibers will have an edge device after the GPON splitting network on each PON to ensure open data 
networks are being encrypted after the DMZ Zone. This will ensure that open data platforms are correctly 
being routed through intrusion detection to protect the integrity of the network. 

Open Data and Privacy Policies 
The HRPDC’s open data program seeks to provide direct access to regional datasets in consumable 
formats. Providing this information gives staff and the public an opportunity to review and analyze raw 
data and to use it for a variety of purposes. This will serve as the regional standard. 

The policy is to establish a procedure for systematically identifying, inventorying, and publishing datasets 
that can be used to: 

• Increase accountability and responsiveness 

• Improve public knowledge of region’s activities and operations 

• Further the mission of the region 

• Allow for economic opportunity 

• Respond to a need or demand identified by the public 

• Foster civic engagement 

The purpose of the policies is to be as transparent and accountable to the citizens of Hampton Roads as 
possible. The region has a commitment to open data and will ensure that the recipients can freely use, 
modify, and share the data for any purpose. 
 

Open Data Planning 
The open data program will consist of multiple roles to ensure its success. The roles are a Data Board, Work 
Group, and Data Stewards. Data principles are summarized below: 

• Complete - All data not subject to privacy, security, or privilege limitations is made available 
• Timely – Data is made available in a timely manner to ensure it is valuable 
• Non-Discriminatory – Data is available to anyone with no registration required 
• License-Free – Data is not subject to any copyright, patent, trademark, or trade secret regulation 
• Primary – Data is collected at the source, with the highest possible level of granularity, not in 

aggregate or modified forms 
• Accessible – Data is presented in a meaningful way 
• Machine Processable – Electronic data can be processed via multiple data formats 
• Non-Proprietary – Data is available in a format over which no entity has exclusive control 
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Analytics Platform 
The RCR NOC will also house technology that will be able to provide cutting edge analytics. 

Learning-capable artificial intelligence, mobile, social platforms, and the Internet of Things are driving data 
complexity, new forms, and sources of data. Big data analytics is the use of advanced analytic techniques 
against very large, diverse data sets that include structured, semi-structured, and unstructured data from 
different sources and in different sizes from terabytes to zettabytes. 

Big data is a term applied to data sets whose size or type is beyond the ability of traditional relational 
databases to capture, manage, and process the data with low-latency. Big data has one or more of the 
following characteristics: high volume, high velocity, or high variety. Big data comes from sensors, devices, 
video/audio, networks, log files, transactional applications, websites, and social media--much of which is 
generated in real time and in a very large scale. Due to the influx of smart initiatives developed as a result 
of next generation fiber infrastructure, data in the Hampton Roads region will be incoming in 
unprecedented quantities. 

Analyzing big data allows analysts, researchers, and business users to make better and faster decisions using 
data that were previously inaccessible or unusable. Using advanced analytics techniques such as text 
analytics, machine learning, predictive analytics, data mining, statistics, and natural language processing, 
businesses can analyze previously untapped data sources independently or together with their existing 
enterprise data to gain new insights resulting in better and faster decision making and deployments. Big 
data analytics will also be integrated into smart technologies, collecting a diverse amount of information 
that could reveal unforeseen trends and cross-platform efficiencies. 

Utilizing middle and last-mile analytics platforms, strategies will be developed that cater specifically to the 
Hampton Roads Region to accelerate all smart applications, including: 

• Public Safety 

• Transportation 

• Parking 

• Mobility 

• Sustainability and Resiliency 

Integration across these applications is where the true power of data analytics lies. 

 

Regional Network Operations Center 
 

The Regional NOC (RNOC) is being designed to accommodate the Hampton Roads regional economic 
development initiatives and will be the NAP (Network Access Point) for the regional ring. The NOC will be 
the demarcation point for the 288-ct fiber optic cable that will be used to create off-ramps in Hampton 
Roads from the Transatlantic cables. 

The RCR will have 4 PTP fibers to each of the Southside cities to keep a physical and logical separation. 
There will be space allocated in the NOC to accommodate the following: 

• Higher Ed. Facilities 
• Co-Build Partners 
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• Regional Initiatives  
• Cybersecurity 
• Middle-mile Data Analytics 
• 17 Localities Dedicated Internet Access Circuits  
• Economic Development 
• Strategic Growth Areas 
• Open Access Providers 

 

The NOC of the Regional Ring will host all the cybersecurity and middle-mile analytics hardware and 
communicate back to all the edge devices on the last-mile network. The dark fiber network of the RCR will 
be individually engineered for each service, such as city infrastructure and higher education facilities, based 
on their specific needs. When activating the dark fiber, cities, higher education facilities, and big businesses 
will be responsible for working with an approved cybersecurity vendor to tailor a solution specific to the 
requirements. 

Requirements for Success 
Successful implementation of this Regional Connectivity Ring looks like a region that is flourishing on a 
robust dark fiber connection, who’s effects pervade both the public and private sector, serve as the platform 
for smart regional initiatives, and provide citizens with a greater quality of life. As detailed in the benefits of 
the ring, economic development should be thriving, public safety departments should benefit from 
increased operational speeds and capabilities, resiliency and sustainability will be inherent in the design of 
many future initiatives built off the ring, and competition will continue to foster innovation and consumer 
accessibility. While these are high level indicators of a successful deployment, there are a few key indicators 
that will be necessary to track success within each phase of the deployment. 

Premises that will be connected, such as government facilities, large and small business, health care facilities, 
and higher education campuses, should be included in the three to ten-year projection as the” take rate,” 
which is a direct indicator of revenue. If these projections fall short, then revenues will too. Raw numbers 
and monthly growth rates should be analyzed quarterly, at the minimum. Each city will connect its own 
institutions to its NGN (as they are implemented, if not so already), which will provide a connection back to 
the ring. However, certain institutions will have a direct connection to the ring. Higher education facilities, 
for example, will connect to dedicated fibers on the RCR and form their own scalable internal ring, 
connecting college campuses that are scattered throughout the region, as well as allowing research and 
data to be shared at any intended level. This will be replicated for military and public safety facilities as well. 

It will be up the city to prioritize the connectivity of their institutions from the ring, but the routing was 
designed taking key clusters of critical facilities into consideration. Success in this deployment will start with 
the RCR’s utilization for enhancing each city’s NGN capabilities. That is why considerations were made to 
cater the RCR’s route to key initial buildout paths for Chesapeake and Suffolk’s future NGN design. 
Ultimately, the RCR will serve as the high bandwidth link that connects each of these separate NGN’s and 
allows for expanding city-specific solutions into regional platforms. 
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Bill of Materials Per 30% Design 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 14: 30% Bill of Materials by City 

 

 

Cost
 Footage Cost Per Ft Overall Cost Quantity Cost per Box Overall Cost GPON Qty Cost Per Cabinet Cost per Install Overall Cost Total

Virginia Beach 226853 $17.00 $3,856,501 315 $750 $236,250 20 $12,000 $6,000 $360,000 $4,452,751
Portsmouth (New Fiber) 46038 $3.50 $161,133 0 $750 $0 2 $12,000 $6,000 $36,000 $197,133
Norfolk  (New Duct) 25057 $32.00 $801,824 61 $750 $45,750 11 $12,000 $6,000 $198,000 $1,045,574
Norfolk (Existing Duct) 57380 $17.00 $975,460 0 $750 $0 0 $12,000 $6,000 $0 $975,460
Chesapeake (New Duct) 178457 $32.00 $5,710,624 227 $750 $170,250 18 $12,000 $6,000 $324,000 $6,204,874
Chesapeake (New Fiber) 194680 $3.50 $681,380 0 $750 $0 0 $12,000 $6,000 $0 $681,380
Suffolk (New Duct) 81169 $32.00 $2,597,408 87 $750 $65,250 10 $12,000 $6,000 $180,000 $2,842,658
Suffolk (New Fiber) 138520 $3.50 $484,820 0 $750 $0 0 $12,000 $6,000 $0 $484,820

Total $16,884,650
CEI 15% $2,532,698

Grand Total $19,417,348

Cost
 Footage Cost Per Ft Overall Cost Quantity Cost per Box Overall Cost GPON Qty Cost Per Cabinet Cost per Install Overall Cost Total 

Virginia Beach 226853 $17.00 $3,856,501 315 $750 $236,250 20 $12,000 $6,000 $360,000 $4,452,751
CEI 15% $667,913

Grand Total $5,120,664

Cost
 Footage Cost Per Ft Overall Cost Quantity Cost per Box Overall Cost GPON Qty Cost Per Cabinet Cost per Install Overall Cost Total 

Portsmouth (New Fiber) 46038 $3.50 $161,133 0 $750 $0 2 $12,000 $6,000 $36,000 $197,133
CEI 15% $29,570

Grand Total $226,703

Cost
 Footage Cost Per Ft Overall Cost Quantity Cost per Box Overall Cost GPON Qty Cost Per Cabinet Cost per Install Overall Cost Total 

Norfolk  (New Duct) 25057 $32.00 $801,824 28 $750 $21,000 11 $12,000 $6,000 $198,000 $1,020,824
Norfolk (Existing Duct) 57380 $17.00 $975,460 0 $750 $0 0 $12,000 $6,000 $0 $975,460

Total $1,996,284
CEI 15% $299,443

Grand Total $2,295,727

Cost
 Footage Cost Per Ft Overall Cost Quantity Cost per Box Overall Cost GPON Qty Cost Per Cabinet Cost per Install Overall Cost Total 

Chesapeake (New Duct) 178457 $32.00 $5,710,624 227 $750 $170,250 18 $12,000 $6,000 $324,000 $6,204,874
Chesapeake (New Fiber) 194680 $3.50 $681,380 0 $750 $0 0 $12,000 $6,000 $0 $681,380

Total $6,886,254
CEI 15% $1,032,938

Grand Total $7,919,192

Cost
 Footage Cost Per Ft Overall Cost Quantity Cost per Box Overall Cost GPON Qty Cost Per Cabinet Cost per Install Overall Cost Total 

Suffolk (New Duct) 81169 $32.00 $2,597,408 87 $750 $65,250 10 $12,000 $6,000 $180,000 $2,842,658
Suffolk (New Fiber) 138520 $3.50 $484,820 0 $750 $0 0 $12,000 $6,000 $0 $484,820

Total $3,327,478
CEI 15% $499,122

Grand Total $3,826,600

Hampton Roads Virginia Regional Connectivity Ring Cost 
Conduit/Fiber Installation Junction Boxes GPON Cabinet

Conduit/Fiber Installation Junction Boxes GPON Cabinet

City 

City

GPON Cabinet

City
Conduit/Fiber Installation Junction Boxes GPON Cabinet

City
Conduit/Fiber Installation Junction Boxes

City
Conduit/Fiber Installation Junction Boxes

City
Conduit/Fiber Installation Junction Boxes GPON Cabinet

GPON Cabinet
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30% Design Bill of Materials Considerations and Exclusions 
The cost of $19,417,348 for the bill of materials include the following:  

• Material* 

o Conduit  

o 288 count fiber optic cable 

o Splice enclosures 

o Junction boxes 

o GPON cabinets 

*new conduit is on an as needed basis for new build in each city – where there is existing conduit present, the cost of proofing and 

repair is included.  

• Labor  

o Installation of:  

 New conduit 

 Junction boxes 

 GPON cabinets 

o Pulling fiber  

 

The following lists the exclusions of costs are not included in the 30% Pre-Engineering Design bill of 

materials.  

• Regional Network Operation Center 

• Electronics 

• Last-mile Build 

• Operating and Management Company 

 

The Regional Network Operation Center has many possibly options for the build:   

• Building a public/private partnership to share the costs 

• Utilizing a higher educational facility’s data center 

• Co-locating with another city’s data center 

 

The other items that are not included are the electronics, to provide lit services to the cites and customers 

of the RCR. Customers of the RCR will be required to specify their own equipment based on their own 

network requirements.  

The bill of materials does not include the last-mile build from the RCR to the customer’s premises.  

This will be based on and developed from the governance model and operating entity forming 

relationships with strategic partners in the area.  

Operation and management are not included in the overall cost. Again, the governance and operating 

entity will be required to hire a management company to operate the network.  
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Conduit Options for the 30% Design 
The Southbound path from VB through Chesapeake to Suffolk was stated as a co-build path in the 30% 
Pre-Engineering Design. The methodology behind the co-build in the 30% Pre-Engineering Design was to 
alleviate the cost of the new construction required in Chesapeake and Suffolk, by working with 
public/private partners. This would allocate a conduit in the same trench specifically for the use of the 
partners which will reduce the cost of the build by 25%. The CIO’s have requested the following options in 
the 30% Pre-Engineering Design for the Steering Committee to decide the direction to proceed with in the 
100% design. It is imperative that the committee understand that all these options have different costs 
associated with them.  

*Note Construction cost of the ring will be increased by increasing the conduit size. 

Option 1: 

Co-Build is not considered at this time and the committee moves forward with one 4” conduit in the 100% 
design  

Option 2: 

Committee moves forward with the 100% design and including two 4” conduits in the same underground 
Bore. One conduit will be used for the RCR and the other will be a spare for the co-build partner of choice 

in the future. 

Option 3: 

Market the co-build path at the same time the 100% design is being done to utilize the co-build partners 
funding when construction starts. This will require the CIO’s or regional representative to work closely with 
the co-build partner after LOI is signed to accommodate the specifications and requirements set forth by 
the c-build partner. 

Fiber Allocation Considerations 
The fiber allocation design took into consideration the needs of the region for the next 30 years, as well as 
two key, dark fiber, technologies to accomplish this task. GPON (Gigabit Passive Optical Networking) was 
used for the last mile connections which would allow a 1 by 32 split. Meaning 1 strand can service 32 
different services. For middle mile connectivity and high capacity bandwidth requirements, point to point 
ethernet will be used.  

For the 100% design, the five Southside city’s CIO’s will have to decide how many fiber strands they deem 
necessary for the allocation for specific services. Each fiber is an asset and the RCR is an economic 
development catalyst for the region, the governance model of the RCR will dictate the specific use cases for 
the fiber. The Broadband Steering Committee, in conjunction with the governing entity of the RCR, will 
decide how the assets and public private partners will utilize the RCR for regional growth. 
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The services listed below are available on the Regional Connectivity Ring and will be finalized after the 
Governance has been developed. 

 

 

 

 

 

 

 

 

 

 

 

 

Technology Purpose
PTP City Operations 
PTP City Operations 
PTP City Operations 
PTP City Operations 
PTP City Operations 
PTP Regional Platforms
GPON Storm Sense
GPON Sea Level Rise
GPON Mobility
GPON Public Safety
GPON Regional IoT
GPON Transportation
GPON HUD
GPON Unserved
GPON Wireless Internet Service Provider
GPON Wireless Internet Service Provider
GPON Technology Corridor
GPON Technology Corridor
GPON Reserved Private HRPDC
PTP 17 Localities
PTP Military Schools
PTP Global R&D
PTP HREDA 
PTP Long Hault Transport
PTP Energy /Broadband 
PTP Strategic Growth Areas
PTP Spare
PTP Higher Ed
PTP Higher Ed Regional R&D
PTP SGA Regional
PTP Telecom Carrier 5G
PTP Co-Build Partner
PTP Power Last Mile
PTP NAP of the Americas
PTP Future
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RCR Dependent Initiatives 
Internal Rings 
Higher Ed. 
At the heart of smart region/cities are institutions of higher learning. These institutions prepare students to 
live, work, and innovate in a smart region or city. They can also act as a testing ground for new ideas, 
projects, and experiments. By seeking certain opportunities, universities and colleges can play a pivotal role 
in the success of a smart region/city. 

Imagine a region in which buildings alert you when they need repair, there is WI-FI on every street corner, 
sensors tell the garbage trucks when, where, and how often to collect, and data is analyzed in a way that 
tells us which streets are more likely to be crime hotspots based upon traffic and movement. 

In the Hampton Roads region, we have many distinguished higher education facilities, including Old 
Dominion University, Norfolk State University, Virginia Wesleyan University, Regent University, Eastern 
Virginia Medical School, William and Mary, Hampton University, Jefferson Labs, Tidewater Community 
College, Joint Forces Staff College, Naval Postgraduate School, and the National Oceanic and Atmospheric 
Administration. Connectivity to the ring by these institutions will create an internal network within the larger 
RCR accessible to only higher education institutions. This design will provide the institutions with a 
segmented secure network for communication, research, and data transmission among the institutions 
without accessing the Internet. 

Having university campuses integrated with smart regions and smart cities will help foster industry- 
academic cooperation and offer employment for university and college graduates, along with promoting 
the development of science, technology, and innovation. Cooperation between higher education 
institutions and technological companies will help in knowledge transfer and producing the human 
resources needed for an innovation-based economy. 
 

Military 
Hampton Roads is known for its rich history and military presence, housing the Air Force, Army, Coast 
Guard, and Marine Corps, as well as having the world’s largest naval base. The total Department of 
Defense (DoD) population makes up roughly 1/10th of the total population in Hampton Roads. Again, 
there are more than 75 institutions that are considered military in the region, and we are home to the only 
NATO Allied Forces Command on U.S. soil. With an economy so dependent on DoD spending (45.6% of 
all regional economic activity), Hampton Roads needs to continue to provide the necessary support and 
infrastructure to deliver upon the expectations that come with being a major hub for the most powerful 
military in the world. 

The Regional Connectivity Ring will become a crucial part in meeting future bandwidth needs of these 
facilities and preparing the region for expansion. These facilities will have dedicated fibers to use in 
creating their own internal network to pass secure data instantaneously between participating facilities. 
The fiber infrastructure will also tie into their highly-specialized applications, providing unprecedented 
bandwidth to mission critical technology that will be able to seamlessly interact in real-time. 
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Public Safety and First Responders 
The RCR intends to boost operations at all levels of government, including public safety and first responders. 
Connecting these facilities to the ring is an important step in unifying the region through regional initiatives 
that can maximize emergency management and the public safety environment for officials, communication 
centers, citizens, and tourists. The RCR will be the foundation for IP-based public safety projects.  

A fully deployed and regionally connected managed IP network based on existing dark fiber can provide 
the following capabilities:  

Regional Emergency Management Use of Emergency Services IP Network (ESInet)  
The supporting network can provide the backbone Emergency Services IP Network (ESInet) interconnecting 
to public safety communications and disaster management regionally. Trusted entities will be 
interconnected to the managed ESInet by fiber to diverse and redundant network nodes. A regional ESInet 
can:  

a) Provide the backbone of a dedicated regional network for public safety.  
b) Provide connectivity between each emergency communication center, Emergency Operations 

Center (EOC) and other public safety facilities in the region.  
c) Be utilized for transport of Information being sent or received by an EOC or a mobile EOC during 

an incident.  
d) Increase emergency call routing options for overload or bug-out call center situations, ensuring 

that every 9-1-1 call gets answered, even in a wide-scale emergency.  
e) Provide options for regional backup capabilities that are efficient, cost-effective, and readily 

available 
f) Note: Management of the core IP network should be done on a collaborative basis with a clearly 

defined entity having overall network management control.  

 
Computer Aided Dispatch (CAD) to CAD Regional Interoperability  
CAD to CAD interoperability will allow emergency communications centers with disparate CAD systems to 
share incidents and request resources in real time. The supporting network can be used to interconnect all 
participating public safety agencies throughout the Hampton Roads area. 
A CAD to CAD system can: 
 

a) Enable agencies requesting assistance to share incident information with all first responders in 
real time. 

b) Improve speed and efficiency in auto aid and mutual aid efforts. 
c) Save seconds, even minutes, for the first responders resulting in increased lives and property 

saved (a 60 second delay on a medical emergency can increase mortality by 1-2%; a structure 
fire can double in 60 seconds). 

d) Allow neighboring emergency communications centers to be aware of border situations in which 
a response from a neighboring jurisdiction crosses their border. 

e) Provide real time situational awareness of the entire Hampton Roads region. 
f) Improve incident command and emergency operation center capability to determine status of all 

responding units and status of all incidents, regardless of the jurisdiction. 

 



“Enabling the                                                                                        REGIONAL CONNECTIVITY RING MASTER PLAN    
Hampton Roads Region”                                                                         HAMPTON ROADS, VIRGINIA                                    
 

DECEMBER  2018                        30 | P a g e  
 

Wireless Public Safety Broadband Network Backbone  
By establishing partnerships with commercial network providers, Public Safety in the Hampton Roads area 
will benefit by enhancing available fiber optic connectivity. A robust high-capacity fiber optic network can:  

a) Provide redundant, hardened and expanded connectivity from the wireless antenna sites to a 
commercial telecommunications backbone.  

b) Facilitate wireless 5G and LTE connectivity between public safety agencies; high capacity 5G 
networks, in particular, will be enabled in a cost-effective manner using this backbone.  

c) Improve voice and data communications among Hampton Roads’ first responders, to include real-
time updates to law enforcement patrol cars.  

d) Receive sensor data IoT devices, such as wearable medical sensors that alert the Emergency Call 
Center of a potential cardiac arrest; this data could be delivered to the responding EMS unit to 
speed life-saving treatment.  

e) Note: 5G and LTE is provided by commercial carriers who may be interested in increasing capacity 
and resiliency in their service to first responders. FirstNet with AT&T may be interested in providing 
this service; Verizon is currently the primary provider of 5G and LTE service to the Hampton Roads 
public safety community and may also be motivated to expand this relationship.  

 

Alarm Company Regional integration  
First responder safety and efficiency will be increased with a regional fiber network capable of delivering 
video and sensor data from alarm monitoring companies. Video uses a large amount of network bandwidth 
and the speed and quality of the video is directly related to its usefulness in an emergency. The regional 
high availability fiber optic network can:  

a) Provide capability to deliver video and sensor data from end users to the monitoring station, and 
to law enforcement for response.  

b) Enable Emergency Communications Center Dispatch staff, as well as responding law enforcement 
officials, to easily share the same video as seen by the alarm monitoring operator, adding to officer 
knowledge and safety as they approach a scene.  

c) Reduce the time to communicate or dispatch at the time of an alarm, resulting in a faster, more 
targeted response to an incident.  

d) Note: The City of Virginia Beach Emergency Communications Center will be implementing a new 
service (ASAP to PSAP) that will provide better information for analysis and collaboration at the 
time of an alarm, to keep citizen and the community safer. Newport News, James City County, York 
County, Henrico County, and Richmond Virginia have already implemented this technology.  

 

Emergency Operations Center (EOC) communications  
The Hampton Roads region is regularly affected by major weather incidents, such as hurricanes and tropical 
storms, which often cover several jurisdictions and require large-scale coordinated mitigation, 
preparedness, response, and recovery efforts.  

In addition, the Hampton Roads region is a popular destination for numerous large-scale events, such as 
College Beach Weekend in late April. A regional fiber network can:  

a) Enhance regional coordination and collaboration to respond to these incidents. 
b) Facilitate the receipt and management of vast sources of data related to an incident, such as 

weather, traffic, and relevant video streams from the scene. 
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c) Manage EOC bi-directional communication with Incident Commander to First Responders, Federal 
and DoD agencies (as needed), FEMA officials, American Red Cross, and city and county elected 
officials. 

d) Enable connectivity among hospitals for mass casualty incidents, allowing them to better identify 
availability and capability of the best hospital facility for care of the injured. 

e) Provide a secure, highly-available facility for centralizing and managing communications and 
information between the EOC, the Incident Commander in the field, the Emergency communication 
centers, the 3-1-1 centers, and the public.  

f) Ensure continued operation of the EOC with alternate backup sites and redundant communications 
capability within the region, in the event the primary EOC is impacted by the manmade or natural 
incident.  

 

Smart City Interoperability across Public Safety Agencies  
Public safety services are a significant portion of any local government’s delivery of service. The Hampton 
Roads Smart City Organization for Regional Enhancement (SCORE) has identified Public Safety as the #1 
priority in its mission and vision statement. This initiative will be possible with improved network capabilities 
and data access and transmission with the regional fiber network. This network can:  

a) Promote interoperability across law enforcement, emergency services, and other government 
agencies such as public health, transportation, and social services. 

b) Streamline operations and provide ‘situational awareness’ to all stakeholders involved in the 
management of a city’s security and safety. 

c) Foster collaboration and sharing of intelligence information. 
d) Enable public safety agencies to share data on a daily basis to include incident reports, records 

systems, body-worn camera and surveillance video, 911 call and dispatch data, emergency 
medical data, as well as fire protection and suppression. 

e) Provide a method for using data to better manage valuable regional public safety resources. 
Public safety services, next to education, is generally the largest expense of resources for local 
governments. The data created by public safety, since it touches and interacts with so many other 
local government functions and citizens daily, is a rich source of data to assist leaders in making 
informed, data driven decisions on budget and investments. 

f) Leverage the existence of the Next Generation 911 ESInet (outlined in #1, above), connected with 
Smart City predictive analytics tools and big data, to enhance real-time response procedures and 
emergency response systems. 

g) Enable governments, emergency management agencies, fire, and police departments to better 
protect their citizens from everything from terrorist attacks to natural disasters. 

h) Provide new ways for Hampton Road regional governments to work across departmental lines to 
link public health, fire and rescue, and social services to better serve their citizens. 

i) Improve communications interoperability among all public service sectors including 
transportation and public safety. 
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Municipal Network 
Aside from improved everyday operations and lower costs, the RCR will support IP based solutions to assist 
city governments, much like the impact it will have on the public safety sector.  

Regional, Standardized Open GIS Platform   
Along with providing an increased level of transparency, an open data platform for GIS 
information can have many effects that can benefit the region, from city operations to 
small businesses.  

a) Increase access to information that can be used as a platform for regional 
innovation, while promoting civic engagement. 

b) Encourage collaboration region-wide, cross-jurisdictionally and cross-agency. 
c) Provide layered complex data to help with decision making and reduce cost 

barriers.  
d) Improve the quality of data and create regional standards, while enriching the 

quality of data provided by the government.  
 

Regional Disaster Recovery 
Hampton Roads is the second most vulnerable region in the nation to flooding. This is not only a threat for 
the region, but it extends to a national level. Disaster recovery services are crucial in reducing the impact of 
a catastrophe. This will require added infrastructure and cloud integration, all of which can be enhanced by 
the connectivity of the RCR. 

a) The RCR will have connections to data centers outside of the region to provide backup and 
redundancy. 

b) Minimum bandwidth reduction when backing up and restoring data, as to not effect operational 
connectivity. 

c) Creation of mini virtual environments to restore core elements of systems without extended 
recovery time. 
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Key Steps and Conclusion  
The Regional Connectivity Ring will do more than unite the five Southside cities into one smart region—it 
will serve as the foundation for intelligent solutions that will fundamentally improve our quality of life and 
strengthen our multi-billion-dollar tourism industry. This unique initiative has garnered a broad coalition of 
support from leaders across our state.  Below are some key steps to help ensure the success of this initiative: 

Key Steps 
Implement the Project 

At this phase, it is important to outline key partnership structures that position the Hampton Roads region 
for success. Agreements must incentivize performance ad align expectations between the public and private 
sectors and include mechanisms for engaging the public. 

Align Expectations 

The Regional Broadband Steering Committee must come together to ensure the desired outcomes are 
achieved and, in most cases, surpassed. The public and private sectors need to understand their 
responsibilities within the agreement and recognize how they are aligned with the overall project objectives. 
Public entities must ask, What elements of the project should the public sector continue to own and or 
manage? How can the project agreement ensure that all parties adhere to designated roles and 
responsibilities? 

Standardize Performance 

The owner of the asset, such as governments and organizations, have an obligation to ensure that any 
agreement to transform an asset supports overall public objectives. Governments and public sectors need 
to ask What are the partnership standards that will support our mission? 

Articulate the Benefits 

The transatlantic fibers open the region to a wealth of benefits in the future. The Steering Committee will 
benefit from communicating the value they uncover through collaboration with the private sector. Making 
sure all parties understand the benefits of transforming an asset helps to set the stage for other efforts to 
transform public assets and create public buy-in. Articulating the benefits also enables best practices to 
spread from institution to institution and city to city. 

Looking Ahead 

Successful implementation of the RCR is a critical factor that will serve as a catalyst for identifying new 
approaches for leveraging assets to create multiple benefits. Public assets are aging and evolving without 
the necessary funding for maintenance or forward-looking investments. Despite less government funding, 
assets must continue to address the core needs of communities and tackle new challenges, such as impacts 
of climate change, shifting market demands, and increasing inequality. These issues are multiplied in the 
Hampton Roads region. As the demand on the public sector rises, government and public sector should 
evaluate their asset portfolios to identify opportunities to unlock value. 
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Appendix A: ROW Arrangements 
HAMPTON ROADS REGIONAL CONNECTIVITY RING 

PROPOSED R-O-W, CONDUIT and DARK FIBER USE ARRANGEMENTS    

Introduction  

The planned Hampton Roads Regional Connectivity Ring (RCR) will traverse at least five cities.  The 
proposed route of the RCR will require use of public rights-of-way managed by those cities as well as 
existing and to-be-built municipal conduit along the route to house the RCR fiber.  Upon completion of 
the RCR, each of the five cities will be granted the right to its exclusive use of a certain number of 
allocated dark fibers within the RCR.  This paper presents the recommended approach for the RCR’s use of 
the public rights-of-way and municipally-owned conduit and for the cities’ use of the RCR’s dark fiber.   

   

I. RCR’s Use of Public Rights-of-Way  

Governmental authorities that are responsible for managing the public rights-of-way under their 
jurisdiction grant rights to use such rights-of-way through franchise agreements and/or licenses and 
permits.  The City of Virginia Beach previously has granted fiber franchise agreements to companies (e.g., 
Lumos Networks, Inc. on May 19, 2015, and MBCC Development, LLC, on December 19, 2016) for the non-
exclusive right to use the public rights-of-way for fiber facilities and the provision of telecommunications 
services using such fiber facilities.   

The RCR project entity will apply for fiber franchise agreements with the five cities for the right to 
use their rights-of-way for the RCR.  The form and terms of such franchise agreements likely will be 
substantially identical to fiber franchises previously granted by the cities.  It therefore is likely that no 
franchise fees will be imposed under those franchise agreements and that the initial terms of those 
franchise agreements will be five years with one-year auto-renewal periods.  

Query, however, if the term of the RCR franchise agreements may be lengthened to better 
coincide with the life of the RCR fiber cable and to enable the RCR project entity to grant dark fiber IRUs 
with initial terms greater than five years.  There are numerous examples of fiber franchise agreements with 
other cities in the United States having long initial terms that coincide with the useful life of the fiber 
plant.  Perhaps a longer term could be justified because the RCR will be a dark fiber network and because 
the users of the dark fibers will be the cities themselves, other public sector entities or private sector 
companies that likely will have their own fiber franchise agreements from the cities.     

The RCR project entity also will apply for routine construction-specific licenses and permits from 
each city (and form VDOT if state highways will be crossed or traversed).  Such licenses and permits 
generally are perpetual and apply for so long as plant is located in the public right-of-way.  They 
sometimes require payment of a small, one-time application fee.   

II. RCR’s Use of Municipal Conduit  

Virginia Beach owns existing fiber conduit and other infrastructure relating to such fiber conduit 
(such as handholes, manholes, vaults, hubs and other junction boxes, and other ancillary fiber 
infrastructure) (a “fiber conduit system”) that houses its fiber cable and that is located in portions of the 
rights-of-way to be used by the RCR.  In the other cities and in Virginia Beach where there is no existing 
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conduit in such rights-of-way, the city will install an acceptable fiber conduit system along the route for 
the non-exclusive use of the RCR.  

  Each city will grant to the RCR project entity a long-term license to use designated portions of its 
fiber conduit system.  The right to use such fiber conduit system should be documented by non-exclusive 
conduit license agreements.  Because of the integrated nature of a fiber conduit system, especially one in 
which fibers owned by multiple parties are accessed at numerous common access points using the same 
conduit infrastructure, a conduit license is the appropriate conduit use agreement to document the RCR 
project entity’s use rights.  Also, because a conduit license does not grant any separate ownership or 
exclusive possessory interests in the entire fiber conduit system, any underlying arrangement between the 
city and a third party that also is using the fiber conduit system should not need to be modified or 
specifically addressed in a conduit license; generic references in the conduit license to third-party assets 
and use rights should suffice.  Virginia Beach may have a precedent for the proposed conduit license 
agreements. Key points concerning the RCR’s use of the municipal fiber conduit system include:  

1. The fee that a city will charge the RCR for such use (if any) should be applied as a credit against 
or used to offset that city’s IRU fees relating to the RCR fibers to be allocated to that city (see 
below for more discussion of IRUs).  Because the value of the portions of the municipal fiber 
conduit system to be used by the RCR can be determined (through agreement, by reference to 
the cost of installation or to RCR cost savings, or by third party appraisal), such value could be 
used to calculate the credit to the city.  Such value then could be part of the consideration to 
be paid by the city for its RCR fibers, which also would reduce if not eliminate the consideration 
payable by the RCR project entity to the city in the conduit license agreement.  

2. The term of the conduit license agreements should be coterminous with the terms of the fiber 
franchises.  

3. Responsibility for maintaining the fiber conduit system should be assigned to an acceptable 
third-party contractor, and the maintenance costs and any future conduit relocation costs (due 
to roadway improvements, etc.) should be allocated pro rata among the users of the affected 
portion of the fiber conduit system.  

4. Because use of certain elements of the fiber conduit system necessarily will be nonexclusive, 
mutual non-interference covenants will be required in the conduit license agreements.  Fibers 
used by third parties located within a city’s fiber cable also may need to be addressed in such 
conduit license agreement.  

5. The access points and splicing requirements for the different fiber cables in the fiber conduit 
system also should be specified.  

6. Although a general license to use unspecified elements in a fiber conduit system is possible, 
the more specifically the conduit license identifies the various components of the fiber conduit 
system, the better it will be going-forward, operationally and legally, for both the city and the 
RCR project entity.  While exclusive use of a spare conduit or an empty innerduct may be 
provided in a conduit license, non-exclusive use rights with respect to the common conduit 
infrastructure, such as hub sites and other common access points, also may be granted.  

III. Dark Fiber Use Arrangements  

The RCR will be comprised of 288 fiber strands housed in a single fiber cable.  A certain number 
of fibers will be allocated to each of the five cities funding the RCR and to other public and quasi-public 
entities such as VDOT.  Remaining fibers will be available for other public and private uses.  
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The RCR project entity will own all of the fibers, will hold the fiber franchises and other underlying 
rights authorizing the location and use of the fibers in public rights-of-way, and will hold the conduit 
licenses.  The RCR project entity will grant each city a pre-construction Dark Fiber Indefeasible Right of 
Use (IRU) over the dark fibers to be allocated to that city.  IRUs more easily solve the myriad problems 
associated with ownership, use and maintenance of discrete fiber strands housed within a larger fiber 
cable in which fiber strands owned and used by others also are housed.  

Pre-construction Dark Fiber IRU Agreements often are used as financing tools by the project developer.  
Key points in pre-construction IRUs include:  

  

1. IRU pricing terms and installment payment schedules will need to be set.  Pricing often is 
segment-by-segment.  Pricing will be based on detailed design and engineering plans, 
contractors committing to capped construction costs, and a firm delivery schedule.  The 
installment payment schedules will coincide with the construction schedule so that adequate 
funds are available to make interim payments to the contractors as their performance and 
payment milestones are met.  This “pay-as-you-go” approach minimizes the need for upfront 
city funding of the RCR project entity.  Required IRU payments also can be offset by the value 
attributable to in-kind exchanges of property such as conduit use rights.  

2. The installment payments will be each city’s fee for a long-term dark fiber IRU for the number 
of fibers allocated to each city (expected to be no more than 12 to 24 fibers per city).  In 
exchange for funding construction, no O&M or colo fees will be payable by a city during the 
term of the IRU.   

3. If desired, the first installment payment also could reimburse the RCR project entity for an 
appropriate portion of the design and engineering costs directly related to the fiber network.     

4. Dark Fiber IRUs often have 20-year or 25-year initial terms, to coincide with the assumed useful 
life of the fiber, with renewal rights for another fixed term (often a further ten years) upon 
payment of another IRU fee.  A 99-year IRU is possible albeit unusual.  The term of a pre-
construction IRU often commences upon acceptance of the first completed segment (to permit 
use of that segment) and then continues for the stated term following acceptance of the final 
completed segment (so that the user is able to use the entire route for the full term).   

IV. Summary  

The RCR project entity will hold the following rights and assets:  

1. Fiber franchises for placing and operating telecommunication facilities (conduit and fiber cable) 
in the public rights-of-way;  

  

2. Conduit license agreements for use of designated portions of municipally-owned fiber conduit 
systems, the term of which would coincide with the term of the fiber franchise;  

  

3. Title to the fiber cable and the 288 fiber strands, subject to pre-construction Dark Fiber IRU 
Agreements with the five cities and other public and private entities that desire to help fund 
the construction of the RCR as co-build partners. The pricing and payment schedule for such 
IRUs will need to be determined.  For example, each city could be responsible for a 20% share 
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of all of the design and construction costs of the RCR or a proportionate share based on the 
miles of RCR fiber in each city’s rights-of-way.  This approach would not eliminate the need for 
pre-construction contributions by the cities to fund the start-up and initial design costs of the 
RCR project entity, but it would reduce the amount of the required up-front funding.  

The RCR project entity also will enter into post-construction Dark Fiber IRU Agreements or Dark 
Fiber Leases with other public and private sector entities that desire to use RCR dark fibers.  The fiber 
franchises and conduit license agreements therefore should have initial terms that permit the RCR project 
entity to grant standard dark fiber IRU agreements with 20-year or 25-year terms.  The IRU fees or lease 
payments that the RCR project entity receives from private companies, which would be market-based, 
together with any O&M and colo fees paid to the RCR project entity by the private companies, would 
subsidize the costs allocable to the dark fibers used by other public sector entities that were co-build 
partners and provide revenue to cover the O&M and future capital costs of the RCR project entity.  
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Appendix B: Conduit Use Alternatives 
HAMPTON ROADS REGIONAL CONNECTIVITY RING 

FIBER CONDUIT USE ALTERNATIVES 
   

Introduction and Recommended Alternative  
  

The planned Hampton Roads Regional Connectivity Ring (RCR) will traverse at least five municipalities.  Its 
proposed route will require use of the public rights-of-way managed by those municipalities.  At least one 
of those municipalities owns existing fiber conduit and other infrastructure relating to such fiber conduit 
(such as handholes, manholes, vaults, hubs and other junction boxes, and other ancillary fiber 
infrastructure) (a “fiber conduit system”) that houses such municipality’s fiber cable and that is located in 
portions of such rights-of-way.  The municipalities desire the RCR to use such fiber conduit system when 
and where suitable for such use.  This paper discusses the various alternatives for the RCR’s use of such 
fiber conduit system (Conduit Sale/License; Conduit IRU; Conduit Lease; and Conduit License).  

  

The conduit use arrangement that seems most suitable for the RCR is for each appropriate municipality to 
grant to the RCR project entity a long-term license to use designated infrastructure in its fiber conduit 
system.  Such recommendation assumes that (1) the municipality is unwilling or unable to sell its entire 
fiber conduit system to the RCR project entity and (2) although the fiber conduit system presumably 
contains a spare conduit or an empty innerduct of sufficient size to house the RCR’s fiber cable, the other 
infrastructure comprising the fiber conduit system is not designed for separate ownership of discrete 
elements or subdivisions of such infrastructure.  If the sale of a spare conduit and related assets in such 
fiber conduit system is attractive to the municipality, then the Conduit Sale/License alternative discussed 
in Part III below will need to be analyzed in more depth.  Assuming the fiber conduit contains a spare 
conduit or an empty innerduct, the grant of a long-term Conduit IRU also could be considered further, 
although the nature of the other fiber conduit infrastructure may complicate separate ownership of such 
infrastructure elements.   

  

Conduit Use Alternatives  
  

One or more of the five municipalities have an existing fiber conduit system along portions of the route 
selected for the RCR that may be acceptable to house the RCR fiber cable.  Such conduit presently houses 
municipally-owned fiber cable and, in certain segments, fibers owned by VDOT and perhaps other public 
or private sector entities.  Such municipalities desire that the RCR use such fiber conduit system assets 
when and where suitable.  The alternative methods for such conduit use include a Conduit Sale/License, a 
Conduit IRU, a Conduit Lease and a Conduit License.  Key issues and questions regarding each such 
alternative are discussed further below.  

One alternative method is for each municipality that owns an existing fiber conduit system to sell a spare 
conduit and related assets to the RCR project entity and to grant to the RCR project entity rights to use 
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related infrastructure in the fiber conduit system.  That Conduit Sale/License option is discussed in Part III 
below.  

  

If the municipality that owns a fiber conduit system is unwilling or unable to sell a spare conduit to the 
RCR project entity, then one of the following conduit use agreements will be required to permit the RCR 
project entity to use the fiber conduit system.  

  

a. The municipality could grant to the RCR project entity an Indefeasible Right of Use, which 
would transfer an ownership interest and exclusive possessory rights, with respect to a separate conduit or 
innerduct and other discrete infrastructure within the fiber conduit system (a “Conduit IRU”).  As explained 
below, however, a Conduit IRU may be inappropriate if the conduit has no spare conduit or innerducts or if 
substantial portions of the fiber conduit infrastructure (such as common vaults, hubs and other junction 
boxes) do not support separate ownership and exclusive use.  

  

b. The municipality could lease to the RCR project entity discrete, identifiable portions of the 
fiber conduit system, such as a spare conduit or innerduct, on an exclusive basis and for a limited term (a 
“Conduit Lease”).  A Conduit Lease can have terms very similar to those found in Conduit IRUs except that 
no ownership interest in the leased assets is transferred and the accounting treatment is different.  

  

c. The municipality could grant to the RCR project entity a license to use the designated 
elements of the fiber conduit system (a “Conduit License”).  A Conduit License can have many terms similar 
to those found in Conduit IRUs and Conduit Leases except that no ownership or other real property interest 
in the subject assets is transferred and the rights of use with respect to such assets need not be exclusive.   

Of course, if a municipality that owns an existing fiber conduit system sells the entire fiber conduit system 
to the RCR project entity, then one of the above conduit use agreements will be required to document the 
rights of such municipality with respect to its existing fiber cable located in the fiber conduit system.  

  

The following issues arise in each of those conduit use arrangements:  
  
1. The consideration (i.e.., sales price, IRU fee, license fee or rent) will need to be determined.  

The structure of such consideration (e.g., a one-time or recurring charge, and if recurring, fixed or based on 
revenues received from use of the conduit during the period) also will need to be determined.  

  
2. If feasible, it may be attractive to a municipality that the consideration for its sale or grant 

of rights to use the fiber conduit system be in the form of a credit or offset to its payment for the future 
RCR fibers to be allocated to the municipality.  The value of the fiber conduit system to the RCR can be 
determined through agreement, by reference to the municipality’s cost of the assets or to the RCR’s cost 
avoidance or savings, or by third-party appraisal.  Such value then could be part of the consideration to be 
paid by the municipality for its RCR fibers, which also would reduce if not eliminate the consideration 
payable by the RCR project entity to the municipality in the conduit sale or use agreement.  
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3. The term of the conduit use arrangement will need to be specified.  If the RCR project entity 
will not own the entire fiber conduit system, the term of its use rights should be at least coterminous with 
the term of its fiber franchise from the municipality.  Ideally, the conduit use agreement should have a 
minimum initial term that would enable the RCR project entity to grant standard dark fiber IRU agreements 
with 20-year or 25-year terms.  The term also could be perpetual (i.e.., be in effect for so long as the RCR 
fiber cable is located in the fiber conduit system).   

4. Because use of certain elements of the fiber conduit system will be non-exclusive in any 
event, mutual non-interference covenants will be required regardless of the form of the conduit use 
agreement.  Fibers used by third parties located within the municipality’s fiber cable also may need to be 
addressed in such conduit use agreement.  

   
5. The access points and splicing requirements for the different fiber cables in the fiber 

conduit system also should be specified.  
  
6. Responsibility for maintaining the fiber conduit system, which could be split between the 

municipality and the RCR project entity or allocated to an acceptable third-party contractor, and the 
methodology for allocating the maintenance costs and any conduit relocation costs (due to roadway 
improvements, etc.), will need to be specified.  

  

Conduit Sale/License    
If the municipality that owns an existing fiber conduit system is willing to sell a spare conduit and certain 
related assets to the RCR project entity, then a bill of sale transferring title to such assets to the RCR 
project entity would be required.  The sale of an empty innerduct is problematic because an innerduct is 
not truly separate from the conduit in which it is located, which makes separate title to an innerduct 
somewhat fictional.   If a spare conduit is sold to the RCR project entity, then a non-exclusive license to 
use the handholes, manholes, vaults, hubs and other junction boxes, and other ancillary conduit 
infrastructure comprising part of the fiber conduit system also would be required so that the RCR project 
entity either owns or has suitable use right with respect to substantially all of the infrastructure comprising 
the fiber conduit system that it desires to use.  

` Key terms of the sale would include the amount and form of consideration payable by the RCR project 
entity, representations and warranties by the municipality concerning the assets being transferred, and 
indemnification provisions for allocating financial risk for problems with the fiber conduit system 
discovered post-closing.  As-built drawings and other engineering and design papers also would be 
delivered to the RCR project entity at the closing of the sale.  

The grant of conduit use rights to the RCR project entity by the municipality that owns the fiber conduit 
system would be a requisite closing condition to the sale.  Such use rights would be documented in an 
agreement that would be executed and delivered as of the closing date of the conduit sale.  Fibers used 
by third parties located within the municipality’s fiber cable may need to be addressed in such conduit use 
agreement. 

 

Conduit IRU  
Conduit Indefeasible Rights of Use (IRUs) are sometimes used to document the grantee’s exclusive rights with 

respect to an empty conduit or a separate innerduct within a fiber conduit system in order to address the 
myriad issues associated with ownership, use and maintenance of the separate conduits or innerducts 
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within an integrated fiber conduit system.  A Conduit IRU would document ownership rights (and not 
mere possessory rights) with respect to a spare conduit or innerduct located within a fiber conduit system 
and presupposes exclusive use of the subject conduit or innerduct.  A Conduit IRU, however, may be 
inapplicable to or unsuitable for documenting use rights with respect to an integrated fiber conduit 
system that has common conduit infrastructure that would be used by both the grantee of the Conduit 
IRU and third parties that also have fibers in the conduit.  As observed above with respect to the sale of a 
spare conduit, the RCR project entity would need the right to use, on a non-exclusive basis, the related 
infrastructure in each instance where its conduit or innerduct passes through conduit infrastructure 
accessible by others.  If such common access infrastructure is substantial, then the non-exclusive use 
rights with respect to such infrastructure become as, if not more, important and valuable as the conduit or 
innerduct itself.  If a Conduit IRU remains under consideration, then further analysis of the common access 
infrastructure in the fiber conduit system will be required.  

 

Conduit Lease   
Conduit Leases typically grant exclusive possessory but non-ownership real property interests in a conduit or 

innerduct for a limited duration.  Because Conduit Leases presuppose exclusive use of the subject assets, 
they are more similar to Conduit IRUs than to Conduit Licenses.  The term of a Conduit Lease often is 
shorter than the term of a Conduit IRU, however, and the consideration (rent) is usually paid or accounted 
for on an annual basis.  Financial, accounting or tax concerns of either the lessor or (more typically) the 
lessee usually dictate use of a Conduit Lease instead of a Conduit IRU.  

  

Many of the same issues that arise with a Conduit IRU also arise with a Conduit Lease.  Because of the 
exclusive nature of a Conduit Lease and its more limited duration, a Conduit Lease may be unsuitable to 
document the RCR project entity’s use rights with respect to a fiber conduit system.   

  

Conduit License    
Conduit Licenses can have many terms that are similar to the terms of Conduit IRUs and Conduit Leases 

(consideration, term, maintenance obligations and cost-sharing arrangement) except that a Conduit 
License does not grant any ownership or other real property interest in the subject assets.  Licenses 
document non-ownership, personal interests and rights of use in the subject assets.  Licenses often are 
used when the subject assets are unable or too difficult to be segregated or separately identified at the 
time of licensing.  And unlike with Conduit Leases, the use rights granted by a Conduit License can be 
exclusive or non-exclusive, or both, depending on the nature of the subject assets, and the term of the 
Conduit License can be perpetual or of limited duration.   

  

Because of the integrated nature of a fiber conduit system, especially one in which fibers owned by multiple 
parties are accessed at numerous common access points using the same conduit infrastructure, a Conduit 
License may be the most appropriate conduit use agreement to document the RCR project entity’s use 
rights with respect to such fiber conduit system.  Also, because a Conduit License does not grant any 
separate ownership or exclusive possessory interests in the entire fiber conduit system, any underlying 
arrangement between the municipality and a third party that also is using the fiber conduit system would 
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not need to be modified or specifically addressed in a Conduit License; generic references in the Conduit 
License to third-party assets and use rights should suffice.  

  

While exclusive use of a spare conduit or innerduct may be provided in a Conduit License, non-exclusive use 
rights with respect to the common conduit infrastructure, such as hub sites and other common access 
points, also may be granted.  Although a general license to use unspecified assets in an entire fiber 
conduit system is possible, the more specifically the Conduit License identifies the subject assets, the 
better it will be going-forward, operationally and legally, for both the municipality and the RCR project 
entity.  

  

Summary  
A Conduit License for the RCR project entity’s use of a municipality’s fiber conduit system seems 

preferable to other conduit use alternatives.  A Conduit License offers the greatest flexibility and requires 
the least specificity for identification of the licensed assets.  Exclusive use of a designated conduit or 
innerduct would be feasible in a Conduit License while use of the other common, non-sub dividable 
elements of the fiber conduit system could be non-exclusive.  A Conduit License could be perpetual or 
have a term that, if not perpetual, enables the RCR project entity to grant standard dark fiber IRU 
agreements with at least 20-year or 25-year terms.  

As with any conduit use arrangement, the consideration payable by the RCR project entity for the 
grant of the use rights will need to be determined.  Because the RCR project entity will be building a new 
fiber network that will be partially funded by the municipality that is the grantor of the Conduit License, it 
should be possible to reduce the payments required to be made by such municipality for its fibers by the 
value of the Conduit License it grants to the RCR project entity.    
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Appendix C: Co-Build Summary 
HAMPTON ROADS REGIONAL CONNECTIVITY RING  

  

The Co-Build Model for the RCR  

Introduction   
 The co-build model for a fiber network assumes that each co-build partner will pay, during construction, its 

pro rata shares of the total network construction costs (based on the number of participants (usually 
including the project sponsor) and not on the number of fibers or fiber miles to be delivered to each 
partner), including reimbursement of approved pre-construction design and development expenses 
incurred by the project sponsor.  Such pro rata payments would be each co-build partner’s fee for a long-
term dark fiber IRU for the number of fibers such co-build partner requires (expected to be no more than 
24 fibers per co-build partner).  In exchange for co-funding the all-in design and construction costs of the 
entire network, no O&M or colo fees would be payable by a co-build partner during the initial term of its 
IRU.  The project sponsor (e.g., the RCR project entity) would own and control the remainder of the fibers 
in the fiber cable and provide or engage a third party to provide network management services.  

Pre-Construction Phase I Developmental Work  
 Using the co-build model for a fiber network project requires the project sponsor to prepare the following 

documentation for the network before receiving binding commitments from the prospective co-build 
partners:  

1. Reasonably enough design, engineering and construction plans (a) to validate the viability of the 
route and the all-in construction costs for the fiber network along the entire route and (b) to support 
contractor bids with firm pricing on a not to exceed basis;  

2. Municipal and any other third-party approvals (e.g., VDOT) and a pricing formula for use of the 
public rights-of-way and any existing municipal conduit on the proposed route, with definitive pricing and 
other material terms of the r-o-w and conduit license to be finalized in the second phase of the project’s 
pre-construction work; and  

3. A definitive GANTT chart presenting the overall network construction and dark fiber delivery 
schedule for the entire route and a proposed schedule of advances in aid of construction to be made by 
the co-build partners during construction of the network.  

 Upon receiving acceptable documentation for a route (or on a segment by-segment basis, when a lengthy 
route may be appropriately separated into discrete segments), the prospective co-build partners will issue 
binding letters of intent and commence negotiating definitive IRU agreements for that route or segment.  

Pre-Construction Phase II Developmental Work  
 After the initial phase of the pre-construction developmental work for the route or segment is complete and 

the prospective co-build partners have accepted the plans as satisfactory, the relatively low risk second 
phase of the pre-construction development work commences.  In that phase, the project sponsor (a) 
finalizes all design and engineering; (b) executes final construction and procurement agreements, r-o-w 
and conduit licenses with the municipalities, and dark fiber IRU agreements with the co-build partners; 
and satisfies all other initial drawdown conditions for its project financing for its share of the construction 
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costs.  When those activities are completed, the project should be “shovel-ready” and the project sponsor 
should be able to close or draw down on its project financing.  

Pre-Construction Dark Fiber IRU Agreements  
The pre-construction Dark Fiber IRU Agreements with the co-build partners will include 

provisions covering the following key points:  

  

1. IRU pricing terms and installment payment schedules will need to be set.  The total IRU fee for each 
co-build partner will equal that partner’s pro rata share of the all-in design and construction costs 
of the fiber network.  Pricing therefore will require final design and engineering plans and contractors 
committed to capped construction costs and firm delivery schedules.  Required IRU payments also 
can be offset by the value of the conduit use rights that a city may grant to the RCR project entity.  

  

2. The installment payment schedules will coincide with the construction payment schedule so that 
adequate funds are available to make interim payments to the contractors as their performance and 
payment milestones are met.  This “pay-as-you-go” approach minimizes the amount of upfront 
funding of the RCR project entity to be provided by the cities.  

  

3. The first installment payment often reimburses the project entity for the co-build partner’s share of 
the design, engineering and other pre-development costs directly related to the fiber network.  

  

4. In exchange for funding construction, no O&M or colo fees will be payable to the project 
entity/network operator by a co-build partner during the initial term of the IRU.  Over the life of an 
IRU, the aggregate annual O&M and colo fees charged by the network operator often exceed the 
IRU fee by a significant amount.  This approach caps each co-build partner’s Total Cost of  

Ownership of its dark fibers to the total IRU fee it will have paid to the project entity upon its 
acceptance of the final segment of the fiber network plus its own O&M and equipment costs.  

  

5. The term of a pre-construction IRU often commences upon acceptance of the first completed 
segment (to permit use of that segment) and then continues for the stated term following 
acceptance of the final completed segment (so that the user can use the entire route for the full 
term).  

Application of the Co-Build Model to the RCR  
The RCR will be comprised of 288 fiber strands housed in a single fiber cable.  The RCR project 

entity will own all of the fibers, will hold the fiber franchises and other underlying rights authorizing the 
location and use of the fibers in public rights-of-way, will hold the conduit licenses from the five 
municipalities, and will grant each co-build partner a pre-construction Dark Fiber Indefeasible Right of Use 
(IRU) over the dark fibers to be allocated to that co-build partner.  Assuming there are five co-build 
partners and that each is allocated 24 fiber strands, the remaining 168 fiber strands will be held 
unencumbered by the RCR project entity and be available for other public and private uses.  If there are 
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six co-build partners, each receiving 24 strands, then the remaining 144 strands will be held 
unencumbered by the RCR project entity.  

Fiber networks financed using the co-build model usually have a for-profit project sponsor that is 
responsible for its prorate share of the all-in design and construction costs of the fiber network.  For 
example, if there are five co-build partners, each co-build partner would be responsible for one-sixth of 
the costs and the project sponsor would be responsible for one-sixth of the cost.  Because the RCR project 
entity will be formed and managed by the five cities comprising the Hampton Roads Planning District, it 
may not be necessary for the RCR project entity to be responsible for a prorate share of the construction 
costs, especially if all its funding will be provided by the five cities.  On the other hand, if the RCR project 
entity will be able to arrange financing separate from the five cities, then having the RCR project entity 
retain responsibility for a prorate share of the costs would reduce the costs allocated to each city.  
Moreover, if a private sector network company participates as a co-build partner, then having the RCR 
project entity retain responsibility for a prorate share of the costs would be consistent with that company’s 
expectations.  

In any event, including a private sector network company as a co-build partner would reduce each 
city’s share of the all-in design and construction costs of the RCR.  It also would add further fiber-related 
expertise and design and construction oversight to the RCR project, which may be of comfort to the cities.  
Private sector network companies also may have volume discounts with suppliers from which the RCR 
possibly could benefit.  Of course, permitting the private network company to be a co-build partner 
eliminates the possibility of selling a dark fiber IRU to that entity at market prices, which would include 
annual O&M and colo fees, either before or after the RCR is completed.  

Summary  
  The co-build model for fiber networks seems to fit well with the plans of the five cities with respect to the 

funding and ownership of the RCR.  It allocates responsibility for funding the all-in design and 
construction costs of the RCR on an equal basis among the five cities and eliminates future budgeting for 
the annual O&M and colo fees that the cities otherwise would be charged by the RCR project entity.  It 
also readily accommodates the possibility that the RCR project entity can arrange separate financing for a 
prorate portion of the RCR.  In addition, it provides a contractual structure to include a private sector 
network company if one desires to participate in the RCR as a co-build partner.  
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Smoothwall

Smooth Interior Wall

Applications: Underground or innerduct 

Installation methods: Plowing, open
trench, directional boring or pulled
through existing conduit

Smoothwall HDPE is a nonmetallic
flexible raceway manufactured from High
Density Polyethylene (HDPE) for use in
underground and innerduct applications.

Smoothwall offers superior protection,
increases pathways of existing duct systems,
allows extra channels for future cabling
needs, and is ideal for jetting cable.
Available in a wide range of sizes, colors,
and options, Carlon HDPE is the only cable
management system you need.

Smoothwall Options
• Sizes 1/2" - 16"
• Multiple colors and stripes
• Factory installed pull lines
• Sequentially marked footage
• Up to four colors of equal

lengths paralleled or 
segmented on one reel

• Pre-lubricated
• Toneable Duct – copper 

conductor within the 
wall of duct. Used to 
locate buried conduit.
(see page 6)

Smoothwall is ideal 
for jetting cable

Open Trench

Directional Boring

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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Solidwall

How to Build a Part Number:
Product Size Type Wall Options Splits Color Stripes Tape Length

A = HDPE 2 = 1/2" C = Smooth/Smooth 4 = SCH 40 N = None 1 = 1 Way Single A = Black NN = None A = Empty 1500
3 = 3/4" 5 = SCH 80 D = Lube Duct 2 = 2 Way Segmented B = Blue 3A = Black Stripes B = 1130 lbs. Polyester Tape (Equals 1500 Feet)
5 = 1" 6 = SDR 11 3 = 3 Way Segmented C = Brown 3B = Blue Stripes C = 1250 lbs. Polyester Tape
6 = 1-1/4" 9 = SDR 13.5 4 = 4 Way Segmented D = Buff 3C = Brown Stripes D = 1500 lbs. Polyester Tape
9 = 1-1/2" 13 = SDR 15.5 5 = 2 Way Parallel E = Gray 3D = Buff Stripes E = 1800 lbs. Polyester Tape

13 = 2" 14 = SDR 17 6 = 3 Way Parallel F = Green 3E = Gray Stripes G = 200 lbs. Polyester Tape
14 = 2-1/2" 16 = SDR 21 7 = 4 Way Parallel G = Lilac 3F = Green Stripes J = 2500 lbs. Polyester Tape
15 = 3" 22 = SDR 7 12 = 2 Way Compart H = Lt. Green 3G = Lilac Stripes K = 400 lbs. Detect. Polyester Tape
16 = 4" 24 = SDR 9 13 = 3 Way Compart J = Orange 3H = Lt. Green Stripes T = 1250 lbs. Poly Metric Tape
17 = 4.75" 26 = SIDR 11.5 14 = 4 Way Compart K = Red 3J = Orange Stripes V = 1250 lbs. Detectable 22G Poly Tape
18 = 5" 27 = SIDR 11.5 True L = Terra Cotta 3K = Red Stripes
22 = 6" 29 = SIDR 15 M = White 3L = Terra Cotta Stripes
23 = 7" 34 = SIDR 7 N = Yellow 3M = White Stripes
24 = 8" 36 = SIDR 9 3N = Yellow Stripes
25 = 10" 37 = SIDR 9 True
26 = 12" 42 = TC-7A
27 = 14" 45 = True 11
28 = 16" 46 = True 9

Standard Length – Reels and Coils
Pull Tape Reel
Polyester Reel Length Wt./Ea.

Color Part No. Type Wall Woven Size (ft.) (lbs.)

Orange A5C6N1JNNA7000 S/S SDR 11 Empty 72x45x24 7000 1517  

Orange A5C6N1JNNB7000 S/S SDR 11 1130 lb. 72x45x24 7000 1576

Orange A5C9N1JNNB250 S/S SDR 13.5 1130 lb. Coil 250 42

Orange A5C9N1JNNB500 S/S SDR 13.5 1130 lb. Coil 500 84

Orange A5C9N1JNNB1800 S/S SDR 13.5 1130 lb. 48x30x24 1800 382

Orange A5C9N1JNNA7000 S/S SDR 13.5 Empty 72x45x24 7000 1278

Orange A5C9N1JNNB7000 S/S SDR 13.5 1130 lb. 72x45x24 7000 1337

Orange A6C6N1JNNA5000 S/S SDR 11 Empty 82x45x30 5000 1742

Orange A6C6N1JNNB5000 S/S SDR 11 1130 lb. 82x45x30 5000 1784

Orange A6C9N1JNNB250 S/S SDR 13.5 1130 lb. Coil 250 66

Orange A6C9N1JNNB500 S/S SDR 13.5 1130 lb. Coil 500 132

Orange A6C9N1JNNC2500 S/S SDR 13.5 1250 lb. 66x45x30 2500 793

Orange A6C9N1JNNA5000 S/S SDR 13.5 Empty 82x45x30 5000 1481

Orange A6C9N1JNNB5000 S/S SDR 13.5 1130 lb. 82x45x30 5000 1523

Orange A6C9N1JNNA8000 S/S SDR 13.5 Empty 96x45x32 8000 2271

Orange A6C9N1JNNB8000 S/S SDR 13.5 1130 lb. 96x45x32 8000 2338

Orange A9C6N1JNNA5000 S/S SDR 11 Empty 96x45x32 5000 2246

Orange A9C9N1JNNA5000 S/S SDR 13.5 Empty 96x45x32 5000 1904

Orange A9C9N1JNNB5000 S/S SDR 13.5 1130 lb. 96x45x32 5000 1946

Orange A9C26N1JNNC2500 S/S SIDR 11.5 1250 lb. 66x45x30 2500 1190

1"

11/4"

11/2"

Standard Length – Reels and Coils
Pull Tape Reel
Polyester Reel Length Wt./Ea.

Color Part No. Type Wall Woven Size (ft.) (lbs.)

Orange A13C4N1JNNC2500 S/S Sch 40 1250 lb. 82x45x40 2500 1410

T Cotta A13C5N1LNNC2500 S/S Sch 80 1250 lb. 82x45x40 2500 1816

Grey A13C6N1ENNA4000 S/S SDR 11 Empty 96x45x32 4000 2747

Black A13C6N1ANNA4000 S/S SDR 11 Empty 96x45x32 4000 2747

Orange A13C6N1JNNA4000 S/S SDR 11 Empty 96x45x32 4000 2747

Black 3 RD A13C9N1A3KA4000 S/S SDR 13.5 Empty 96x45x32 4000 2319

Black A13C9N1ANNA4000 S/S SDR 13.5 Empty 96x45x32 4000 2319

Orange A13C9N1JNNA4000 S/S SDR 13.5 Empty 96x45x32 4000 2319

Black A15C9N1ANNA1000 S/S SDR 13.5 Empty 96x45x68 1000 1364

Orange A15C9N1JNNA1000 S/S SDR 13.5 Empty 96x45x68 1000 1364

Black A16C6N1ANNA766 S/S SDR 11 Empty 102x45x68 766 2022

Orange A16C6N1JNNA766 S/S SDR 11 Empty 102x45x68 766 2022

Black A16C9N1ANNA766 S/S SDR 13.5 Empty 102x45x68 766 1727

Orange A16C9N1JNNA766 S/S SDR 13.5 Empty 102x45x68 766 1727

Orange A16C26N1JNNC700 S/S SIDR 11.5 1250 lb. 102x45x68 700 1746

Grey A17C9N1ENNA700 S/S SDR 13.5 Empty 102x45x68 700 2171

Orange A17C9N1JNNA700 S/S SDR 13.5 Empty 102x45x68 700 2171

Grey A18C9N1ENNA480 S/S SDR 13.5 Empty 114x45x85 480 1842

Black A18C9N1ANNA480 S/S SDR 13.5 Empty 114x45x85 480 1842

Grey A22C9N1ENNA450 S/S SDR 13.5 Empty 120x45x85 450 2296

Black A22C6N1ANNA450 S/S SDR 11 Empty 120x45x85 450 2669

Black A22C9N1ANNA450 S/S SDR 13.5 Empty 120x45x85 450 2296

2"

3"

4"

4 3/4"

5"

6"

* Custom Orders are not returnable

* Custom lengths are available in minimum order quantities specified on page 25
Custom Orders
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ID Ribbed Wall

ID Ribbed Interior Wall

Applications: Underground or innerduct 

Installation methods: Plowing, open
trench, directional boring or pulled
through existing conduit

ID Ribbed Wall HDPE is a non-
metallic flexible raceway manufactured from
High Density Polyethylene (HDPE) for use in
underground and innerduct applications.

Ribbed Wall offers superior protection,
increases pathways of existing duct systems,
allowing extra channels for future cabling
needs. Available in a wide range of sizes,
colors, and options, Carlon HDPE is the only
cable management system you need.

Ribbed Wall Options
• Sizes 1/2" - 6"
• Multiple colors and stripes
• Factory installed pull lines
• Sequentially marked footage
• Up to four colors of equal lengths

paralleled or segmented on one
reel

• Pre-lubricated
• Toneable Duct – copper conductor

within the wall of duct. Used to
locate buried conduit. (see page 6)

Ribbed Wall is ideal for pulling
or jetting cable. Interior ribs
reduce surface contact with
cable during installation.

Trenching

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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ID Ribbed Wall

How to Build a Part Number:

Product Size Type Wall Options Splits Color Stripes Tape Length

A = HDPE 2 = 1/2" B = Smooth Out/Ribbed In 4 = SCH 40 N = None 1 = 1 Way Single A = Black NN = None A = Empty 1500

3 = 3/4" 5 = SCH 80 D = Lube Duct 2 = 2 Way Segmented B = Blue 3A = Black Stripes B = 1130 lbs. Polyester Tape (Equals 1500 Feet)

5 = 1" 6 = SDR 11 3 = 3 Way Segmented C = Brown 3B = Blue Stripes C = 1250 lbs. Polyester Tape

6 = 1-1/4" 9 = SDR 13.5 4 = 4 Way Segmented D = Buff 3C = Brown Stripes D = 1500 lbs. Polyester Tape

9 = 1-1/2" 13 = SDR 15.5 5 = 2 Way Parallel E = Gray 3D = Buff Stripes E = 1800 lbs. Polyester Tape

13 = 2" 14 = SDR 17 6 = 3 Way Parallel F = Green 3E = Gray Stripes G = 200 lbs. Polyester Tape

14 = 2-1/2" 16 = SDR 21 7 = 4 Way Parallel G = Lilac 3F = Green Stripes J = 2500 lbs. Polyester Tape

15 = 3" 22 = SDR 7 12 = 2 Way Compart H = Lt. Green 3G = Lilac Stripes K = 400 lbs. Detect Polyester Tape

16 = 4" 24 = SDR 9 13 = 3 Way Compart J = Orange 3H = Lt. Green Stripes T = 1250 lbs. Poly Metric Tape

17 = 4.75" 26 = SIDR 11.5 14 = 4 Way Compart K = Red 3J = Orange Stripes V = 1250 lbs. Detectable 22G Poly Tape

18 = 5" 27 = SIDR 11.5 True L = Terra Cotta 3K = Red Stripes

22 = 6" 29 = SIDR 15 M = White 3L = Terra Cotta Stripes

34 = SIDR 7 N = Yellow 3M = White Stripes

36 = SIDR 9 3N = Yellow Stripes

37 = SIDR 9 True

42 = TC-7A

45 = True 11

46 = True 9

* Custom Orders are not returnable

* Custom lengths are available in minimum order quantities specified on page 25
Custom Orders

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com



Toneable

6

Toneable

Toneable HDPE Duct incorporates a
patented design using bare solid copper conductor
wire within the duct wall underneath a LDPE or
HDPE stripe providing easy access to the conductor
wire for grounding and coupling applications.

Allows detectability and toning isolation of empty
duct structures as well as ducts with dielectric fiber
installations using conventional transmission,
receiving, and locating equipment.

Standard metal and nonmetallic coupling 
methods allow conduit detectability and non-
metallic toneable pressure couplings allow 
detection/toning isolation of conduit.

Complete system of conduit and couplings 
provides the solution to finding buried occupied 
or non-occupied conduits.

Toneable Options
• Industry standard conduit sizes 1"– 2"
• Solid bare copper tone wire
• Use Conventional locating devices 
• Tone wire easily accessible for coupling

and grounding
• Standard/compression couplings available

(page 19)
• Allows isolation tone and/or detection
• Suitable for direct bury, bore, trench 

applications
• Single color stripe option

Open Trench

Application: Underground 

Installation methods: Direct bury,
directional boring, or trench

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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ToneableToneable

AWG # 18 Solid Bare Copper #22 Solid Bare Copper
Resistivity 6.39 OHMS per 1,000 ft. 16.2 OHMS per 1,000 ft.
Elongation 10% min. 32% min.

How to Build a Part Number:

Product Size Type Wall Options Splits Color Stripe (one) Tape Length

A = HDPE 5 = 1" B = Smooth Out/ 4 = SCH 40 J = Toneable/18G 1 = 1 Way Single A = Black NN = None A = Empty 1500

6 = 1-1/4" Ribbed In 5 = SCH 80 1 1/2" – 2" 2 = 2 Way Segmented B = Blue 1A = Black Stripe B = 1130 lbs. (Equals 1500 Feet)

9 = 1-1/2" C = Smooth/ 6 = SDR 11 G = Toneable/22G 3 = 3 Way Segmented C = Brown 1B = Blue Stripe Polyester Tape

13 = 2" Smooth 9 = SDR 13.5 1" – 1 1/4" 4 = 4 Way Segmented D = Buff 1C = Brown Stripe C = 1250 lbs.

5 = 2 Way Parallel E = Gray 1D = Buff Stripe Polyester Tape

6 = 3 Way Parallel F = Green 1E = Gray Stripe D = 1500 lbs.

7 = 4 Way Parallel G = Lilac 1F = Green Stripe Polyester Tape

12 = 2 Way Compart H = Lt. Green 1G = Lilac Stripe E = 1800 lbs.

13 = 3 Way Compart J = Orange 1H = Lt. Green Stripe Polyester Tape

14 = 4 Way Compart K = Red 1J = Orange Stripe G = 200 lbs.

L = Terra Cotta 1K = Red Stripe Polyester Tape

M = White 1L = Terra Cotta Stripe J = 2500 lbs.

N = Yellow 1M = White Stripe Polyester Tape

1N = Yellow Stripe T = 1250 lbs. Poly

Metric Tape

Conductor Data

Specifications

* Custom Orders are not returnable

* Custom reel lengths are available in minimum order quantities of 25,000 ft. or min. set up charge
Custom Orders

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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UL ListedUL Listed

Applications: Underground or innerduct.
Ideal for use in parking lots, traffic lights, etc.

Installation methods: Plowing, open
trench, directional boring or pulled through
existing conduit

UL Listed HDPE is a nonmetallic
flexible raceway manufactured from High
Density Polyethylene (HDPE), offering a 
protective pathway for cables and wires,
and is used in underground or innerduct
applications.

UL Listed HDPE conduit is compliant with
the 2002 NEC Articles 300 and 352, and is
listed to UL 651B. Its high tensile strength-
to-weight ratio, superior crush resistance,
and low coefficient of friction when
installing cable makes it ideal for 
directional boring.

UL Listed Options
• Sizes 1" – 4"

• Wall types:
EPEC 40 (Schedule 40) 1" – 4"
EPEC 80 (Schedule 80) 2" – 4"

EPEC-B (SDR 13.5) 2" – 4"

• Multiple colors and stripes

• Sequentially marked footage

• Available in smoothwall only

• Available with pre-installed 
conductors as nonmetallic under-
ground conduit with conductors
(NUCC) per Article 354 of the 2002
NEC, UL File 195593.

• Conforms to NEMA TC-7
Smoothwall Coilable PE Electrical
Plastic Conduit

E191470

Directional Boring

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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UL ListedUL Listed

How to Build a Part Number:

Product Size Type Wall Options Splits Color Stripes Tape Length

U = UL Listed 5 = 1" C = Smooth/Smooth 4 = SCH 40 N = None 1 = 1 Way Single A = Black NN = None A = EMPTY 1500
6 = 1-1/4" 1" – 4" D = Lube Duct 2 = 2 Way Segmented B = Blue 3A = Black Stripes B = 1130 lbs. Polyester Tape (Equals 1500 Feet)
9 = 1-1/2" 5 = SCH 80 3 = 3 Way Segmented C = Brown 3B = Blue Stripes C = 1250 lbs. Polyester Tape

13 = 2" 2" – 4" 4 = 4 Way Segmented D = Buff 3C = Brown Stripes D = 1500 lbs. Polyester Tape
15 = 3" 9 = SDR 13.5 5 = 2 Way Parallel E = Gray 3D = Buff Stripes E = 1800 lbs. Polyester Tape
16 = 4" 2" – 4" 6 = 3 Way Parallel F = Green 3E = Gray Stripes G = 200 lbs. Polyester Tape

7 = 4 Way Parallel G = Lilac 3F = Green Stripes J = 2500 lbs. Polyester Tape
12 = 2 Way Compart H = Lt. Green 3G = Lilac Stripes K = 400 lbs. Detect Polyester Tape
13 = 3 Way Compart J = Orange 3H = Lt. Green Stripes T = 1250 lbs. Poly Metric Tape
14 = 4 Way Compart K = Red 3J = Orange Stripes V = 1250 lbs. Detectable 22G Poly Tape

L = Terra Cotta 3K = Red Stripes
M = White 3L = Terra Cotta Stripes
N = Yellow 3M = White Stripes

3N = Yellow Stripes

* Custom Orders are not returnable

* Custom lengths are available in minimum order quantities specified on page 25
Custom Orders

Standard Length – Reels and Coils
Pull Tape Reel/Coil Wt./E
Polyester Reel Length a

Color Part No. Type Wall Woven Size (ft.) (lbs.)

Grey U5C4N1ENNB250 S/S Sch 40 1130 lb. Coil 250 53

Grey U5C4N1ENNB500 S/S Sch 40 1130 lb. Coil 500 106

Grey U5C4N1ENNB1800 S/S Sch 40 1130 lb. 48 x 30 x 24 1800 461

Grey U5C4N1ENNB7000 S/S Sch 40 1130 lb. 72 x 45 x 24 7000 1647

Grey U6C4N1ENNB250 S/S Sch 40 1130 lb. Coil 250 72

Grey U6C4N1ENNB500 S/S Sch 40 1130 lb. Coil 500 143

Grey U6C4N1ENNB1400 S/S Sch 40 1130 lb. 48 x 45 x 30 1400 401

Grey U6C4N1ENNB5000 S/S Sch 40 1130 lb. 82 x 45 x 30 5000 1641

Grey U9C4N1ENNB5000 S/S Sch 40 1130 lb. 96 x 45 x 30 5000 1948

Grey U13C6N1ENNA4000 S/S SDR 13.5 Empty 96 x 45 x 32 4000 2319

Grey U15C9N1ENNA1000 S/S SDR 13.5 Empty 96 x 45 x 68 1000 1364

Grey U16C9N1ENNA766 S/S SDR 13.5 Empty 102 x 45 x 68 766 1727

Grey U16C9N1ENNA1000 S/S SDR 13.5 Empty 114 x 45 x 68 1000 2193

2"

3"

4"

1"

11/4"

11/2"

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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Aerial

Aerial HDPE is a nonmetallic flexible raceway
manufactured from High Density Polyethylene (HDPE)
with a carbon black additive to provide U.V. protection
in aerial environments.

Aerial duct offers superior cable protection against
damage caused by rodents, projectile objects such as
rocks and gun pellets, and harsh weather conditions.
And because of its strength and durability, it can with-
stand the expansion and contraction caused by 
seasonal weather changes.

• HDPE: ASTM 1248 Type III 
Grade P34
Category 5 Class C

• Ultraviolet: Minimum 2% carbon black

Applications: Aerial environments. Used
when rocky terrain makes buried duct 
difficult, or in plant/campus environments
expecting frequent changes.

Installation method: Designed to be
lashed to existing support strands.

Aerial Options
• Sizes 1"– 2"
• Wall Type: SDR 13.5 and SDR 11
• Factory installed tape
• Solidwall or corrugated
• Pre-lubricated
• Sequentially marked footage

Aerial Lashing:
Aerial Duct is lashed
to existing cable 
support wire using
cable lashing 
equipment. 

How to Build a Part Number:

Product Size Type Wall Options Splits Color Stripes Tape Length

E = Aerial 5 = 1" B = Smooth Out/Ribbed In 2 = None - Corr N = None 1 = 1 Way Single A = Black NN = None A = Empty 1500
6 = 1-1/4" C = Smooth/Smooth 6 = SDR 11 D = Lube Duct 2 = 2 Way Partitioned B = 1130 lbs. Polyester Tape (Equals 1500 Feet)
9 = 1-1/2" D = Corrugated 9 = SDR 13.5 3 = 3 Way Partitioned C = 1250 lbs. Polyester Tape

13 = 2" 4 = 4 Way Partitioned D = 1500 lbs. Polyester Tape
5 = 2 Way Parallel E = 1800 lbs. Polyester Tape
6 = 3 Way Parallel J = 2500 lbs. Polyester Tape
7 = 4 Way Parallel T = 1250 lbs. Poly Metric Tape

* Custom Orders are not returnable

* Custom lengths are available in minimum order quantities specified on page 25
Custom Orders

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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6.6M 1/4" Extra high strength strand
Class A galvanized with flooding compound

10.0M 3/8" Extra high strength strand
Class A galvanized with flooding compound

Applications: Aerial environments. Used
when rocky terrain makes buried duct 
difficult, or in plant/campus environments
expecting frequent changes.
Installation method: designed for 
pole-to-pole attachments

Strand

HDPE Aerial Figure-8 is a nonmetallic flexible
raceway with a Class A galvanized support strand. It’s
manufactured from High Density Polyethylene (HDPE),
which contains a carbon black additive to provide U.V.
protection in aerial environments.

Figure-8 duct offers superior cable protection against
damage caused by rodents, projectile objects such as
rocks and gun pellets, and harsh weather conditions
with a one-step installation process. And because of its
strength and durability, it can withstand the expansion
and contraction caused by seasonal weather changes.

• HDPE: ASTM 1248 Type III 
Grade P34
Category 5 Class C

• Ultraviolet: Minimum 2% carbon black

• Product Weight:
6.6M Figure 8 .429 lbs/ft
10.0M Figure 8 .507 lbs/ft

Aerial Figure-8 Options
• Size 11/4"
• Wall Type: SIDR 9 True
• 6.6M or 10.0M strands
• Factory installed tape
• Pre-installed Cable-In-Conduit
• Ribbed or smooth interior walls
• Pre-lubricated
• Sequentially marked footage

Aerial Figure-8Aerial Figure-8

Aerial Hanging:
Figure-8 Duct has a
choice of two integrated
mounting strands that
attach directly to poles
using 3-bolt mounting
clamps, and Carlon 
stripping/cutting tools.

How to Build a Part Number:

Product Size Type Wall Options Splits Color Stripes Tape Length

S = Figure 8 - 6.6mm 6 = 1-1/4" B = Smooth Out/Ribbed In 37 = SIDR 9 True N = None 1 = 1 Way A = Black NN = None A = Empty 2500
T = Figure 8 - 10mm C = Smooth/Smooth D = Lube Duct Single B = 1130 lbs. Polyester Tape (Equals 2500 Feet)

C = 1250 lbs. Polyester Tape
D = 1500 lbs. Polyester Tape
E = 1800 lbs. Polyester Tape
J = 2500 lbs. Polyester Tape
T = 1250 lbs. Poly Metric Tape

* Custom Orders are not returnable

* Custom lengths are available in minimum order quantities of 1000 ft. or min. set up charge
Custom Orders

NOTE: Standard Lengths 2500 ft. and 5000 ft.

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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Specifications

Applications: Innerducts 

Installation method: Pulled 
through existing conduit.

Storage: -20°F – 158°F 

Handling: -20°F – 104°F

Corrugated HDPE is manufactured
from High Density Polyethylene (HDPE) and
is intended for innerduct applications. It’s
ideal for pulls under 1000 ft. and is
designed to reduce surface contact when
pulling cable. And because this product is
lightweight and offers maximum flexibility,
installation in small or restricted locations is
made easier.

HDPE corrugated duct is available in sizes
1" through 2" and is offered in a variety of 
colors. Custom options are also available 
to satisfy the requirements of most 
installations.

CorrugatedCorrugated

Pulled through existing conduits

Stiffness
Min. Wt/ (5%) Min Bend Pull

Nom. Size Nom. ID Nom. OD Wall 100 Ft. lb/in/in Radius Tensile

1" 1.049 1.340 .035 10.6 65 14" 261 lbs.

1-1/4" 1.250 1.565 .035 11.2 108 5" 319 lbs.

1-1/2" 1.500 1.825 .035 18.0 83 6" 384 lbs.

2" 2.000 2.425 .035 20.8 70 5-1/2" 493 lbs.

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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Corrugated HDPECorrugated HDPE

Standard Length – Reels

Reel Wt. per
Nom. Nom. Pull Reel Length 100 ft.

Color Part No. I.D. O.D. Tape Size (ft.) (lbs.)

Orange A5D2S1JNNB1000 1.049 1.340 1130 lb. 48-30-24 1000 12.5

Orange A5D2S1JNNB1800 1.049 1.340 1130 lb. 48-30-24 1800 12.5

Orange A5D2S1JNNB2000 1.049 1.340 1130 lb. 48-41-24 2000 12.5

Orange A5D2S1JNNB2700 1.049 1.340 1130 lb. 48-41-24 2700 12.5

Orange A5D2S1JNNB5000 1.049 1.340 1130 lb. 66-41-24 5000 12.5

Orange A5D2S1JNNB6500 1.049 1.340 1130 lb. 72-41-24 6500 12.5

Orange A5D2S1JNNB7000 1.049 1.340 1130 lb. 72-45-24 7000 12.5

Orange A5D2S1JNNB8000 1.049 1.340 1130 lb. 82-41-24 8000 12.5

Orange A6D2S1JNNB1000 1.250 1.565 1130 lb. 48-30-24 1000 14.4

Orange A6D2S1JNNB1600 1.250 1.565 1130 lb. 48-41-24 1600 14.4

Orange A6D2S1JNNB2500 1.250 1.565 1130 lb. 66-41-24 2500 14.4

Orange A6D2S1JNNB4000 1.250 1.565 1130 lb. 66-41-24 4000 14.4

Orange A6D2S1JNNB5000 1.250 1.565 1130 lb. 72-41-24 5000 14.4

Orange A6D2S1JNNB6000 1.250 1.565 1130 lb. 82-41-24 6000 14.4

Orange A6D2S1JNNB7000 1.250 1.565 1130 lb. 84-45-24 7000 14.4

Orange A9D2S1JNNB1000 1.500 1.825 1130 lb. 66-41-24 1000 17.8

Orange A9D2S1JNNB2200 1.500 1.825 1130 lb. 66-41-24 2200 17.8

Orange A9D2S1JNNB2900 1.500 1.825 1130 lb. 72-41-24 2900 17.8

Orange A9D2S1JNNB4000 1.500 1.825 1130 lb. 82-41-24 4000 17.8

Orange A13D2S1JNNB500 2.000 2.425 1130 lb. 48-30-24 500 25.0

Orange A13D2S1JNNB750 2.000 2.425 1130 lb. 48-41-24 750 25.0

Orange A13D2S1JNNB1000 2.000 2.425 1130 lb. 66-41-24 1000 25.0

Orange A13D2S1JNNB1500 2.000 2.425 1130 lb. 66-41-24 1500 25.0

Orange A13D2S1JNNB1800 2.000 2.425 1130 lb. 72-41-24 1800 25.0

Orange A13D2S1JNNB2000 2.000 2.425 1130 lb. 82-41-24 2000 25.0

1"

2"

11/4"

11/2"

Standard Length – Coils

Reel Wt. per
Nom. Nom. Pull Box Length 100 ft.

Color Part No. I.D. O.D. Tape Size (ft.) (lbs.)

Orange A5D2E1JNNA250 1.049 1.340 Empty COIL 250/Split 12.5

Orange A5D2E1JNNA250B 1.049 1.340 Empty 34-14-34 250/Split 12.5

Orange A5D2S1JNNB250 1.049 1.340 1130 lb. COIL 250 12.5

Orange A5D2S1JNNB250B 1.049 1.340 1130 lb. 34-14-34 250 12.5

Orange A5D2S1JNNB500 1.049 1.340 1130 lb. COIL 500 12.5

Orange A5D2S1JNNB500B 1.049 1.340 1130 lb. 39-15-39 500 12.5

Orange A6D2E1JNNA250 1.250 1.565 Empty COIL 250/Split 14.4

Orange A6D2E1JNNA250B 1.250 1.565 Empty 39-15-39 250/Split 14.4

Orange A6D2S1JNNB250 1.250 1.565 1130 lb. COIL 250 14.4

Orange A6D2S1JNNB250B 1.250 1.565 1130 lb. 39-15-39 250 14.4

Orange A6D2S1JNNB500 1.250 1.565 1130 lb. COIL 500 14.4

Orange A6D2S1JNNB500B 1.250 1.565 1130 lb. 44-18-44 500 14.4

Orange A9D2S1JNNB250 1.500 1.825 1130 lb. COIL 250 17.8

Orange A9D2S1JNNB250B 1.500 1.825 1130 lb. 44-18-44 250 17.8

Orange A9D2S1JNNB500 1.500 1.825 1130 lb. COIL 500 17.8

Orange A13D2S1JNNB250 2.000 2.425 1130 lb. COIL 250 25.0

1"

2"

11/4"

11/2"

* Custom Orders are not returnable

* Custom lengths are available in minimum order quantities of 1000 ft. or min. set up charge

How to Build a Part Number:

Product Size Type Wall Options Splits Color Stripes Tape Length

A = HDPE 5 = 1" D = Corrugated 2 = None - Corr N = None - Custom 1 = 1 Way Single A = Black NN = None A = Empty 1500
6 = 1-1/4" C = Heavy Wall 2 = 2 Way Segmented B = Blue 1A = Black Stripes B = 1130 lb. Polyester Tape (Equals 1500 Feet)
9 = 1-1/2" E = Slit 3 = 3 Way Segmented C = Brown 1B = Blue Stripes C = 1250 lb. Polyester Tape

13 = 2" S = Standard Length 4 = 4 Way Segmented D = Buff 1C = Brown Stripes D = 1500 Polyester lbs.
5 = 2 Way Parallel E = Gray 1D = Buff Stripes E = 1800 lb. Polyester Tape
6 = 3 Way Parallel F = Green 1E = Gray Stripes G = 200 lbs. Polyester Tape
7 = 4 Way Parallel G = Lilac 1F = Green Stripes J = 2500 lbs. Polyester Tape
12 = 2 Way Compart H = Lt. Green 1G = Lilac Stripes T = 1250 lbs. Poly Metric Tape
13 = 3 Way Compart J = Orange 1H = Lt. Green Stripes
14 = 4 Way Compart K = Red 1J = Orange Stripes

L = Terra Cotta 1K = Red Stripes
M = White 1L = Terra Cotta Stripes
N = Yellow 1M = White Stripes

1N = Yellow Stripes

Custom Orders

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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SpecificationsSpecifications

3.0  Product 
Description
Polyethylene duct and innerduct
is an extruded coilable tubing
for use as a single or multiple
raceway.

The conduit may be direct
buried, encased in concrete and
used as innerducts.

Innerducts are used primarily 
to provide multiple raceways
within an existing conduit 
system.

S p e c i f i c a t i o n s

2.0  Material
Carlon duct is manufactured from 
a suitable thermoplastic polymer
conforming to the minimum standard
of PE334470E/C as defined in ASTM
D3350. (see table 1)

Carlon® High Density
Polyethylene
duct is manufactured in the 
following configurations:

Smoothwall – Smooth Interior and
Smooth Exterior wall.

Rib/Smooth – Ribbed Interior and
Smooth Exterior wall.

1.0  General
1.1 Carlon HDPE duct is manufactured to the
following various industry standards and 
specifications for dimensional requirements.

ASTM F 2160 Solid Wall High Density
Polyethylene (HDPE) Conduit Based on
Controlled Outside Diameter (OD).

ASTM D 2239 Polyethylene (PE) Plastic Pipe
(SIDR) Based on Controlled Inside Diameter.

ASTM D 3035 Polyethylene (PE) Plastic Pipe
(SDR) Based on Controlled Outside Diameter.

NEMA TC-7 Smooth Wall Coilable Polyethylene
Electrical Plastic Conduit.

T a b l e  1  – R e s i n  P r o p e r t i e s
The resin properties shall meet or exceed the values listed below for HDPE.

ASTM Test Description Values HDPE

D-1505 Density g/CM3 .941 - .955 

D-1238 Melt Index, g/10 min Condition E .05 - .50

D-790 Flexural Modulus, MPa (PSI) 80,000 min.

D-638 Tensile strength at yield (psi) 3000 min.

D-1693 Environmental Stress Crack Resistance Condition B,F10 96 hrs. min.

D-746 Brittleness Temperature -75˚C

S p e c i f i c a t i o n s
Pull

Nom. Nom. Nom. OD Min. Wall Wt/ Tensile
Size ID OD Wall 100 Ft. Safe lbs.

SDR 7 - ASTM D3035 

1" 0.939 1.315 0.188 28.552 743

1-1/4" 1.186 1.660 0.237 45.448 1183

1-1/2' 1.358 1.900 0.271 59.491 1549

2" 1.697 2.375 0.339 93.012 2421

3" 2.500 3.500 0.500 202.140 5262

4" 3.214 4.500 0.643 334.212 8700

5" 3.972 5.562 0.795 510.709 13295

6" 4.733 6.625 0.946 723.976 18847

8" 6.161 8.625 1.232 1227.418 31953

10 7.678 10.750 1.536 1907.218 49649

12 9.108 12.750 1.821 2681.954 69818

14 10.000 14.000 2.000 3234.240 84195

16 11.428 16.000 2.286 4224.753 109980

SDR 9 - ASTM D3035 / F2160

1" 1.023 1.315 0.146 23.000 599

1-1/4" 1.292 1.660 0.184 36.599 953

1-1/2" 1.478 1.900 0.211 48.026 1250

2" 1.847 2.375 0.264 75.102 1955

3" 2.722 3.500 0.389 163.084 4245

4" 3.500 4.500 0.500 269.520 7016

5" 4.326 5.562 0.618 411.745 10719

6" 5.153 6.625 0.736 584.091 15205

8" 6.709 8.625 0.958 989.810 25767

10" 8.362 10.750 1.194 1537.593 40027

12" 9.916 12.750 1.417 2164.092 56336

14" 10.888 14.000 1.556 2609.340 67927

16" 12.444 16.000 1.778 3407.638 88709

Pull
Nom. Nom. Nom. OD Min. Wall Wt/ Tensile
Size ID OD Wall 100 Ft. Safe lbs.

SDR 11 - ASTM D3035 / F2160

1/2" 0.688 0.840 0.076 7.825 204

3/4" 0.860 1.050 0.095 12.226 318

1" 1.075 1.315 0.120 19.325 503

1-1/4" 1.358 1.660 0.151 30.706 799

1-1/2" 1.554 1.900 0.173 40.262 1048

2" 1.943 2.375 0.216 62.845 1636

3" 2.864 3.500 0.318 136.360 3550

4" 3.682 4.500 0.409 225.483 5870

5" 4.550 5.562 0.506 344.761 8975

6" 5.421 6.625 0.602 488.619 12720

8" 7.057 8.625 0.784 828.416 21566

10" 8.796 10.750 0.977 1286.718 33496

12" 10.432 12.750 1.159 1810.362 47128

14" 11.454 14.000 1.273 2183.310 56837

16" 13.090 16.000 1.455 2851.923 74242

SDR 13.5 - ASTM D3035 / F2160 / NEMA TC-7 EPEC-B

1/2" 0.716 0.84 0.062 6.500 169

3/4" 0.894 1.050 0.078 10.217 266

1" 1.121 1.315 0.097 15.921 414

1-1/4" 1.414 1.660 0.123 25.477 663

1-1/2" 1.618 1.900 0.141 33.423 870

2" 2.023 2.375 0.176 52.155 1358

2-1/2" 2.449 2.875 0.213 76.410 1989

3" 2.982 3.500 0.259 113.120 2945

4" 3.834 4.500 0.333 186.994 4868

4-3/4" 4.084 4.750 0.333 198.213 5160

5" 4.738 5.562 0.412 285.934 7444

6" 5.643 6.625 0.491 405.869 10566

8" 7.347 8.625 0.639 687.688 17902

10" 9.158 10.750 0.796 1067.755 27796

12" 10.862 12.750 0.944 1501.882 39098

14" 11.926 14.000 1.037 1811.529 47158

16" 13.630 16.000 1.185 2365.816 61588

Requests for certifications must be requested at time of quote
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SpecificationsSpecifications
S p e c i f i c a t i o n s

Pull
Nom. Nom. Nom. OD Min. Wall Wt/ Tensile
Size ID OD Wall 100 Ft. Safe lbs.

Pull
Nom. Nom. Nom. OD Min. Wall Wt/ Tensile
Size ID OD Wall 100 Ft. Safe lbs.

SIDR 11.5 TRUE

1" 1.020 1.194 0.087 12.979 338

1-1/4" 1.270 1.488 0.109 20.256 527

1-1/2" 1.520 1.780 0.130 28.906 752

2" 1.995 2.343 0.178 50.859 1352

4" 4.050 4.700 0.325 191.612 4988

6" 6.050 7.000 0.475 417.672 10873

SIDR 15 - ASTM D2239 

1" 1.049 1.189 0.070 10.556 275

1-1/4" 1.380 1.564 0.092 18.250 475

1-1/2" 1.610 1.824 0.107 24.758 645

2" 2.067 2.343 0.138 41.006 1067

4" 4.026 4.562 0.268 155.081 4037

6" 6.065 6.873 0.404 352.192 9168

TRUE 9 - ASTM F2160

1" 1.024 1.259 0.111  18.075 447

1-1/4" 1.274 1.569 0.139 28.255 697

1-1/2" 1.529 1.883 0.167 40.692 1005

2" 2.039 2.510 0.222 72.183 1782

TRUE 11 - ASTM F2160  

1" 1.024 1.217 0.091 14.571 359

1-1/4" 1.274 1.516 0.114 22.747 561

1-1/2" 1.529 1.817 0.136 32.465 802

2" 2.039 2.425 0.182 58.051 1432

SCHEDULE 40 - ASTM D2447 / F2160 / NEMA TC-7 EPEC-40 

1/2" 0.622 0.84 0.109 10.738 280

3/4" 0.824 1.05 0.113 14.269 371

1" 1.049 1.315 0.133 21.185 551

1-1/4" 1.380 1.660 0.140 28.677 747

1-1/2" 1.610 1.900 0.145 34.293 893

2" 2.067 2.375 0.154 46.093 1200

2-1/2" 2.469 2.875 0.203 73.096 1903

3" 3.068 3.500 0.216 95.591 2488

4" 4.026 4.500 0.237 136.152 3544

5" 5.046 5.562 0.258 184.410 4801

6" 6.065 6.625 0.280 239.415 6233

8" 7.981 8.625 0.322 360.290 9379

10" 10.020 10.750 0.365 510.811 13298

12" 11.938 12.750 0.406 675.372 17582

SCHEDULE 80 - ASTM D2447 / F2160 / NEMA TC-7 EPEC-80

1/2" 0.546 0.84 0.147 13.728 357

3/4" 0.742 1.05 0.154 18.595 484

1" 0.957 1.315 0.179 27.403 713

1-1/4" 1.278 1.660 0.191 37.811 984

1-1/2" 1.500 1.900 0.200 45.818 1193

2" 1.939 2.375 0.218 63.368 1650

2-1/2" 2.323 2.875 0.276 96.667 2516

3" 2.900 3.500 0.300 129.370 3368

4" 3.826 4.500 0.337 189.059 4922

5" 4.812 5.562 0.375 262.125 6824

6" 5.761 6.625 0.432 360.534 9386

NEMA TC-7 EPEC A

1/2" 0.546 0.84 0.06 6.307 164

3/4" 0.93 1.05 0.06 8.005 208

1" 1.165 1.315 0.075 12.533 326

1-1/4" 1.460 1.660 0.100 21.023 547

1-1/2" 1.670 1.900 0.115 27.663 720

2 2.085 2.375 0.145 43.575 1134

2-1/2" 2.469 2.875 0.203 73.096 1903

3" 3.068 3.500 0.216 95.591 2488

4" 4.026 4.500 0.237 136.152 3544

5" 5.046 5.562 0.258 184.410 4801

6" 6.065 6.625 0.280 239.415 6233

SDR 15.5 - ASTM D3035 

1" 1.147 1.315 0.084 13.935 363

1-1/4" 1.446 1.660 0.107 22.393 583

1-1/2" 1.654 1.900 0.123 29.455 767

2" 2.069 2.375 0.153 45.814 1193

3" 3.048 3.500 0.226 99.712 2596

4" 3.920 4.500 0.290 164.528 4283

5" 4.844 5.562 0.359 251.715 6553

6" 5.771 6.625 0.427 356.649 9284

8" 7.513 8.625 0.556 604.582 15739

10" 9.362 10.750 0.694 940.472 24483

12" 11.104 12.750 0.823 1322.794 34435

14" 12.194 14.000 0.903 1593.751 41489

16" 13.936 16.000 1.032 2081.634 54190

SDR 17 - ASTM D3035 

1" 1.161 1.315 0.077 12.846 334

1-1/4" 1.464 1.660 0.098 20.629 537

1-1/2" 1.676 1.900 0.112 26.986 703

2" 2.095 2.375 0.140 42.166 1098

2-1/2" 2.537 2.875 0.169 61.628 1604

3" 3.088 3.500 0.206 91.443 2380

4" 3.970 4.500 0.265 151.238 3937

5" 4.908 5.562 0.327 230.688 6005

6" 5.845 6.625 0.390 327.689 8531

8" 7.611 8.625 0.507 554.649 14439

10" 9.486 10.750 0.632 861.733 22433

12" 11.250 12.750 0.750 1212.840 31573

14" 12.352 14.000 0.824 1463.093 38088

16" 14.118 16.000 0.941 1909.619 49712

SDR 21 - ASTM D3035 

1" 1.189 1.315 0.063 10.629 277

1-1/4" 1.502 1.660 0.079 16.831 438

1-1/2' 1.720 1.900 0.090 21.952 571

2" 2.149 2.375 0.113 34.445 897

3" 3.166 3.500 0.167 75.009 1953

4" 4.072 4.500 0.214 123.602 3218

5" 5.032 5.562 0.265 189.163 4924

6" 5.995 6.625 0.315 267.856 6973

8" 7.803 8.625 0.411 454.944 11843

10 9.726 10.750 0.512 706.393 18389

12 11.536 12.750 0.607 993.289 25858

14 12.666 14.000 0.667 1198.436 31198

16 14.476 16.000 0.762 1564.746 40734

SIDR 7 - ASTM D2239 

1" 1.049 1.349 0.150 24.237 631

1-1/4' 1.380 1.774 0.197 41.866 1090

1-1/2" 1.610 2.070 0.230 57.030 1485

2" 2.067 2.658 0.295 94.002 2447

4" 4.026 5.176 0.575 356.617 9283

6" 6.065 7.798 0.866 809.388 21069

SIDR 9 - ASTM D2239 

1" 1.049 1.283 0.117 18.384 479

1-1/4" 1.380 1.686 0.153 31.608 823

1-1/2" 1.610 1.968 0.179 43.154 1123

2" 2.067 2.527 0.230 71.195 1853

4" 4.026 4.921 0.447 269.664 7021

6" 6.065 7.143 0.674 612.092 15932

SIDR 9 TRUE

1" 1.020 1.242 0.111 16.918 440

1-1/4" 1.270 1.546 0.138 26.184 682

SIDR 11.5 - ASTM D2239 

1" 1.049 1.231 0.091 13.980 364

1-1/4" 1.380 1.620 0.120 24.257 631

1-1/2" 1.610 1.890 0.140 33.016 859

2" 2.067 2.427 0.180 54.505 1419

4" 4.026 4.726 0.350 206.398 5373

6" 6.065 7.119 0.527 468.154 12187

Internal Rib – Add .04 to Nom. ID (1/2" through 6") Not available in all wall types - consult factory.

Pull Tensile Safe = Based on Plastic Pipe Institute tensile calculations and maximum tensile stress recommendations of 
1/3 yield tensile for pulls of 30 to 60 minutes or less in directional drilling applications and pulling as innerduct into conduit.

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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Packaging Options & Truckload QuantitiesPackaging Options & Truckload Quantities

Compartmentalized
(3/4" through 2")

1 1/2" – 2" diameter recommended

Paralleled
(3/4" through 2")

1" – 1 1/4" diameter recommended

Segmented
(3/4" – 2")

Packaging Options 

Physically segmenting different 
colors into one, two, three or four
separate segments allowing 
independent pulling of ducts.

Physically compartmentalizing
different colors into one, two,
three or four separate segments
allowing independent pulling of
ducts. Full rings help align duct 
during pull.

Extruding each color onto a single
reel and then simultaneously
pulling onto one reel. Ideal for
using all ducts at one time.

Standard length and custom 
coils available 1" - 6".
Call for quantity and 
dimensions available.

Reels

Coils

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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Reel ChartReel Chart

Flatbed (48 ft.) Step Deck Flatbed 

NOTE: Two additional
reels, 96" or smaller, can
fit on the upper deck.

Number of 
Reel Reels per 
Size Truckload

48" 24

66" 18

72" 16

82" 14

84" 14

96" 12

102" 12

Number of 
Reel Reels per 
Size Truckload

114" 8

120" 8

Truckload Quantities

# of  Ft. per Ft. per Total Feet Total Feet
Lengths Bundle Bundle Bundles per Truck per Truck

per 40 ft. 50 ft. per 40 ft. 50 ft.
Size Bundle Lengths Lengths Truck Lengths Lengths

4" 57 2280 2850 8 18240 22800

6" 26 1040 1300 8 8320 10400

8" 14 560 700 8 4480 5600

10" 4 160 200 18 2880 3600

12" 4 160 200 14 2240 2800

14" 3 120 150 14 1680 2100

16" 3 120 150 12 1440 1800

Reels

Bundles 40 ft / 50 ft Lengths

Reels must be lifted from the side with lift truck forks
inserted through the spokes of the reel, or at the bottom
with entry from the side of the reel. Reels should NEVER
be lifted from the front of the reel or contact innerduct.

Loading Reels

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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AccessoriesAccessories

Couplings

Universal Aluminum
Couplings
Self-threading, which draws
each end of the conduit into
the center of the coupler.

Double “E-Loc”®

Standard Couplings
Designed to join both smoothwall 
and ribbed OD wall innerduct and are 
used when air and water-tight integrity is 
imperative. Internal pressures above 200 psi are
maintained when the conduit is unrestrained.

Barbed Couplings
Press-On/Screw-On

Standard “E-Loc”®

Designed for use with 
smoothwall OD controlled 
innerduct (ASTM 3035), Sch. 40
and Sch. 80 innerduct, and is pressure tight
to internal pressures above 200 psi when
restrained or buried. Ideal for joining PE to PVC
or threaded steel conduit.

Nonmetallic
Clamshell Couplings
For use with Corrugated HDPE

Part Nom. O.D. Std. Ctn. Std. Ctn.
No. Size (of Duct) Qty. Wt.
E144F 1" 1.34" 30 1.7

E144GT 11/4" 1.565" 25 2

Part Nom. O.D. Std. Ctn. Std. Ctn.
No. Size (of Duct) Qty. Wt.

BS1.315 1" SDR 1.315" 100 16

BS1.194 1" True 11 1.194" 100 16

BS1.488 11/4" True 11 1.488" 100 16

BS1.660 11/4" SDR 1.660" 100 16

BS1.900 11/2" SDR 1.900" 100 24

BS2.375 2" SDR 2.375" 100 34

Aluminum

Part Nom. O.D. Std. Ctn. Std. Ctn.
No. Size (Duct Range) Qty. Wt.

P75 3/4" .91 – 1.08 10 12
P100 1" 1.21 – 1.41 100 25
P125 1 1/4" 1.44 – 1.68 100 28
P150CPLR 1 1/2" 1.80 – 2.02 100 35
P200 2" 2.31 – 2.48 50 19
P300 3" 3.495 – 3.505 12 10
P400 4" 4.41 – 4.65 12 12

Part Nom. O.D. Std. Ctn. Std. Ctn.
No. Size (of Duct) Qty. Wt.

EL1.050 3/4" 1.050" 50 19
EL1.315 1" 1.315" 50 46
EL1.660 11/4" 1.660" 50 34
EL1.900 11/2" 1.900" 25 28
EL2.375 2" 2.375" 25 40
EL3.500 3" 3.500" 25 48
EL4.500 4" 4.500" 25 67
EL5.563 5" 5.563" 16 44
EL6.00 6" 6.625" 12 40

“E-Loc” is a registered trademark of ETCO Specialty Products, Inc.

Transition Couplings
Std. Std.

Part Nom. O.D. Ctn. Ctn.
No. Size (of Duct) Qty. Wt.

DEL150-154 11/4" 1.500" - 1.540" 50 58
DEL150-166 11/4" 1.500" - 1.660" 50 58
DEL154-166 11/4" 1.540" - 1.660" 50 58

Std. Std.
Part Nom. O.D. Ctn. Ctn.
No. Size (of Duct) Qty. Wt.

DEL131 1" 1.315" 50 63
DEL150 11/4" True 1.500" 50 58
DEL154 11/4" 1.540" 50 58
DEL166 11/4" 1.660" 50 53
DEL190 11/2" 1.900" 24 43
DEL237 2" 2.375" 25 57
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Couplings

Terminating Connector

19

Electrofusion Coupling
Provides an airtight duct 
system and is used to join
HDPE to PVC or threaded steel
conduit. Ideal for directional
bore applications.

Nonmetallic 
Internal Couplings
Nonmetallic, self-threading 
and are recommended for use
with corrugated duct.

Part Nom. I.D. Std. Ctn. Std. Ctn.
No. Size Range Qty. Wt.

PIC100 1" 1.05 100 24
PIC125 1 1/4" 1.25 100 26

Part Nom. O.D. Std. Ctn. Std. Ctn.
No. (of Duct) Qty. Wt.

575-4075 1.488" 40 12.96
575-4049 1.526" 40 12.44
575-0640 1.660" 40 12
575-0641 1.900" 140 55.3
575-0642 2.375" 30 17.46
575-0643 3.500" 36 45.47
575-0644 4.500" 10 18.77

Part Nom. O.D. Std. Ctn. Std. Ctn.
No. Size Range Qty. Wt.

TC100 1" .91 – 1.08 12 50
TC125 11/4" 1.495 – 1.70 12 52
TC150 11/2" 1.80 – 2.00 12 56
TC200 2" 2.31 – 2.52 12 58

Toneable Pressure
Coupling

Nom. O.D. Nom. Std. Ctn. Std. Ctn.
Part No. of Duct O.D. Qty. Wt. (lbs.)

TDC100 1" 1.315 60 34

TDC125 1 1/4" 1.66 36 28

TDC150 1 1/2" 1.90 30 31

TDC200 2" 2.375 12 18

Designed to join Carlon®

Toneable Duct System

150 PSI at 73°F

Nom. O.D. Nom. Std. Ctn. Std. Ctn.
Part No. of Duct O.D. Qty. Wt. (lbs.)

TPLG100 1" 1.315 50 4

TPLG125 1 1/4" 1.66 25 3

TPLG150 1 1/2" 1.90 25 3.5

TPLG200 2" 2.375 10 2.7

Threaded Plugs 
For use with Toneable Coupling

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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AccessoriesAccessories

Duct Plugs

Split Plugs for Sealing Innerduct and Cable 
Duct I.D. Cable O.D. Std. Ctn. Std. Ctn.

Part No. Size Range Range Qty. Wt.

MAFPG2 1" 1.00" - 1.10" 0.35" - 0.57" 50 8

MAFPG21 1" 1.00" - 1.10" 0.43" - 0.57" 50 8

MAFPG22 1" 1.00" - 1.10" 0.57" - 0.70" 50 8

MAFPG3 11/4" 1.22" - 1.36" 0.35" - 0.57" 50 10

MAFPG4 11/4" 1.22" - 1.36" 0.57" - 0.70" 50 10

MAFPG41 11/4" 1.22" - 1.34" 0.70" - 0.90" 50 10

MAFPG5 11/2" 1.50" - 1.65" 0.35" - 0.57" 50 15

MAFPG6 11/2" 1.50" - 1.65" 0.50" - 0.70" 50 15

MAFPG9 2" 1.98" - 1.97" 0.35" - 0.57" 50 22

Multiple Innerduct Pulling Harness

Working Working Std.
Load Load Ctn. Wt./Ea.

Part No. Description Per Leg (lbs.) Combined (lbs.) Qty. (lbs.)

MAPH3 3-Way 1/4" Cable 1400 2900 1 14

MAPH4 4-Way 1/4" Cable 1400 4200 1 15

Duct I.D. Innerduct I.D. Std. Ctn. Std. Ctn.
Part No. Type Range Range Qty. Wt.

MATPG2 3-Hole 3.92" - 4.21" 1.31" - 1.42" 24 27

MATPG3 3-Hole 3.92" - 4.21" 1.53" - 1.67" 24 24

MAQPG2 4-Hole 3.92" - 4.21" 1.19" - 1.36" 24 23

MAQPG4 4-Hole 4.16" - 4.34" 1.19" - 1.36" 24 34

Multi-Access

Duct I.D. Std. Ctn. Std. Ctn.
Part No. Size Range Qty. Wt.

MAEPG2 1" .96" - 1.16" 50 4.5

MAEPG4 11/4" 1.14" - 1.48" 50 5.5

MAEPG3 11/2" 1.49" - 1.83" 50 7.5

MAEPG5 2" 1.83" - 2.36" 50 12.5

MAEPG55 3" 2.99" - 3.46" 50 19.5

MAEPG6 31/2" 3.42" - 4.00" 25 13

MAEPG7 4" 3.94" - 4.33" 50 32.5

MAEPG8 5" 5.00" - 5.35" 25 24.5

Blank

For use with Pulling Innerducts into a 4" Conduit

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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AccessoriesAccessories

Innerduct Pulling Eyes

Swivels - Ball Bearing
Work/Break Wt./Ea.

Part No. Description Load (lbs.) Dimensions (lbs.)

MASV4 Non-Breakaway 1800 7/8"x 41/2" .53

MASV5 Non-Breakaway 600 5/8"x 4" 1.00

Work/Break Std. Wt./Ea. Pin
Part No. Description Load (lbs.) Dimensions Ctn. Qty. (lbs.) Part No. Description

MASV6 Breakaway 600 7/8"x 41/2" 1 .55 MASVP6 7/8" Replacement Pin for MASV6

MASV7 Breakaway 600 5/8"x 31/2" 1 .19 MASVP7 5/8" Replacement Pin for MASV7

MASV8 Breakaway 450 5/8"x 31/2" 1 .19 MASVP8 5/8" Replacement Pin for MASV8

Swivels - Breakaway and Replacement Pins

Part No. Size Range Std. Ctn. Qty. Wt./Ea. (lbs.)

MAPE3 1" 1.00 - 1.25 1 2

MAPE6 11/4" 1.21 - 1.41 1 4.0

MAPE8 11/2" 1.42 - 1.62 1 5.0

MAPE9 2" 1.78 - 2.03 1 6.0
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AccessoriesAccessories

Underground Warning Tape – Orange 

Part No. Type Width Ft. per Spool Wt. ea. lbs.

MAT3T21 Standard 3" 1000' 7

MAT3T61 Detectable 3" 1000' 8

CAUTION TELEPHONE CABLE BURIED BELOW

Part No. Type Width Ft. per Spool Wt. ea. lbs.

MAT3O21 Standard 3" 1000' 7

MAT6O21 Standard 6" 1000' 13

MAT3O51 Extra Stretch 3" 1000' 7

MAT3O61 Detectable 3" 1000' 8

MAT6O61 Detectable 6" 1000' 16

CAUTION FIBER OPTIC CABLE BURIED BELOW

Std.
Part No. Size Ctn. Qty.
CC120B 8" 10

Std.
Part No. Size Ctn. Qty.
3056MW 6.6M 1
30510MW 10M 1

Std.
Part No. Size Ctn. Qty.
CC125 9" 1

Std..
Part No. Size Ctn. Qty.
CC122 17 1/2" 1

Hand held cutter 
makes fast square,
smooth field cuts on 
Innerduct sizes 1/2" 
through 11/4".

For clean cuts of Innerduct
sizes 1/2" through 2".

For fast, smooth 
field cuts of 1/2" 
through 1" Innerduct.

Kwikcut Cutter Medium
Cutter

Large
Cutter

Conduit Cutters 

Figure-8 Web Slitter

Std.
Part No. Size Ctn. Qty.
3056MJ 6.6M 1
30510MJ 10M 1

Figure-8 Jacket Slitter
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Rope (Conduit Pulling Lines for Conductors or Fiber Optics)

Tape

Prelubricated, woven polyester tape made from low 
friction, high abrasion resistant yarns providing a low
coefficient of friction. Tape is printed with sequential
footage markings for accurate measurements.

Part Tensile Reel
No. Size Strength (lbs.) Lengths

TL14203 1/2" 1130 3,000 ft.
TL14205 1/2" 1130 5,000 ft.
TL14505 1/2" 1250 5,000 ft.
TL14510 1/2" 1250 10,000 ft.
TL38203 5/8" 1800 3,000 ft.
TL38265 5/8" 1800 6,500 ft.
TL38210 5/8" 1800 10,000 ft.

This rope is constructed of polyethylene over polyester,
designed specifically for fiber-optic pulling. The 
polyethylene jacket gives the “slippery” feel that gives
less drag in pulling through conduit.

White Diamond Braid Rope

Recommended Approximate Std.
Reel Working Avg. Ctn.

Part No. Lengths Diameter Load (lbs.) Tensile (lbs.) Wt. (lbs.)
SB14105 5,000 ft. 1/4" 260 1700 1000

AccessoriesAccessories

End Caps Part  No. Size Nom. O.D. Std. Ctn. Qty.
EC1.315 1" 1.315" 1
EC1.488 11/4" 1.488" 1
EC1.660 11/4" 1.660" 1
EC1.900 11/2" 1.900" 1
EC2.375 2" 2.375" 1
EC4.500 4" 4.500" 1
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Reel Return PolicyReel Return Policy

The Carlon Reel Return Policy offers our customers the opportunity to dispose of empty steel reels used to 
ship Carlon High Density Polyethylene. A credit will be issued for each reel returned to Lamson & Sessions in good
condition. Details outlining the program are listed below:

Reel Shipment: Reels may be returned broken down into flanges and staves or fully assembled. Only Carlon
Lamson & Sessions reels will be accepted. All broken down reel flanges and staves should be banded onto pallet for
forklift off loading and safe transport.

Freight: The customer is responsible for choosing a carrier and paying all freight charges 
associated with the return of Carlon Reels (Class 55 freight is recommended). Reels must be shipped "Prepaid".
Reels shipped collect will be refused. A 24-hour notice to receiving plant is needed before the truck arrives. It is
Lamson & Sessions policy to honor appointments and unload in an efficient manner. Lamson & Sessions will not
pay any detention incurred by carriers.

Returned Goods Authorization (RGA) Required: Contact a local Carlon Sales Representative to request a
Returned Goods Authorization number. The RGA number needs to be included in the packing slip for the reel to be
accepted as a return.

Reel Quality Requirements: The reel must be undamaged, in full working condition, and include all 
components. This includes but is not limited to warping, flattening, or any structural damage to the reel or its 
components. Reel acceptability will be determined by receiving plant using quality inspection criteria.

Credit: A credit for each reel meeting the above requirements will be issued to the customer’s account. If the reel
does not meet the quality requirements, a credit will not be issued and a $20 disposal fee for each non-returnable
reel will be deducted from total credit.
Credit Amount:

48" – 66" =  $30 72" – 84" =  $40 96" – 102" =  $50 114" – 120" =  $75

T h e  C a r l o n  R e e l  R e t u r n  P o l i c y

J&J Trucking 800-397-1874
TEI 800-471-4654
ICS 800-877-7875
Dynasty Trans. 800-318-9550
ICCI 800-958-9253

Pick-up: Choose your own carrier, or use one from
the list below. Lamson & Sessions

1422 Irwin Drive
Erie, PA  16505
814-455-7587

Lamson & Sessions
11119 Business 90
Mountain Grove, MO  65711
417-926-1846

Lamson & Sessions
1776 E. Beamer
Woodland, CA  95685
530-669-0160

Lamson & Sessions
9000 Joiner Rd.
Tennille, GA  31089
478-553-0024

Ship to Address:
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Fax completed Quote Request to your Local Carlon Representative 
Visit www.carlon.com to locate a Carlon Representative

• Terms: Net 30 days unless other terms previously agreed. • Freight quoted F.O.B., origin (freight additional) from plant specified.
• Pricing valid for 30 days unless otherwise specified. • Custom product non-cancelable 24 hours after order acknowledgement 

or production has started.

Carlon® HDPE Quote Request
Date: Needed By: Destination:

Customer: Account Number: Application:

Rep Agency: Market: Power Telecommunication Electrical CATV

Minimum Custom Run
Quantities:

1/2" - 2" 1000 Ft.
21/2" - 6" 600 Ft.
8" 560 Ft.
10" - 14" 480 Ft.
16" 360 Ft.

1. PRODUCT TYPE
� A HDPE
� E Aerial HDPE
� S Aerial Figure 8 - 6.6M
� T Aerial Figure 8 - 10M
� U UL Listed HDPE

� Certification Required
Specification

� NN NONE
� 3A 3 Black Stripes
� 3B 3 Blue Stripes
� 3C 3 Brown Stripes
� 3D 3 Buff Stripes
� 3E 3 Gray Stripes
� 3F 3 Green Stripes

� 3G 3 Lilac Stripes
� 3H 3 Lt. Green
� 3J 3 Orange Stripes
� 3K 3 Red Stripes
� 3L 3 Terra Cotta Stripes
� 3M 3 White Stripes
� 3N 3 Yellow Stripes

9. PULL LINE
� A Empty
� B 1130 lbs. Polyester Tape
� C 1250 lbs. Polyester Tape
� D 1500 lbs. Polyester Tape
� E 1800 lbs. Polyester Tape
� G 200 lbs. Polyester Tape
� J 2500 lbs. Polyester Tape
� K 400 lbs. Detectable Poly Tape 22 Ga
� T 1250 lbs. Poly Metric Tape
� V 1250 lbs. Detectable Poly Tape 22 Ga

10. Quantity 

Total Length Feet

Max Reel Size

Carlon Quote #

Pricing Specialist

5. OPTIONS
� N Standard/No Options
� B Supplied Cable
� D Lube Duct
� E Slit - Corr
� F Toneable/18G
� G Toneable/22G

� A Black
� B Blue
� C Brown
� D Buff
� E Gray
� F Green
� G Lilac
� H Lt. Green
� J Orange
� K Red
� L Terra Cotta
� M White
� N Yellow

� P Co-Ex Blue
� R Co-Ex Brown
� S Co-Ex Buff
� T Co-Ex Gray
� V Co-Ex Green
� W Co-Ex Lilac
� X Co-Ex Lt. Green
� Y Co-Ex Orange
� Z Co-Ex Red
� AA Co-Ex Terra
� BB Co-Ex White
� CC Co-Ex Yellow

6. REEL SPLITS
� 1 1- Way Single
� 2 2- Part Segmented
� 3 3- Part Segmented
� 4 4- Part Segmented
� 5 2- Way Parallel
� 6 3- Way Parallel
� 7 4- Way Parallel
� 12 2- Way Compart
� 13 3- Way Compart
� 14 4- Way Compart

� 2 None - Corr
� 4 SCH 40
� 5 SCH 80
� 6 SDR 11
� 9 SDR 13.5
� 13 SDR 15.5
� 14 SDR 17
� 16 SDR 21
� 22 SDR 7
� 24 SDR 9

� 26 SIDR 11.5
� 27 SIDR 11.5 True
� 29 SIDR 15
� 34 SIDR 7
� 36 SIDR 9
� 37 SIDR 9 True
� 42 TC-7-A
� 45 True 11
� 46 True 9

3. CONFIGURATION

� B Smooth Out/Ribbed In
� C Smooth Out/Smooth In
� D Corrugated

2. SIZE
� 2 1/2"
� 3 3/4"
� 5 1"
� 6 1-1/4"
� 9 1-1/2"
� 13 2"
� 14 2-1/2"
� 15 3"
� 16 4"
� 17 4.75"
� 18 5"
� 22 6"
� 23 7"
� 24 8"
� 25 10"
� 26 12"
� 27 14"
� 28 16"

Target Price (if Avail.)

Project Stage Bid/Buy

Competitors

4. WALL TYPE

(available in Solidwall 1" - 2")

7. COLOR 

8. STRIPE 

(Single Stripe only on Toneable)

Gross Automation (877) 268-3700 · www.carlonsales.com · sales@grossautomation.com
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VIRGINIA DEPARTMENT OF TRANSPORTATION

REFERENCE

SPECIFICATION

JUNCTION BOX

NOTES:

FOR NON-DELIBERATE TRAFFIC USE
238

700

COLLAR

CONCRETE 

CLASS A3 

AA

VDOT

NON-SKID SURFACE

LIFT RING OR SLOT

B

A

ELEC

OPEN BOTTOM

GROUND LINE
12"

8
"

GROUNDING ELECTRODE
3" TO 4"

1
2
"
 

M
IN
.

JB-S1

JB-S2

13" 24"

17" 30"

NUT

JB-S3 24" 36"

STANDARD
DIMENSIONS

BA

2
"

(SEE NOTE 6)

CONDUIT ENTRANCE

1
8
"
-
2
4
"

(SEE NOTE 1)

6" BELOW TOP 

J-HOOK WIRE SUPPORT

SECTION VIEW (JB-S1, S2, AND S3)

COVER DETAIL (JB-S1, S2, AND S3)

SECTION A-A (JB-S1, S2, AND S3)

(JB-S1, S2, AND S3)

TOP VIEW (COVER REMOVED)

08/17

ROAD AND BRIDGE STANDARDS

REVISION DATE

1317.20

SHEET  1 OF 2

JB-S1, S2, S3, S4

JB-S4 48" 48"

OUTSIDE OF THE JUNCTION BOX. 

9.  CONDUIT STUB-OUTS, WHEN INSTALLED, SHALL EXTEND A MINIMUM OF 6" PAST THE 

COMPLETELY FILLED WITH AN APPROVED MATERIAL.

8.  VOIDS RESULTING FROM ENTRANCE OF CONDUITS INTO JUNCTION BOXES SHALL BE 

J-HOOKS PER WALL SHALL BE INSTALLED FOR JB-S4 BOXES.

J-HOOK PER WALL SHALL BE INSTALLED FOR JB-S1, S2, AND S3 BOXES.  TWO 

WITH A BOLT AND NUT WITH A NEOPRENE WASHER OR AN EXPANSION FITTING. ONE 

7.  J-HOOK WIRE SUPPORTS SHALL BE SECURELY ATTACHED TO THE JUNCTION BOX 

SPECIFIED IN THE CONTRACT DOCUMENTS.

6.  A MINIMUM 2" DIAMETER CONDUIT ENTRANCE IS REQUIRED, UNLESS OTHERWISE 

JB-S4 COVER.

S3 COVER.  FOUR RECESSED …" S.S. HEX HEAD BOLTS ARE REQUIRED FOR EACH 

5.  TWO RECESSED …" S.S. HEX HEAD BOLTS ARE REQUIRED FOR EACH JB-S1, S2, AND 

JUNCTION BOX.

INSTALLING THE 

IN PLACE PRIOR TO 

MATERIAL SHALL BE 

AREA.  AGGREGATE 

ENTIRE EXCAVATED 

PLACED UNDER 

NO. 8 AGGREGATE 

NO. 68, NO. 78, OR 

LEVEL AND TAMPED 

OF BOX

AROUND ALL SIDES

COMPACTED SOIL

4.  ALL JUNCTION BOXES SHALL BE INSTALLED WITH A GROUNDING ELECTRODE.

SHALL OMIT THE WORD "VDOT".

USED FOR JUNCTION BOXES INSTALLED THAT WILL BE MAINTAINED BY LOCALITIES 

COMM", "VDOT FIBER", OR "UTILITY" AS APPLICABLE ARE TO BE 1" WIDE. COVERS 

REQUIRE THE USE OF ADHESIVES.  THE LETTERS "VDOT ELEC", "VDOT TRAF", "VDOT 

THE DEPRESSION ON TOP OR OTHER PRE-APPROVED METHODS THAT DO NOT 

3. EACH COVER SECTION SHALL HAVE A NON-SKID SURFACE WITH LETTERS CAST IN 

JUNCTION BOX.

CONDUITS SHALL EXTEND 2" MIN. TO 3" MAX. INTO THE INSIDE WALL OF THE 

2. CONDUIT ENTRANCES SHALL BE LOCATED AS SHOWN IN THE CONTRACT DOCUMENTS.  

SPECIFICATIONS.

MATERIALS SHALL CONFORM TO SECTION 238 OF THE ROAD & BRIDGE 

1.  JUNCTION BOXES SHALL HAVE A STRAIGHT OR FLARED INSIDE WALL DESIGN.  

A COPY OF THE ORIGINAL SEALED AND SIGNED DRAWING IS ON FILE IN THE CENTRAL OFFICE.

2016 ROAD & BRIDGE STANDARDS

2016 ROAD & BRIDGE STANDARDS



www.SeeClearfield.com 1-800-422-2537
V.01.03.19

FieldSmart® Fiber Scalability Center (FSC)
PON Cabinets: 288, 432, 576 and 1,152 Ports  _____________________

Application
FieldSmart FSC PON Cabinets provide an interconnect environment from the feeder 
network through the optical passive splitter to the distribution network in an FTTH PON OSP 
cabinet.  The four different cabinet sizes provide scalability from 12 ports to 1,152 ports.  
Designed for the outside plant environment, these cabinets provide a single distribution 
point to distribute FTTH in urban or dense neighborhood.

Description
The FieldSmart FSC PON is the complete solution for managing 12 to 1,152 port distribution 
fibers for an outside plant FTTx PON application.  Through the incremental design of the 
Clearview® Cassette, user capacity can be scaled from as few as 12 ports to the maximum 
configuration of the cabinet, allowing the service provider to align the investment in capital 
equipment to the turn-up of revenue-generating circuits.

Features and Benefits
Integrity

• Terminations are designed and tested to Telcordia GR-326
• Clearfield® FiberDeep® Guarantee: 0.2 dB insertion loss or less, exceeding industry standards 
• Designed to comply to Telcordia GR-20, GR-487 and GR-3125
• Constructed with 0.125 (3.125 mm) aluminum
• Powder coated for additional protection 
• 300 series stainless steel fasteners used on all cabinets

Protection
• 12-fiber Clearview Cassette protects fiber from environmental and human factors 
• Rugged cable clamps protect the OSP cable breakouts from twisting and pistoning 
• Patch only buffer tubes are fully protected with ruggedized bend-limiting tubing 
• Snake skin sleeving provides additional buffer tube slack storage protection and manageability for patch and splice (Clearfield’s  

in-cassette splicing solution) configurations 
• Splitters are built with ruggedized jacketing and bend-insensitive fiber for all input and output legs 

Access
• Clearview Cassette allows for quick visual troubleshooting without opening cassette 
• Front access to pre-terminated assemblies with Clearview removable adapter plate 
• Easy two captive fasteners for quick removal of individual cassettes for trouble shooting, splicing or replacing 
• Front and rear access doors
• Top exit available in 288 and 432 PON Cabinets

Investment
• Fiber is deployed in increments of 12, providing the users the ability to scale from 12 ports to full capacity, aligning capital investment with 

network layout or subscriber revenue 
• Express ports allow for extensions or parallel networks through the cabinet 
• Patch and splice configurations eliminate costs associated with jacketed IFC cabling, hand-holes and splice cases

Accessories
• Risers: 4” (101.60 mm) and 12” (304.80 mm)
• Ruggedized Splitter 
• Mid-Span/Feed-Through Plate Kit 
• Pole Mount Kit 
• Vault Mount Adapter Plate Kit
• Optional top exit available in 288 and 432 PON
• Optional LGX Adapter Bracket Kit (P/N 014380) available to accommodate 6 LGX style modules or 13, ½ wide LGX modules. Max port 

capacity decrease by 84 (7 cassettes) when used.



www.SeeClearfield.com 1-800-422-2537
V.01.03.19

FieldSmart® Fiber Scalability Center (FSC)
PON Cabinets: 288, 432, 576 and 1,152 Ports  _____________________

Technical Specifications 
FieldSmart FSC PON Cabinets 288 Port 432 Port 576 Port 1,152 Port

Dimensions (without riser)
32” H x 16.78” W x 16.9” 
D (812.80 mm x 426.21 
mm x 429.26 mm)

36.67” H x 21.17” W x 
16.9” D (931.42 mm x 
537.72 mm x 429.26 
mm)

32” H x 33” W x 16.9” 
D (812.80 mm x 838.20 
mm x 429.26 mm)

64” H x 33” W x 16.9” D 
(1625.60 mm x 838.20 
mm x 429.26 mm)

Weight 54 lbs (24.49 kg) 66 lbs (29.94 kg) 86 lbs (39.01 kg) 172 lbs (78.02 kg)
Port Density 288 432 576 1,152
Feeder/Express Ports 48 48 96 192
Cables Entrances 6 6 12 12
Mounting Options (Hoist kits 
included with each cabinet)

Vault mount; pole 
mount; pad mount

Vault mount; pole 
mount; pad mount

Vault mount; pad 
mount

Vault mount; pad 
mount

Standard Riser Base 4”; 6 lbs (101.60 mm; 
2.72 kg)

4”; 6 lbs (101.60 mm; 
2.72 kg)

4”; 8 lbs (101.60 mm; 
3.63 kg)

4”; 8 lbs (101.60 mm; 
3.63 kg)

Optional Riser Base 12”; 12 lbs (304.80 
mm; 5.44 kg)

12”; 16 lbs (304.80 
mm; 7.26 kg)

12”; 20 lbs (304.80 
mm; 9.07 kg)

12”; 20 lbs (304.80 
mm; 9.07 kg)

Splitters Slots 9 14 18 36
Cassette Types Supported Clearview® Blue
Connector Types SC/UPC, SC/APC, LC/UPC, LC/APC
Cable Types Indoor/Outdoor, Outdoor (Riser/Non-Rated), Outdoor Armored (Riser/Non-Rated)
Splice Capacity 12 splices in each Clearview Cassette
Material 0.125 (3.175 mm) aluminum with almond powder coating

288 Port - Front 288 Port - Rear

432 Port - Front 576 Port - Front 1,152 Port - Rear



www.SeeClearfield.com 1-800-422-2537
V.01.03.19

FieldSmart® Fiber Scalability Center (FSC)
PON Cabinets: 288, 432, 576 and 1,152 Ports  _____________________

Configured Part Numbers
288 Port Cabinet

R ____  ____  -   ____   ____   ____  -  ____  ____  ____  - ____  ____  ____  -  ____   XXXM or XXXF*
981 2 3 4 6 75

1 Select Cabinet Type
N = Patch only with 4" (101.60 mm) riser
P = Patch and splice with 4" (101.60 mm) riser
3 = Patch only with 12" (304.80 mm) riser
4 = Patch and splice with 12" (304.80 mm) riser

2 Select Feeder Port Count
1 = 12 ports in a cassette
2 = 24 ports – two cassettes
3 = 36 ports – three cassettes
4 = 48 ports – four cassettes

3 Select Distribution Port Count
X X X = port count in increments of 12

4 Select Connector Style
A = SC/UPC
C = SC/APC
F = LC/UPC
H = LC/APC

6 Select Cable Construction
B = OSP riser 
E = OSP, non-rated (loose tube)
F = Patch and splice
M = OSP armored
Z = None or patch and splice ribbon

8

7 Select Qty of 144 - Fiber OSP Cables

5
1 = Singlemode - non-ribbon
2 = Singlemode - ribbon

Select Mode / Type 9

0 = 0
1 = 1
2 = 2

Select Qty of 96 - Fiber OSP Cables

0 = 0 2 = 2
1 = 1 3 = 3

Select Qty of 72 - Fiber OSP Cables
0 = 0 3 = 3
1 = 1 4 = 4
2 = 2

A

A Extras
B = Clearview Blue Cassettes
D = Top exit with Clearview Blue
F = Vented door with Clearview Blue
J = Vented door with top exit and 
       Clearview Blue
M = Ground Box in riser and Clearview Blue
N = Ground Box in Riser, vented door, 
       and Clearview Blue

XXXM = Length in meters
XXXF = Length in feet

* 200 feet maximum

XXXM or XXXF

32.00

16.78

16.90

15.00

18.63

36.00

4.00

Vault Options
288 Port Cabinet

Part Number Description

V6A-CZP Vault, below grade Pencell, 24” W x 36” L x 24” D (609.60 mm x 914.40 mm x 609.60 mm), split HDPE lid, 
hex bolts, green, with cut out for FieldSmart cabinets, straight wall, with bolt kit

V7A-CZP Vault, below grade Pencell, 30” W x 48” L x 24” D (762.00 mm x 1219.20 mm x 609.60 mm), split HDPE 
lid, hex bolts, green, with cut out for FieldSmart cabinets, straight wall, with bolt kit

V7B-CZP Vault, below grade Pencell, 30” W x 48” L x 36” D (762.00 mm x 1219.20 mm x 914.40 mm), split HDPE 
lid, hex bolts, green, with cut out for FieldSmart cabinets, straight wall, with bolt kit

FMA-H3Z-SUB Pole Mount Kit for FieldSmart cabinet



www.SeeClearfield.com 1-800-422-2537
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FieldSmart® Fiber Scalability Center (FSC)
PON Cabinets: 288, 432, 576 and 1,152 Ports  _____________________

Configured Part Numbers
432 Port Cabinet

 

R ____  ____  -   ____   ____   ____  -  ____  ____  ____  - ____  ____  ____  -  ____   XXXM or XXXF*
981 2 3 4 6 75

1 Select Cabinet Type
A = Patch only with a 12" (304.80 mm) riser
B = Patch only with 4" (101.60 mm) riser
C = Patch and splice with 12" (304.80 mm) riser
D = Patch and splice with 4" (101.60 mm) riser

2 Select Feeder Port Count
1 = 12 ports in one cassette
2 = 24 ports – two cassettes
3 = 36 ports – three cassettes
4 = 48 ports – four cassettes

3 Select Distribution Port Count
X X X = port count in increments of 12

4 Select Connector Style
A = SC/UPC
C = SC/APC
F = LC/UPC
H = LC APC

6 Select Cable Construction
B = OSP riser
E = OSP, non-rated (loose tube)
F = Patch and splice
M = OSP armored

8

7 Select Qty of 144 - Fiber OSP Cables

5
1 = Singlemode - non-ribbon
2 = Singlemode - ribbon

Select Mode / Type

0 = 0 2 = 2
1 = 1 3 = 3

Select Qty of 96 - Fiber OSP Cables
0 = 0 2 =2
1 = 1 3 = 3

A

A Extras
B = Clearview Blue Cassettes
D = Top exit with Clearview Blue
F = Vented door with Clearview Blue
J = Vented door with top exit and 
       Clearview Blue
M = Ground Box in riser and Clearview Blue
N = Ground Box in riser, vented door, 
       and Clearview Blue

XXXM = Length in meters
XXXF = Length in feet

* 200 feet maximum 

XXXM or XXXF

9 Select Qty of 72 - Fiber OSP Cables
0 = 0 4 = 4
1 = 1 5 = 5
2 = 2 6 = 6
3 = 3

36.67

21.17

16.90

15.00

18.63

40.67

4.00

Vault Options
432 Port Cabinet

Part Number Description

V6A-CZP Vault, below grade Pencell, 24” W x 36” L x 24” D (609.60 mm x 914.40 mm x 609.60 mm), split HDPE lid, 
hex bolts, green, with cut out for FieldSmart cabinets, straight wall, with bolt kit

V7A-CZP Vault, below grade Pencell, 30” W x 48” L x 24” D (762.00 mm x 1219.20 mm x 609.60 mm), split HDPE 
lid, hex bolts, green, with cut out for FieldSmart cabinets, straight wall, with bolt kit

V7B-CZP Vault, below grade Pencell, 30” W x 48” L x 36” D (762.00 mm x 1219.20 mm x 914.40 mm), split HDPE 
lid, hex bolts, green, with cut out for FieldSmart cabinets, straight wall, with bolt kit

FMA-H3Z-SUB Pole Mount Kit for FieldSmart cabinet



www.SeeClearfield.com 1-800-422-2537
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FieldSmart® Fiber Scalability Center (FSC)
PON Cabinets: 288, 432, 576 and 1,152 Ports  _____________________

Configured Part Numbers
576 Port Cabinet

R ____  ____  -   ____   ____   ____  -  ____  ____  ____  - ____  ____  ____  -  ____   XXXM or XXXF*
981 2 3 4 6 75

1 Select Cabinet Type
K = Patch only with 4" (101.60 mm) riser
M = Patch and splice with 4" (101.60 mm) riser
1 = Patch only with 12" (304.80 mm) riser
2 = Patch and splice with 12" (304.80 mm) riser
 
2 Select Feeder Port Count
1 = 12 ports in a cassette
2 = 24 ports – two cassettes
3 = 36 ports – three cassettes
4 = 48 ports – four cassettes
5 = 60 ports – five cassettes
6 = 72 ports – six cassettes
7 = 84 ports – seven cassettes
8  =  96 ports – eight cassettes

3 Select Distribution Port Count
X X X = port count in increments of 12

4 Select Connector Style
A = SC/UPC
C = SC/APC
F = LC/UPC
H = LC/APC

6 Select Cable Construction
B = OSP riser
E = OSP, non-rated (loose tube)
F = Patch and splice
M = OSP armored

8

7 Select Qty of 144 - Fiber OSP Cables

5
1 = Singlemode - non-ribbon
2 = Singlemode - ribbon

Select Mode / Type 9

0 = 0 3 = 3
1 = 1 4 = 4
2 = 2

Select Qty of 96 - Fiber OSP Cables
0 = 0 4 = 4
1 = 1 5 = 5
2 = 2 6 = 6
3 = 3

Select Qty of 72 - Fiber OSP Cables
0 = 0 5 = 5
1 = 1 6 = 6
2 = 2 7 = 7
3 = 3 8 = 8
4 = 4

A

A Extras
B = Clearview Blue Cassettes
F = Vented door with Clearview Blue
M = Ground Box in riser and Clearview Blue
N = Ground Box in riser, vented door, 
       and Clearview Blue

XXXM = Length in meters
XXXF = Length in feet

* 200 feet maximum

XXXM or XXXF

33.00 15.00

18.63

16.90

36.00

32.00

4.00

Vault Options
576 Port Cabinet

Part Number Description

V7A-CZP Vault, below grade Pencell, 30” W x 48” L x 24” D (762.00 mm x 1219.20 mm x 609.60 mm), split HDPE lid, 
hex bolts, green, with cut out for FieldSmart cabinets, straight wall, with bolt kit

V7B-CZP Vault, below grade Pencell, 30” W x 48” L x 36” D (762.00 mm x 1219.20 mm x 914.40 mm), split HDPE lid, 
hex bolts, green, with cut out for FieldSmart cabinets, straight wall, with bolt kit

V8A-CZP-F Vault, Pencell 36” x 60” x 24” (914.40 mm x 1524.00 mm x 609.60 mm), complete split lid with ½ cut out for 
FieldSmart cabinets - with bolt kit, flared wall

V8B-CZP-F Vault, Pencell 36 x 60 x 36” (914.40 mm x 1524.00 mm x 914.40 mm), complete split lid, with ½ cut out for 
FieldSmart cabinets - with bolt kit, flared wall



www.SeeClearfield.com 1-800-422-2537
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FieldSmart® Fiber Scalability Center (FSC)
PON Cabinets: 288, 432, 576 and 1,152 Ports  _____________________

Configured Part Numbers
1,152 Port Cabinet
Please contact your Clearfield® representative for more information on ordering this option.

Vault Options
1,152 Port Cabinet

Part Number Description

V7A-CZP Vault, below grade Pencell, 30” W x 48” L x 24” D (762.00 mm x 1219.20 mm x 609.60 mm), split HDPE lid, 
hex bolts, green, with cut out for FieldSmart cabinets, straight wall, with bolt kit

V7B-CZP Vault, below grade Pencell, 30” W x 48” L x 36” D (762.00 mm x 1219.20 mm x 914.40 mm), split HDPE lid, 
hex bolts, green, with cut out for FieldSmart cabinets, straight wall, with bolt kit

V8A-CZP-F Vault, Pencell 36” x 60” x 24” (914.40 mm x 1524.00 mm x 609.60 mm), complete split lid with ½ cut out for 
FieldSmart cabinets - with bolt kit, flared wall

V8B-CZP-F Vault, Pencell 36 x 60 x 36” (914.40 mm x 1524.00 mm x 914.40 mm), complete split lid, with ½ cut out for 
FieldSmart cabinets - with bolt kit, flared wall




