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Tunneling Concept for I‐26 in Asheville
This memorandum considers the feasibility and practicality of a subsurface passage of the French Broad
River by I‐26 and the I‐240 connection ramps in Asheville, NC. The location of the crossing is north of the
existing Patton Avenue crossing of the river. The alignment of I‐26 is controlled by the design speed, (60
mph), the corresponding maximum grade (4 percent for rolling terrain), and the minimum horizontal
curve radius (1,200 feet). However, for special conditions in mountainous areas, up to 6 percent grade
could be employed. The connecting ramps of I‐240 to I‐26 cross the river and have a design speed of 50
mph with maximum grade of 5 percent and minimum horizontal curve radius of 833 feet. AASHTO
recommends holding upgrades on ramps between 2 percent and 5 percent and downgrades the same,
with special cases where the downgrade could be up to 7 percent. The DEIS alignment of I‐26 passes
under Patton Avenue and elevates to provide vertical clearance over two railroads, the river and
US 19/23/70. Both I‐240 ramps must clear these vertical obstacles and the westbound ramp must cross
over I‐26. Other vertical controls include the on‐ramp from Patton Avenue west of the river and the
crossing of Hill Street on the east side of the river. The proposed structures are slightly higher in elevation
(approximately 10 to 15 feet) than the Captain Jeff Bowen bridges.
Tunnel construction can be classified in two major categories: 1) tunnels constructed by mining methods,
and 2) tunnels constructed by cut and cover methods. The first category (mining) can be subdivided into
two groups based upon the specific construction method: a) tunnel boring machine and b) drill and blast.
Drill and blast is less expensive and can be employed to tunnel through stable homogeneous rock. Tunnel
boring machine methods are used in unstable conditions, especially through softer soils and unstable rock
material. This latter method is becoming more common method due to environmental issues, geologic
conditions and technology advancements.
The second category (cut and cover) is suitable for shallow tunnels where disturbance of the surface
above the tunnel during construction is acceptable. Two methods of construction can be employed under
this category: a) trenching and b) cut and cover. Trenching methods are normally used for long
expansive subaqueous tunnels where pre‐cast tunnel sections are hauled to an excavated trench and

connected and upon completion, dewatered. This method may be used where environmental, stream
flow, sedimentation issues are of little concern and accessibility and staging areas are available.
Site conditions, environmental issues, accessibility and subsurface geology must be evaluated in
determining what type of tunnel construction is appropriate.
Geology: The geology of the area was reviewed based upon information provided by the NC Geological
Survey (see attachment). Generally it can be expected to encounter a metamorphic suite of material
referred to as Schistose Metagraywacke, which is a non‐foliated to weakly foliated; fine to medium
grained; granoblastic to lpidoblastic.(35‐58% quartz, 20‐41% plagioclase, 2‐15% K‐feldspar, 10‐20%
biotite, 0‐10% muscovite, 0‐5% almandine). In general this material lends itself to both 1) drill and blast:
and 2) tunnel boring machine. The preferred method to be used will be based upon more detailed
geology data, tunnel size, local concerns and conditions, and contractor preference.
Site Conditions: The area is urban with extensive development and infrastructure in place. Cut and cover
methods would impact and/or displace all within the corridor. The river front contains a lot of
development, utilities, roadways, trails and railroad corridors on both sides of the river. Staging for
trenching would be difficult due to the surrounding urban development. Although the river is not used for
commercial navigation it is used extensively for sports recreation and it is a FEMA regulated narrow
floodplain. Outside of the floodplain the terrain becomes rolling to mountainous. Temporary impacts to
the flow and floodplain would need to be considered. Cut and cover and trenching methods are not
practical for the most part of this alignment nor would they be acceptable from an impact standpoint.
Environmental Issues: In addition to the accessibility and economic issues, the river environment is
protected via wildlife resources and pollution control. The French Broad River is classified as a trout
stream and trenching would be prohibited due to the negative impact it would have. Trenching would
also create downstream sediment pollution.
Recommended Method:
Based upon information available, if a tunnel is deemed an option to carry forward, the tunnel method
recommended would be “mining”, consisting of either drilling and blasting or tunnel boring machine.
Further geologic exploration is needed to verify which method would be most appropriate. The following
considerations would apply to both methods.
Depth and clearances: The primary obstacle which must be cleared is the riverbed. For mining
operations the depth below the bed of the river will depend upon the stability of the riverbed material.
Based upon the information available, a conservative depth would be a distance equal to the actual width
of the tunnel. If adequately stable material exists this depth can be reduced to as little as one‐half the
width. This study assumed the material below the riverbed as reasonably stable and therefore a cover of
two‐thirds the width of the tunnel has been assumed.
Number of I‐26 Tunnels and geometry: The number of tunnels required is based upon the number of
lanes to be carried and the requirement for redundancy to assure safe escape and alternative routing of

traffic when necessary. Due to the required arch of the tunnel, the wider the tunnel the higher the
ceiling. A three‐lane roadway width tunnel is the practical maximum. For a multilane divided facility it is
most practical to employ two tunnels, one in each direction. For more than three lanes in one direction
additional tunnels may be necessary or stacking the traffic (2 x 2) in a single large tunnel. The latter
requires vertical transitions at entrances and exits to the tunnel. I‐26 is a six‐lane divided freeway
therefore two tunnels (3 lanes each) constructed parallel with connecting passages between the two
would be the most practical. AASHTO recommends that left and right shoulder widths, adequate to store
a disabled vehicle, be carried through the tunnel. In curved tunnels stopping sight distance requires
shoulders so that adequate stopping sight distance is provided. Taking this into consideration, a clear
width of 58 feet under the following conditions will provide adequate stopping sight distance: 3 12‐foot
lanes, a 5‐foot inside shoulder plus a 5‐foot walkway, and a 10‐foot outside shoulder along with a 758‐
foot minimum horizontal curve. A minimum vertical clearance of 17.5 feet must also be provided (see
attached typical section). A minimum 60‐foot diameter tunnel would be needed for a tunnel bore and a
60‐foot width for a drill and blast. The grade point of the roadway to the structural ceiling of the tunnel
would be approximately 39 feet and would not differ greatly due to the method of mining. Assuming two‐
thirds diameter or width of the tunnel for cover under the river bed and the 39 feet from ceiling to grade
point, the grade point would be 79 feet below the riverbed at a minimum.
Grades and I‐26 Tunnel Geometry: The minimum radius for a Tunnel Boring Machine is 1,500 feet;
however, as concluded in the foregoing discussion in order to provide adequate stopping sight distance,
the minimum radius is 2,750 feet. The existing alignment of I‐26 would need adjusting to flatten the
reverse curves west and east of the river crossing. Assuming a maximum grade of 6 percent and a 79‐foot
elevation below the river bed, entry points for the excavation would potentially be located just north of
Patton Avenue and north of the Montford Area Historic District.
I‐240 Tunnel: It is impractical to tunnel I‐240 in conjunction with I‐26 due to the fact that it is not safe to
have entrances and exits within a tunnel and crossing I‐240 over I‐26 is vertically impractical. For this
reason I‐240 connector ramps would cross the French Broad River and other obstacles with aerial grade
separations similar to the designs presented in the Public Hearing Map.
Conclusions and Challenges: The following is a summary of findings resulting from a conceptual alignment
study for tunneling of I‐26. This is not a comprehensive list and many others will arise once preliminary
design is entered.
1. The grade of I‐26 at Patton Avenue drops approximately 20 feet to an elevation of at least 45 feet
or more below the Patton Avenue bridge on the north side. This would present major challenges
in making ramp ties as discussed later.
2. The alignment would require curves within the tunnel with both entrances and exits on curves.
This would require greater shoulder widths to provide adequate sight distance. The resulting
width of 60 feet is pushing the maximum limit for a tunnel boring machine. The horizontal curves
must be flattened, which changes the alignment from that shown on the 2015 Public Hearing
Map. This means the bank to bank river crossing would increase from 400 feet to 700 feet.

3. Smith Mill Creek would require significant relocation at the southern entrance to the tunnel. The
alignment assumes the vertical clearance under the relocated Smith Mill Creek could be less than
40 feet.
4. The northbound entrance ramp from Patton Avenue to I‐26 would place the gore at the tunnel
entrance which is prohibited under AASHTO guidelines, and is not possible with the entrance to
the tunnel being so close to Patton Ave. The grade differential from Patton to I‐26 discussed in
item 1 would result in a ramp grade greater than 10 percent, making the ramp tie impractical.
This is a 3‐lane ramp and could not be reconfigured into a loop, and even if it was possible it
would create a weaving problem. Diverting this traffic east across the existing Patton Avenue
bridges would create a major traffic issue that would not be addressed with improvements.
5. The I‐240 eastbound ramp exit would need to be shifted south prior to Patton Avenue. This
would force the Patton Avenue exit ramp farther south, both of which would increase impacts to
the C.F. Worley House, which has been determined eligible for listing on the National Register of
Historic Properties.
6. The I‐240 eastbound ramp would remain aerial and follow the grade of the I‐26 aerial alignment,
thereby slightly lowering it.
7. The I‐240 westbound ramp entrance would be shifted south, which would create a weaving issue
between the entrance and the Patton Avenue exit loop. The grade differential discussed in item 1
forces the loop grade beyond the maximum loop grade. Elimination of the loop forces the traffic
to I‐240 eastbound and exiting onto Patton Avenue east of the existing bridge
8. The I‐240 westbound ramp would remain aerial. The alignment should be evaluated to determine
if it can be shifted such that bridge piers can be strategically placed between the tunnel and the
river as not to impact either. Long spans would be required, potentially incorporating special
bents or structures.
9. The US 19/23/70 northbound connection to I‐26 could be lowered to reduce the retaining wall
height adjacent to the Riverside Cemetery. However, US 19/23/70 northbound must follow to
east of I‐26 until north of the tunnel entrance. Although the grade would be lowered significantly,
the alignment would be forced to the east, impacting the Montford Area historic property.
10. The capacity of the tunnel is fixed and cannot under the current design criteria, be increased by
widening. Addition of lanes via additional tunnels or surface facilities would be possible but
presents spatial problems of tying to other facilities outside the tunnel.
11. Construction costs of a tunnel would be at least double that of the bridge structure and
maintenance costs would also be greatly elevated with the inclusion of storm water pumps,
lighting, ventilation, and constant monitoring for accidents and disabled vehicles.
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Tunneling Concept for I-26 in Asheville
This memorandum serves as an addendum of the Tunnel Feasibility Memorandum, dated September 5,
2017. That memo considers the feasibility and practicality of constructing a tunnel for either I-240 or I26 traffic in Asheville, NC. Discussions include the potential location of tunnels, right-of-way
considerations, and comparisons to other tunnels of similar nature for a high-level cost analysis.
Preliminary Design of the Preferred Alternative
As studied in the I-2513 Final Environmental Impact Statement, the preferred alternative completes I-26
across the French Broad River and re-connects the existing highway network. The proposed
configuration includes three bridges over the French Broad River; the northernmost bridge carries I-240
westbound, the middle bridge carries I-26, and the southernmost bridge carries I-240 eastbound (See
Figure 1). Additionally, to provide connectivity between Patton Avenue and I-26/I-240, a tight diamond
interchange is shown west of the Jeff Bowen Bridges. To provide connectivity with US 19/23, the designs
include one entrance ramp and one exit ramp to Patton Avenue east of the Jeff Bowen Bridge. The
design criteria for this project is derived from AASHTO’s A Policy on Geometric Design of Highways and
Streets, (2011, 6th Edition).
Potential I-240 Tunnel Option
A tunnel option was explored which would eliminate the I-240 eastbound and westbound flyover
bridges (See Figure 2). In this scenario, the new bridge proposed to carry I-26 over the French Broad
River would still be constructed. The I-240 eastbound and westbound tunnels would proceed along a
new route and follow parallel alignments. These alignments begin southwest of the Jeff Bowen Bridges,
would begin south of Dellwood Street, proceed under the French Broad River south of the Jeff Bowen
Bridges, cross under Patton Avenue, and then surface just before Montford Avenue to tie into existing
I-240. Due to the proximity of the tunnel entrances to the north of the Haywood Road ramps, the
northern ramps at Haywood Road would likely be eliminated. The I-240 connections to Patton Avenue
would also be eliminated in this scenario. Additionally, US-23 southbound traffic would lose the
proposed connection to I-240 eastbound and I-240 westbound traffic would lose the proposed
connection to US 23 northbound.

Figure 1: I-26/I-240 Flyover Vicinity

Figure 2:

The I-240 eastbound and westbound tunnels would each be approximately 48 feet wide, carrying two
travel lanes in each direction. It is assumed the distance between the tunnels should at minimum one
tunnel width, 48 feet. Approach plazas would be constructed on either end of the tunnels. This includes
the entrance/exit ramps, retaining walls, and necessary structures housing support facilities such as
mechanical rooms, HVAC infrastructure, lighting controls, and tunnel management facilities. It is
assumed the approach plazas would each be approximately 1,575 linear feet. Building upon the design
assumptions discussed in the 2017 Tunnel Feasibility memo, the minimum turning radius would be
approximately 2,750 feet. An I-240 tunnel could adhere to this design criteria for horizontal curvature as
the alignment would be fairly linear as shown in Figure 2. From the approach plazas, the tunnel would
descend approximately 200 feet vertically to provide the necessary clearance of the French Broad River.
It is assumed the top of the tunnel would be approximately 40 feet below the riverbed. The design
criteria used for the preliminary plans identifies utilizing maximum 4 percent grades. To minimize the
footprint of the tunnel, 5 percent grades or steeper would be needed, triggering design exceptions.
Based upon these assumptions, the full length of the tunnel would be approximately 11,650 linear feet
(8,500 linear feet of underground tunnel).
In North Carolina, NCDOT owns right-of-way over tunnels. The required limits of right-of-way would
extend approximately 100 feet beyond the outer limits of the tunnels. Based on the alignment described
above, additional right-of-way impacts would occur in the Burton Street Community, East West
Asheville, the River Arts District, and the residential area north of Clingman Avenue. Furthermore, the
Burton Street Community Baptist Church and New Belgium Brewing Company, along with businesses
along Haywood Street from Patton Avenue to Montford Avenue would be directly impacted. These
impacts are in addition to those described in the Final Environmental Impact Statement, thereby
increasing right-of-way costs and impacts to the human and natural environments. Right-of-way costs
have not been determined for this level of analysis.
Potential I-26 Tunnel Option
The 2017 Tunnel Feasibility Memorandum studied a tunnel route which follows the I-26 alignment for
the Preferred Alternative. Because of the required depth and the minimum practicable radius for boring
the tunnel, this alignment was found to be infeasible. For the purposes of this memo, a second
alignment was developed which follows a straighter path as shown in Figure 3. This tunnel would begin
at the proposed Patton Avenue interchange, west of the Jeff Bowen Bridges, and extend north under
the French Broad River, terminating at Broadway. The proposed I-240 flyover bridges would remain to
allow for a connection to downtown Asheville. However, all proposed connections between US 23 and
I-26 would be eliminated.

Figure 3: Potential I-26 Tunnel Option

The I-26 northbound and southbound tunnels would each be approximately 60 feet wide, carrying three
travel lanes in each direction. As noted above, it is assumed the distance between the tunnels should be
at minimum one tunnel width, 60 feet. Approach plazas would be constructed on either end of the
tunnels. It is assumed the approach plazas would each be approximately 1,575 linear feet. From the
approach plazas, the tunnel would descend approximately 200 feet vertically to provide the necessary
clearance of the French Broad River. It is assumed the top of the tunnel would be approximately 40 feet
below the riverbed. To minimize the footprint of the tunnel, a 5 percent grade would also be needed for
the I-26 tunnels, triggering design exceptions. Based upon this information, the full length of the tunnel
would be approximately 11,650 linear feet (8,500 linear feet of underground tunnel).
As discussed above, right-of-way above the tunnels would be acquired by NCDOT. Based on the
alignment described, it is likely that additional right-of-way impacts would occur in the Montford Hills
and Hibritten historic districts. Additionally, the Freeman House Historic property would potentially be
adversely affected. Businesses along Riverside Drive would likely be directly impacted. Division of
Highways and the Rail Division would need to coordinate regarding potential impacts to the Norfolk
Southern Railway, which runs along Riverside Drive and the French Broad River. These impacts would be
additional to the impacts currently reported in the Final Environmental Impact Statement, thereby
requiring avoidance and minimization efforts to address impacts to historic resources and increasing
right-of-way costs. Right-of-way costs have not been determined for this level of analysis.
Cost Considerations
It should be noted that tunnel construction methods and costs vary wildly between projects. Many
considerations must be evaluated, including land constraints, elevation, construction method, soil type,
and others. Six roadway tunnels in North America were referenced in order to prepare an assumed cost
range for the I-26 Connector project. These tunnels traverse under marine environments, undeveloped
mountainous regions, and developed mountainous regions. Table 1 includes a cost comparison of the
tunnels and known design features. The costs shown below have been adjusted for inflation.

Table 1: Representative Tunnel Construction Cost Estimates
Tunnel

Tunnel
Construction
Cost

Number
of
Tunnels

Number of
lanes in
each
tunnel

Tunnel
Length
(linear feet)a

Cost per foot

Single Tunnel
Diameter

Features
•
•

John H. Bankhead
Tunnel (1941)b

George Wallace Tunnel
(1973)c

$73,000,000

$287,000,000

1

2

2

2

3,389

3,000

$21,500

$47,800

21 ft

~30 ft

Eisenhower-Johnson
Tunnel (1973)d

$965,000,000

2

2

8,976

$53,700

40 ft

Hamptons Roads Bridge
Tunnel (1957 & 1976)e

$826,800,000

2

2

7,479

$55,000

~30 ft

Monitor Merrimac
Memorial Bridge-Tunnel
$728,500,000
f
(1992)
Proposed I-240 & I-26 Tunnels

b

•
•
•

Marine Environment
Travels under Mobile River
Located south of John H. Bankhead
Tunnel in Mobile, Alabama

•
•
•

Mountainous undeveloped terrain
1.64 percent grade
Additional $50 million cost in nonboring expenses during construction

•
•

Marine environment
Travels under shipping lanes in
Chesapeake Bay
Marine environment
4 percent max grades
60 mph design speed

2

2

4,800

$75,000

~30 ft

•
•
•

I-240 Tunnels

-

2

2

8,500

-

48 ftg

•
•
•

Developed mountainous terrain
Travels under French Broad River
Estimated 5 percent grade

I-26 Tunnels

-

2

3

8,500

-

60 ftg

•
•
•

Developed mountainous terrain
Travels under French Broad River
Estimated 5 percent grade

Note: Linear feet is per tunnel. When determining the cost per linear foot, the total length of both tunnels was divided by the total cost.
Source: https://www.aaroads.com/alabama/mobile-city-guide-1/ , https://southalabama.edu/libraries/mccallarchives/bankhead.html
c Source: https://alletting.dot.state.al.us/OfficeEngineer/Docs/GeorgeCWallaceTunnelPublicationeditedforweb.pdf
d Source: https://www.codot.gov/travel/eisenhower-tunnel/description.html
e Source: http://www.roadstothefuture.com/I64_VA_HRBT.html
f Source: http://www.roadstothefuture.com/I664_VA_MMMBT.html
g Note: It is assumed the distance between the tunnels should be at minimum one tunnel width.
a

•
•

Marine Environment
Travel lanes are narrow, no large trucks
permitted
Travels under Mobile River
Western terminus in downtown
Mobile, Alabama

Using the number of tunnels for each example, the total length of tunneling, and the diameter of a single tunnel for each, the total tunnel
volume in cubic yards (CY) was calculated for each tunnel, which was in turn used to calculate the cost per CY of tunnel (see Table 2).
Table 2

John H. Bankhead
Tunnel (1941)b
George Wallace Tunnel
(1973)c
Eisenhower-Johnson
Tunnel (1973)d
Hamptons Roads Bridge
Tunnel (1957 & 1976)e
Monitor Merrimac
Memorial Bridge-Tunnel
(1992)f

Tunnel
Construction
Cost

Number
of
Tunnels

Total Length
of Tunneling
(linear feet)a

Bore/Tunnel
Diameter (ft)

Total Tunnel
Volume (CY)

Cost per CY of
Tunnel

$ 73,000,000

1

3,389

21

43,453

$ 1,680

$ 287,000,000

2

6,000

30

157,000

$ 1,830

$ 965,000,000

2

17,952

40

835,100

$ 1,160

$ 826,800,000

2

14,958

30

391,401

$ 2,210

$ 728,500,000

2

9,600

30

251,200

$ 2,900

The minimum ($1,160) and maximum ($2,900) cost per CY calculated in Table 2 was used to estimate a potential range of costs for constructing
a tunnel alternative for the I-26 Connector project using the assumed amount of total tunnel volume needed (Table 3).
Table 3

I-240 Tunnels
I-26 Tunnels

Number
of
Tunnels
2
2

Total Length of
Tunneling
(linear feet)a
17,000
17,000

Bore/Tunnel
Diameter (ft)

Total Tunnel
Volume (CY)

Minimum Cost of
Tunnel

Maximum Cost of
Tunnel

48
60

1,138,773
1,779,333

$ 1,321,000,000
$ 2,064,000,000

$ 3,302,400,000
$ 5,160,100,000

Based on the comparison of tunnels constructed in the United States and by using the estimated
number of CY needed, it can be assumed the construction costs of tunneling I-240 would range from
$1,321,000,000 to $3,302,400,000 in current dollars. The estimated construction cost of tunneling I-26 is
assumed to range from $2,064,000,000 to $5,160,100,000. This is based only on the cost per CY of
tunnel. In comparison, construction cost estimates of bridges for the I-26 Connector project have been
estimated to cost approximately $65 million to construct based on the current design. The I-26 mainline
bridge is estimated to cost approximately $91 million to construct.
Maintenance costs of a bridge and tunnel must also be considered and compared. Generally, the annual
maintenance cost of tunnels is significantly higher than that of bridges. Maintenance of tunnels includes
traffic supervision for possible wrecks or other safety issues, management and operation costs,
stormwater pumping, electricity for lighting and other needs, fire suppression maintenance, ventilation,
and roadway maintenance. Some estimates note the operation and maintenance of tunnels is
approximately 20 percent to 30 percent of the construction cost. For maintenance comparison
purposes, the Lower Thames Crossing Capacity Options Report on Design and Costs1 was referenced.
This report analyzed the maintenance and operating costs for the three alternatives analyzed in the
Dartford River Crossing Study (2009). Maintenance costs for an immersed tunnel for Option A, which
resembles the potential length of a tunnel for I-26, were estimated to be approximately $4,850,000 per
year for the 60-year lifespan. Maintenance costs for a bridge at the same location were estimated at
approximately $537,000 per year for the same 60-year lifespan.
Bridge maintenance costs for the I-26 Connector Project have not yet been determined. It is anticipated
maintenance costs will include roadway patching and resurfacing, bridge joint maintenance, deicing,
lighting, and general upkeep due to damage from vehicle collisions.
Summary
Based upon the preliminary assumptions developed in this memorandum, constructing a tunnel for
either I-240 or I-26 in Section B for the I-26 Connector Project would increase residential and business
impacts, construction costs, and maintenance costs. Due to the proximity of the tunnel entrances to the
north of the Haywood Road ramps for the I-240 tunnel scenario, the northern ramps at Haywood Road
would likely be eliminated as well as the I-240 connections to Patton Avenue. Additionally, US-23
southbound traffic would lose the proposed connection to I-240 eastbound and I-240 westbound traffic
would lose the proposed connection to US 23 northbound. For the proposed I-26 tunnel options, the I240 flyover bridges would remain to allow for a connection to downtown Asheville; however, all
proposed connections between US 23 and I 26 would be eliminated.
Due to the length of tunneling needed and the assumed tunnel diameters needed for either scenario,
costs are assumed to range from $1,321,000,000 to $5,160,100,000 for construction cost only.

1
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/199853/operating-costs-and-revenuesreport.pdf

