4.2  Network Cost Elements


This section describes the cost elements which constitute the CHART network life-cycle costs.  Methods for calculating each component, assumptions, sources of estimates, and how the costs were analyzed are documented.


4.2.1  Construction Costs


This section presents construction methods assumed for roadside cable installation and field enclosures, the basis of estimate for each, and how they were applied to each alternative. Summarized cost data is then tabulated and presented.  The section concludes with an explanation of how the site activation information presented in Appendix C and construction duration estimates outlined in Appendix D were used to distribute the total construction costs over the 10-year life cycle of each option. The corresponding detailed cost calculations are included in Appendix E in the form of spreadsheets.


4.2.1.1  Methodology


Mileage figures for each segment of roadway identified as a fiber optic backbone route (in the Hybrid Alternatives) were obtained from SHA’s Geographic Information System (GIS) database.  Each of the Hybrid alternatives employ a different combination of 11 road segments which imply new fiber optic backbone construction, in addition to utilizing the existing MCI/TCG fiber (i.e., defined as consisting of three separate segments).  These segments are identified in Table 4-3 along with a calculated mileage estimate and an assigned numeric Segment ID.  (The Segment ID was arbitrarily assigned and is used as a key field in the cost spreadsheets.)


Table 4-3.  Hybrid Alternative Road Segments


Road Segment�
Mileage�
Segment ID�
�
New Fiber Optic Cabling:�
�
�
�
I-270 from MD-109 to I-70�
10.22�
1�
�
I-270 from I-495 to MD-109�
22.29�
2�
�
I-70 from US 340 to I-695�
39.58�
3�
�
I-695 from I-83 (Harrisburg Expwy) to I-95 (Essex)�
9.81�
4�
�
I-695 from I-95 (South Side) to I-97�
4.38�
5�
�
I-95 from I-695 to Fort McHenry Tunnel�
5.60�
6�
�
I-97 from I-695 to US 50�
17.53�
7�
�
US 50 from D.C. border to MD 193�
8.58�
8�
�



Table 4-3.  Hybrid Alternative Road Segments (Cont’d)


Road Segment�
Mileage�
Segment ID�
�
US 50 from MD 193 to MD 8/18�
28.64�
9�
�
I-495 (Montgomery County)�
14.38�
10�
�
I-495 (Prince George’s County)�
27.71�
11�
�
Existing MCI Fiber Optic Cabling:�
�
�
�
I-83 (Harrisburg Expwy) from PA Border to I-695�
�
17�
�
I-695 (West Side) from I-83 (Harrisburg Expwy) to I-95�
�
18�
�
I-95 from I-695 to I-495�
�
19�
�
Once mileage for each defined segment was known, the total fiber optic backbone installation cost along each road segment could be estimated using a combination of SHA engineering estimates and route-specific vendor quotations for cable installation and material costs.  Total construction costs were allocated into one of three categories (each of which is explained in detail in the following sections):


Cost to install fiber optic backbone infrastructure


Costs to connect roadside devices to the fiber optic backbone where electronics are located


Cost to furnish and install environmental enclosures (not including electronics)


Total construction cost estimates were calculated in the following manner:


For each road segment, estimates for all three cost categories were developed.


The cost category estimates were then summed to provide the total cost estimate for each road segment.


Finally, the cost estimate for each alternative was obtained by summing the road segment costs for each segment included in that alternative (as defined in Section 3) plus the cost for all enclosures determined to support cameras on all segments.


Note that because environmental enclosures are classified as a construction cost, leased alternatives L1, L2, L3, and L4 plus hybrid H1 will have associated construction costs even though no additional fiber optic backbone is being installed.


4.2.1.2  Backbone Infrastructure


The fiber optic backbone infrastructure was assumed to consist of 48 single-mode fiber strands consistent with SHA’s existing fiber optic installation.  These are installed via a multiduct conduit by various methods. Related support equipment and facilities necessary to support junctions and splices to the backbone trunk fibers and to provide maintenance access points are also included.  These related components include manholes, handholes, and fiber optic junction/splice blocks in protective enclosures.  The infrastructure cost is the sum total of the cable installation and the cost to furnish and install all of the related support components.


The cable installation costs for each road segment were estimated first. Table 4-4 identifies all of the methods and their respective estimated unit costs that were considered for installation of the fiber optic backbone.  Note that two cost estimates are used for the slotting method.  One reflects a bid price received for construction specific to I-270 and I-495.  The other reflects an SHA engineering cost estimate for slotting on other road segments.


Table 4-4.  Construction Methods and Baseline Unit Costs


Construction Method�
Cost Per Linear Foot�
Cost Per Mile�
Cost Estimate Source�
�
Slotting with 4" PVC multiduct conduit�
$  10.00�
$  52,800�
Vendor Quotation 1�
�
Slotting with 4" PVC multiduct conduit�
$  56.12�
$ 296,314�
SHA Estimate 2�
�
Trenching with 4" PVC multiduct conduit�
$  15.00�
$  79,200�
Vendor Quotation�
�
Plowing with direct bury armored cable 3�
$  12.31�
$   64,997�
FCC Industry Analysis�
�
Trenching with direct bury armored cable 3�
TBS�
�
�
�
Jacking (Boring) with 4" PVC multiduct conduit�
$  30.00�
$ 158,400�
SHA Estimate�
�
Directional drilling with 4" PVC multiduct conduit�
$  30.00�
$ 158,400�
SHA Estimate�
�
Mounting 4" steel multiduct conduit on structure�
$ 100.00�
$ 528,000�
Consultant Estimate�
�
Aerial installation�
TBS�
�
�
�
Notes:


1 Based on bid received by SHA for I-270 and I-495


2 SHA estimate based on averaging several bids


3 Direct buried armored cable was removed from consideration due to SHA reservations about durability.�
�
During discussions with SHA Engineering personnel, the following methods were identified by SHA as being the best suited for particular road segments:


PVC conduit with multiduct slotted in the shoulder for I-270, I-495, I-695, and US 50


PVC conduit with multiduct trenched in the median for I-70 and I-97


Steel conduit with multiduct mounted on elevated roadway for I-95 from I-695 to the AOC (at the Fort McHenry Tunnel portal) and the Bay Bridge


The use of direct buried armored cable was removed from consideration due to SHA’s concerns about its long-term durability.  Aerial installation was considered not viable either because suitably placed roadside pole structures are not available along many miles of the road segments designated for CHART coverage.


Based on the reference document “Network Construction Cost Model” by E&K, the unit costs for each road segment were adjusted to reflect the effects of bridge work. It was assumed that 5 percent of the mileage of a typical road segment is elevated (e.g., bridges and overpasses).  The adjusted unit costs were calculated using the following formula:


Adjusted unit cost = 95% baseline unit cost + 5% elevated roadway unit cost


Table 4-5 presents these adjusted unit costs for each combination of road segment and the preferred SHA cable installation method.


Table 4-5.  Adjusted Fiber Optic Cable Costs Per Road Segment


Roadway�
Method�
Cost/Foot�
Cost/Mile�
�
Backbone:  I-270, I-495�
Slotting 1, 3�
$  14.50 �
$  76,560 �
�
Backbone: US50, I-695�
Slotting 2, 3�
$  58.31 �
$ 307,898 �
�
Backbone:  I-70, I-97�
Trenching 3�
$  19.25 �
$ 101,640 �
�
Backbone:  I-95(AOC), Bay Bridge�
Bridge Mounted Conduit�
$ 100.00 �
$ 528,000 �
�
Notes:


1 Based on bid received by SHA for I-270 and I-495


2 SHA estimate based on averaging several bids


3 Adjusted cost estimate to account for 5% of the mileage requiring bridge work.�
�
The installation of manholes and handholes is an integral part of constructing a fiber optic backbone.  Manholes serve as cable pulling locations, junction points to connect branch cables to the trunk cable, and conduit transition points.  Handholes are smaller than manholes and are used primarily as cable pulling locations.  They may also be used as conduit transition points when paired with a nearby manhole.  The estimated unit costs used in this study for manholes and handholes, as well as all other equipment/facilities needed to support a fiber optic backbone are presented in Table 4-6.


Table 4-6.  Fiber Optic Backbone Component Cost Estimates


Backbone Infrastructure Components�
Cost�
Source�
�
Environmental Enclosure (powered, no electronics)�
$ 65,000 each�
SHA Estimate�
�
Communications Handhole�
$ 1,100 each�
Vendor Quotation�
�
Manhole Installation�
$ 2,200 each�
Vendor Quotation�
�
Fiber Optic Cable Splice Enclosure�
$ 3,400 each�
Vendor Quotation�
�
48 Single Mode Fiber (SMF) Strands�
$ 3.00 /LF�
Vendor Quotation�
�
Fiber Optic Converter�
$ 2,000 each�
CSC Estimate�
�
The following assumptions were used to derive the number (and hence, the cost) of backbone infrastructure support facilities/equipment needed for each road segment in the Hybrid Options:


A manhole plus a handhole are installed every 1/2 mile along each fiber backbone road segment.


A fiber optic cable splice block and enclosure is located at each manhole.


At each splice point (manhole), 66 feet of slack fiber optic cable (33 feet on each cable segment end) is provided to accommodate expansion and contraction (as recommended in the “Network Construction Cost Model” by E&K).


These assumptions mean that the cost of the backbone support facilities and equipment is directly related to the fiber-optic backbone’s mileage.  There are two manholes and two handholes every mile, and a splice block with enclosure and 66 feet of slack fiber optic cable associated with every manhole.  The detailed segment-by-segment equipment quantities and costs required for each architectural option are itemized in the detailed backbone cost calculation spreadsheets presented in Appendix E. The costs are summarized in Section 4.2.1.5.


4.2.1.3  Device Connection


The cost of connecting a device to the fiber optic backbone consists of two components:


Trenching and laying a feeder cable to the nearest electronics (e.g., private point-of-presence [POP] )


Fiber optic converters


To connect roadside devices, a fiber optic feeder cable needs to be provided from the device site to the nearest POP where it can be spliced into one of the backbone’s strands.  This is demonstrated in Figure 4-1.  The trench will have a perpendicular (or cross-road) run to reach the backbone and then will traverse the road to reach the POP.  Eventually, as devices are connected along the roadway, all of the free strands will be used up.  When this occurs, the devices need to hubbed into the network using electronics (e.g., multiplexers housed in an enclosure) in order to free up the strands again.





�


Figure 4-1.  Roadside Device Connection 





For any type of equipment which does not have built-in fiber optic cable connectors, fiber optic converters can be used to transition from the device’s copper wiring interface to a fiber optic cable.  Market availability and cost research performed for this study revealed that appropriate converters for cameras and the other devices are available.  Unless fiber- capable equipment is used, a converter will be needed at each end of the device connection ( i.e., at the device site and at the hubbing location).


The cost to connect each device is dependent on the details of it’s location or site.  The only way to accurately determine these factors would be to perform a survey for every device and site.  To develop a credible estimate for this study, an average connection cost for all devices was calculated.  With the concurrence of SHA engineers and consultants, the following assumptions were made in order to estimate this component of cost:  


Half of the devices are located on the same side of the road as the backbone, the other half are located across the road.


75% of all devices can be placed in the immediate vicinity of a POP (i.e., manhole).


The remaining 25% of the devices are assumed to be midway between POPs (1320 feet)


Directional drilling is the preferred method to reach devices across the roadway from the backbone.  The unit cost is not adjusted for bridgework (see Table 4-5).


The average perpendicular distance to the backbone for devices located across the road is 300 feet.  For same-side devices, it is 20 feet.


Trenching with conduit to the POP is the preferred method for the connection to devices on the same side of the roadway.  The unit cost is not adjusted for bridgework.


Each roadside device connection requires its own trench to reach the nearest POP.  Without the benefit of a comprehensive survey of all sites, it was not possible to identify instances where the need to trench could be reduced (e.g., clusters of devices which could share a trench or devices situated such that the power connection trench could also be used for the backbone connection).


A pair of fiber optic converters is necessary for each device connection.


The cabling cost figures used in this analysis are presented in Table 4-7.  The estimated cost used for a fiber optic converter is $2000.  The converters researched by CSC ranged in price from $1300 to $2000, with an average cost of $1650 per unit.  To this figure, an  extra $300 was added to cover the cost of supporting items such as racks and rack mount cabinets for the converters used at hub points, yielding a total cost of $2000.


Table 4-7.  Device Connection Fiber Optic Cable Costs


Roadway�
Method�
Cost/Foot�
Cost/Mile�
�
Local (Cross Road)�
Directional Drilling�
$  30.00 �
$ 158,400 �
�
Local (Along Road)�
Trenching�
$  15.00 �
$  79,200 �
�
If for every four devices, three are located by a POP and the fourth is 1320 feet away, then the average along road distance to a POP for every device is 330 feet.  Remembering that the average cross road distance for a same-side device is 20 feet and for a cross-road device is 300 feet, average trenching costs can be calculated as follows:


       Same Side Trenching  =  (20 x $30) + (330 x $15) =  $5,550.


       Cross Road Trenching = (300 x $30) + (330 x $15) = $13,950


The average device connection cost was calculated by averaging the trenching costs and adding the cost of a pair of fiber optic converters:


 Avg. Device Connection Cost = ($5500 + $13950( + (2 x $2000) = $13,750


                               (      2       (


The detailed segment-by-segment device connection costs required for each architectural option are itemized in the detailed backbone cost calculation spreadsheets presented in Appendix D.  The costs are summarized in Section 4.2.1.5.


4.2.1.4  Environmental Enclosures


Environmental enclosures are required to protect non-ruggedized network equipment from the elements and temperature extremes. The number of environmental enclosures required to house equipment along each road segment where fiber optic cabling is installed is determined by what type of equipment is used and how the individual fiber strands are consumed by connections.  Additionally, enclosures were determined necessary to house the telecommunications equipment at those camera sites supported using leased T1 circuits.  Ruggedized (or hardened) electronics capable of supporting leased camera site connectivity are on the market at this time but since multiple vendors’ equipment had not been installed and field tested at the time of data collection, the conservative approach (i.e., enclosures for non-hardened equipment) was used.


Because the available cost data for enclosures was in the form of furnished and installed (F&I) vendor quotations, it was not possible to break out the site preparation (grading, concrete slab, power provisioning), structural, and equipment costs for the enclosure structures.  Also, it seemed logical that the enclosures would be installed in conjunction with the cable laying effort.


The following assumptions were made in developing the cost estimates for environmental enclosures:


All of the environmental enclosures are the above ground variety (Controlled equipment vaults are used only for SONET switches outside of SHA facilities).


Enclosures supporting the fiber optic backbone are installed at the same time the cabling is installed.


An enclosure is needed to support every camera site connected using T1 lines.  Without the benefit of a comprehensive survey of all sites, it was not possible to determine those locations where closely grouped camera sites could share a single enclosure.  


An enclosure is required for every 32 roadside cameras/devices connected to the fiber backbone in the hybrid options using digital provisioning of the camera images.


An enclosure is required for every 30 roadside cameras/devices connected to the fiber backbone in the hybrid options using analog provisioning of the camera images.


The detailed segment-by-segment enclosure quantities and costs required for each architectural option are itemized in the detailed backbone cost calculation spreadsheets presented in Appendix D.  The costs are summarized in Section 4.1.2.5.


In general, the number of enclosures required decreases as the fiber backbone mileage increases because fewer stand-alone leased connection camera sites are needed.  Concerning the connection of devices, a higher number of enclosures are required for the hybrid options (HxC and HxE) which use the fiber to connect all roadside devices when compared to those options which only use the fiber for cameras (HxB and HxD).  There were no differences in the total number of enclosures required between the digital and analog camera provisioning options.  Finally, the number of enclosures is reduced for options L4 and H4A.  These options employ a tie-in to the Montgomery County TOC to receive video images instead of using SHA-owned communications electronics in the field in support of cameras in Montgomery County.  The total number of camera sites is reduced from 175 to 153 for these options.





4.2.1.5  Fiber Backbone Construction Cost Summary


The total estimated construction costs for all of the leased and hybrid options which were included in this study are presented in Table 4-8.  


Table 4-8.  Estimated Total Construction Costs for Each Option


Alternative�
Mileage�
Backbone Infrastructure�
Environmental Enclosures�
Device Connection�
Total Cost�
�
L1�
0�
n/a�
$11,375,000�
n/a�
$11,375,000�
�
L2�
0�
n/a�
$11,375,000�
n/a�
$11,375,000�
�
L3�
0�
n/a�
$11,375,000�
n/a�
$11,375,000�
�
L4�
0�
n/a�
$9,945,000�
n/a�
$9,945,000�
�
H1�
0�
n/a�
$11,375,000�
n/a�
$11,375,000�
�
H1b�
0�
n/a�
$9,550,000�
$426,500�
$9,981,250�
�
H1c�
0�
n/a�
$9,750,000�
$2,576,250�
$11,936,250�
�
H1d�
0�
n/a�
$9,550,000�
$426,500�
$9,981,250�
�
H1e�
0�
n/a�
$9,750,000�
$2,576,250�
$11,936,250�
�
H2b�
70.46�
$14,183,358�
$5,590,000�
$1,347,500�
$21,120,858�
�
H2c�
70.46�
$14,183,358�
$6,110,000�
$5,802,500�
$26,095,858�
�
H2d�
70.46�
$14,183,358�
$5,590,000�
$1,347,500�
$21,120,858�
�
H2e�
70.46�
$14,183,358�
$6,110,000�
$5,802,500�
$26,095,858�
�
H3b�
92.75�
$16,200,000�
$5,265,000�
$1,430,000�
$22,895,290�
�
H3c�
92.75�
$16,200,000�
$5,850,000�
$6,613,750�
$28,664,040�
�
H3d�
92.75�
$16,200,000�
$5,265,000�
$1,430,000�
$22,895,290�
�
H3e�
92.75�
$16,200,000�
$5,850,000�
$6,613,750�
$28,664,040�
�
H4a�
152.05�
$30,579,232�
$2,730,000�
$1,691,250�
$35,000,482�
�
H4b�
188.72�
$33,897,139�
$2,860,000�
$1,993,750�
$38,750,889�
�
H4c�
188.72�
$33,897,139�
$3,705,000�
$8,978,750�
$46,580,889�
�
H4d�
188.72�
$33,897,139�
$2,860,000�
$1,993,750�
$38,750,889�
�
H4e�
188.72�
$33,897,139�
$3,705,000�
$8,978,750�
$46,580,889�
�
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