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1.0 Introduction 
This report provides conceptual designs for drainage repair recommendations for Tunnel 15, located 
between Milepost (MP) 720.73 and 721.12 on the Coos Bay Rail Line (CBR), approximately five miles 
southeast of Florence, Oregon, off of Highway 101 and Canary Road. The report has been prepared by 
McMillen Jacobs Associates with David Evans and Associates (DEA) as a subconsultant for the 
surveying, environmental permitting, and wetland delineation portions of this Project.   

The CBR extends approximately 134 miles, connecting the interior Willamette Valley and the City of 
Eugene, Oregon to the port city of Coos Bay, Oregon. The rail line was operated by Southern Pacific 
Railroad (SPRR) from 1916 to 1994. At that time, it was sold to Central Oregon & Pacific Railroad 
(CORP), who operated the line until it was closed in September 2007. In 2009, the line was purchased by 
the Oregon International Port of Coos Bay (Port). After initial repairs, a portion of the line was reopened 
in 2011, and the remainder was opened in 2013. The Port is continuing repairs with the goal of restoring 
the line to a mix of Track Classification 2 (speeds up to 25 miles per hour (mph)) and Track  
Classification 3 (speeds up to 40 mph). 

For this Project, six tunnels and portal entrances along the CBR were surveyed, and the adjacent right-of-
way and wetland areas were delineated. These conceptual drainage designs will address drainage issues 
observed during site visits in July and October of 2015, and will be based on the local hydrology and 
existing track grades. A sampling of photos from the site visits are enclosed in Appendix A. The 
hydrology report prepared by McMillen Jacobs Associates is enclosed in Appendix B. These documents, 
along with survey information and the Wetland Delineation Report prepared by DEA, provide the basis 
for the conceptual designs. 

At Tunnel 15, the track is adversely affected by inadequate drainage, requiring trains to slow to 10 mph 
due to accumulated sediment, debris, and standing water. The goal of this Project is to improve this 
section of track to allow for increased speeds up to 25 mph. 

2.0 Observations 
2.1 Site Visit 
Personnel from McMillen Jacobs Associates visited the project site (all six tunnels) along the Oregon 
coast in July and October 2015. The following observations were made at Tunnel 15 and the adjacent 
overland areas: 

• Originally constructed in 1883; additional construction was performed in 1928; and extensive 
structural repairs were completed between 1960-1975 by SPRR, and between 1999-2011 by 
CORP and CBR.  

• Tunnel 15 is 2,144 feet long and is a single tangent track. 

• Original track grade was -0.4% (essentially flat). 

• North Portal is cast-in-place concrete with a concrete barrel at the tunnel entrance extending 26 
feet from the portal headwall.  
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• South Portal is cast-in-place concrete with a concrete barrel at the tunnel entrance extending 83 
feet from the portal headwall. 

• The concrete barrels at the north and south ends include a concrete invert and sidewalls. The tops 
of the concrete invert slabs are typically one foot below the top of tie; but this depth should be 
confirmed during detailed/final design.  

• In the concrete barrel at the south end, there were longitudinal cracks on both sidewalls. Tiebacks 
had been installed through the west sidewall of the portal structure for structure stabilization. 
Crack gauges were also installed a few years ago to measure and monitor the offset of these 
cracks. All of the crack gauges were damaged and are no longer functional. 

• The tunnel invert was wet. The existing ditches were completely full of silt/sediment. There was 
standing water in the ditches at several locations. There were at least five areas with localized 
groundwater inflows/seepage, primarily from the crown. 

• Ballast inside the tunnel was heavily fouled with silt. The track is pumping. 

• Voids were observed at four locations in the crown and on the sidewalls behind the existing 
tunnel lining (from approximately Sta 20+00 to 27+00). 

• Shotcrete had spalled off at one wet spot, which was dripping at a rate of about 1 gallon per 
minute. There was also a section about 100 feet long with timber sets, but no timber lagging in 
the crown. In this section, there was evidence of minor rock falls from the crown. 

• The area outside of the North Portal was particularly wet. Water flowed from the drainage basin 
above the tunnel, around the west wing wall to the existing ditch. Existing ditches on both sides 
of the track were nearly full of sediment and standing water. Ballast was heavily fouled with silt 
from the North Portal extending approximately 500 feet north of the portal headwall. Vegetation 
was growing in the ballast between ties. See photos in Appendix A. 

• There is an existing timber culvert located approximately 400 feet north of the North Portal. The 
culvert currently conveys flow under the track from the west side to the east side where the ditch 
continues northward. 

• The area outside of the South Portal was also very wet. Water flowed from the drainage basin 
above, along the east wing wall to the existing ditch. Existing ditches on both sides of the track 
were full of standing water; but appeared to be functioning. Standing water extended almost 600 
feet south of the portal headwall. See photos in Appendix A. 

• There is an existing culvert located approximately 500 feet south of the South Portal. The culvert 
currently conveys flow under the track from the east side to the west side. The culvert appeared to 
be nearly full of silt and could be undersized. 

2.2 Existing Tunnel Liner Conditions 

McMillen Jacobs Associates performed a condition assessment of Tunnel 15 (along with several other 
CBR tunnels) in June 2013. A report was prepared, at that time, to inventory the tunnel lining types and 
describe current conditions. As noted in the 2013 Condition Assessment Report, the existing tunnel liner 
at Tunnel 15 consists of a concrete barrel structure at the North Portal (26 linear feet), 679 total linear feet 
of gunite over steel sets (GOSS), 614 total linear feet of shotcrete over steel sets (various sizes), 18 linear 
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feet of shotcrete over bedrock, 605 total linear feet of timber sets with timber lagging, 102 total linear feet 
of steel and timber sets with timber or welded steel lagging, 17 linear feet of steel sets with no lagging, 
and a concrete barrel structure at the South Portal (83 linear feet). The lining types are described as 
follows:  

• GOSS: Four sections of the tunnel are lined with GOSS, placed by the Southern Pacific Railroad 
to replace sections originally lined with timber sets and lagging. Gunite is a dry cementitious 
mixture blown through a nozzle with water injected immediately prior to application. The gunite 
does not contain reinforcing fiber and is generally less than four inches thick. The steel sets are 
spaced at 1.5 to 2 feet on center, supported on concrete curbs or footing walls, which run along 
both sides of the tunnel in these sections.  

• Shotcrete over steel sets: Three sections of the tunnel are lined with shotcrete over steel sets of 
various sizes. The steel sets are spaced at 1.5 to 4 feet on center, supported on concrete curbs or 
footing walls, which run along both sides of the tunnel in these sections. The shotcrete, which is 
pneumatically applied concrete blown through a nozzle, contains steel fiber reinforcement and is 
approximately six inches thick. 

• Shotcrete on bare rock: There is one section of the tunnel where shotcrete was applied directly to 
the rock surface with no timber or steel support, or footings. The shotcrete contains steel fiber 
reinforcement and is approximately six inches thick. 

• Timber sets with timber lagging: Five sections of the tunnel are lined with timber sets with timber 
lagging to support the ground between sets. The timber sets are spaced 2 feet on center, supported 
on concrete curbs/footing walls.  

• Steel and timber sets with timber or welded steel lagging: Three sections of the tunnel are lined 
with steel jump sets in between existing timber sets that are in poor condition. Timber lagging 
was installed between sets in two locations. Welded steel lagging was installed at the third 
location for more robust ground support. Effective spacing between sets is approximately 1 foot. 
Concrete curbs/footing walls support the steel and timber sets.  

• Steel sets with no lagging: There is one section of the tunnel that contains steel sets spaced at 1.5 
feet on center with no lagging. The steel sets are supported on concrete curbs/footing walls. 

Tunnel 15 currently has American Railway Engineering and Maintenance-of-Way Association (AREMA) 
Plate F clearance. 

2.3 Existing Track Profile 

In late October 2015, the Tunnel 15 study area was surveyed by DEA to obtain existing track elevations, 
ditch elevations, tunnel heights, and cross-sections along the study area. The study area began north of 
Tunnel 15 at Station (Sta) 10+00 and extended south of Tunnel 15 to Sta 45+51. By this stationing, the 
North Portal is located at Sta 16+10 and the South Portal is located at Sta 37+54. The survey data for the 
Tunnel 15 study area is summarized in Table 1 and represents the east top of rail elevation. The grade 
within the tunnel varies from -0.55% to -0.06%; and the clearance height, measured from top of rail, 
ranges from 21.10 to 23.32 feet. The high point for the track alignment is at approximately Sta 13+87, 
which is 223 feet north of the North Portal. The existing ditches approximately follow the track grade. 
The flat and negative grades inside the tunnel and surrounding track results in ponding water and 
sedimentation. 
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Table 1: Summary of Survey Data for Tunnel 15 Site 

Alignment Stationing Elevation 1 Elevation 2 Grade Inside 
Clearance (ft) 

10+00 11+02 70.66 71.15 0.48%   

11+02 11+98 71.15 71.58 0.45%   

11+98 12+13 71.58 71.61 0.20%   

12+13 12+29 71.61 71.66 0.31%   

12+29 12+97 71.66 72.02 0.53%  

12+97 13+87 72.02 72.16 0.16%  

13+87 13+96 72.16 72.15 -0.11%  

13+96 14+96 72.15 71.96 -0.19%  

14+96 16+10 71.96 71.89 -0.06%  
16+10 North Portal     

16+10 17+34 71.89 71.82 -0.06% 23.32 

17+34 17+93 71.82 71.70 -0.20% 22.12 

17+93 18+89 71.70 71.53 -0.18% 21.70 

18+89 21+10 71.53 70.78 -0.34% 21.76 

21+10 23+20 70.78 70.04 -0.35% 22.09 

23+20 25+25 70.04 68.92 -0.55% 21.57 

25+25 27+33 68.92 68.23 -0.33% 22.08 

27+33 29+45 68.23 67.45 -0.37% 22.81 

29+45 31+54 67.45 66.47 -0.47% 22.59 

31+54 33+59 66.47 65.91 -0.27% 21.73 

33+59 35+59 65.91 65.29 -0.31% 21.46 

35+59 37+54 65.29 64.72 -0.29% 21.10 

37+54 South Portal      

37+54 38+17 64.72 64.64 -0.13%  

38+17 39+21 64.64 64.61 -0.03%  

39+21 41+13 64.61 64.14 -0.24%  

41+13 44+08 64.14 62.83 -0.44%  

44+08 45+51 62.83 61.94 -0.62%  

Note: Existing high point is at Sta 13+87 
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2.4 Existing Site Drainage 
The drainage basin of the study area is small and covers less than 0.7 square miles. For a detailed 
discussion of the runoff flows and hydrology, please refer to the hydrology report in Appendix B.  The 
existing drainage conditions are depicted in Figure 1 and summarized below. 

 

Figure 1: Tunnel 15 Existing Drainage (image extracted from Bing Maps) 
 

North Portal 

The drainage basin contributing to flows directly at the North Portal is approximately 0.07 square miles 
(shaded gray in Figure 1). The drainage basin contributing to flows north of the North Portal to the area 
where runoff appears to leave the rail line is approximately 0.34 square miles (shaded blue in Figure 1). 
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The ditches along the tracks need to be large enough to handle both contributory drainage basins (i.e. 0.41 
square miles). There are two existing ditches, one on each side of the tracks (see photos in Appendix A). 
The majority of runoff comes from the slopes west of the North Portal, and follows the west side ditch to 
an existing culvert located about 400 feet north of the North Portal (at Sta 12+10). From the culvert, flow 
passes under the tracks to the east side ditch, where flow then continues into the South Inlet stream and 
ultimately discharges into the Siuslaw River. Both ditches are partially filled with sediment. With proper 
cleaning, the ditches may be adequate in size. The existing culvert appeared to be partially blocked with 
sediment and is too small to convey the 25-year storm event. The culvert should, therefore, be replaced. 

South Portal 

The drainage basin contributing to flows directly at the South Portal is approximately 0.10 square miles 
(shaded gray in Figure 1). The drainage basin contributing to flows south of the South Portal to the area 
where runoff appears to leave the rail line is approximately 0.28 square miles (shaded blue in Figure 1). 
The ditches along the tracks need to be large enough to handle both contributory drainage basins (i.e. 0.38 
square miles). There are two existing ditches, one on each side of the tracks (see photos in Appendix A). 
The majority of runoff comes from the slopes that rise to the northeast, above the South Portal, and 
follows the east side ditch to an existing culvert located about 500 feet south of the South Portal (at Sta 
42+54). From the culvert, flow passes under the tracks to the west side ditch, where flow then continues 
to Maple Creek and ultimately discharges into Lake Siltcoos. Both ditches are partially filled with 
sediment. With proper cleaning, the ditches appear to be adequate in size. The existing culvert appeared 
to be partially blocked with sediment and is too small to convey the 25-year storm event. The culvert 
should, therefore, be replaced. 

Tunnel Interior 

There is some groundwater seepage through the existing tunnel lining. The high point of the track profile 
is at Sta 13+87, which is approximately 223 feet north of the North Portal, outside of the tunnel. Proper 
grading of the ditches at the North Portal is required to ensure that no additional flows from outside of the 
tunnel enter the tunnel. Inadequate drainage through the tunnel has resulted in pumping action each time a 
train passes, which allows degraded subbase material to migrate up through the ballast. Drainage should 
be re-established throughout the entire tunnel. 

3.0 Wetland Description 
In October 2015, DEA conducted a wetland delineation for the surrounding wetland areas at Tunnel 15 
and five other CBR tunnels (Tunnels 17, 18, 19, 20 and 21). DEA’s Wetland Delineation Report will be 
provided under separate cover.  

The existing wetland and ditch conditions along the Tunnel 15 site are illustrated in Figure 2 and Figure 3 
(from north to south), which are maps modified from DEA’s Wetland Delineation Report. In summary, 
there are wetlands present both north and south of Tunnel 15. Extending north from the North Portal, 
there is an existing wetland that runs along the west side of the track. Extending south from the South 
Portal, there are existing wetlands that run along both sides of the track.  
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4.0 Drainage Repair Recommendations 
4.1 Tunnel Interior  
The vertical alignment of Tunnel 15 is nearly flat, with grades within the tunnel ranging from -0.55%   to 
-0.06%. The high point for the Tunnel 15 site is located approximately 200 feet north of the North Portal, 
outside the tunnel, at Sta 13+87. The existing drainage is inadequate, which has resulted in excess 
sedimentation on the tracks and standing water inside the tunnel. To repair the drainage inside Tunnel 15, 
two conceptual design options are described below.  

Option 1: Install Tiebacks, Remove/Replace Ballast and Track 

Option 1 consists of removing all accumulated silt and sediment from the tunnel invert and clearing the 
existing ditches inside the tunnel. This would be accomplished by installing tiebacks to support the 
foundation at all locations with steel or timber sets, removing the track, scraping the sub-ballast down to 
competent material (dry, firm subgrade), patching any holes or soft spots in the invert with asphalt-type 
material, installing a geotextile fabric, and then replacing the track section with new ballast/subballast and 
track panels to re-establish the original grade through the tunnel. The existing ditches would then be re-
established after track replacement. See Figure 4 for a cross-section illustration of this concept. 

As described in Section 2.2 above, the existing tunnel lining inside Tunnel 15 consists of a variety of 
types of structural linings. There is a short section with shotcrete on bare rock (18 feet); but the remainder 
of the tunnel is supported by timber sets or steel sets (2,017 feet). The shotcrete section does not require 
any foundation stabilization prior to completing the drainage repairs. However, all of the timber sets and 
steel sets will require foundation stabilization to maintain tunnel stability when the tunnel invert is 
scraped down, and deep ditches installed. The most economical foundation stabilization would consist of 
tieback anchors drilled through the existing concrete footing walls. Tieback requirements (type, size, 
length, and spacing) will be analyzed during detailed/final design. 

McMillen Jacobs Associates recommends installing a geotextile fabric on the competent subgrade, 
followed by placement of a permeable sub-ballast, then placement of ballast and track. The ditches should 
be constructed as deep as possible inside the tunnel to promote drainage away from the ballast. The 
geotextile and sub-ballast will then protect the ballast by providing a cushion layer between the subgrade 
and ballast, and by inhibiting migration of fine materials upward through the ballast. 

Recent railroad rehabilitation projects on the East Coast have placed a layer of asphalt on the subgrade 
instead of a geotextile fabric, but for this Project, an asphalt layer would not be economical. 

[Per comments on Tunnel 19 draft report, we will add a paragraph here to discuss the asphalt option] 

Option 2: Option 1 plus Raise Track Profile 

Option 2 would include all of the measures described in Option 1, as well as raising the track profile by 
one foot inside the tunnel to promote improved drainage. The high point of the track profile is currently 
outside the tunnel at Sta 13+87, which is approximately 223 feet north of the North Portal. If the high 
point were to be shifted about 400 feet south to Sta 17+90 (which lies inside the tunnel), raised by one 
foot at this high point, and then re-graded to match existing grades at each portal, then the overall 
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drainage of the tunnel would be improved. Under this scenario, it would be less likely for runoff from 
outside the tunnel to flow into the tunnel, assuming proper maintenance of the ditches outside the tunnel. 

Any raising of the track should take into account the design AREMA clearance criteria for the tunnel. At 
the present time, clearances inside Tunnel 15 range from 21.1 feet to 23.3. Option 2 would affect the 
height clearance at the North Portal and throughout the tunnel. As discussed in Section 6, we would like 
the Port’s direction on the minimum required clearances through Tunnel 15. 

Recommendations 

Option 1 will significantly improve drainage through Tunnel 15. Option 2 will provide better long term 
drainage throughout the tunnel, but at a higher cost. Since the revised Option 2 track profile will match 
existing grades at each portal, there will be no impacts to wetlands or waters outside of the tunnel. 
Permitting requirements would, therefore, be equivalent for both options. We recommend Option 2 as a 
better long term solution, but understand that this is an economic decision for the Port.  

4.2 North Portal Drainage  
At the North Portal, there are two existing ditches, one on each side of the track. The ditches are partially 
to mostly filled with sediment and, during rain events, sediment is deposited on the tracks, which results 
in significant fouling of the ballast. The majority of surface runoff comes from the slopes west of the 
North Portal. There is an existing timber culvert located approximately 400 feet north of the North Portal 
at Sta 12+10. This culvert appeared to be nearly full of sediment. The average slope of the track is 
+0.20% from Sta 10+00 to Sta 16+10. Based on the hydrology analysis (see report in Appendix B), the 
total expected 25-year peak flow at the North Portal is 14.8 cubic feet per second (cfs).  

To repair the drainage at the North Portal site, the following solutions are recommended: 

• Clean existing ditches 

• Replace existing timber culvert with 36-inch diameter concrete culvert 

• Remove and replace existing ballast and track 
 
The existing ditch configuration (width and depth) appears to be adequate to convey 25-year peak flows, 
but the ditches must be cleaned as part of regular maintenance. This would ensure that both ditches 
perform as intended. See Figure 5 for a cross-section illustration of this concept.  

As discussed above, the majority of runoff appears to flow along the west side ditch until it reaches the 
existing 24-inch diameter timber culvert at Sta 12+10. The existing culvert is not currently large enough 
to convey the 25-year storm. Therefore, the existing culvert should be replaced with a larger, 36-inch 
diameter concrete culvert.  

Based on observed conditions in October 2015, the ballast and track north of the North Portal are in poor 
condition and warrant replacement. For the purpose of this Conceptual Design Report, it is recommended 
that the ballast and track be replaced from the North Portal to the existing culvert, a length of 
approximately 400 feet. As discussed in Section 6, we recommend a site visit during detailed/final design 
to determine the optimal station to end ballast/track replacement; and to confirm the actual depth to 
competent subgrade.  
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The tunnel improvements recommended in Option 2 of Section 4.1 would shift the high point into the 
tunnel and raise the track by 1 foot at the high point. This would, in turn, impact approximately 300 feet 
of track north of the North Portal (to the existing high point at Sta 13+87). 

Recommendations 

There is only one recommended option to improve drainage at the North Portal site – clean and regrade 
the existing ditches, replace the existing timber culvert with a larger capacity concrete culvert, and replace 
the existing ballast and track for a distance of approximately 400 feet from the portal headwall. Re-
ballasting of the North Portal site could be performed in conjunction with the re-ballasting inside Tunnel 
15, or as part of future maintenance/improvements.  

4.3 South Portal Drainage  
At the South Portal, there are two existing ditches, one on each side of the track. The ditches are partially 
filled with sediment and during rain events, sediment is deposited on the tracks, which results in 
significant fouling of the ballast. The majority of surface runoff comes from the slope northeast of the 
South Portal and flows along the east wing wall. There is an existing 24-inch-diameter culvert located 
approximately 500 feet south of the South Portal at Sta 42+54. This culvert appeared to be partially full of 
sediment. The average slope of the track is -0.35% from Sta 37+54 to Sta 45+51. Based on the hydrology 
analysis (see report in Appendix B), the total expected 25-year peak flow at the South Portal is 19.2 cfs.  

To repair the drainage at the South Portal site, the following solutions are recommended: 

• Clean existing ditches 

• Install concrete inlet and pipe above portal headwall and along east wing wall 

• Replace existing timber culvert with 36-inch-diameter concrete culvert 

• Remove and replace existing ballast and track  
 

The existing ditch configuration (width and depth) appears to be adequate to convey 25 year peak flows, 
but the ditches must be cleaned as part of regular maintenance. This would ensure that both ditches 
perform as intended. See Figure 5 for a cross-section illustration of this concept. 

Based on observed conditions in October 2015, surface runoff flowed along the east wing wall from the 
slope above. Construction of a concrete inlet above the portal headwall to collect and convey flow 
through a new pipe down the steep slope and along the wing wall would protect the existing portal 
structure and significantly reduce erosion around the portal. Based on the hydrology analysis, a 30-inch-
diameter pipe would be required to handle the 25-year storm. 

As discussed above, the majority of runoff appears to flow along the east side ditch until it reaches the 
existing 24-inch-diameter culvert at Sta 42+54. The existing culvert is not currently large enough to 
convey the 25-year storm. Therefore, the existing culvert should be replaced with a larger, 36-inch 
diameter concrete culvert.  

Based on observed conditions in October 2015, the ballast and track south of the South Portal are in poor 
condition and warrant replacement. For the purpose of this Conceptual Design Report, it is recommended 
that the ballast and track be replaced from the South Portal to the existing culvert, a length of 
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approximately 500 feet. As discussed in Section 6, we recommend a site visit during detailed/final design 
to determine the optimal station to end ballast/track replacement; and to confirm the actual depth to 
competent subgrade.  

Recommendations 

There is only one recommended option to improve drainage at the South Portal site – clean and regrade 
the existing ditches, replace the existing culvert with a larger capacity concrete culvert, construct a 
concrete inlet and pipe above/along the portal structure, and replace the existing ballast and track for a 
distance of approximately 500 feet from the portal headwall. Re-ballasting of the South Portal site could 
be performed in conjunction with the re-ballasting inside Tunnel 15, or as part of future 
maintenance/improvements. 

5.0 Conceptual Cost Estimate and Schedule 
The drainage problems at the Tunnel 15 site include a number of issues inside and outside the tunnel. 
Two repair options for the tunnel interior were discussed above. Both options require complete ballast and 
track replacement. The ditches outside the tunnel – to the north and south – require maintenance and 
cleaning, replacement of the ballast and track, replacement of existing culverts, and at the South Portal, 
installation of a new concrete inlet and pipe.  

5.1 Preliminary Engineer’s Estimate 
McMillen Jacobs Associates has prepared a preliminary estimate of the construction cost and schedule 
associated with each of the options described above. The estimated costs are intended for planning 
purposes, and do not include costs for permitting or construction engineering/management. Mobilization 
was included at 10%, and contingency was included at 15%. The estimated costs for each option can be 
summarized as follows. 

Tunnel Interior 

• Option 1: Install tiebacks (assume 15-foot-long at 5-foot centers, both sides), remove/replace 
ballast and track (2,144 feet) =  $ 3,515,000 

• Option 2: Option 1 plus raise track profile by 1 foot =  $ 3,740,000 

North Portal Site 

• Option 1: Remove/replace ballast and track, clean ditches, replace existing culvert =  $ 377,000 

South Portal Site 

• Option 1: Remove/replace ballast and track, clean ditches, install inlet and pipe at portal, replace 
existing culvert =  $ 512,000 

Table 2 provides additional details for the estimated costs above. Please note that these costs assumed 
removal and replacement of two feet of fouled ballast; and assumed that re-ballasting of the North Portal 
and South Portal sites would extend to the existing culverts at each end (i.e. 400 feet at the north end and 
500 feet at the south end). As discussed in Section 6, we recommend further site investigation during 
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detailed/final design to confirm the depth and linear extent of fouled ballast. The estimated construction 
cost would then be adjusted accordingly. 

As described in Section 4, McMillen Jacobs Associates recommends cleaning all of the existing ditches 
and replacing the fouled ballast and track inside Tunnel 15, as well as at the North Portal and South Portal 
sites. In addition, the existing culverts need to be replaced; and a new inlet and collection pipe at the 
South Portal would significantly reduce erosion around the portal structure. To perform all of the 
recommended drainage work, the total estimated construction cost is approximately $ 4,403,000. If the 
track profile were to be raised by 1 foot inside Tunnel 15, then the total estimated construction cost would 
be approximately $ 4,628,000. 

5.2 Preliminary Construction Schedule 
Regarding the estimated construction schedule duration to complete the recommended drainage repairs at 
Tunnel 15, we understand that CBR would like to minimize disruption to existing rail service operations, 
and that a 72-hour shutdown (or “curfew”) could be scheduled for work such as ballast and track 
replacement. Based on past experience, contractors have been able to complete about 2,000 feet of 
ballast/track replacement during a 72-hour curfew. Given the length of Tunnel 15 (2,144 feet) and the 
additional lengths at the north and south ends (400 feet and 500 feet, respectively), it will not be possible 
to complete the ballast and track replacement during one 72-hour curfew. 

McMillen Jacobs Associates estimates that it will take the contractor 5 to 6 days (working 24 hours per 
day) to complete the recommended ballast and track replacement at Tunnel 15. It is preferable that this 
work be performed in one long curfew, but it is possible to do the work during two 72-hour curfews, 
starting at the north end (high point) and working south, such that fouled drainage from construction 
activities does not flow over newly installed ballast. 

The remainder of the recommended drainage repairs at Tunnel 15 (i.e. installing tiebacks, cleaning and re-
grading ditches, replacing culverts, and installing a new inlet and pipe at the South Portal) can be 
performed during live-track windows of 6-plus hours with minimal disruption to existing rail service 
operations. McMillen Jacobs Associates estimates that it will take the contractor approximately six 
months to complete the remaining drainage repairs. The majority of this time would be spent inside the 
tunnel installing tiebacks along 2,000 feet of tunnel. The total estimated construction duration for    
Tunnel 15 is, therefore, approximately six months with two 72-hour curfews.  

6.0 Items to Be Resolved 
This report provides a description of the existing drainage conditions inside and outside of Tunnel 15, and 
offers options to improve the site drainage. In order to progress the design, McMillen Jacobs Associates 
has identified the following items that need to be resolved with the Port. 
 

1. What is the Right-of-Way width north and south of Tunnel 15? 
 

2. Which AREMA Plate should be used for this design effort?  At the present time, Tunnel 15 meets 
the requirements for Plate F, but does not meet the clearance requirements for AREMA Plate H 
clearance. 
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3. Potholing along the track alignment inside and outside the tunnel is recommended during 
detailed/final design. Potholing would determine the actual depth to competent subgrade material 
(at the sample locations). The preliminary construction cost estimate in Section 5 assumes an 
average depth of two feet below the bottom of tie. The actual depth may be considerably higher 
or lower. Potholing would provide useful information for design such as: 
 

• Identify the presence of any groundwater springs inside the tunnel. 

• Determine the appropriate method of invert scraping or excavation. 

• Confirm the configuration of the concrete barrel structures at each portal. 

• Identify buried obstructions elsewhere inside the tunnel. 

• Avoid potential construction cost over-runs if the actual depth is significantly greater than 
two feet. 

 
[Per discussions with the Port following submittal of the Tunnel 19 draft Conceptual Design 
Report, McMillen Jacobs Associates will submit a cost proposal to perform this 
recommended exploratory work for the Port’s consideration] 

 
4. During detailed/final design, we would like to perform a site visit to confirm the linear extent of 

fouled ballast north of the North Portal (currently assumed to be 400 feet) and south of the South 
Portal (currently assumed to be 500 feet). 
 

5. Ditch maintenance is important to maintain effective drainage through the tunnels and away from 
the tunnels. How frequently does CBR currently perform maintenance on the existing ditches? 
(i.e. removing sediment and minor re-grading to ensure drainage away from the tunnels)  We 
recommend that a track inspector perform a monthly inspection along the track, and after major 
storms, noting the condition of the track, culverts, and ditches and fixing minor drainage 
problems before they become more problematic.   
 

6. What Options does the Port prefer for the Tunnel Interior, North Portal and South Portal? 
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Table 2: Tunnel 15 Preliminary Construction Cost Estimate Breakdown
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Lengths for Ballast/Track Replacement

Tunnel Interior 2,144 track feet

North Portal Site 400 track feet Study area is 610 feet

South Portal Site 500 track feet Study area is 797 feet

Tunnel Interior

Option 1 Estimated Cost

a Install tiebacks $1,224,000 Sections with Timber or Steel Sets

b Remove/replace ballast (2 feet) $578,880 $270 per track foot

c Remove/replace track $804,000 $375 per track foot

d Re-establish ditches $171,520 $80 per track foot

Subtotal $2,778,400

Mobilization $277,840 10% x Subtotal

Contingency $458,436 15% x (Subtotal + Mobilization)

Estimated Total $3,514,676 Option 1

Option 2

a Option 1 $2,778,400

b Raise track profile by 1 foot $178,080 $70 per track foot (L = 2,544 feet)

Subtotal $2,956,480

Mobilization $295,648 10% x Subtotal

Contingency $487,819.20 15% x (Subtotal + Mobilization)

Estimated Total $3,739,947 Option 2
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Table 2: Tunnel 15 Preliminary Construction Cost Estimate Breakdown
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North Portal Site

Option 1 Estimated Cost

a Remove/replace ballast (2 feet) $108,000 $270 per track foot (L = 400 feet)

b Remove/replace track $150,000 $375 per track foot (L = 400 feet)

c Clean ditches $24,400 $40 per track foot (L = 610 feet)

d Replace existing culvert $15,000 36 inch concrete

Subtotal $297,400

Mobilization $29,740 10% x Subtotal

Contingency $49,071 15% x (Subtotal + Mobilization)

Estimated Total $376,211 Option 1

South Portal Site

Option 1 Estimated Cost

a Remove/replace ballast (2 feet) $135,000 $270 per track foot (L = 500 feet)

b Remove/replace track $187,500 $375 per track foot (L = 500 feet)

c Clean ditches $31,880 $40 per track foot (L = 797 feet)

d Install concrete inlet and pipe $35,000

e Replace existing culvert $15,000 36 inch concrete

Subtotal $404,380

Mobilization $40,438 10% x Subtotal

Contingency $66,723 15% x (Subtotal + Mobilization)

Estimated Total $511,541 Option 1

Summary of Preliminary Construction Costs

Recommended options $4,402,428 to improve drainage

Raise track profile by 1 foot $4,627,699 for added long term benefit
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Figure 2:  Tunnel 15 North Portal - Wetland Delineation 

(extracted from DEA’s Wetland Delineation Report, Figure 6, Sheet 2) 
 
  

Clean out and regrade 
existing ditches 

Replace existing timber 
culvert with larger capacity 
culvert  

Sta. 12+10 

Discharge location  

Clear track of sediment 
and re-ballast 

McMillen Jacobs Associates Page 15 Rev. No. 0 / February 2016 



Coos Bay Rail Link – Tunnel Drainage Sites – Tunnel 15 Conceptual Design Report 

 

 

Figure 3:  Tunnel 15 South Portal - Wetland Delineation 

(extracted from DEA’s Wetland Delineation Report, Figure 6, Sheet 3) 
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Photo 1: Tunnel 15 – South Portal 
 

 
 

Photo 2: Tunnel 15 – Looking south from the South Portal 
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Photo 3: Tunnel 15 – North Portal 
 

 
 

Photo 4: Tunnel 15 – Looking north from the North Portal 
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Photo 5:  Tunnel 15 – Condition of ballast, track, and ditches at approx. Sta 31+80. 
 

 
 

Photo 6:  Tunnel 15 – Timber sets on concrete footing wall at approx. Sta 23+80. 
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Technical Memorandum 
Technical Memorandum 

 

 

To: Carol Ravano, P.E.  Project: Coos Bay Rail Line (CBR) Tunnel Drainage 

From: Nathan Cox, P.E.  cc: John Etulain, P.E., Megan Nelson, P.E., Matt 
Bartlett, P.E. 

Date: December 15, 2015  Job No.: 15-045, Phase 01-0600 

Subject: Hydrology at North and South Tunnel Entrances 

 

1.0 Introduction 

1.1 Background 

The proposed project is intended to address long-term drainage and hydrology issues in six of the nine 
tunnels (Tunnels 15, 17, 18, 19, 20, and 21) on the Coos Bay Rail Line (CBR) in order to improve track 
speeds in extended segments of the rail line.  Currently, these areas require slowing to 10mph and come in 
between better quality sections.  By improving these segments, CBR will be able to maintain a steady 
25mph through longer portions of the line. 

The general age and history of use of these tunnels, the track grade conditions through the tunnels, and the 
general hydrology of the Oregon Coast and Coast Range Mountains have combined to create drainage 
conditions that cause deterioration of the tunnel and track structures, and may disrupt train operations 
along the line.   

2.0 Hydrology 

The runoff at the North and South Entrances of each tunnel was estimated using StreamStats.  
StreamStats is a Web-based Geographic Information Systems (GIS) application used to compute 
streamflow statistics for ungauged sites.  StreamStats determines drainage-basin boundaries by use of 
digital elevation data, and uses the regression equations to estimate streamflow statistics for ungauged 
sites.   

The runoff was estimated at each tunnel entrance and at a downstream location where the drainage diverts 
from the rail line, based on the USGS quad maps, to provide a better estimate of the runoff farther 
downstream to adequately size the drainage system.  Many of the drainage areas are below the minimum 
value of 0.28-square-miles.  As a result, the peak flow estimates are extrapolations with unknown errors.  
Also, the peak flow estimates do not account for ground-water effects within the tunnel or at the tunnel 
portals.    
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2.1 Tunnel 15 

Tunnel 15 is located at MP 720.73, constructed in 1883 with additional work done in 1928 and 2009.  The 
tunnel is 2,143 feet long.  Figure 1 shows the location of the tunnel and the estimated perimeter of the 
areas that drain to/from the North and South entrances.  The blue lines delineate the drainage area at the 
tunnel entrances, while the red lines delineate the drainage area downstream where the runoff appears to 
leave the rail line.  The middle red line is a common line dividing the drainage areas.  Table 1 shows the 
estimated peak flow rates for return frequencies from 2-years to 500-years at each entrance.   

 
Figure 1.  Tunnel 15 Location and Drainage Area Delineation. 

 

Table 1. Tunnel 15 Peak Runoff Estimates at each Tunnel Entrance. 

Description 

Peak Runoff Estimate 
(cfs) 

North 
Entrance 

North-d/s 
Entrance 

South 
Entrance 

South-d/s 
Entrance 

Drainage Area (mi2) 0.0719(1) 0.34 0.0952(1) 0.28 
2-yr Peak Flow 5.63 24.5 7.39 20.7 
5-yr Peak Flow 8.94 38.2 11.7 32.3 
10-yr Peak Flow 11.4 48.2 14.8 40.7 
25-yr Peak Flow 14.8 61.9 19.2 52.3 
50-yr Peak Flow 17.4 72.7 22.6 61.4 
100-yr Peak Flow 20.3 84 26.3 71 
500-yr Peak Flow 27.3 112 35.3 94.6 

(1) Drainage Area Falls Below Minimum Area, 0.28 square miles, Runoff Estimates are 
Extrapolations with Unknown Errors. 
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2.2 Tunnel 17 

Tunnel 17 is located south of Siltcoos Lake.  Figure 2 shows the location of the tunnel and the estimated 
perimeter of the areas that drain to/from the North and South entrances.  The blue lines delineate the 
drainage area at the tunnel entrances, while the red lines delineate the drainage area downstream where 
the runoff appears to leave the rail line.  The middle red line is a common line dividing the drainage areas.  
Table 2 shows the estimated peak flow rates for return frequencies from 2-years to 500-years at each 
entrance.   

 
Figure 2.  Tunnel 17 Location and Drainage Area Delineation. 

 

Table 2. Tunnel 17 Peak Runoff Estimates at each Tunnel Entrance. 

Description 

Peak Runoff Estimate 
(cfs) 

North 
Entrance 

North-d/s 
Entrance 

South 
Entrance 

South-d/s 
Entrance 

Drainage Area (mi2) 0.0163(1) - 0.0712(1) 0.15(1) 
2-yr Peak Flow 1.25 - 5.13 10.4 
5-yr Peak Flow 2.04 - 8.2 16.5 
10-yr Peak Flow 2.63 - 10.5 21 
25-yr Peak Flow 3.45 - 13.6 27.2 
50-yr Peak Flow 4.11 - 16.1 32.1 
100-yr Peak Flow 4.82 - 18.8 37.2 
500-yr Peak Flow 6.6 - 25.4 50.1 

(1) Drainage Area Falls Below Minimum Area, 0.28 square miles, Runoff Estimates are 
Extrapolations with Unknown Errors. 
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2.3 Tunnel 18 

Tunnel 18 is located south of Tahkenitch Lake.  Figure 3 shows the location of the tunnel and the 
estimated perimeter of the areas that drain to/from the North and South entrances.  The blue lines 
delineate the drainage area at the tunnel entrances, while the red lines delineate the drainage area 
downstream where the runoff appears to leave the rail line.  The middle red line is a common line 
dividing the drainage areas.  Table 3 shows the estimated peak flow rates for return frequencies from 2-
years to 500-years at each entrance.   

 
Figure 3.  Tunnel 18 Location and Drainage Area Delineation. 

 

Table 3. Tunnel 18 Peak Runoff Estimates at each Tunnel Entrance. 

Description 

Peak Runoff Estimate 
(cfs) 

North 
Entrance 

North-d/s 
Entrance 

South 
Entrance 

South-d/s 
Entrance 

Drainage Area (mi2) 0.0414(1) 0.073(1) 0.0542(1) 0.16(1) 
2-yr Peak Flow 3.3 5.65 4.3 12 
5-yr Peak Flow 4.92 8.38 6.39 17.7 
10-yr Peak Flow 6.07 10.3 7.87 21.6 
25-yr Peak Flow 7.61 12.9 9.84 26.8 
50-yr Peak Flow 8.77 14.8 11.3 30.7 
100-yr Peak Flow 9.96 16.8 12.8 34.7 
500-yr Peak Flow 12.7 21.3 16.4 43.8 

(1) Drainage Area Falls Below Minimum Area, 0.28 square miles, Runoff Estimates are 
Extrapolations with Unknown Errors. 
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2.4 Tunnel 19 

Tunnel 19 is located at MP 745.62, constructed in 1883 with additional work done in 1928 and 2009.  The 
tunnel is 4,184 feet long.  The South entrance follows the old Black Creek.  Figure 4 shows the location 
of the tunnel and the estimated perimeter of the areas that drain to/from the North and South entrances.  
The blue lines delineate the drainage area at the tunnel entrances, while the red lines delineate the 
drainage area downstream where the runoff appears to leave the rail line.  The middle red line is a 
common line dividing the drainage areas.  Table 4 shows the estimated peak flow rates for return 
frequencies from 2-years to 500-years at each entrance.   

 
Figure 4.  Tunnel 19 Location and Drainage Area Delineation. 

 

Table 4. Tunnel 19 Peak Runoff Estimates at each Tunnel Entrance. 

Description 

Peak Runoff Estimate 
(cfs) 

North 
Entrance 

North-d/s 
Entrance 

South 
Entrance 

South-d/s 
Entrance 

Drainage Area (mi2) 0.17(1) 0.19(1) 0.3 0.5 
2-yr Peak Flow 13.1 14.7 22.5 36.5 
5-yr Peak Flow 20.6 22.9 34.9 56.4 
10-yr Peak Flow 26 28.9 44 70.8 
25-yr Peak Flow 33.4 37.2 56.3 90.3 
50-yr Peak Flow 39.3 43.7 65.9 106 
100-yr Peak Flow 45.5 50.5 76.1 122 
500-yr Peak Flow 60.7 67.4 101 161 

(1) Drainage Area Falls Below Minimum Area, 0.28 square miles, Runoff Estimates are 
Extrapolations with Unknown Errors. 
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2.5 Tunnel 20 

Tunnel 20 is located at MP 750.12, constructed in 1883 with additional work done in 1928 and 2011.  The 
tunnel is 870 feet long.  Figure 5 shows the location of the tunnel and the estimated perimeter of the areas 
that drain to/from the North and South entrances.  The red lines delineate the drainage area at the tunnel 
entrances.  The middle red line is a common line dividing the drainage areas.  Table 5 shows the 
estimated peak flow rates for return frequencies from 2-years to 500-years at each entrance.   

 
Figure 5.  Tunnel 20 Location and Drainage Area Delineation. 

 

Table 5. Tunnel 20 Peak Runoff Estimates at each Tunnel Entrance. 

Description 

Peak Runoff Estimate 
(cfs) 

North 
Entrance 

North-d/s 
Entrance 

South 
Entrance 

South-d/s 
Entrance 

Drainage Area (mi2) 0.00174(1) - 0.0205(1) - 
2-yr Peak Flow 0.16 - 1.67 - 
5-yr Peak Flow 0.26 - 2.68 - 
10-yr Peak Flow 0.34 - 3.44 - 
25-yr Peak Flow 0.46 - 4.49 - 
50-yr Peak Flow 0.55 - 5.33 - 
100-yr Peak Flow 0.65 - 6.23 - 
500-yr Peak Flow 0.9 - 8.47 - 

(1) Drainage Area Falls Below Minimum Area, 0.28 square miles, Runoff Estimates are 
Extrapolations with Unknown Errors. 
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2.6 Tunnel 21 

Tunnel 21 is located at MP 751.21, constructed in 1883 with additional work done in 1928 and 209.  The 
tunnel is 475 feet long.  Figure 6 shows the location of the tunnel and the estimated perimeter of the areas 
that drain to/from the North and South entrances.  The red lines delineate the drainage area at the tunnel 
entrances.  Table 6 shows the estimated peak flow rates for return frequencies from 2-years to 500-years 
at each entrance.   

 
Figure 6.  Tunnel 21 Location and Drainage Area Delineation. 

 
Table 6. Tunnel 21 Peak Runoff Estimates at each Tunnel Entrance. 

Description 

Peak Runoff Estimate 
(cfs) 

North 
Entrance 

North-d/s 
Entrance 

South 
Entrance 

South-d/s 
Entrance 

Drainage Area (mi2) 0.00174(1) - 0.000695(1) - 
2-yr Peak Flow 0.16 - 0.0667 - 
5-yr Peak Flow 0.26 - 0.11 - 
10-yr Peak Flow 0.34 - 0.15 - 
25-yr Peak Flow 0.46 - 0.2 - 
50-yr Peak Flow 0.55 - 0.24 - 
100-yr Peak Flow 0.65 - 0.28 - 
500-yr Peak Flow 0.9 - 0.39 - 

(1) Drainage Area Falls Below Minimum Area, 0.28 square miles, Runoff Estimates are 
Extrapolations with Unknown Errors. 
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1.0 Introduction 
This report provides conceptual designs for drainage repair recommendations for Tunnel 17, located 
between Mileposts (MP) 727.70 and 727.93 on the Coos Bay Rail Line (CBR), just south of Canary, 
Oregon, situated on the southern edge of Siltcoos Lake. This report has been prepared by McMillen 
Jacobs Associates with David Evans and Associates (DEA) as a subconsultant for the surveying, 
environmental permitting, and wetland delineation portions of this Project.   

The CBR extends approximately 134 miles, connecting the interior Willamette Valley and the City of 
Eugene, Oregon to the port city of Coos Bay, Oregon.  The rail line was operated by Southern Pacific 
Railroad (SPRR) from 1916 to 1994.  At that time, it was sold to Central Oregon & Pacific Railroad 
(CORP), who operated the line until it was closed in September 2007.  In 2009, the line was purchased by 
the Oregon International Port of Coos Bay (Port). After initial repairs, a portion of the line was reopened 
in 2011, and the remainder was opened in 2013.  The Port is continuing repairs with the goal of restoring 
the line to a mix of Track Classification 2 (speeds up to 25 miles per hour (mph)) and Track  
Classification 3 (speeds up to 40 mph). 

For this Project, six tunnels and portal entrances along the CBR were surveyed, and the adjacent right-of-
way and wetland areas were delineated. These conceptual drainage designs will address drainage issues 
observed during site visits in July and October 2015, and will be based on the local hydrology and 
existing track grades.  A sampling of photos from the site visits are enclosed in Appendix A. The 
hydrology report prepared by McMillen Jacobs Associates is enclosed in Appendix B. These documents, 
along with survey information and the Wetland Delineation Report prepared by DEA, provide the basis 
for the conceptual designs. 

At Tunnel 17, the track is adversely affected by inadequate drainage, requiring trains to slow to 10 mph 
due to accumulated sediment, debris, and standing water. Minor structural repairs were made to the tunnel 
in 2011; but significant drainage issues remain. The goal of this Project is to improve this section of track 
to allow for increased speeds up to 25 mph. 

2.0 Observations 
2.1 Site Visit 
Personnel from McMillen Jacobs Associates visited the project site (all six tunnels) along the Oregon 
coast in July and October 2015. The following observations were made at Tunnel 17 and the adjacent 
overland areas: 

• Tunnel 17 is 1,200 feet long and is a single track on a 2 degree curve.  

• Original track grade was -0.4% to +0.4%. 

• North Portal is cast-in-place concrete with a concrete barrel at the tunnel entrance extending 128 
feet from the portal. 

• South Portal is cast-in-place concrete with a concrete barrel at the tunnel entrance extending 55 
feet from the portal.  
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• The concrete barrels at the north and south ends include a concrete invert and sidewalls. The tops 
of the concrete invert slabs are typically approximately one foot below the top of tie, but this 
depth should be confirmed during detailed/final design. 

• At the time of the October 2015 visit, the ballast was relatively dry at each portal, extending 
about 100 feet into the tunnel, but the ballast was wet and muddy through the remainder of the 
tunnel. The track appears to be pumping. 

• The existing ditches inside the tunnel were completely full of silt/sediment. There was standing 
water in the ditches throughout most of the tunnel; and mud covering the track near the middle of 
the tunnel – see photos in Appendix A. Depth of the standing water and mud was 6 to 12 inches. 

• At the time of the October 2015 visit, there were groundwater seeps from the crown about 200 
feet from each portal. Seepage was greater near the North Portal (approx. 3 gallons per minute). 

• There is a longitudinal crack in the centerline of the crown of the concrete barrel at the north end 
(from approximately Sta 18+00 to Sta 19+25), see photo in Appendix A.  

• There is spalling gunite and water dripping from the crown at one location approximately 110 
feet from the South Portal. 

• The area outside the North Portal area was damp. The existing ditches on both sides of the track 
were partially filled with silt, but appeared to be adequate in size. 

• The area outside the South Portal area had standing water at the portal, which extended along the 
ditches, both inside and outside of the tunnel. The existing ditches were partially filled with silt, 
but appeared to be adequate in size. 

• There was a large pile of timber ties/lagging/debris just outside the South Portal, in the ditch on 
the east side. 

2.2 Existing Tunnel Liner Conditions 

McMillen Jacobs Associates performed a condition assessment of Tunnel 17 (along with several other 
CBR tunnels) in October  2013. A report was prepared at that time to inventory the tunnel lining types 
and describe current conditions. As noted in the 2013 Condition Assessment Report, the existing tunnel 
liner at Tunnel 17 consists of a concrete barrel structure at the North Portal (128 linear feet) and South 
Portal (22 linear feet), 222 total linear feet of shotcrete over bedrock, 415 total linear feet of Gunite Over 
Steel Sets (GOSS), 93 total linear feet of timber sets on concrete curbs/footing walls, and 287 total linear 
feet of timber sets on wooden footing blocks. The lining types are described as follows:   

• GOSS: Two sections of the tunnel are lined with GOSS, placed by the SPRR to replace sections 
that were originally lined with timber sets and lagging. Gunite is a dry cementitious mixture 
blown through a nozzle with water injected immediately prior to application. The gunite does not 
contain reinforcing fiber and is generally less than four inches thick. The steel sets are spaced at 
four feet on center on concrete curbs/footing walls, which run along both sides of the tunnel in 
these two sections.  

• Shotcrete on bare rock: There are two sections of the tunnel where shotcrete was applied directly 
to the rock surface with no timber or steel support (other than rock bolts). These two sections 
have no footings. The shotcrete contains steel fiber reinforcement and is approximately six inches 
thick. 
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• Timber sets on wooden footing blocks: Three sections of the tunnel are lined with timber sets on 
wooden footing blocks with timber lagging. The sets/footing blocks are spaced four feet on 
center. The condition of the wooden footing blocks varies from good in dry areas to poor in wet 
areas. Prior to completing any drainage repairs in the sections with wooden footing blocks, a 
reinforced concrete footing wall must be constructed along both sides of the tunnel to stabilize 
and support the timber sets. 

• Timber sets on concrete curb/footing wall: Two sections of the tunnel are lined with timber sets 
on concrete curb/footing walls with timber lagging. Sets are spaced at four feet on center. 

Tunnel 17 currently has American Railway Engineering and Maintenance-of-Way Association (AREMA) 
Plate F clearance. 
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2.3 Existing Track Profile 
In October 2015, the Tunnel 17 study area was surveyed by DEA to obtain existing track elevations, ditch 
elevations, tunnel heights, and cross-sections along the study area. The study area began north of Tunnel 
17 at Station (Sta) 10+00 and extended south of the tunnel to Sta 38+17. By this stationing, the North 
Portal is located at Sta 17+36 and the South Portal is located at Sta 29+28. The survey data for the Tunnel 
17 study area is summarized in Table 1 and represents the east top of rail elevation. The grade within the 
tunnel varies from -0.57% to +0.36%; and the clearance height, measured from top of rail, ranges from 
21.45 to 25.94 feet. The high point for the track alignment is at approximately Sta 29+62, which is 
located just south of the South Portal. The existing ditches approximately follow the track grade. The flat 
grade and several dips inside and outside the tunnel result in ponding water and sedimentation. 
 

Table 1: Summary of Survey Data for Tunnel 17 Site 

Alignment Stationing Elevation 1 Elevation 2 Grade Inside 
Clearance (ft) 

10+00 11+80 28.47 27.18 -0.71%   

11+80 13+75 27.18 26.57 -0.32%   

13+75 14+68 26.57 26.48 -0.09%   

14+68 15+67 26.48 26.67 0.19%   

15+67 15+90 26.67 26.61 -0.27%  

15+90 16+51 26.61 26.56 -0.09%  

16+51 17+36 26.56 26.62 0.08%  

17+36 North Portal  26.62   21.45 

17+36 21+61 26.62 27.63 0.24% 21.96 

21+61 23+64 27.63 27.31 -0.16% 22.68 

23+64 24+66 27.31 26.72 -0.57% 22.95 

24+66 26+59 26.72 26.58 -0.07% 25.15 

26+59 27+50 26.58 26.87 0.32% 25.94 

27+50 28+11 26.87 27.09 0.36% 21.99 

28+11 29+28 27.09 27.25 0.14% 21.71 

29+28  South Portal  27.25    

29+28 29+62 27.25 27.73 1.40%  

29+62 31+65 27.73 27.56 -0.08%  

31+65 33+66 27.56 26.91 -0.32%  

33+66 35+12 26.91 26.08 -0.57%  

35+12 37+17 26.08 25.47 -0.30%  

37+17 38+17 25.47 25.18 -0.29%  

Note: Existing high point is at Sta 29+62 
  

McMillen Jacobs Associates Page 4 Rev. No. 0 / February 2016 



Coos Bay Rail Link – Tunnel Drainage Sites – Tunnel 17 Conceptual Design Report 

2.4 Existing Site Drainage 
The drainage basin of the study area is small and covers less than 0.20 square miles. For a detailed 
discussion of the runoff flows and hydrology, please refer to the hydrology report in Appendix B.  The 
existing drainage conditions are depicted in Figure 1 and summarized below. 

 

Figure 1: Tunnel 17 Existing Drainage (image extracted from Bing Maps) 
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North Portal 
The drainage basin associated with the North Portal is small, less than 0.02 square miles (shaded in gray 
on Figure 1). From the North Portal headwall, the track extends north approximately 740 feet to the 
bridge abutment at an average grade of -0.08%. There are two existing ditches, one on each side of the 
track. The ditches run from the portal to the bridge abutment (see photos in Appendix A). The ditches 
appeared to be adequate in size, but were partially filled with sediment. The North Portal area was damp 
during site visits in June and October 2015. 

South Portal 
The drainage basin contributing to flows directly at the South Portal is approximately 0.07 square miles 
(shaded gray in Figure 1). The drainage basin contributing to flows south of the South Portal to the area 
where runoff appears to leave the rail line is approximately 0.15 square miles (shaded blue in Figure 1). 
The ditches along the track need to be large enough to handle both contributory drainage basins (i.e. 0.22 
square miles). There are two existing ditches, one on each side of the track (see photos in Appendix A). 
There was standing water at the South Portal, which extended nearly 400 feet south of the portal. 

Tunnel Interior 

During site visits in June and October 2015, the interior of Tunnel 17 was wet and muddy. There were a 
couple of locations with groundwater seepage through the existing tunnel lining. In addition, water 
appeared to flow into the tunnel from both portals. The high point of the track profile is Sta 29+62, just 
outside of the South Portal, and there are three low spots (dips) in the alignment inside the tunnel where 
standing water has accumulated (see photos in Appendix A). Based on the tunnel stationing shown in 
Table 1, the dips are located at approximately Sta 23+36, Sta 26+24 and Sta 27+16. While the drainage 
requirements inside the tunnel are minimal, the existing ditches are completely filled with sediment and 
ballast. The tracks are fouled with sediment as well. Inadequate drainage through the tunnel has resulted 
in pumping action each time a train passes, which allows degraded subbase material to migrate up 
through the ballast. Drainage should be re-established throughout the entire tunnel. 

3.0 Wetland Description 
In October 2015, DEA conducted a wetland delineation for the surrounding wetland areas at Tunnel 17 
and five other CBR tunnels (Tunnels 15, 18, 19, 20 and 21). DEA’s Wetland Delineation Report will be 
provided under separate cover.  

The existing wetland and ditch conditions along the Tunnel 17 site are illustrated in Figures 2, 3 and 4, 
which are maps modified from DEA’s Wetland Delineation Report. In summary, at the North Portal, 
there is a ditch wetland on the west side of the track and a stream running along the east side of the track. 
Both features discharge outside of the study area to wetlands, which ultimately discharge to Siltcoos 
Lake. At the South Portal, there are wetlands present on both sides of the track, including a stream that 
runs along the east side of the track and eventually flows outside of the study area. 
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4.0 Drainage Repair Recommendations 
4.1 Tunnel Interior  
The vertical alignment inside Tunnel 17 has grades ranging from -0.57% to 0.36%, with a highpoint just 
south of the South Portal at Sta 29+62. The existing drainage is inadequate, which has resulted in excess 
sedimentation on the tracks and standing water inside the tunnel. To repair the drainage inside Tunnel 17, 
two conceptual design options are described below.  
 
Option 1: Install Tiebacks, Remove/Replace Ballast and Track 

Option 1 consists of removing all accumulated silt and sediment from the tunnel invert and clearing the 
existing ditches inside the tunnel. This would be accomplished by installing tiebacks to support the 
foundation at all locations with steel or timber sets, constructing reinforced concrete footing walls in 
sections with wooden footing blocks, removing the track, scraping the sub-ballast down to competent 
material (dry, firm subgrade), patching any holes or soft spots with asphalt-type material, installing a 
geotextile fabric, and then replacing the track section with new ballast/subballast and track panels to re-
establish the original grade through the tunnel. New ditches would then be constructed on each side of the 
track, maximizing the available depth while ensuring proper drainage through the tunnel. See Figure 5 for 
a conceptual illustration. 

As described in Section 2.2 above, the existing tunnel lining inside Tunnel 17 consists of GOSS, shotcrete 
on bare rock, and timber sets. The shotcrete sections do not require any foundation stabilization prior to 
completing the drainage repairs. However, the sections lined with GOSS and timber sets will require 
foundation stabilization to maintain tunnel stability when the tunnel invert is scraped down. The most 
economical foundation stabilization would consist of tieback anchors drilled through the existing concrete 
footing walls. In areas where there are wooden footing blocks, a reinforced concrete footing wall will 
need to be constructed to support the timber sets. Tieback requirements (type, size, length, and spacing) 
and concrete footing wall configuration will be analyzed during detailed/final design. 

McMillen Jacobs Associates recommends installing a geotextile fabric on the competent subgrade, 
followed by placement of a permeable sub-ballast, then placement of ballast and track. The ditches should 
be constructed as deep as possible inside the tunnel to promote drainage away from the ballast. The 
geotextile and sub-ballast will then protect the ballast by providing a cushion layer between the subgrade 
and ballast, and by inhibiting migration of fine materials upward through the ballast. 

Recent railroad rehabilitation projects on the East Coast have placed a layer of asphalt on the subgrade 
instead of a geotextile fabric. For this Project, an asphalt layer would be significantly more expensive and 
severely disrupt railroad service operations. The estimated cost for geotextile fabric is roughly $10 per 
track foot, while a 4-inch-layer of asphalt would cost on the order of $300 per track foot. In addition, the 
required curfew to place and cure asphalt in the tunnel would be measured in weeks, not days.  

Option 2: Option 1 plus Raise Track Profile 

Option 2 would include all of the measures described in Option 1, but would also raise the track profile 
inside the tunnel to promote improved drainage. The high point of the track profile is currently at Sta 
29+62, which is approximately 34 feet south of the South Portal. If the high point was shifted about 700 
feet north to Sta 22+60 (inside the tunnel), then the track profile could be raised by one foot at this new 
high point and re-graded toward both portals to match existing grades outside of the tunnel. This option 
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would not affect the grades or clearances at either portal and would eliminate the dips in the tunnel 
profile. 

Any raising of the track should take into account the design AREMA clearance dimensions for the tunnel. 
At the present time, height clearances inside Tunnel 17 range from approximately 21.45 to 25.94 feet. The 
Port has indicated that any drainage repair that would reduce the existing AREMA Plate would not be 
acceptable. Option 2 would not affect the height clearance at either Portal.  

Recommendations 

Option 1 will significantly improve drainage through Tunnel 17. Option 2 will provide better long term 
drainage through the tunnel, but at a higher cost. Since the revised Option 2 track profile will match 
existing grades at each portal, there will be no impacts to wetlands or waters outside of the tunnel. 
Permitting requirements would, therefore, be equivalent for both options. We recommend Option 2 as a 
better long term solution, but understand that this is an economic decision for the Port.  

4.2 North Portal Drainage  
At the North Portal, there are two existing ditches, one on each side of the track, which currently 
discharge into Siltcoos Lake. Based on the hydrology analysis (see report in Appendix B), the total 
expected flow for the combined ditches for a 25-yr peak flow event is 3.45 cubic feet per second (cfs). 
The existing ditch configuration (width and depth) is adequate to convey these flows, but the ditches 
should be cleaned and regraded as part of regular maintenance. This would ensure that both ditches 
perform as intended. See Figure 6 for a cross-section illustration of this concept.  

Based on observed conditions in October 2015, the track structure just north of the North Portal are in 
poor condition, but the condition of the track structure improves closer to the existing bridge abutment. 
For the purpose of this Conceptual Design Report, it is recommended that the track structure is replaced 
from the North Portal to approximately Sta 16+00, a distance of approximately 136 feet. As discussed in 
Section 6, we recommend a site visit during detailed/final design to determine the optimal station to end 
track structure replacement, and to confirm the actual depth to competent subgrade. 

Recommendations 

There is only one recommended option to improve drainage at the North Portal – clean and regrade the 
existing ditches, and replace the existing fouled track structure outside of the tunnel for a distance of 
approximately 136 feet from the portal headwall. Re-ballasting of the North Portal area could be 
performed in conjunction with the re-ballasting inside Tunnel 17, or as part of future maintenance. 

4.3 South Portal Drainage 
At the South Portal, there are two existing ditches, one on each side of the track. The ditches flow to the 
south, into Lane Creek and ultimately into Siltcoos Lake. Based on the hydrology analysis (see report in 
Appendix B), the total expected flow for the combined ditches for a 25-yr peak flow event at the South 
Portal entrance is approximately 13.6 cfs. The existing ditch configuration (width and depth) is adequate 
to convey these flows, but the ditches should be cleaned and regraded as part of regular maintenance so 
they perform as intended. See Figure 6 for a cross-section illustration of this concept. 

McMillen Jacobs Associates Page 8 Rev. No. 0 / February 2016 



Coos Bay Rail Link – Tunnel Drainage Sites – Tunnel 17 Conceptual Design Report 

Based on observed conditions in October 2015, the track structure south of the South Portal are in poor 
condition. The condition of the track structure improves as one moves further from the tunnel portal. For 
the purpose of this Conceptual Design Report, it is recommended that the track structure is replaced from 
the North Portal to approximately Sta 32+00, a distance of approximately 272 feet. As discussed in 
Section 6, we recommend a site visit during detailed/final design to determine the optimal station to end 
ballast/track replacement; and to confirm the actual depth to competent subgrade. 

Recommendations 

Similar to the North Portal, there is only one recommended option to improve drainage at the South Portal 
of Tunnel 17 – clean and regrade the existing ditches, and replace the existing fouled track structure 
outside of the tunnel for a distance of approximately 272 feet from the portal headwall. Re-ballasting of 
the South Portal area could be performed in conjunction with the re-ballasting inside Tunnel 17, or as part 
of future maintenance/improvements. 

5.0 Conceptual Cost Estimate and Schedule 
The drainage problems at the Tunnel 17 site are largely confined to the tunnel interior. Two repair options 
for the tunnel interior were discussed above. Both options require complete track structure replacement. 
Outside of the tunnel – to the north and south – the existing ditches require maintenance and cleaning, and 
the fouled ballast and track require replacement.  

5.1 Preliminary Engineer’s Estimate 
McMillen Jacobs Associates has prepared a preliminary estimate of the construction cost and schedule 
associated with each of the options described above. The estimated costs are intended for planning 
purposes, and do not include costs for permitting or construction engineering/management. Mobilization 
was included at 10%, and contingency was included at 15%. The estimated costs for each option can be 
summarized as follows. 

Tunnel Interior 

• Option 1: Install tiebacks (assume 15-foot-long at 5-foot centers, both sides), concrete footing 
walls over wood foot blocks, remove/replace track structure (1,200 feet) = $ 1,860,000 

• Option 2: Option 1 plus raise track profile by 1 foot = $ 1,966,000 

North Portal Site 

• Option 1: Clean ditches (736 feet), remove/replace track structure (136 feet) = $149,000 

South Portal Site 

• Option 1: Clean ditches (881 feet), remove/replace track structure (272 feet) = $ 267,000 

Table 2 provides additional details for the estimated costs above. Please note that these costs assumed 
removal and replacement of two feet of fouled ballast inside and outside the tunnel. As discussed in 
Section 6, we recommend further site investigation during detailed/final design to confirm the depth of 
fouled ballast. The estimated construction cost would then be adjusted accordingly. 
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As described in Section 4, McMillen Jacobs Associates recommends cleaning all of the existing ditches 
and replacing the fouled ballast and track inside Tunnel 17 (1,200 feet), as well as shorter sections at the 
North Portal and South Portal. To perform all of the recommended drainage repairs, the total estimated 
construction cost is approximately $ 2,275,000. If the track profile were to be raised by 1 foot inside 
Tunnel 17, then the total estimated construction cost would increase to approximately $ 2,381,000. 

5.2 Preliminary Construction Schedule 
Regarding the estimated construction schedule duration to complete the recommended drainage repairs at 
Tunnel 17, we understand that CBR would like to minimize disruption to existing rail service operations, 
and that a 72-hour shutdown (or “curfew”) could be scheduled for work such as track structure 
replacement. Based on past experience, contractors have been able to complete about 2,000 feet of track 
structure replacement during a 72-hour curfew. Given the length of Tunnel 17 (1,200 feet) and the 
additional lengths at the north and south ends (136 feet and 272 feet, respectively), the recommended 
track structure replacement at Tunnel 17 can be completed during one 72-hour curfew. 

The remainder of the recommended drainage repairs at Tunnel 17 (i.e. installing tiebacks, constructing 
reinforced concrete footing walls, cleaning and re-grading the ditches inside and outside of the tunnels) 
can be performed during live-track windows of 6-plus hours with minimal disruption to existing rail 
service operations. McMillen Jacobs Associates estimates that it will take the contractor approximately 10 
to 12 weeks to complete the remaining drainage repairs. The total estimated construction duration for 
Tunnel 17 is, therefore, approximately 3 months with one 72-hour curfew.  

6.0 Items to Be Resolved 
This report provides a description of the existing drainage conditions inside and outside of Tunnel 17, and 
offers options to improve the site drainage. In order to progress the design, McMillen Jacobs Associates 
has identified the following items that need to be resolved with the Port. 
 

1. What is the Right-of-Way width north and south of Tunnel 17? 
 

2. Which AREMA Plate should be used for this design effort?  At the present time, Tunnel 17 meets 
the requirements for AREMA Plate F, but does not meet the clearance requirements for Plate H.  
 

3. Potholing along the track alignment inside and outside the tunnel is recommended during 
detailed/final design. Potholing would determine the actual depth to competent subgrade material 
(at the sample locations). The preliminary construction cost estimate in Section 5 assumes an 
average depth of two feet below the bottom of tie. The actual depth may be considerably higher 
or lower. Potholing would provide useful information for design such as: 
 

• Identify the presence of any groundwater springs inside the tunnel. 

• Determine the appropriate method of invert scraping or excavation. 

• Confirm the configuration of the concrete barrel structures at each portal. 

• Identify buried obstructions elsewhere inside the tunnel. 

• Avoid potential construction cost over-runs if the actual depth is significantly greater than 
two feet. 
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[Per discussions with the Port following submittal of the Tunnel 19 draft Conceptual Design 
Report, McMillen Jacobs Associates will submit a cost proposal to perform this 
recommended exploratory work for the Port’s consideration] 

 
4. Ditch maintenance is important to maintain effective drainage through the tunnels and away from 

the tunnels. How frequently does CBR currently perform maintenance on the existing ditches? 
(ie. removing sediment and minor re-grading to ensure drainage away from the tunnels)  We 
recommend that a track inspector perform a monthly inspection along the track, and after major 
storms, noting the condition of the track and ditches, and fixing minor drainage problems before 
they become more problematic.  
 

5. What Options does the Port prefer for the Tunnel Interior, North Portal and South Portal? 
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Table 2: Tunnel 17 Preliminary Construction Cost Estimate Breakdown
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Lengths for Track Structure Replacement

Tunnel Interior 1,200 track feet Tunnel 17

North Portal Site 136 track feet Study area is 736 feet

South Portal Site 272 track feet Study area is 881 feet

Tunnel Interior

Option 1 Estimated Cost

a Install tiebacks $480,000 GOSS & timber sets (795 feet)

b Concrete footing walls $120,000 Wooden footing blocks (287 feet)

c Remove/replace ballast (2 feet) $324,000 $270 per track foot

d Remove/replace track $450,000 $375 per track foot

e Re-establish ditches $96,000 $80 per track foot

Subtotal $1,470,000

Mobilization $147,000 10% x Subtotal

Contingency $242,550 15% x (Subtotal + Mobilization)

Estimated Total $1,859,550 Option 1

Option 2

a Option 1 $1,470,000

b Raise track profile by 1 foot $84,000 $70 per track foot

Subtotal $1,554,000

Mobilization $155,400 10% x Subtotal

Contingency $256,410 15% x (Subtotal + Mobilization)

Estimated Total $1,965,810 Option 2
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Table 2: Tunnel 17 Preliminary Construction Cost Estimate Breakdown
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North Portal Site

Option 1 Estimated Cost

a Clean ditches $29,440 $40 per track foot (736 feet)

b Remove/replace ballast (2 feet) $36,720 $270 per track foot (136 feet)

c Remove/replace track $51,000 $375 per track foot (136 feet)

Subtotal $117,160

Mobilization $11,716 10% x Subtotal

Contingency $19,331 15% x (Subtotal + Mobilization)

Estimated Total $148,207 Option 1

South Portal Site

Option 1 Estimated Cost

a Clean ditches $35,240 $40 per track foot (881 feet)

b Remove/replace ballast (2 feet) $73,440 $270 per track foot (272 feet)

c Remove/replace track $102,000 $375 per track foot (272 feet)

Subtotal $210,680

Mobilization $21,068 10% x Subtotal

Contingency $34,762 15% x (Subtotal + Mobilization)

Estimated Total $266,510 Option 1

Summary of Preliminary Construction Costs

Recommended options $2,274,268 to improve drainage

Raise track profile by 2 feet $2,380,528 for added long term benefit
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Figure 2: Tunnel 17 North Portal - Wetland Delineation  

(extracted from DEA’s Wetland Delineation Report, Figure 6, Sheet 3) 
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Figure 3: Tunnel 17 South Portal (1) - Wetland Delineation 

(extracted from DEA’s Wetland Delineation Report, Figure 6, Sheet 4) 
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Figure 4: Tunnel 17 South Portal (2) – Wetland Delineation  

(extracted from DEA’s Wetland Delineation Report, Figure 6, Sheet 5) 
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Photo 1:  Tunnel 17 – South Portal (note pile of timber ties/lagging/debris). 
 
 

 
 

Photo 2:  Tunnel 17 – Looking north at the South Portal (note fouled ballast). 
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Photo 3:  Tunnel 17 – Looking inside the tunnel from the South Portal. 
 
 

 
 

Photo 4:  Tunnel 17 – Condition of ballast, track, and ditches inside tunnel near South Portal. 
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Photo 5:  Tunnel 17 – Condition of ballast and track inside the tunnel. 
 
 

 
 

Photo 6:  Tunnel 17 – Standing water in ditches; fouled ballast inside tunnel. 
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Photo 7:  Tunnel 17 – Defects in crown of tunnel (longitudinal cracking). 
 
 

 
 

Photo 8:  Tunnel 17 – Condition of ballast, track, and ditches inside tunnel near North Portal. 
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Photo 9:  Tunnel 17 – North Portal. 
 
 

 
 

Photo 10:  Tunnel 17 – Looking south toward the North Portal. Wetlands on both sides of track. 
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Appendix B 

Hydrology Report 

(see Appendix B - Tunnel 15 Report)
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1.0 Introduction 
This report provides conceptual designs for drainage repair recommendations for Tunnel 18, located 
between Mileposts (MP) 734.48 and 734.78 on the Coos Bay Rail Line (CBR), approximately 2.5 miles 
north of Gardiner, Oregon. The report has been prepared by McMillen Jacobs Associates with David 
Evans and Associates (DEA) as a subconsultant for the surveying, environmental permitting, and wetland 
delineation portions of this Project.   

The CBR extends approximately 134 miles, connecting the interior Willamette Valley and the City of 
Eugene, Oregon to the port city of Coos Bay, Oregon.  The rail line was operated by Southern Pacific 
Railroad (SPRR) from 1916 to 1994.  At that time, it was sold to Central Oregon & Pacific Railroad 
(CORP), who operated the line until it was closed in September 2007.  In 2009, the line was purchased by 
the Oregon International Port of Coos Bay (Port). After initial repairs, a portion of the line was reopened 
in 2011, and the remainder was opened in 2013.  The Port is continuing repairs with the goal of restoring 
the line to a mix of Track Classification 2 (speeds up to 25 miles per hour (mph)) and Track  
Classification 3 (speeds up to 40 mph). 

For this Project, six tunnels and portal entrances along the CBR were surveyed, and the adjacent right-of-
way and wetland areas were delineated. These conceptual drainage designs will address drainage issues 
observed during site visits in July and October 2015, and will be based on the local hydrology and 
existing track grades.  A sampling of photos from the site visits are enclosed in Appendix A.  The 
hydrology report prepared by McMillen Jacobs Associates is enclosed in Appendix B.  These documents, 
along with survey information and the Wetland Delineation Report prepared by DEA, provide the basis 
for the conceptual designs. 

At Tunnel 18, the track is adversely affected by inadequate drainage, requiring trains to slow to 10 mph 
due to accumulated sediment, debris, and standing water. There were structural repairs made to the tunnel 
in 2011, but standing water continues to be present at the South Portal and inside much of the tunnel. The 
goal of this Project is to improve this section of track to allow for increased speeds up to 25 mph. 

2.0 Observations 
2.1 Site Visit 
Personnel from McMillen Jacobs Associates visited the project site (all six tunnels) along the Oregon 
coast in July and October 2015. The following observations were made at Tunnel 18 and the adjacent 
overland areas: 

• Tunnel 18 is 1,678 feet long and is a single, tangent track.  

• Original track grade was +0.4%. 

• North Portal is supported by gunite over steel sets (GOSS). 

• South Portal is cast-in-place concrete with a concrete barrel at the tunnel entrance extending 53 
feet from the portal into the tunnel.  

• The concrete barrel at the south end includes a concrete invert and sidewalls. The top of the 
concrete invert slab is typically approximately one foot below the top of tie, but this depth should 
be confirmed during detailed/final design. 
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• At the time of the October 2015 visit, the ballast was wet and muddy through the majority of the 
tunnel. At the North Portal, the ballast was damp. At the South Portal, the ballast was relatively 
dry, extending about 150 feet into the tunnel. The track appears to be pumping throughout the 
tunnel. 

• The existing ditches inside the tunnel were completely full of silt/sediment. There was standing 
water in the ditches throughout most of the tunnel, and there was mud covering the track at 
several locations – see photos in Appendix A.  

• At the time of the October 2015 visit, there were groundwater seeps from the crown near the 
North Portal, extending approximately 600 feet into the tunnel. In this same location, there was 
longitudinal cracking in the gunite and spalling in the crown – see photos in Appendix A. 

• There are two sections of the tunnel supported by timber sets on wooden footing blocks. The 
wooden blocks are deteriorating in several locations (covered with wet mud). A number of 
wooden footing blocks are either crushed or misaligned – see photos in Appendix A.  

• The area outside of the North Portal area was damp. There were two 4-inch-diameter HDPE drain 
pipes, one running along each of the two wing walls – see photos in Appendix A. The drain pipes 
discharged at the toes of the wing walls, with flow continuing to the existing ditches on each side 
of the track. Flow was greater from the drain pipe on the west side wing wall. The existing 
ditches were mostly filled with silt, but appeared to be adequate in size. 

• The existing ditches outside of the South Portal were completely filled with silt and standing 
water, but appeared to be adequate in size. 

2.2 Existing Tunnel Liner Conditions 
McMillen Jacobs Associates performed a condition assessment of Tunnel 18 (along with several other 
CBR tunnels) in June 2013. A report was prepared at that time to inventory the tunnel lining types and 
describe current conditions. As noted in the 2013 Condition Assessment Report, the existing tunnel liner 
at Tunnel 18 consists of a concrete barrel structure at the South Portal (53 linear feet), 905 total linear feet 
of GOSS (including the North Portal entrance), 32 linear feet of shotcrete over bedrock, 545 total linear 
feet of timber sets on wooden footing blocks with timber lagging, 98 linear feet of timber sets on concrete 
footing walls, and 45 linear feet of steel sets with shotcrete. The lining types are described as follows: 

• GOSS: One section of the tunnel is lined with GOSS, placed by SPRR to replace sections that 
were originally lined with timber sets and lagging. The gunite does not contain reinforcing fiber 
and is generally less than four inches thick. The steel sets are spaced four feet on center on 
concrete curbs/footing walls, which run along both sides of the tunnel. 

• Shotcrete on bare rock: One section of the tunnel is lined with shotcrete. In Tunnel 18, the 
shotcrete contains steel fiber reinforcement and is approximately six inches thick. There is no 
footing in this section of the tunnel.  

• Timber sets on wooden footing blocks: Two sections of the tunnel are lined with timber sets on 
wooden footing blocks with timber lagging. The sets/footing blocks are spaced at four feet on 
center. The condition of the wooden footing blocks varies from poor to severely deteriorated. 
Many of the footing blocks are completely covered in wet mud. Prior to completing any drainage 
repairs in the sections with wooden footing blocks, a reinforced concrete footing wall must be 
constructed along both sides of the tunnel to stabilize and support the timber sets. 
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• Timber sets on concrete footing wall: One section of the tunnel is lined with timber sets on 
concrete footing walls with timber lagging. Sets are spaced at four feet on center. 

• Steel sets with no lagging on concrete footing wall: There is one section of the tunnel supported 
by steel sets spaced at four feet on center with a concrete footing wall foundation. There is no 
lagging between the steel sets. The bare rock is supported by an initial layer of shotcrete. Timber 
cribbing was placed above the steel sets to support the crown. 

Tunnel 18 currently has American Railway Engineering and Maintenance-of-Way Association (AREMA) 
Plate F clearance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Remainder of this page is intentionally left blank 
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2.3 Existing Track Profile 
In late October 2015, the Tunnel 18 study area was surveyed by DEA to obtain existing track elevations, 
ditch elevations, tunnel heights, and cross-sections along the study area. The study area began north of 
Tunnel 18 at Station (Sta) 10+00 and extended south of the tunnel to Sta 42+69. By this stationing, the 
North Portal is located at Sta 17+99 and the South Portal is located at Sta 34+77. The survey data for the 
Tunnel 18 study area is summarized in Table 1 and represents the east top of rail elevation. The grade 
within the tunnel varies from +0.14% to +0.68%; and the clearance height, measured from top of rail 
ranges from 19.39 to 23.02 feet. The high point for the track alignment is at approximate Sta 34+88, 
which is located just south of the South Portal. The existing ditches approximately follow the track grade. 
The relatively flat grades inside the tunnel results in ponding water and sedimentation. 

 

Table 1: Summary of Survey Data for Tunnel 18 Site 

Alignment Stationing Elevation 1 Elevation 2 Grade Inside 
Clearance (ft) 

10+00 12+10 50.52 50.91 0.19%   

12+10 14+12 50.91 51.73 0.41%   

14+12 16+99 51.73 51.81 0.03%   

16+99 17+70 51.81 52.06 0.35%   

17+70 17+99 52.06 52.17 0.38%  

17+99 North Portal  52.17   23.02 

17+99 18+70 52.17 52.57 0.56% 21.72 

18+70 20+65 52.57 52.84 0.14% 22.61 

20+65 22+51 52.84 54.10 0.68% 22.11 

22+51 24+53 54.10 55.06 0.48% 21.71 

24+53 26+49 55.06 55.84 0.40% 21.46 

26+49 28+49 55.84 56.16 0.16% 21.06 

28+49 30+46 56.16 56.71 0.28% 21.63 

30+46 33+09 56.71 57.74 0.39% 22.00 

33+09 34+77 57.74 58.06 0.19% 19.39 

34+77 South Portal  58.06     

34+77 34+88 58.06 58.09 0.27%  

34+88 35+87 58.09 58.00 -0.09%  

35+87 37+83 58.00 57.35 -0.33%  

37+83 39+78 57.35 56.62 -0.37%  

39+78 42+69 56.62 56.17 -0.15%  

Note: Existing high point is at Sta 34+88 
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2.4 Existing Site Drainage 
The drainage basin of the study area is small and covers approximately 0.33 square miles. For a detailed 
discussion of the runoff flows and hydrology, please refer to the hydrology report in Appendix B.  The 
existing drainage conditions are depicted in Figure 1 and summarized below. 

Figure 1: Tunnel 18 Existing Drainage (image extracted from Bing Maps) 
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North Portal 
The drainage basin associated with the North Portal ultimately discharges to Tahkenitch Lake. The 
drainage basin contributing flows directly at the North Portal is approximately 0.04 square miles (shaded 
gray on Figure 1). The drainage basin contributing to flows north of the North Portal to the existing 
ditches is approximately 0.07 square miles (shaded blue on Figure 1). The ditches along the track need to 
be large enough to handle both contributory drainage basins (i.e. 0.11 square miles). From the North 
Portal headwall, the track extends north approximately 1,000 feet to a bridge trestle that crosses 
Tahkenitch Lake. The average track grade from the North Portal to the trestle is -0.21%. The existing 
ditches run from the portal to the bridge abutment. The ditches on both sides of the track appeared to be 
adequate in size yet filled with sediment (see photos in Appendix A).  

South Portal 
The drainage basin contributing flows directly at the South Portal is approximately 0.05 square miles 
(shaded gray on Figure 1). The drainage basin contributing to flows south of the South Portal to the area 
where runoff appears to leave the rail line is approximately 0.16 square miles (shaded blue on Figure 1). 
The ditches along the track need to be large enough to handle both contributory drainage basins (i.e. 0.21 
square miles). From the South Portal headwall, the track extends south toward the town of Gardiner, 
Oregon. The study area extends approximately 800 feet south of the portal. The average track grade 
within the study area is -0.24%. There are two existing ditches, one on each side of the track. While there 
was standing water in the ditches, they appear adequate in size (see photos in Appendix A). 

Tunnel Interior 

During site visits in June and October 2015, the majority of the interior of Tunnel 18 was wet and muddy. 
There was groundwater seepage from the crown at several locations in the northernmost 600 feet of the 
tunnel. In addition, water appeared to flow into the tunnel from both ends. The high point of the track 
profile is approximate Sta 34+88 (just outside of the South Portal). There appears to be one low spot (dip) 
inside the tunnel at approximate Sta 25+00, where standing water has accumulated. While the drainage 
requirements inside the tunnel are minimal, the existing ditches are completely filled with ballast, mud, 
and sediment. The tracks are fouled with sediment as well. Inadequate drainage through the tunnel has 
resulted in pumping action each time a train passes, which allows degraded subbase material to migrate 
up through the ballast. Drainage with adequate slope should be re-established throughout the tunnel. 

3.0 Wetland Description 
In October 2015, DEA conducted a wetland delineation for the surrounding wetland areas at Tunnel 18 
and five other CBR tunnels (Tunnels 15, 17, 19, 20 and 21). DEA’s Wetland Delineation Report will be 
provided under separate cover.  

The existing wetlands and ditch conditions along the Tunnel 18 site are illustrated in Figures 2, 3 and 4, 
which are maps modified from DEA’s Wetland Delineation Report. In summary, there are wetlands on 
both the north and south ends of the Tunnel 18 site. 

There is a slope wetland on the east side of the North Portal. This wetland coincides with the existing 
ditch and could be fed by a small stream from above the North Portal. There is a wetland ditch on the 
west side of the North Portal, which connects to a depressional wetland north of the North Portal. The 

McMillen Jacobs Associates Page 6 Rev. No. 0 / February 2016 



Coos Bay Rail Link – Tunnel Drainage Sites – Tunnel 18 Conceptual Design Report 

wetland ditch drains through an existing culvert located at approximate Sta 13+80. This wetland drains 
outside of the study area to a stream that ultimately drains into Tahkenitch Lake. 

Extending south from the South Portal, there are existing wetlands that run along both sides of the track. 
There is also a palustrine depressional wetland that is fed by the streams on both sides of the tracks. Flow 
passes from the west side of the track to the east side through an existing culvert located at approximate 
Sta 38+25 and feeds the wetland. This wetland continues to widen outside of the study area.  

4.0 Drainage Repair Recommendations 
4.1 Tunnel Interior  
The vertical alignment inside Tunnel 18 has grades ranging from +0.14% to +0.68% with a high point just 
outside of the South Portal at Sta 34+88. The existing drainage is inadequate, which has resulted in excess 
sedimentation on the tracks and standing water inside the tunnel. To repair the drainage inside Tunnel 18, 
two conceptual design options are described below.  

Option 1: Install Tiebacks, Remove/Replace Ballast and Track 

Option 1 consists of removing all accumulated silt and sediment from the tunnel invert and clearing the 
existing ditches inside the tunnel. This would be accomplished by installing tiebacks to support the 
foundation at all locations with steel or timber sets, constructing reinforced concrete footing walls in 
sections with wooden footing blocks, removing the track and ties, scraping the sub-ballast down to 
competent material (dry, firm subgrade), patching any holes or soft spots with asphalt-type material, 
installing a geotextile fabric, and then replacing the track section with new ballast/sub-ballast and track 
panels to re-establish the original grade through the tunnel. New ditches would then be constructed on 
each side of the track, maximizing the available depth while ensuring proper drainage through the tunnel 
See Figure 5 for a conceptual illustration of this concept. 

As described in Section 2.2 above, the existing tunnel lining inside Tunnel 18 consists of GOSS, shotcrete 
on bare rock, timber sets, and steel sets. The shotcrete section does not require any foundation 
stabilization prior to completing the drainage repairs. However, the sections lined with GOSS, timber 
sets, and steel sets will require foundation stabilization to maintain tunnel stability when the tunnel invert 
is scraped down, if it is scraped down below the level of the footings. The most economical foundation 
stabilization would consist of tieback anchors drilled through the existing concrete footing walls. In areas 
where there are wooden footing blocks, a reinforced concrete footing wall will need to be constructed to 
support the timber sets. Tieback requirements (type, size, length, and spacing) and concrete footing wall 
configuration will be analyzed during detailed/final design. 

McMillen Jacobs Associates recommends installing a geotextile fabric on the competent subgrade, 
followed by placement of a permeable sub-ballast, then placement of ballast and track panels. The ditches 
should be constructed as deep as possible inside the tunnel to promote drainage away from the ballast. 
The geotextile and sub-ballast will then protect the ballast by providing a cushion layer between the 
subgrade and ballast, and by inhibiting migration of fine materials upward through the ballast. 

Recent railroad rehabilitation projects on the East Coast have placed a layer of asphalt on the subgrade 
instead of a geotextile fabric. For this Project, an asphalt layer would be significantly more expensive and 
severely disrupt railroad service operations. The estimated cost for geotextile fabric is roughly $10 per 
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track foot, while a 4-inch-layer of asphalt would cost on the order of $300 per track foot. In addition, the 
required curfew to place and cure asphalt in the tunnel would be measured in weeks, not days. 

Option 2: Option 1 plus Raise Track Profile 

Option 2 would include all of the measures described in Option 1, but would also raise the track profile 
inside the tunnel to promote improved drainage. The high point of the track profile is currently at Sta 
34+88, which is approximately 11 feet south of the South Portal. If the high point was shifted 
approximately 300 feet north to Sta 31+90 (inside the tunnel), then the track profile could be raised by 
one foot at this new high point and re-graded toward both portals to match existing grades outside of the 
tunnel.  

Any raising of the track should take into account the design AREMA clearance dimensions for the tunnel. 
At the present time, height clearances inside Tunnel 18 range from approximately 19.39 (at the South 
Portal) to 23.02 feet (at the North Portal). The Port has indicated that any drainage repair that would 
reduce the existing AREMA Plate clearance would not be acceptable. Since Option 2 would reduce the 
height clearance from the South Portal to the shifted/proposed high point inside the tunnel (approximately 
300 feet), Option 2 does not meet the Port’s requirements. This option was included only for discussion 
purposes. 

Recommendations 

Option 1 will significantly improve drainage through Tunnel 18. While Option 2 will provide better long 
term drainage through the tunnel, it would reduce the height clearance near the South Portal. As such, 
McMillen Jacobs Associates recommends Option 1. 

4.2 North Portal Drainage  
At the North Portal, there are two existing ditches, one on each side of the track. The ditches are partially 
to mostly full of sediment and, during rain events, sediment is deposited on the tracks, which results in 
significant fouling of the ballast. The majority of surface runoff comes from the slopes east of the North 
Portal. There are two existing 4-inch diameter, corrugated HDPE drain pipes, one running along each 
wing wall (east and west) directing water away from the portal. There is an existing timber culvert located 
at Sta 13+80, approximately 419 feet north of the North Portal. This culvert appeared to be nearly full of 
sediment. Based on the hydrology analysis (see report in Appendix B), the total expected 25-year peak 
flow at the North Portal is 12.9 cubic feet per second (cfs).  

To repair the drainage at the North Portal site, the following solutions are recommended: 

• Clean existing ditches 

• Replace existing timber culvert with 36-inch diameter concrete culvert 

• Replace existing drain pipes along east and west wing walls with similar new piping 

• Remove and replace track structure 

The existing ditch configuration (width and depth) appears to be adequate to convey 25-year peak flows, 
but the ditches must be cleaned as part of regular maintenance. This would ensure that both ditches 
perform as intended. See Figure 6 for a cross-section illustration of this concept.  
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As discussed above, the majority of runoff appears to flow along the east side ditch until it reaches the 
existing 24-inch diameter timber culvert at Sta 13+80. The existing culvert is not currently large enough 
to convey the 25-year storm. Therefore, the existing culvert should be replaced with a larger, 36-inch 
diameter concrete culvert. 

The condition and routing of the two existing drain pipes along the east and west wing walls are not fully 
known. We recommend a site visit during detailed/final design to determine their function and location. 
For the purpose of this Conceptual Design Report, it is recommended that both drain pipes be replaced 
with similar new piping, and secured to the concrete wing walls. 

Based on observed conditions in October 2015, the track structure just north of the North Portal is in poor 
condition, but the condition of the track structure improves as one moves further from the tunnel. For the 
purpose of this Conceptual Design Report, it is recommended that the track structure be replaced from the 
North Portal to Sta 15+00, a distance of approximately 299 feet. As discussed in Section 6, we 
recommend a site visit during detailed/final design to determine the optimal station to end track structure 
replacement, and to confirm the actual depth to competent subgrade. 

Recommendations 

There is only one recommended option to improve drainage at the North Portal – clean and regrade the 
existing ditches, replace the existing culvert, replace the existing drain pipes along the wing walls, and 
replace the existing fouled track structure outside of the tunnel for a distance of approximately 300 feet 
from the portal headwall. Re-ballasting of the North Portal area could be performed in conjunction with 
the re-ballasting inside Tunnel 18, or as part of future maintenance. 

4.3 South Portal Drainage 
At the South Portal, there are two existing ditches, one on each side of the track. The ditches are partially 
full of sediment and, during rain events, sediment is deposited on the tracks, which results in significant 
fouling of the ballast. The majority of surface runoff comes from the slope east of the South Portal and 
flows along the east wing wall. There was dense vegetation around the portal during the October 2015 
visit. There may be an existing inlet/drain pipe along the east wall, but it could not be located. There is an 
existing 24-inch-diameter culvert located at Sta 38+25, approximately 350 feet south of the South Portal. 
This culvert appeared to be partially full of sediment. Based on the hydrology analysis (see report in 
Appendix B), the total expected 25-year peak flow at the South Portal is 26.8 cfs. 

To repair the drainage at the South Portal site, the following solutions are recommended: 

• Clean existing ditches 

• Replace existing timber culvert with new 24-inch-diameter concrete culvert 

• Construct a new 24-inch-diameter concrete inlet and pipe above the portal headwall and along the 
east wing wall to direct flow away from the portal 

• Remove and replace track structure 

The existing ditch configuration (width and depth) appears to be adequate to convey 25-year peak flows, 
but the ditches must be cleaned as part of regular maintenance. This would ensure that both ditches 
perform as intended. See Figure 6 for a cross-section illustration of this concept. 
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Runoff appears to flow in both ditches. When flow from the west side ditch reaches the existing 24-inch-
diameter culvert at Sta 38+25, flow is conveyed to the east side ditch. Combined flow then continues 
south along the east side ditch. The existing culvert appears to be large enough to convey the 25-year 
storm, but it is nearly full of sediment. Based on past experience with old timber culverts, it is 
recommended that the timber culvert be replaced with a new concrete culvert with the same capacity (i.e. 
24-inch diameter).  

As discussed above, surface runoff flows along the east wing wall from the slope above. It is unknown if 
there is an existing inlet/drain pipe above the South Portal. For the purpose of this Conceptual Design 
Report, we assume there is not an existing inlet/drain, and recommend construction of a concrete inlet 
above the portal headwall to collect and convey flow down the steep slope and along the wing wall. This 
would protect the existing portal structure and significantly reduce erosion around the portal. Based on the 
hydrology analysis, a 24-inch-diameter pipe would be required to handle the 25-year storm. During 
detailed/final design, we recommend further exploration to determine if there is an existing inlet/drain 
above the South Portal. If so, then the Construction Documents would require removal of the existing 
inlet/drain and replacement with a 24-inch-diameter concrete inlet and pipe.  

Based on observed conditions in October 2015, the track structure just south of the South Portal is in poor 
condition, but the condition of the track structure improves as one moves further from the tunnel. For the 
purpose of this Conceptual Design Report, it is recommended that the track structure be replaced from the 
South Portal to Sta 38+00, a distance of approximately 323 feet. As discussed in Section 6, we 
recommend a site visit during detailed/final design to determine the optimal station to end track structure 
replacement, and to confirm the actual depth to competent subgrade. 

Recommendations 

There is only one recommended option to improve drainage at the South Portal – clean and regrade the 
existing ditches, replace the existing culvert, construct a new concrete inlet/drain pipe along the east wing 
wall, and replace the existing fouled track structure outside of the tunnel for a distance of approximately 
323 feet from the portal headwall. Re-ballasting of the South Portal area could be performed in 
conjunction with the re-ballasting inside Tunnel 18, or as part of future maintenance. 

5.0 Conceptual Cost Estimate and Schedule 
The drainage problems at the Tunnel 18 site include a number of issues inside and outside of the tunnel. 
All of the repair options require complete track structure replacement. At the north and south ends, the 
existing ditches require maintenance and cleaning, and the existing culverts and drain pipes require 
replacement.  

5.1 Preliminary Engineer’s Estimate 
McMillen Jacobs Associates has prepared a preliminary estimate of the construction cost and schedule 
associated with each of the options described above. The estimated costs are intended for planning 
purposes, and do not include costs for permitting or construction engineering/management. Mobilization 
was included at 10%, and contingency was included at 15%. The estimated costs for each option can be 
summarized as follows. 
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Tunnel Interior 

• Option 1: Install tiebacks (assume 15-foot-long at 5-foot centers), concrete footing walls over 
wooded footing blocks, remove/replace track structure (1,678 feet) =  $ 2,975,000 

• Option 2: Option 1 plus raise track profile by 1 foot =  $ 3,124,000 

North Portal Site 

• Option 1: Clean ditches (799 feet), replace existing culvert and drain pipes, remove/replace track 
structure (299 feet) =  $ 329,000 

South Portal Site 

• Option 1: Clean ditches (792 feet), replace existing culvert, construct concrete inlet/drain pipe, 
remove/replace track structure (323 feet) =  $ 366,000 

Table 2 provides additional details for the estimated costs above. Please note that these costs assumed 
removal and replacement of two feet of fouled ballast inside and outside of the tunnel. As discussed in 
Section 6, we recommend further site investigation during detailed/final design to confirm the depth of 
fouled ballast. The estimated construction cost would then be adjusted accordingly. 

As described in Section 4, McMillen Jacobs Associates recommends cleaning all of the existing ditches 
and replacing the fouled ballast and track in Tunnel 18 (1,678 feet), as well as shorter sections at the 
North Portal and South Portal. To perform all of the recommended drainage repairs, the total estimated 
construction cost is approximately $ 3,669,000. If the track profile were to be raised by one foot inside 
Tunnel 18, then the total estimated construction cost would increase to approximately $ 3,818,000. 

5.2 Preliminary Construction Schedule 
Regarding the estimated construction schedule duration to complete the recommended drainage repairs at 
Tunnel 18, we understand that CBR would like to minimize disruption to existing rail service operations, 
and that a 72-hour shutdown (or “curfew”) could be scheduled for work such as track structure 
replacement. Based on past experience, contractors have been able to complete about 2,000 feet of track 
structure replacement during a 72-hour curfew. Given the length of Tunnel 18 (1,678 feet) and the 
additional lengths at the north and south ends (299 feet and 323 feet, respectively), it may not be possible 
to complete the recommended track structure replacement during one 72-hour curfew. 

The remainder of the recommended drainage repairs at Tunnel 18 (i.e. installing tiebacks, constructing 
reinforced concrete footing walls, cleaning and re-grading the ditches inside and outside of the tunnels, 
replacing culverts and drain pipes, and installing a new inlet and pipe at the South Portal) can be 
performed during live-track windows of 6-plus hours with minimal disruption to existing rail service 
operations. McMillen Jacobs Associates estimates that it will take the contractor approximately 14 to 16 
weeks to complete the remaining drainage repairs. The total estimated construction duration for Tunnel 
18 is, therefore, approximately 4 months with one 72-hour curfew.  
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6.0 Items to Be Resolved 
This report provides a description of the existing drainage conditions inside and outside of Tunnel 18, and 
offers options to improve the site drainage. In order to progress the design, McMillen Jacobs Associates 
has identified the following items that need to be resolved with the Port. 

1. What is the Right-of-Way width north and south of Tunnel 18?

2. Which AREMA Plate should be used for this design effort?  At the present time, Tunnel 18 meets
the requirements for AREMA Plate F, but does not meet the clearance requirements for Plate H.

3. Potholing along the track alignment inside and outside of the tunnel is recommended during
detailed/final design. Potholing would determine the actual depth to competent subgrade material
(at the sample locations). McMillen Jacobs Associates has submitted a fee proposal to the Port to
perform this geotechnical exploration work and is awaiting approval to proceed with the work.

4. Ditch maintenance is important to maintain effective drainage through the tunnels and away from
the tunnels (i.e. removing sediment and minor re-grading to ensure drainage away from the
tunnels). McMillen Jacobs Associates recommends that a track inspector perform a monthly
inspection along the track, and after major storms, noting the condition of the track, ditches, and
culverts, and fixing minor drainage problems before they become more problematic.

5. What Options does the Port prefer for the Tunnel Interior, North Portal, and South Portal?
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Table 2: Tunnel 18 Preliminary Construction Cost Estimate Breakdown
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Lengths for Track Structure Replacement

Tunnel Interior 1,678 track feet Tunnel 18

North Portal Site 299 track feet Study area is 799 feet

South Portal Site 323 track feet Study area is 792 feet

Tunnel Interior

Option 1 Estimated Cost

a Install tiebacks $960,000 Steel and timber sets (1,593 feet)

b Concrete footing walls $175,000 Wooden footing blocks (545 feet)

c Remove/replace ballast (2 feet) $453,060 $270 per track foot

d Remove/replace track $629,250 $375 per track foot

e Re-establish ditches $134,240 $80 per track foot

Subtotal $2,351,550

Mobilization $235,155 10% x Subtotal

Contingency $388,006 15% x (Subtotal + Mobilization)

Estimated Total $2,974,711 Option 1

Option 2

a Option 1 $2,351,550

b Raise track profile by 1 foot $117,460 $70 per track foot

Subtotal $2,469,010

Mobilization $246,901 10% x Subtotal

Contingency $407,387 15% x (Subtotal + Mobilization)

Estimated Total $3,123,298 Option 2
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Table 2: Tunnel 18 Preliminary Construction Cost Estimate Breakdown
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North Portal Site

Option 1 Estimated Cost

a Remove/replace ballast (2 feet) $80,730 $270 per track foot (299 feet)

b Remove/replace track $112,125 $375 per track foot (299 feet)

c Clean ditches $31,960 $40 per track foot (799 feet)

d Replace existing culvert $15,000 36 inch concrete

e Replace existing drain pipes $20,000 two each

Subtotal $259,815

Mobilization $25,982 10% x Subtotal

Contingency $42,869 15% x (Subtotal + Mobilization)

Estimated Total $328,666 Option 1

South Portal Site

Option 1 Estimated Cost

a Remove/replace ballast (2 feet) $87,210 $270 per track foot (323 feet)

b Remove/replace track $121,125 $375 per track foot (323 feet)

c Clean ditches $31,680 $40 per track foot (792 feet)

d Install concrete inlet and pipe $35,000

e Replace existing culvert $14,000 24 inch concrete

Subtotal $289,015

Mobilization $28,902 10% x Subtotal

Contingency $47,687 15% x (Subtotal + Mobilization)

Estimated Total $365,604 Option 1

Summary of Preliminary Construction Costs

Recommended options $3,668,981 to improve drainage

Raise track profile by 1 foot $3,817,568 for added long term benefit
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Figure 2: Tunnel 18 North Portal - Wetland Delineation 

(extracted from DEA’s Wetland Delineation Report, Figure 6, Sheet 6) 
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Figure 3: Tunnel 18 South Portal (1) - Wetland Delineation 

(extracted from DEA’s Wetland Delineation Report, Figure 6, Sheet 7) 
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Figure 4: Tunnel 18 South Portal (2) - Wetland Delineation 

(extracted from DEA’s Wetland Delineation Report, Figure 6, Sheet 8) 
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Appendix A 

Photos 
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Photo 1:  Tunnel 18 – Approaching the North Portal from the north. 

Photo 2:  Tunnel 18 – North Portal, existing ditches with standing water on both sides of track. 
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Photo 3:  Tunnel 18 – North Portal, existing drain pipe discharges at toe of west wing wall. 

Photo 4:  Tunnel 18 – North Portal, existing drain pipe discharges at toe of east wing wall. 
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Photo 5:  Tunnel 18 – Looking north from North Portal; standing water in existing ditches. 

Photo 6:  Tunnel 18 – Looking north from inside the tunnel, near the North Portal. 
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Photo 7:  Tunnel 18 – Condition of ballast, track, and ditches about 500 feet from North Portal. 

Photo 8:  Tunnel 18 – Condition of ballast, track, and ditches about 500 feet from North Portal. 
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Photo 9:  Tunnel 18 – Cracking, spalling, and seepage from the crown. 

Photo 10:  Tunnel 18 – Timber sets on concrete footing walls (near South Portal, looking north). 

McMillen Jacobs Associates Page 23 Rev. No. 0 / February 2016 



Coos Bay Rail Link – Tunnel Drainage Sites – Tunnel 18 Conceptual Design Report 

Photo 11:  Tunnel 18 – Timber sets; interface between concrete footing walls and wooden footing blocks. 

Photo 12:  Tunnel 18 – Timber sets on wooden footing blocks, buried in mud. 
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Photo 13:  Tunnel 18 – Timber set on wooden footing block (crushed). 

Photo 14:  Tunnel 18 – Condition of ballast, track, and ditches near South Portal. 
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Photo 15:  Tunnel 18 – Approaching the South Portal from the south; note condition of ballast. 

Photo 16:  Tunnel 18 – South Portal, existing ditch (east side) full of standing water. 
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Appendix B

Hydrology Report 

(see Appendix B - Tunnel 15 Report)
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1.0 Introduction 
This report provides conceptual designs for drainage repair recommendations for Tunnel 19, located 
between Mileposts (MP) 745.62 and 746.42 on the Coos Bay Rail Line (CBR), south of Reedsport, 
Oregon. The report has been prepared by McMillen Jacobs Associates with David Evans and Associates 
(DEA) as a subconsultant for the surveying, environmental permitting, and wetland delineation portions 
of this Project.   

The CBR extends approximately 134 miles, connecting the interior Willamette Valley and the City of 
Eugene, Oregon to the port city of Coos Bay, Oregon. The rail line was operated by the Southern Pacific 
Railroad (SPRR) from 1916 to 1994. At that time, it was sold to Central Oregon & Pacific Railroad 
(COPR), who operated the line until it was closed in September 2007. In 2009, the line was purchased by 
the Oregon International Port of Coos Bay (Port). After initial repairs, a portion of the line was reopened 
in 2011, and the remainder was opened in 2013. The Port is continuing repairs with the goal of restoring 
the line to a mix of Track Classification 2 (speeds up to 25 miles per hour (mph)) and Track  
Classification 3 (speeds up to 40 mph). 

For this Project, six tunnels and portal entrances along the CBR were surveyed, and the adjacent right-of-
way and wetland areas were delineated. These conceptual drainage designs will address drainage issues 
observed during site visits in July and October of 2015; and will be based on the local hydrology and 
existing track grades. A sampling of photos from the site visits are enclosed in Appendix A. The 
hydrology report prepared by McMillen Jacobs Associates is enclosed in Appendix B. These documents, 
along with survey information and the Wetland Delineation Report prepared by DEA, provide the basis 
for the conceptual designs.  

At Tunnel 19, the track is adversely affected by inadequate drainage, requiring trains to slow to 10 mph 
due to accumulated sediment, debris, and standing water. The goal of this Project is to improve this 
section of track to allow for increased speeds up to 25 mph. 

2.0 Observations 
2.1 Site Visits 
Personnel from McMillen Jacobs Associates visited the project site (all six tunnels) along the Oregon 
coast in July and October 2015. The following observations were made at Tunnel 19 and the adjacent 
overland areas: 

• Tunnel 19 is 4,186 feet long. 

• Tunnel 19 is a single track on 6 degree tangent curve. 

• North Portal is cast-in-place concrete with a concrete barrel at the tunnel entrance extending 57 
feet inside the tunnel.  

• South Portal is cast-in-place concrete with a concrete barrel at the tunnel entrance extending 55 
feet inside the tunnel. 

• The concrete barrels at the north and south ends include a concrete invert and sidewalls. The tops 
of the concrete invert slabs are typically approximately one foot below the top of tie, but this 
depth should be confirmed during detailed/final design. 
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• Cast-in-place concrete wing walls extend from both portal headwalls. North Portal wing walls are 
approximately 18 feet long. South Portal wing walls are approximately 26 feet long. For the 
purpose of this report, the wing wall lengths are not included in the length of the “tunnel interior”. 

• At the time of the October 2015 site visit, the North Portal had standing water on both sides of the 
track for a few hundred feet outside of the tunnel, and extended approximately 250 feet into the 
tunnel with large amounts of sediment on the track. 

• At the South Portal, there was standing water at the tunnel entrance, which extended inside the 
tunnel several hundred feet (north), and extended outside the tunnel (south) the entire length of 
the study area. 

• At the time of the October 2015 site visit, there was a small creek that flowed from above the 
South Portal headwall and behind the west wing wall. Flow continued along the ditch on the west 
side of the track, eventually joining Blacks Creek south of the study area. Plastic “super” sacks of 
concrete had been placed behind the west wing wall to provide erosion protection at the South 
Portal (see photo in Appendix A). 

• The existing ditches inside the tunnel were completely full of silt/sediment. During the October 
2015 site visit, there was standing water inside the tunnel (near both portals) approximately six 
inches deep. 

• Ballast inside and outside the tunnel was heavily fouled with silt. The track appears to be 
pumping throughout the tunnel. In some areas, ties were below the ballast.  

2.2 Existing Tunnel Liner Conditions  
McMillen Jacobs Associates performed a condition assessment of Tunnel 19 (along with several other 
CBR tunnels) in June 2013. A report was prepared at that time to inventory the tunnel lining types and 
describe current conditions. As noted in the 2013 Condition Assessment Report, the existing tunnel liner 
at Tunnel 19 consists of a concrete barrel structure at the North Portal (57 linear feet) and South Portal 
(55 linear feet), 50 linear feet of Gunite Over Steel Sets (GOSS), and 4,024 linear feet of shotcrete over 
bare rock. The lining types are described as follows: 

• GOSS: One section of the tunnel is lined with GOSS, placed by the SPRR to replace the original 
lining of timber sets and lagging. Gunite is a dry cementitious mixture blown through a nozzle 
with water injected immediately prior to application. The gunite does not contain reinforcing fiber 
and is generally less than four inches thick. The steel sets are spaced two feet and four feet on 
center on concrete footing walls, which run along both sides of the tunnel. 

• Shotcrete on bare rock: The majority of Tunnel 19 is lined with shotcrete, which was applied 
directly to the rock surface with no timber or steel supports (other than rock bolts). The shotcrete 
lined section does not have concrete footings. The shotcrete contains steel fiber reinforcement and 
is approximately six inches thick. 
 

Tunnel 19 currently has American Railway Engineering and Maintenance-of-Way Association (AREMA) 
Plate F clearance. 
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2.3 Existing Track Profile  
In October 2015, the Tunnel 19 study area was surveyed by DEA to obtain existing track elevations, ditch 
elevations, tunnel heights, and cross-sections along the study area. The study area began north of    
Tunnel 19, at Station (Sta) 10+00, and extended south of the tunnel to Sta 71+50. By this stationing, the 
North Portal is located at Sta 18+58 and the South Portal is located at Sta 60+44. The survey data for the 
Tunnel 19 study area is summarized in Table 1 and represents the east top of rail elevation. The grade 
within the tunnel varies from +0.1% to +0.5%; and the clearance height, measured from top of rail, ranges 
from 21.11 to 24.96 feet. The high point for the track alignment is at approximately Sta 60+91, which is 
located just outside of the South Portal. The existing ditches approximately follow the track grade. The 
flat grade and dips inside and outside the tunnel result in ponding water and sedimentation.  
 

Table 1: Summary of Survey Data for Tunnel 19 Site 
 

Alignment Stationing Elevation 1 Elevation 2 Grade Inside 
Clearance (ft) 

10+00  14+02 52.50 53.42     0.23%  

14+02 18+16 53.42 54.10     0.16%  

18+16 18+60 54.10 54.15    0.11%  

18+60 North Portal 54.15   22.72 

18+60 19+13 54.15 54.21    0.11% 22.72 

19+13 21+76 54.21 54.64     0.16% 21.68 

21+76 25+80 54.64 56.65     0.50% 24.13 

25+80 28+80 56.65 57.49     0.28% 24.56 

28+80 32+73 57.49 58.98     0.38% 23.45 

32+73 35+80 58.98 60.44     0.48% 23.78 

35+80 39+95 60.44 62.24     0.43% 23.84 

39+95 43+95 62.24 63.66     0.35% 23.30 

43+95 47+89 63.66 65.24     0.40% 23.14 

47+89 51+88 65.24 66.80     0.39% 23.33 

51+88 55+89 66.80 68.31     0.38% 24.67 

55+89 58+92 68.31 68.69     0.13% 25.20 

58+92 60+42 68.69 68.84     0.10% 24.96 

60+42 South Portal 68.84   21.11 

60+42 60+91 68.84 68.89     0.10%  

60+91 63+91 68.89 68.60    -0.10%  

63+91 66+51 68.60 67.96    -0.25%  

66+51 69+51 67.96 67.33    -0.21%  

69+51 71+50 67.33 66.55    -0.39%  

Note: Existing high point is at Sta 60+91 
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2.4 Existing Site Drainage 
The drainage basin of the study area covers 1.16 square miles. For a detailed discussion of the runoff 
flows and hydrology, please refer to the hydrology report in Appendix B.  The existing drainage 
conditions are depicted in Figure 1 and summarized below.  
 

 

 
 

Figure 1: Tunnel 19 Existing Drainage (extracted from Bing Maps) 
 

North Portal 
The drainage basin above the North Portal is approximately 0.17 square miles, and the existing drainage 
channel is located on the west side of the portal. Based on field observations, it appears the original 
drainage channel ran north, parallel to the rail line, for approximately 720 feet on the west side of the 
tracks. At this point, the channel crossed the tracks and continued east before connecting to the South 
Fork Wind Creek. There appeared to have been a berm between the original drainage channel and the rail 
line, but the berm has since eroded and the original channel is now diverted along the rail line for 
approximately 600 feet before it meets the original channel and crosses the tracks through a timber 
culvert.  The diversion of this channel has resulted in sediment laden runoff flows adjacent to and over the 
tracks. There is a rapid change in channel grade from the side of the portal to the channel, causing 
significant sediment to be deposited. Over the years, the ditches on both sides of the track have become 
filled with sediment and vegetation, and the ballast and ties are covered with sediment as well (see photos 
in Appendix A). 
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South Portal 
The drainage basin above the South Portal is approximately 0.30 square miles area, and includes Blacks 
Creek.  The creek runs down the west side of the portal wing wall and along the west ditch southward for 
about 800 feet, where it crosses under the track through an arch CMP culvert to the east ditch. The creek 
follows the east ditch and eventually connects to a separate channel before entering Blacks Creek. 
 
The section of Blacks Creek in the project study area is classified as an intermittent stream. During the 
October 2015 site visit, flows appeared to be 1 to 2 cubic feet per second (cfs). The area behind the west 
wing wall has eroded, and several plastic “super” sacks of concrete (approximately 1 cubic yard) have 
been placed behind the wall to provide some erosion protection.  
 
Tunnel Interior 

During site visits in June and October 2015, the tunnel was mostly dry. There was minor groundwater 
seepage through the existing tunnel lining. There was also seepage coming from under the base of the 
west wing wall at the South Portal. The existing ditches on both sides of the track were completely filled 
with ballast, mud, and sediment. The track is fouled with sediment as well. Inadequate drainage through 
the tunnel has resulted in pumping action each time a train passes, which allows degraded subbase 
material to migrate up through the ballast. The high point of the track alignment is just outside of the 
South Portal. As such, drainage should flow along the entire length of the tunnel and exit at the North 
Portal. The poor condition of the tunnel ditches does not allow this occur. Drainage with adequate depth 
and slope should be re-established throughout the tunnel. 

3.0 Wetland Description 
In October 2015, DEA conducted a wetland delineation for the surrounding wetland areas at Tunnel 19 
and five other CBR tunnels (Tunnels 15, 17, 18, 20 and 21). DEA’s Wetland Delineation Report will be 
provided under separate cover. 

The existing wetlands and ditch conditions along the Tunnel 19 site are illustrated in Figures 2 through 5 
(from north to south), which are maps modified from DEA’s Wetland Delineation Report. In summary, 
wetlands are present on both sides of the track at the South Portal, extending south about 850 feet. At that 
point, the west ditch enters a culvert. The wetland continues along the east ditch for an additional 300 
feet. Wetland areas are designated on both sides of the track in the existing ditches north from the North 
Portal for approximately 700 feet to an existing timber culvert.  

4.0 Drainage Repair Recommendations 
4.1 Tunnel Interior 
The vertical alignment of Tunnel 19 is nearly flat, with grades ranging from +0.1% to +0.5%. The tunnel 
slopes generally downward from south to north. The existing drainage is inadequate, which has resulted 
in excessive sedimentation on the track and standing water inside the tunnel. Drainage from the creek on 
the west side of the South Portal seeps under the portal structure and ponds and drains into the tunnel. In 
addition, groundwater seepage inside the tunnel cannot drain and further degrades the track structure 
locally. To repair the drainage inside Tunnel 19, two conceptual design options are described below.  
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Option 1: Install Tiebacks, Remove/Replace Ballast and Track 

Option 1 consists of removing all accumulated silt and sediment from the tunnel invert and cleaning the 
existing ditches inside the tunnel. This would be accomplished by installing tiebacks to support the 
foundation of the GOSS section, removing the track and ties, scraping the sub-ballast down to competent 
material (dry, firm subgrade), patching any holes or soft spots with asphalt-type material, installing a 
geotextile fabric, and then replacing the track section with new ballast/sub-ballast and track panels to re-
establish the original grade through the tunnel. New ditches would then be constructed on each side of the 
track, maximizing the available depth while ensuring proper drainage through the tunnel. See Figure 6 for 
a cross-section illustration of this concept. 

As described in Section 2.2 above, the existing tunnel lining inside Tunnel 19 consists of GOSS and 
shotcrete on bare rock. The shotcrete section does not require any foundation stabilization prior to 
completing the drainage repairs. However, the GOSS section will require foundation stabilization to 
maintain tunnel stability when the tunnel invert is scraped down. The most economical foundation 
stabilization would consist of tieback anchors drilled through the existing concrete footing walls. Tieback 
requirements (type, size, length, and spacing) will be analyzed during detailed/final design. 

McMillen Jacobs Associates recommends installing a geotextile fabric on the competent subgrade, 
followed by placement of a permeable sub-ballast, then placement of ballast and track panels. The ditches 
should be constructed as deep as possible inside the tunnel to promote drainage away from the ballast. 
The geotextile and sub-ballast will then protect the ballast by providing a cushion layer between the 
subgrade and ballast, and by inhibiting migration of fine materials upward through the ballast. 

Recent railroad rehabilitation projects on the East Coast have placed a layer of asphalt on the subgrade 
instead of a geotextile fabric. For this Project, an asphalt layer would be significantly more expensive and 
severely disrupt railroad service operations. The estimated cost for geotextile fabric is roughly $10 per 
track foot, while a 4-inch layer of asphalt would cost on the order of $300 per track foot. In addition, the 
required curfew to place and cure asphalt in the tunnel would be measured in weeks, not days.  

Option 2: Option 1 plus Raise High Point of Track Profile 

Option 2 would include all of the measures described in Option 1, but would also modify the track profile 
inside the tunnel to promote improved drainage. The high point of the track profile is currently at Sta 
60+91, just outside of the South Portal. If the high point was shifted approximately 150 feet north to Sta 
59+41 (inside the tunnel), then the track profile could be raised by 1 foot at this new high point and re-
graded toward both portals to match existing grades outside of the tunnel. This option would improve 
drainage through the tunnel and improve drainage away from the tunnel toward existing culverts. 

Any raising of the track should take into account the design AREMA clearance dimensions for the tunnel. 
At the present time, height clearances inside Tunnel 19 range from approximately 21.1 to 25.2 feet. The 
Port has indicated that any drainage repair that would reduce the existing AREMA Plate would not be 
acceptable. Option 2 would not affect the height clearance at either portal. 

Recommendations 

Option 1 will improve drainage through Tunnel 19. Option 2 will provide better long term drainage 
through the tunnel and away from the tunnel, but at a higher cost. Given the length of Tunnel 19 and the 
severely deteriorated drainage conditions, the cost of both options is quite high (see Section 5). The 
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permitting effort may be greater for Option 2 since raising the track profile may expand the footprint of 
the ballast outside of the tunnel. We recommend Option 2 as a better long term solution, but understand 
that this is an economic decision for the Port. 

4.2 North Portal Site Drainage  
At the North Portal, there are two existing ditches, one on each side of the track, which currently 
discharge to the northwest toward an existing timber culvert located approximately 720 feet north of the 
portal. The average slope of this northern section of track (i.e. Sta 10+00 to Sta 18+60) is 0.02%, which is 
virtually flat. As such, there is no effective drainage away from the tunnel. Based on the hydrology 
analysis (see report in Appendix B), the total expected flow for the two combined ditches for a 25-year 
peak flow event is approximately 37 cfs. The existing ditches are full of sediment and, during rain events, 
sediment is deposited on the tracks, resulting in significant fouling of the ballast. In addition, the existing 
timber culvert is nearly full of sediment. To repair the drainage at the North Portal site, the existing 
ditches must be cleaned and regraded, and the existing culvert must be replaced. Three conceptual design 
options are described below. 

Option 1: Clean Ditches, Replace Existing Timber Culvert, Install Bypass Culvert 

Option 1 includes three primary activities to improve the drainage at the North Portal and the north 
approach to Tunnel 19: 

• Clean and regrade existing ditches; 

• Replace existing timber culvert with two 30-inch-diameter CMP culverts; 

• Install 24-inch-diameter CMP bypass culvert 150 feet north of North Portal. 
 
The two existing ditches would be cleaned and re-graded. See Figure 7 for a cross-section illustration of 
this concept. Based on the average slope of the existing ditches (0.02%), the two ditches would need to be 
cleaned to a depth of 2.5 feet and a bottom width of 1 foot to convey the 25-year peak discharge event. 
The depth of the original ditches was likely 2.5 feet or greater, so this would be a maintenance task, not 
an improvement. The second task would be to replace the existing timber culvert with a larger capacity 
culvert. The existing culvert is not currently large enough to convey the 25-year storm. Preliminary 
calculations show that two 30-inch-diameter CMP culverts will handle the 25-year storm. Finally, this 
option would include installation of a new 24-inch-diameter CMP bypass culvert located approximately 
150 feet north of the North Portal where the drainage currently enters the track cross-section. The purpose 
of this new bypass culvert would be to divert flows from the west side ditch to the east side ditch during 
heavy storm events, to utilize the full capacity of both ditches. 

Option 2: Option 1 plus Install Sediment Basin 

Option 2 would include the following primary tasks: 

• Clean and regrade the existing ditches; 

• Replace existing timber culvert with two 30-inch diameter CMP culverts; 

• Install 24-inch diameter CMP bypass culvert 150 feet north of North Portal; 

• Construct sediment basin 150 feet north of North Portal. 
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The first three activities are identical to Option 1 – clean and re-grade the existing ditches to a depth of 
2.5 feet, replace the existing timber culvert, and install a new high flow bypass culvert. The fourth activity 
would be to construct a sediment trapping basin upstream of the new 24-inch bypass culvert 
(approximately 130 feet north of the North Portal). The sediment basin would consolidate sediment 
deposition, and, therefore, focus maintenance efforts on one location rather than 800 feet of ditch. 
However, it would be important that the sediment basin be maintained on a regular basis. 

Option 3: Clean Ditches, Re-Construct Original Channel 

Option 3 would be to clean the ditches and re-direct the drainage to the original stream channel. This 
would require earthwork to rebuild the channel and berm, and would keep a large portion of the sediment 
outside of the track envelope. A larger culvert would be required where the drainage currently crosses the 
track (36-inch culvert instead of 24-inch bypass culvert). To design this option, we would need additional 
field survey to verify the location and limits of the original channel; and the permitting effort for this 
option would be greater than the other two options.  
 
Recommendations 

For the North Portal site, McMillen Jacobs Associates recommends Option 1, which would be the most 
economical option and have the most straight-forward permitting effort. In addition to Option 1, 
McMillen Jacobs Associates recommends that track improvements similar to the options discussed above 
for the tunnel interior be performed outside of the tunnel. That is, the entire track section should be 
replaced. Re-ballasting of the North Portal site could be performed in conjunction with the tunnel interior 
re-ballasting or as part of future maintenance/improvements. We recommend re-ballasting from the North 
Portal to approximately 50 feet beyond (north of) the existing culvert (i.e. approximately 808 feet). 

4.3 South Portal Site Drainage 
The South Portal site has a significantly larger drainage area than the North Portal site, and includes 
Blacks Creek. Based on the hydrology analysis (see report in Appendix B), the contributing drainage area 
equates to a runoff flow of 56 cfs for the 25-year peak flow event. This translates to 28 cfs per ditch, for 
the two existing ditches. The existing drainage channel follows the west side of the portal wall and runs 
along the west side of the track for approximately 750 feet before crossing to the east side of the track 
through an existing CMP culvert. The track is constrained by the existing slopes on both sides of the 
track, and there is no other outlet/discharge available in the immediate vicinity. The existing ditches are 
full of sediment. During rain events, sediment is deposited on the tracks, resulting in significant fouling of 
the ballast. In addition, the existing culvert is nearly full of sediment. To repair the drainage at the South 
Portal site, two conceptual design options are described below. 

Option 1: Clean Ditches, Install Inlet and Pipe Above Portal, Install Bypass Culvert, Replace 
Existing Culvert 

Option 1 would include four primary activities to improve the drainage at the South Portal and away from 
Tunnel 19 to the south: 

• Clean and regrade the existing ditches; 

• Construct concrete inlet above South Portal; 

• Replace existing culvert at Sta 68+60; 

• Install 24-inch diameter bypass culvert at Sta 61+00. 
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The ditches would be cleaned and re-graded. Based on the hydrology analysis and the average slope of 
the existing ditches (i.e. -0.24%, sloping away from the South Portal to Sta 71+50), the two ditches would 
need to be cleaned to a depth of 2.5 feet to convey the 25-year storm.  

The second task would be to construct a concrete inlet above the portal to collect and convey flows down 
the steep slope and along the west wing wall of the South Portal. Based on the hydrology analysis, a 36-
inch-diameter CMP would be required to handle the 25-year storm. During the October 2015 site visit, 
flows were also observed coming up from the base of the portal wing wall. We believe this flow was 
coming from the creek above the portal structure. As such, installation of a new inlet and pipe 
above/along the portal structure would protect the existing portal structure and significantly reduce 
erosion around the portal. It may also be necessary to inject cement grout into the soil along the west wing 
wall to fill voids that have been created over the years. McMillen Jacobs Associates recommends further 
evaluation of grouting during detailed/final design. 

The third task would be to replace the existing CMP culvert located at approximately Sta 68+60 (820 feet 
south of the South Portal) with a larger capacity culvert. The existing culvert is not currently large enough 
to convey the 25-year storm. Preliminary calculations show that two 31-inch by 50-inch arched CMP 
culverts will handle the 25-year storm. The final (fourth) task associated with Option 1 would be to install 
a new 24-inch-diameter bypass culvert just south of the South Portal to divert some of the flow during 
large runoff events from the west side ditch to the east side ditch. The new bypass culvert would utilize 
the full capacity of both ditches. 

Option 2: Option 1 plus Raise High Point of Track Profile 

Option 2 includes each of the tasks described above for Option 1, plus raising the track profile by 1 foot. 
As discussed in Section 4.1 Option 2 above, this option would improve the drainage through the tunnel 
and away from the South Portal. In addition, raising the track profile would increase the available ditch 
depth and slope, and provide increased clearance between the track and the new culverts. 

Recommendations 

Option 1 will improve the drainage at the South Portal. Option 2 will provide better long term drainage 
through the tunnel and away from the tunnel, but at a higher cost. The permitting effort may be greater for 
Option 2 since raising the track profile may expand the footprint of the ballast outside of the tunnel. We 
recommend Option 2 as a better long term solution, but understand that this is an economic decision for 
the Port. 

In addition to the above, McMillen Jacobs Associates recommends replacement of the track structure at 
the South Portal site, similar to that recommended for the tunnel interior and North Portal site. Re-
ballasting of the South Portal site could be performed in conjunction with the tunnel interior re-ballasting 
(and North Portal re-ballasting) or as part of future maintenance/improvements. We recommend re-
ballasting from the South Portal to approximately 250 feet beyond (south of) the existing culvert (i.e. 
approximately 1,076 feet). 

5.0 Preliminary Cost Estimate and Schedule 
There are a number of challenges with the Tunnel 19 site including the very flat track alignment and the 
existing topography. These challenges limit the feasible options for improving drainage. In addition, 
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Tunnel 19 is the longest tunnel (4,186 feet) of the six tunnels evaluated under this Task Order and the 
track alignment runs along Blacks Creek. As a result, the cost and time that will be required to improve 
the drainage at the Tunnel 19 site will be significantly greater than at the other five sites (Tunnels 15, 17, 
18, 20 and 21).  

5.1 Preliminary Engineer’s Estimate 
McMillen Jacobs Associates has prepared a preliminary estimate of the construction cost and schedule 
associated with each of the options described above. The estimated costs are intended for planning 
purposes, and do not include costs for permitting or construction engineering/management. Mobilization 
was included at 10%, and contingency was included at 15%. The estimated costs for each option can be 
summarized as follows. 

Tunnel Interior 

• Option 1: Install tiebacks (assume 15-feet-long at 5-foot centers, both sides), remove/replace 
track structure = $ 3,880,830 

• Option 2: Option 1 plus raise high point by one foot = $ 4,251,501 

 
North Portal Site 

• Option 1: Remove/replace track structure (808 feet), clean ditches (858 feet), replace existing 
culvert, install bypass culvert = $ 734,307 

• Option 2: Option 1 plus install sediment basin = $ 765,932 

• Option 3: Remove/replace track structure (808 feet), clean ditches (858 feet), re-construct original 
channel = $ 829,182 

South Portal Site 

• Option 1: Remove/replace track structure (1,076 feet), clean ditches (1,106 feet), install inlet and 
pipe at portal, replace existing culvert, install bypass culvert = $ 1,035,099 

• Option 2: Option 1 plus raise high point of track profile by one foot = $ 1,130,379 

Table 2 provides additional details for the estimated costs above. Please note that these costs assumed 
removal and replacement of two feet of fouled ballast; and assumed that re-ballasting of the North Portal 
and South Portal sites would extend beyond the existing culverts at each end (i.e. 808 feet at the north end 
and 1,076 feet at the south end). McMillen Jacobs Associates recommends potholing inside and outside of 
Tunnel 19 during detailed/final design to determine the actual depth to competent subgrade material (at 
sample locations) and the linear extent of fouled ballast. The construction cost estimate would then be 
adjusted accordingly. 

As described in Section 4, McMillen Jacobs Associates recommends cleaning and re-grading all of the 
existing ditches and replacing the fouled ballast and track panels inside Tunnel 19, as well as at the North 
Portal and South Portal sites. In addition, the existing culverts need to be replaced; bypass culverts are 
recommended at the North Portal and South Portal; and a new inlet and collection pipe at the South Portal 
would significantly reduce erosion around the portal structure. To perform all of the recommended 
drainage work, the total estimated construction cost is approximately $ 5,650,236. If the high point of the 
track alignment were to be shifted from outside to inside the tunnel, raised by one foot, and re-graded to 
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match existing grades at both portals, then the total estimated construction cost would increase to 
approximately $ 6,116,186. 

5.2 Preliminary Construction Schedule 
Regarding the estimated construction schedule duration to complete the recommended drainage repairs at 
Tunnel 19, we understand that the Port would like to minimize disruption to existing rail service 
operations, and that a 72-hour shutdown (or “curfew”) could be scheduled for work such as track 
structure replacement. Based on past experience, contractors have been able to complete about 2,000 feet 
of track structure replacement during one 72-hour curfew. Given the length of Tunnel 19 (4,186 feet) and 
the additional lengths at the north and south ends (808 feet and 1,076 feet, respectively), it will not be 
possible to complete the track structure replacement during one 72-hour curfew. 

McMillen Jacobs Associates estimates that it will take the contractor 9 to 10 days (working 24 hours per 
day) to complete the recommended ballast and track panel replacement at Tunnel 19. It is preferable that 
this work be performed in one long curfew, but it is possible to split the work into shorter, allowable 
shutdown windows. If the work is split, then it will require a minimum of three 72-hour curfews; and the 
contractor should start work at the upgrade portal (in this case, the South Portal) such that fouled drainage 
from construction activities does not flow over newly replaced ballast. 

The remainder of the recommended drainage repairs at Tunnel 19 (i.e. installing tiebacks, cleaning and 
regrading ditches, installing new culverts and inlet) can be performed during live-track windows of 6-plus 
hours with minimal disruption to existing rail service operations. McMillen Jacobs Associates estimates 
that it will take the contractor approximately 10 to 12 weeks to complete the remaining drainage repairs. 
The total estimated construction duration for Tunnel 19 is, therefore, approximately three months with a 
10 day curfew; or four months with three 72-hour curfews. 
 
  

McMillen Jacobs Associates Page 11 Rev. No. 1 / April 2016 



Coos Bay Rail Link – Tunnel Drainage Sites – Tunnel 19 Conceptual Design Report 

List of Tables 
 
Table 1: Summary of Survey Data for Tunnel 19 Site (see Section 2) 

Table 2: Tunnel 19 Preliminary Construction Cost Estimate 

 
 
List of Figures 
 
Figure 1: Tunnel 19 Existing Drainage (see Section 2) 

Figure 2: Tunnel 19 (North) - Wetland Delineation  

Figure 3: Tunnel 19 (North) North Portal - Wetland Delineation  

Figure 4: Tunnel 19 (South) South Portal - Wetland Delineation 

Figure 5: Tunnel 19 (South) - Wetland Delineation 

Figure 6: Typical Tunnel Cross-Section 

Figure 7: Typical Ditch Cross-Section 

 
 
  

McMillen Jacobs Associates Page 12 Rev. No. 1 / April 2016 



Coos Bay Rail Line
Oregon International Port of Coos Bay

Conceptual Design Report - Drainage Repair Recommendations

Table 2: Tunnel 19 Preliminary Construction Cost Estimate
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Lengths for Track Structure Replacement

Tunnel Interior 4,186 track feet Tunnel 19

North Portal Site 808 track feet Study area is 858 feet

South Portal Site 1,076 track feet Study area is 1,106 feet

Tunnel Interior

Option 1 Estimated Cost

a Install tiebacks $33,000 GOSS section only

b Remove/replace ballast (2 feet) $1,130,220 $270 per track foot (4,186 feet)

c Remove/replace track $1,569,750 $375 per track foot (4,186 feet)

d Re-establish ditches $334,880 $80 per track foot (4,186 feet)

Subtotal $3,067,850

Mobilization $306,785 10% x Subtotal

Contingency $506,195 15% x (Subtotal + Mobilization)

Estimated Total $3,880,830 Option 1

Option 2

a Option 1 $3,067,850

b Raise high point by 1 foot $293,020 $70 per track foot

Subtotal $3,360,870

Mobilization $336,087 10% x Subtotal

Contingency $554,544 15% x (Subtotal + Mobilization)

Estimated Total $4,251,501 Option 2
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Table 2: Tunnel 19 Preliminary Construction Cost Estimate
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North Portal Site

Option 1 Estimated Cost

a Remove/replace ballast (2 feet) $218,160 $270 per track foot (808 feet)

b Remove/replace track $303,000 $375 per track foot (808 feet)

c Clean ditches $34,320 $40 per track foot (858 feet)

d Replace existing timber culvert $15,000 Two 30-inch CMPs

e Install bypass culvert $10,000 24-inch CMP

Subtotal $580,480

Mobilization $58,048 10% x Subtotal

Contingency $95,779 15% x (Subtotal + Mobilization)

Estimated Total $734,307 Option 1

Option 2

a Option 1 $580,480

b Install sediment basin $25,000

Subtotal $605,480

Mobilization $60,548 10% x Subtotal

Contingency $99,904 15% x (Subtotal + Mobilization)

Estimated Total $765,932 Option 2

Option 3

a Remove/replace ballast (2 feet) $218,160 $270 per track foot (808 feet)

b Remove/replace track $303,000 $375 per track foot (808 feet)

c Clean ditches $34,320 $40 per track foot (858 feet)

d Re-construct original channel $100,000 extra survey, earthwork, bypass culvert

Subtotal $655,480

Mobilization $65,548 10% x Subtotal

Contingency $108,154 15% x (Subtotal + Mobilization)

Estimated Total $829,182 Option 3
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South Portal Site

Option 1 Estimated Cost

a Remove/replace ballast (2 feet) $290,520 $270 per track foot (1,076 feet)

b Remove/replace track $403,500 $375 per track foot (1,076 feet)

c Clean ditches $44,240 $40 per track foot (1,106 feet)

d Install inlet, pipe, anchors, basin $35,000 36-inch CMP, concrete anchor blocks

e Replace existing culvert $25,000 Two CMP arch culverts

f Install bypass culvert $20,000

Subtotal $818,260

Mobilization $81,826 10% x Subtotal

Contingency $135,013 15% x (Subtotal + Mobilization)

Estimated Total $1,035,099 Option 1

Option 2

a Option 1 $818,260

b Raise high point by 1 foot $75,320 $70 per track foot (1,076 feet)

Subtotal $893,580

Mobilization $89,358 10% x Subtotal

Contingency $147,441 15% x (Subtotal + Mobilization)

Estimated Total $1,130,379 Option 2

Summary of Preliminary Construction Costs

Re-establish original grades $5,650,236 to repair drainage

Raise high point by 1 foot $6,116,186 for added long term benefit
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Figure 2: Tunnel 19 (North) - Wetland Delineation 
(extracted from DEA’s Draft Wetland Delineation Report, Figure 6, Sheet 9) 

 
  

Replace existing timber culvert 
with larger capacity culvert 

Clean out and regrade 
existing ditches 

Clear track of sediment 
and re-ballast 

Discharge location  

Sta. 11+00 

McMillen Jacobs Associates Page 14 Rev. No. 1 / April 2016 



Coos Bay Rail Link – Tunnel Drainage Sites – Tunnel 19 Conceptual Design Report 

 

 
 

Figure 3: Tunnel 19 (North) North Portal - Wetland Delineation 
(extracted from DEA’s Draft Wetland Delineation Report, Figure 6, Sheet 10) 
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Figure 4: Tunnel 19 (South) South Portal - Wetland Delineation 
(extracted from DEA’s Draft Wetland Delineation Report, Figure 6, Sheet 11) 
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Figure 5: Tunnel 19 (South) - Wetland Delineation 
(extracted from DEA’s Draft Wetland Delineation Report, Figure 6, Sheet 12) 
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Photo 1:  Tunnel 19 – Looking south toward the North Portal. Note poor condition of ballast. 
 
 

 
 

Photo 2:  Tunnel 19 – Looking north from the North Portal. 
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Photo 3:  Tunnel 19 – South Portal. Water flows along west wing wall. Super sacks provide erosion control. 
 
 

 
 

Photo 4:  Tunnel 19 – Looking south from the South Portal. Note poor condition of ballast. 
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1.0 Introduction 
This report provides conceptual designs for drainage repair recommendations for Tunnel 20, located 
between Mileposts (MP) 750.12 and 750.27 on the Coos Bay Rail Line (CBR), just southeast of Blacks 
Arm of North Ten Mile Lake in Oregon. The report has been prepared by McMillen Jacobs Associates 
with David Evans and Associates (DEA) as a subconsultant for the surveying, environmental permitting, 
and wetland delineation portions of this Project.   

The CBR extends approximately 134 miles, connecting the interior Willamette Valley and the City of 
Eugene, Oregon to the port city of Coos Bay, Oregon. The rail line was operated by the Southern Pacific 
Railroad (SPRR) from 1916 to 1994. At that time, it was sold to Central Oregon & Pacific Railroad 
(COPR), who operated the line until it was closed in September 2007. In 2009, the line was purchased by 
the Oregon International Port of Coos Bay (Port). After initial repairs, a portion of the line was reopened 
in 2011, and the remainder was opened in 2013. The Port is continuing repairs with the goal of restoring 
the line to a mix of Track Classification 2 (speeds up to 25 miles per hour (mph)) and Track  
Classification 3 (speeds up to 40 mph). 

For this Project, six tunnels and portal entrances along the CBR were surveyed, and the adjacent right-of-
way and wetland areas were delineated. These conceptual drainage designs will address drainage issues 
observed during site visits in July and October 2015, and will be based on the local hydrology and 
existing track grades. A sampling of photos from the site visits are enclosed in Appendix A. The 
hydrology report prepared by McMillen Jacobs Associates is enclosed in Appendix B. These documents, 
along with survey information and the Wetland Delineation Report prepared by DEA, provide the basis 
for the conceptual designs. 

At Tunnel 20, the track is adversely affected by inadequate drainage, requiring trains to slow to 10 mph 
due to accumulated sediment, debris, and standing water. Minor structural repairs were made to the tunnel 
in 2011, but standing water continues to be present at the South Portal and inside much of the tunnel. The 
goal of this Project is to improve this section of track to allow for increased speeds up to 25 mph. 

2.0 Observations 
2.1 Site Visit 
Personnel from McMillen Jacobs Associates visited the project site (all six tunnels) along the Oregon 
coast in July and October 2015. The following observations were made at Tunnel 20 and the adjacent 
overland areas: 

• Tunnel 20 is 869 feet long (plus 54 feet for the concrete wing walls at each end). 

• Tunnel 20 has a single track on a 2 degree curve. 

• Original track grade was -0.4%. 

• North Portal is cast-in-place concrete with a concrete barrel at the tunnel entrance extending 54 
feet inside the tunnel. 

• South Portal is cast-in-place concrete with a concrete barrel at the tunnel entrance extending 82 
feet inside the tunnel.  

McMillen Jacobs Associates Page 1 Rev. No. 1 / March 2016 



Coos Bay Rail Line – Tunnel Drainage Sites – Tunnel 20 Conceptual Design Report 

• The concrete barrels at the north and south ends include a concrete invert and sidewalls. The tops 
of the concrete invert slabs are typically approximately one foot below the top of tie, but this 
depth should be confirmed during detailed/final design. 

• Cast-in-place concrete wing walls extend from both portal headwalls. North Portal wing walls are 
approximately 28 feet long. South Portal wing walls are approximately 26 feet long. For the 
purpose of this report, the “tunnel interior” includes the wing wall lengths (i.e. 923 feet). 

• At the time of the October 2015 site visit, the ballast at the North Portal area was relatively dry. 

• At the South Portal, there was standing water at the tunnel entrance, which extended inside the 
tunnel over 300 feet (north), and extended outside the tunnel nearly 200 feet (south). 

• The existing ditches inside the tunnel were completely full of silt/sediment. During the site visit 
in October 2015, there was standing water in the ditches approximately 6 inches deep. 

• Ballast inside the tunnel was heavily fouled with silt. The track appears to be pumping throughout 
the tunnel. In some areas, ties were below the ballast. 

• During the October 2015 site visit, there was minor seepage/drips from the tunnel crown, but 
most of the water inside the tunnel appeared to have flowed inside the tunnel from outside the 
two portals. 

• Shotcrete had spalled from the crown at one location approximately 200 feet from the South 
Portal, and at five additional locations inside the tunnel. The shotcrete debris is currently piled on 
both sides of the track – see photo in Appendix A. 

• Ditch elevations outside of the tunnel at both ends (north and south) appeared to be higher than 
the ditches inside the tunnel, resulting in the ponding and standing water described above. 

2.2 Existing Tunnel Liner Conditions 
McMillen Jacobs Associates performed a condition assessment of Tunnel 20 (along with several other 
CBR tunnels) in June 2013. A report was prepared at that time to inventory the tunnel lining types and 
describe current conditions. As noted in the 2013 Condition Assessment Report, the existing tunnel liner 
at Tunnel 20 consists of a concrete barrel structure at the North Portal (54 linear feet) and South Portal 
(82 linear feet), 669 total linear feet of shotcrete over bedrock, and 64 total linear feet of Gunite Over 
Steel Sets (GOSS). The lining types are described as follows:   

• GOSS: Two sections of the tunnel are lined with GOSS, placed by the SPRR to replace sections 
that were originally lined with timber sets and lagging. Gunite is a dry cementitious mixture 
blown through a nozzle with water injected immediately prior to application. The gunite does not 
contain reinforcing fiber and is generally less than four inches thick. The steel sets are spaced 
four feet on center on concrete footing walls, which run along both sides of the tunnel.  

• Shotcrete on bare rock: The majority of Tunnel 20 is lined with shotcrete, which was applied 
directly to the rock surface with no timber or steel supports (other than rock bolts). The shotcrete 
lined sections do not have concrete footings. The shotcrete contains steel fiber reinforcement and 
is approximately six inches thick. 

Tunnel 20 currently has American Railway Engineering and Maintenance-of-Way Association (AREMA) 
Plate F clearance. 
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2.3 Existing Track Profile 
In October 2015, the Tunnel 20 study area was surveyed by DEA to obtain existing track elevations, ditch 
elevations, tunnel heights, and cross-sections along the study area. The study area began north of    
Tunnel 20 at Station (Sta) 10+00 and extended south of the tunnel to Sta 28+91. By this stationing, the 
North Portal is located at Sta 12+58 and the South Portal is located at Sta 21+27. The survey data for the 
Tunnel 20 study area is summarized in Table 1 and represents the east top of rail elevation. The grade 
within the tunnel varies from -1.45% to +1.78%; and the clearance height, measured from top of rail, 
ranges from 21.01 to 26.66 feet. The high point for the track alignment is at approximately Sta 21+98, 
which is located just outside of the South Portal. The existing ditches approximately follow the track 
grade. The flat grade and dips inside and outside of the tunnel result in ponding water and sedimentation. 

 

Table 1: Summary of Survey Data for Tunnel 20 Site 

Alignment Stationing Elevation 1 Elevation 2 Grade Inside 
Clearance (ft) 

10+00 10+79 27.72 27.62 -0.12%  

10+79 11+81 27.62 27.55 -0.07%  

11+81 12+58 27.55 27.63 0.10%  

12+58 North Portal 27.63   21.01 

12+58 13+11 27.63 26.86 -1.45% 21.01 

13+11 13+51 26.86 27.57 1.78% 21.88 

13+51 16+44 27.57 28.09 0.18% 23.83 

16+44 18+49 28.09 27.99 -0.05% 23.25 

18+49 19+53 27.99 27.74 -0.24% 22.65 

19+53 20+73 27.74 27.26 -0.40% 26.66 

20+73 21+27 27.26 27.42 0.30% 22.10 

21+27 South Portal  27.42   21.66 

21+27 21+98 27.42 28.11 0.97%  

21+98 23+01 28.11 28.03 -0.08%  

23+01 25+92 28.03 27.42 -0.21%  

25+92 28+91 27.42 27.41 0.00%  

Note: Existing high point is at Sta 21+98  
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2.4 Existing Site Drainage 
The drainage basin of the study area is small and covers less than 0.03 square miles. For a detailed 
discussion of the runoff flows and hydrology, please refer to the hydrology report in Appendix B.  The 
existing drainage conditions are depicted in Figure 1 and summarized below. 

 

Figure 1: Tunnel 20 Existing Drainage (image extracted from Bing Maps) 

  

Ten Mile 
Lake 
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North Portal 
The drainage basin associated with the North Portal is very small, less than 0.002 square miles. From the 
North Portal headwall, the track extends north approximately 260 feet to the bridge abutment at an 
average grade of -0.03%. The existing ditches run from the portal to the bridge abutment. The North 
Portal was relatively dry during site visits in June and October 2015. The ditches appeared to be adequate 
in size, but were partially filled with sediment (see photos in Appendix A).  

South Portal 
The drainage basin associated with the South Portal has an area of approximately 0.0205 square miles. 
From the South Portal headwall, the track extends south approximately 775 feet to the bridge abutment at 
an average grade of -0.001%. The existing ditches run from the portal to the bridge abutment. There was 
standing water in the ditches at the South Portal, extending nearly 200 feet south of the portal. The ditches 
appeared to be adequate in size, but were partially filled with sediment (see photos in Appendix A). 

Tunnel Interior 

During site visits in June and October 2015, the interior of Tunnel 20 was wet. There was some 
groundwater seepage through the existing tunnel lining, but, generally, the seepage was minimal. In 
addition, runoff appeared to flow into the tunnel from both portals. The high point of the track profile is at 
approximate Sta 21+98 (just outside of the South Portal). There are two low spots (dips) in the track 
alignment where standing water has accumulated. While the drainage requirements inside the tunnel are 
minimal, the existing ditches are completely filled with ballast, mud, and sediment. The track is fouled 
with sediment as well. Inadequate drainage through the tunnel has resulted in pumping action each time a 
train passes, which allows degraded subbase material to migrate up through the ballast. Drainage with 
adequate slope should be re-established throughout the tunnel. 

3.0 Wetland Description 
In October 2015, DEA conducted a wetland delineation for the surrounding wetland areas at Tunnel 20 
and five other CBR tunnels (Tunnels 15, 17, 18, 19 and 21). DEA’s Wetland Delineation Report will be 
provided under separate cover.  

The existing wetlands and ditch conditions along the Tunnel 20 site are illustrated in Figures 2 and 3, 
which are maps modified from DEA’s Wetland Delineation Report. In summary, at the north end, there is 
a ditch wetland on the west side of the track, which extends outside of the study area. At the south end, 
wetlands are present on both sides of the track extending south from the South Portal. 

4.0 Drainage Repair Recommendations 
4.1 Tunnel Interior  
The vertical alignment inside Tunnel 20 is nearly flat, with an average grade of approximately -0.02%. 
There are two dips in the alignment, and the highpoint is located just outside of the South Portal (Sta 
21+98). The existing drainage is inadequate, which has resulted in excess sedimentation on the track and 
standing water inside the tunnel. To repair the drainage inside Tunnel 20, two conceptual design options 
are described below.  
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Option 1: Install Tiebacks, Remove/Replace Ballast and Track 

Option 1 consists of removing all accumulated silt and sediment from the tunnel invert and clearing the 
existing ditches inside the tunnel. This would be accomplished by installing tiebacks to support the 
foundation in the GOSS section, removing the track and ties, scraping the sub-ballast down to competent 
material (dry, firm subgrade), patching any holes or soft spots with asphalt-type material, installing a 
geotextile fabric, and then replacing the track section with new ballast/sub-ballast and track panels to re-
establish the original grade through the tunnel. New ditches would then be constructed on each side of the 
track, maximizing the available depth while ensuring proper drainage through the tunnel. See Figure 4 for 
a cross-section illustration of this concept. 

As described in Section 2.2 above, the existing tunnel lining inside Tunnel 20 consists of GOSS and 
shotcrete on bare rock. The shotcrete sections do not require any foundation stabilization prior to 
completing the drainage repairs. However, the GOSS sections will require foundation stabilization to 
maintain tunnel stability when the tunnel invert is scraped down. The most economical foundation 
stabilization would consist of tieback anchors drilled through the existing concrete footing walls. Tieback 
requirements (type, size, length, and spacing) will be analyzed during detailed/final design. 

McMillen Jacobs Associates recommends installing a geotextile fabric on the competent subgrade, 
followed by placement of a permeable sub-ballast, then placement of ballast and track panels. The ditches 
should be constructed as deep as possible inside the tunnel to promote drainage away from the ballast. 
The geotextile and sub-ballast will then protect the ballast by providing a cushion layer between the 
subgrade and ballast, and by inhibiting migration of fine materials upward through the ballast. 

Recent railroad rehabilitation projects on the East Coast have placed a layer of asphalt on the subgrade 
instead of a geotextile fabric. For this Project, an asphalt layer would be significantly more expensive and 
severely disrupt railroad service operations. The estimated cost for geotextile fabric is roughly $10 per 
track foot, while a 4-inch layer of asphalt would cost on the order of $300 per track foot. In addition, the 
required curfew to place and cure asphalt in the tunnel would be measured in weeks, not days. 

Option 2: Option 1 plus Raise Track Profile 

Option 2 would include all of the measures described in Option 1, but would also modify the track profile 
inside the tunnel to promote improved drainage. The high point of the track profile is currently at Sta 
21+98, which is approximately 71 feet outside (south) of the South Portal. If the high point was shifted 
270 feet north to Sta 19+00 (inside the tunnel), then the track profile could be raised by six inches (or one 
foot) at this new high point and then re-graded toward both portals to match existing grades outside of the 
tunnel. This option would not affect the grades or clearances outside of the portal wing walls. 

Any raising of the track should take into account the design AREMA clearance dimensions for the tunnel. 
At the present time, height clearances inside Tunnel 20 range from approximately 21.0 to 26.7 feet. The 
Port has indicated that any drainage repair that would reduce the existing AREMA Plate would not be 
acceptable. Option 2 would not affect the height clearance at either portal. 

Recommendations 

Option 1 will improve drainage through Tunnel 20. Option 2 will provide better long term drainage 
through the tunnel, but at a higher cost. Since the revised Option 2 track profile will match existing grades 
at each portal, there will be no impacts to wetlands or waters outside of the tunnel. Permitting 
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requirements would, therefore, be equivalent for both options. We recommend Option 2 as a better long 
term solution, but understand that this is an economic decision for the Port.  

4.2 North Portal Drainage  
At the North Portal, there are two existing ditches, one on each side of the track, which currently 
discharge into Ten Mile Lake. Based on the hydrology analysis (see report in Appendix B), the total 
expected flow for the combined ditches for a 25-year peak flow event is less than 1 cubic foot per second 
(cfs). The existing ditch configuration (width and depth) is adequate to convey these flows, but the ditches 
should be cleaned and regraded as part of regular maintenance. This would ensure that both ditches 
perform as intended. See Figure 5 for a cross-section illustration of this concept.  

Recommendations 

There is only one recommended option to improve drainage at the North Portal – clean and regrade the 
existing ditches. In our opinion, based on observed conditions in October 2015, the track structure 
(ballast, ties, and rail) outside of the tunnel did not warrant replacement. 

4.3 South Portal Drainage 
At the South Portal, there are two existing ditches, one on each side of the track. The ditches flow to the 
south and into Ten Mile Lake. Based on the hydrology analysis (see report in Appendix B), the total 
expected flow for the combined ditches for a 25-year peak flow event is approximately 4.49 cfs. The 
existing ditch configuration (width and depth) is adequate to convey these flows, but the ditches should be 
cleaned and regraded as part of regular maintenance so they perform as intended. 

Recommendations 

Similar to the North Portal, there is only one recommended option to improve drainage at the South Portal 
of Tunnel 20 – clean and regrade the existing ditches. In our opinion, based on observed conditions in 
October 2015, the track structure outside of the tunnel did not warrant replacement. 

5.0 Conceptual Cost Estimate and Schedule 
The drainage problems at the Tunnel 20 site are confined to the tunnel interior. Two repair options for the 
tunnel interior were discussed above. Both options require complete track structure replacement. While 
the ditches outside of the tunnel – to the north and south – require maintenance and re-grading, the ballast 
outside of the tunnel does not require replacement.  

5.1 Preliminary Engineer’s Estimate 
McMillen Jacobs Associates has prepared a preliminary estimate of the construction cost and schedule 
associated with each of the options described above. The estimated costs are intended for planning 
purposes, and do not include costs for permitting or construction engineering/management. Mobilization 
was included at 10%, and contingency was included at 15%. The estimated costs for each option can be 
summarized as follows. 
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Tunnel Interior 

• Option 1: Install tiebacks (assume 15-foot-long at 5-foot centers, both sides), remove/replace 
track structure (923 feet) = $ 903,000 

• Option 2: Option 1 plus raise high point by 6 inches = $ 944,000 

North Portal Site 

• Option 1: Clean ditches (230 feet) = $ 12,000 

South Portal Site 

• Option 1: Clean ditches (647 feet) = $ 33,000 

Table 2 provides additional details for the estimated costs above. Please note that these costs assumed 
removal and replacement of two feet of fouled ballast inside the tunnel. McMillen Jacobs Associates 
recommends potholing inside Tunnel 20 during detailed/final design to determine the actual depth to 
competent subgrade material (at sample locations). The construction cost estimate would then be adjusted 
accordingly. 

As described in Section 4, McMillen Jacobs Associates recommends cleaning and re-grading all of the 
existing ditches (inside and outside the tunnel) and replacing the fouled ballast and track panels inside 
Tunnel 20. To perform all of the recommended drainage repairs, the total estimated construction cost is 
approximately $ 948,000. If the high point of the track alignment were to be shifted from outside to inside 
the tunnel, raised by six inches, and re-graded to match existing grades at both portals, then the total 
estimated construction cost would increase to approximately $ 989,000. 

5.2 Preliminary Construction Schedule 
Regarding the estimated construction schedule duration to complete the recommended drainage repairs at 
Tunnel 20, we understand that CBR would like to minimize disruption to existing rail service operations, 
and that a 72-hour shutdown (or “curfew”) could be scheduled for work such as track structure 
replacement. Based on past experience, contractors have been able to complete about 2,000 feet of track 
structure replacement during one 72-hour curfew. Given the length of recommended track structure 
replacement at Tunnel 20 (923 feet), we would expect the contractor to be able to complete the track 
structure replacement in one 72-hour curfew. 

The remainder of the recommended drainage repairs at Tunnel 20 (i.e. installing tiebacks, cleaning and re-
grading the ditches inside and outside of the tunnels) can be performed during live-track windows of 6-
plus hours with minimal disruption to existing rail service operations. McMillen Jacobs Associates 
estimates that it will take the contractor approximately 3 to 4 weeks to complete the remaining drainage 
repairs. The total estimated construction duration for Tunnel 20 is, therefore, approximately 1 month with 
one 72-hour curfew.  
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Table 2: Tunnel 20 Preliminary Construction Cost Estimate Breakdown
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Lengths for Track Structure Replacement

Tunnel Interior 923 track feet Tunnel 20 (incl wing walls)

North Portal Site 0 track feet Study area is 230 feet

South Portal Site 0 track feet Study area is 647 feet

Tunnel Interior

Option 1 Estimated Cost

a Install rock dowels $45,000 GOSS section only

b Remove/replace ballast (2 feet) $249,210 $270 per track foot (923 feet)

c Remove/replace track $346,125 $375 per track foot (923 feet)

d Re-establish ditches $73,840 $80 per track foot (923 feet)

Subtotal $714,175

Mobilization $71,418 10% x Subtotal

Contingency $117,839 15% x (Subtotal + Mobilization)

Estimated Total $903,431 Option 1

Option 2

a Option 1 $714,175

b Raise high point by 6 inches $32,305 $35 per track foot (923 feet)

Subtotal $746,480

Mobilization $74,648 10% x Subtotal

Contingency $123,169 15% x (Subtotal + Mobilization)

Estimated Total $944,297 Option 2

North Portal Site

Option 1 Estimated Cost

a Clean ditches $9,200 $40 per track foot (230 feet)

Subtotal $9,200

Mobilization $920 10% x Subtotal

Contingency $1,518 15% x (Subtotal + Mobilization)

Estimated Total $11,638 Option 1
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Table 2: Tunnel 20 Preliminary Construction Cost Estimate Breakdown
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South Portal Site

Option 1 Estimated Cost

a Clean ditches $25,880 $40 per track foot (647 feet)

Subtotal $25,880

Mobilization $2,588 10% x Subtotal

Contingency $4,270 15% x (Subtotal + Mobilization)

Estimated Total $32,738 Option 1

Summary of Preliminary Construction Costs

Re-establish original grades $947,808 to repair drainage

Raise high point by 6 inches $988,673 for added long term benefit
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Figure 2: Tunnel 20 North Portal - Wetland Delineation 

(extracted from DEA’s Wetland Delineation Report, Figure 6, Sheet 13) 
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Figure 3: Tunnel 20 South Portal - Wetland Delineation 

(extracted from DEA’s Wetland Delineation Report, Figure 6, Sheet 14) 
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Photo 1:  Tunnel 20 – North Portal  
 
 

 
 

Photo 2:  Tunnel 20 – Looking north from the North Portal  
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Photo 3:  Tunnel 20 – South Portal 
 
 

 
 

Photo 4:  Tunnel 20 – Looking south from the South Portal 
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Photo 5:  Tunnel 20 – Condition of ballast, track, and ditches at approx. Sta 17+00. 
 
 

 
 

Photo 6:  Tunnel 20 – Delaminated shotcrete from crown at approx. Sta 19+00. 
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Photo 7:  Tunnel 20 – Condition of ballast, track, and ditches at approx. Sta 14+00. 
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Appendix B

 Hydrology Report 

(see Appendix B - Tunnel 15 Report)
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1.0 Introduction 
This report provides conceptual designs for drainage repair recommendations for Tunnel 21, located 
between Mileposts (MP) 751.20 and 751.29 on the Coos Bay Rail Line (CBR), one mile northeast of 
Lakeside, Oregon. The report has been prepared by McMillen Jacobs Associates with David Evans and 
Associates (DEA) as a subconsultant for the surveying, environmental permitting, and wetland 
delineation portions of this Project.   

The CBR extends approximately 134 miles, connecting the interior Willamette Valley and the City of 
Eugene, Oregon to the port city of Coos Bay, Oregon. The rail line was operated by Southern Pacific 
Railroad (SPRR) from 1916 to 1994. At that time, it was sold to Central Oregon & Pacific Railroad 
(COPR), who operated the line until it was closed in September 2007. In 2009, the line was purchased by 
the Oregon International Port of Coos Bay (Port). After initial repairs, a portion of the line was reopened 
in 2011, and the remainder was opened in 2013. The Port is continuing repairs with the goal of restoring 
the line to a mix of Track Classification 2 (speeds up to 25 miles per hour (mph)) and Track  
Classification 3 (speeds up to 40 mph). 

For this Project, six tunnels and portal entrances along the CBR were surveyed, and the adjacent right-of-
way and wetland areas were delineated. These conceptual drainage designs will address drainage issues 
observed during site visits in July and October of 2015, and will be based on the local hydrology and 
existing track grades. A sampling of photos from the site visits are enclosed in Appendix A. The 
hydrology report prepared by McMillen Jacobs Associates is enclosed in Appendix B. These documents, 
along with survey information and the Wetland Delineation Report prepared by DEA, provide the basis 
for the conceptual designs. 

At Tunnel 21, the track is adversely affected by inadequate drainage, requiring trains to slow to 10 mph 
due to accumulated sediment, debris, and standing water. The goal of this Project is to improve this 
section of track to allow for increased speeds up to 25 mph.  

2.0 Observations 
2.1 Site Visit 
Personnel from McMillen Jacobs Associates visited the project site (all six tunnels) along the Oregon 
coast in July and October 2015. The following observations were made at Tunnel 21 and the adjacent 
overland areas: 

• Tunnel 21 is 478 feet long and is a single track on a 4 degree curve.  

• Original track grade was +0.1% (essentially flat). 

• North Portal is cast-in-place concrete with a concrete barrel at the tunnel entrance extending 80 
feet from the portal.  

• South Portal is cast-in-place concrete with a concrete barrel at the tunnel entrance extending 56 
feet from the portal.  
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• The concrete barrels at the north and south ends include a concrete invert and sidewalls. The tops 
of the concrete invert slabs are typically approximately one foot below the top of tie, but this 
depth should be confirmed during detailed/final design. 

• At the time of the October 2015 site visit, the ballast at the North Portal was dry. 

• At the South Portal, there was standing water, which extended inside the tunnel along the east 
ditch. The west ditch was wet, but no standing water. 

• The existing ditches inside the tunnel were completely full of silt/sediment. During the site visit 
in October 2015, there was standing water in the ditches 6 to 12 inches deep. 

• Ballast was heavily fouled with silt. The track appears to be pumping throughout the tunnel. In 
some areas, ties were below the ballast. 

• During the October 2015 site visit, there was minor seepage/drips from the tunnel crown. 

• Grades outside of the tunnel appeared to be higher than inside the tunnel, resulting in the ponding 
and standing water described above. 

• In 1999, a fire occurred in Tunnel 21, which burned all of the timber sets (ground support) and 
wood ties. Emergency repairs were performed at that time including rock bolt installation, 
shotcrete lining inside the tunnel, and complete removal of the track structure down to hard 
subgrade. New track structure was installed, including grading of the subgrade and installation of 
new track panels. A Final Construction Report was prepared by Milbor-Pita & Associates in late 
1999 documenting the fire and reconstruction of the tunnel and track structure. 

• CBR personnel indicated in October 2015 that water backs up into the tunnel during the rainy 
winter months and does not drain. 

2.2 Existing Tunnel Liner Conditions 
McMillen Jacobs Associates performed a condition assessment of Tunnel 21 (along with several other 
CBR tunnels) in October 2013. A report was prepared at that time to inventory the tunnel lining types and 
describe current conditions. As noted in the 2013 Condition Assessment Report, the existing tunnel liner 
at Tunnel 21 consists of a concrete barrel structure at the North Portal (80 linear feet) and South Portal 
(56 linear feet), 56 linear feet of Gunite Over Steel Sets (GOSS), and 286 linear feet of shotcrete over 
bare rock. The lining types are described as follows:  

• GOSS: One section of the tunnel is lined with GOSS, placed by the SPRR to replace a section 
that was originally lined with timber sets and lagging. Gunite is a dry cementitious mixture blown 
through a nozzle with water injected immediately prior to application. The gunite does not 
contain reinforcing fiber and is generally less than four inches thick. The steel sets are spaced at 
two feet on center on concrete footing walls, which run along both sides of the tunnel.  

• Shotcrete on bare rock: The majority of Tunnel 21 is lined with shotcrete, which was applied 
directly to the rock surface with no timber or steel supports (other than rock bolts). The shotcrete 
lined section does not have concrete footings. The shotcrete contains steel fiber reinforcement and 
is approximately six inches thick. 

Tunnel 21 currently has American Railway Engineering and Maintenance-of-Way Association (AREMA) 
Plate F clearance. 
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2.3 Existing Track Profile 
In October 2015, the Tunnel 21 study area was surveyed by DEA to obtain existing track elevations, ditch 
elevations, tunnel heights, and cross-sections along the study area. The study area began north of Tunnel 
21 at Station (Sta) 10+00 and extended south of the tunnel to Sta 29+59. By this stationing, the North 
Portal is located at Sta 16+90 and the South Portal is located at Sta 21+68. The survey data for the Tunnel 
21 study area is summarized in Table 1 and represents the east top of rail elevation. The grade within the 
tunnel varies from -0.32% to +0.33%; and the clearance height, measured from top of rail, ranges from 
21.01 to 24.50 feet. The high point for the track alignment is inside the tunnel at approximate Sta 17+50. 
The existing ditches approximately follow the track grade. The flat grade and the dips inside and outside 
of the tunnel result in ponding water and sedimentation. 
 
 

Table 1:  Summary of Survey Data for Tunnel 21 Site 
 

Alignment Stationing Elevation 1 Elevation 2 Grade Inside 
Clearance (ft) 

10+00 13+50 27.57 27.11 -0.13%   

13+50 14+39 27.11 27.29 0.20%   

14+39 15+36 27.29 27.71 0.43%   

15+36 16+22 27.71 28.23 0.60%   

16+22 16+90 28.23 28.59 0.53%  

16+90 North Portal  28.59   21.03 

16+90 16+96 28.59 28.61 0.33% 21.03 

16+96 17+49 28.61 28.67 0.11% 21.01 

17+49 19+47 28.67 28.34 -0.17% 24.50 

19+47 20+36 28.34 28.46 0.13% 23.54 

20+36 21+32 28.46 28.57 0.11% 24.11 

21+32 21+66 28.57 28.46 -0.32% 21.05 

21+68 South Portal 28.46   21.22 

21+66 22+34 28.46 28.42 -0.06%   

22+34 24+29 28.42 28.07 -0.18%  

24+29 29+59 28.07 27.64 -0.08%   

Note: Existing high point is at Sta 17+50 
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2.4 Existing Site Drainage 
The drainage basin of the study area is small and covers less than 0.003 square miles. For a detailed 
discussion of the runoff flows and hydrology, please refer to the hydrology report in Appendix B.  The 
existing drainage conditions are depicted in Figure 1 and summarized below. 

 

Figure 1: Tunnel 21 Existing Drainage (image extracted from Bing Maps) 
 
 

North Portal 

The drainage basin contributing flows directly to the North Portal is less than 0.002 square miles. The 
west hillside above the track has an area of approximately 0.013 square miles, which contributes 
additional flow to the existing ditches outside of the North Portal. The ditches run from the portal to the 
bridge abutment (see photos in Appendix A). The ditches appeared to be adequate in size, but were 
partially filled with sediment. From the North Portal, the track follows the shoreline of North Ten Mile 
Lake for approximately 700 feet at an average grade of -0.1%. 
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South Portal 

The drainage basin associated with the South Portal has an area of approximately 0.0007 square miles. 
The track falls at a grade of about 0.1% and continues to the southwest toward Lakeside, Oregon. The 
existing ditches on both sides of the track appeared to be adequate in size, but were partially filled with 
sediment (see photos in Appendix A).  

Tunnel Interior 

During site visits in July and October 2015, there was some groundwater seepage through the existing 
tunnel lining, but, generally, the seepage was minimal. The high point of the track profile is at 
approximate Sta 17+50, but there are two low spots (dips) in the track alignment where standing water 
has accumulated. While the drainage requirements inside the tunnel are minimal, the existing ditches are 
completely filled with ballast, mud, and sediment. The tracks are fouled with sediment as well. 
Inadequate drainage through the tunnel has resulted in pumping action each time a train passes, which 
allows degraded subbase material to migrate up through the ballast. Drainage with adequate slope should 
be re-established throughout the tunnel.  

3.0 Wetland Description 
In October 2015, DEA conducted a wetland delineation for the surrounding wetland areas at Tunnel 21 
and five other CBR tunnels (Tunnels 15, 17, 18, 19 and 20). DEA’s Wetland Delineation Report will be 
provided under separate cover.  

The existing wetlands and ditch conditions along the Tunnel 21 site are illustrated in Figures 2, 3, and 4 
(from north to south), which are maps modified from DEA’s Wetland Delineation Report. In summary, 
there are no wetlands present north of the North Portal within the Tunnel 21 study area. There are 
wetlands present south of the South Portal extending east of the track and on both sides of the track. 

4.0 Drainage Repair Recommendations 
4.1 Tunnel Interior  
The vertical alignment of Tunnel 21 is nearly flat, with grades ranging from -0.32% to +0.33% and a high 
point at Sta 17+50. The existing drainage is inadequate, which has resulted in excess sedimentation on the 
track and standing water inside the tunnel. To repair the drainage inside Tunnel 21, two conceptual design 
options are described below.  

Option 1: Install Tiebacks, Remove/Replace Ballast and Track 

Option 1 consists of removing all accumulated silt and sediment from the tunnel invert and clearing the 
existing ditches inside the tunnel. This would be accomplished by installing tiebacks to support the 
foundation in the GOSS section, removing the track and ties, scraping the sub-ballast down to competent 
material (dry, firm subgrade), patching any holes or soft spots with asphalt-type material, installing a 
geotextile fabric, and then replacing the track section with new ballast/sub-ballast and track panels to re-
establish the original grade through the tunnel. New ditches would then be constructed on each side of the 

McMillen Jacobs Associates Page 5 Rev. No. 1 / March 2016 



Coos Bay Rail Link – Tunnel Drainage Sites – Tunnel 21 Conceptual Design Report 

track, maximizing the available depth while ensuring proper drainage through the tunnel. See Figure 5 for 
a cross-section illustration of this concept. 

As described in Section 2.2 above, the existing tunnel lining inside Tunnel 21 consists of GOSS and 
shotcrete on bare rock. The shotcrete section does not require any foundation stabilization prior to 
completing the drainage repairs. However, the GOSS section will require foundation stabilization to 
maintain tunnel stability when the tunnel invert is scraped down. The most economical foundation 
stabilization would consist of tieback anchors drilled through the existing concrete footing walls. Tieback 
requirements (type, size, length, and spacing) will be analyzed during detailed/final design. 

McMillen Jacobs Associates recommends installing a geotextile fabric on the competent subgrade, 
followed by placement of a permeable sub-ballast, then placement of ballast and track panels. The ditches 
should be constructed as deep as possible inside the tunnel to promote drainage away from the ballast. 
The geotextile and sub-ballast will then protect the ballast by providing a cushion layer between the 
subgrade and ballast, and by inhibiting migration of fine materials upward through the ballast. 

Recent railroad rehabilitation projects on the East Coast have placed a layer of asphalt on the subgrade 
instead of a geotextile fabric. For this Project, an asphalt layer would be significantly more expensive and 
severely disrupt railroad service operations. The estimated cost for geotextile fabric is roughly $10 per 
track foot, while a 4-inch-layer of asphalt would cost on the order of $300 per track foot. In addition, the 
required curfew to place and cure asphalt in the tunnel would be measured in weeks, not days.  

Option 2: Option 1 plus Raise Track Profile 

Option 2 would include all of the measures described in Option 1, but would also raise the track profile 
inside the tunnel to promote improved drainage. The high point of the track profile is currently at Sta 
17+00. If the high point was shifted to Sta 19+00 (near the middle of the tunnel), then the track profile 
could be raised by one foot at this new high point and re-graded toward both portals to match existing 
grades outside of the tunnel. This option would not affect the grades or clearances at either portal, and 
would eliminate the dips in the tunnel profile. 

Any raising of the track should take into account the design AREMA clearance dimensions for the tunnel. 
At the present time, height clearances inside Tunnel 21 range from approximately 21.0 to 24.5 feet. The 
Port has indicated that any drainage repair that would reduce the existing AREMA Plate would not be 
acceptable. Option 2 would not affect the height clearance at either portal. 

Recommendations 

Option 1 will improve drainage through Tunnel 21. Option 2 will provide better long term drainage 
through the tunnel, but at a higher cost. Since the revised Option 2 track profile will match existing grades 
at each portal, there will be no impacts to wetlands or waters outside of the tunnel. Permitting 
requirements would, therefore, be equivalent for both options. We recommend Option 2 as a better long 
term solution, but understand that this is an economic decision for the Port.  

4.2 North Portal Drainage 
At the North Portal, there are two existing ditches, one on each side of the track, which currently 
discharge north into North Ten Mile Lake. Based on the hydrology analysis (see report in Appendix B), 
the total expected flow for the combined ditches for a 25-year peak flow event is less than 1 cubic foot per 
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second (cfs). The existing ditch configuration (width and depth) is adequate to convey these flows, but the 
ditches should be cleaned and regraded as part of regular maintenance. This would ensure that both 
ditches perform as intended. See Figure 6 for a cross-section illustration of this concept.  

Recommendations 

There is only one recommended option to improve drainage at the North Portal – clean and regrade the 
existing ditches. In our opinion, based on observed conditions in October 2015, the track structure 
(ballast, ties, and rail) outside of the tunnel, north of the North Portal, did not warrant replacement. 

4.3 South Portal Drainage  
At the South Portal, there are two existing ditches, one on each side of the track. The ditches flow to the 
south. Based on the hydrology analysis (see report in Appendix B), the total expected flow for the 
combined ditches for a 25-year peak flow event is less than 1 cfs. The existing ditch configuration (width 
and depth) is adequate to convey these flows, but the ditches should be cleaned as part of regular 
maintenance so they perform as intended. 

Recommendations 

Similar to the North Portal, there is only one recommended option to improve drainage at the South Portal 
of Tunnel 21 – clean and regrade the existing ditches. In our opinion, based on observed conditions in 
October 2015, the track structure outside of the tunnel, south of the South Portal, did not warrant 
replacement. 

5.0 Conceptual Cost Estimate and Schedule 
The drainage problems at the Tunnel 21 site are confined to the tunnel interior. Two repair options for the 
tunnel interior were discussed above. Both options require complete track structure replacement. While 
the ditches outside of the tunnel – to the north and south – require maintenance and re-grading, the ballast 
outside of the tunnel does not require replacement.  

5.1 Preliminary Engineer’s Estimate 
McMillen Jacobs Associates has prepared a preliminary estimate of the construction cost and schedule 
associated with each of the options described above. The estimated costs are intended for planning 
purposes, and do not include costs for permitting or construction engineering/management. Mobilization 
was included at 10%, and contingency was included at 15%. The estimated costs for each option can be 
summarized as follows. 

Tunnel Interior 

• Option 1: Install tiebacks (assume 15-foot-long at 5-foot centers, both sides), remove/replace 
track structure (478 feet) = $ 488,000 

• Option 2: Option 1 plus raise track profile by 1 foot = $ 530,000 

North Portal Site 

• Option 1: Clean ditches (690 feet) = $ 35,000 
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South Portal Site 

• Option 1: Clean ditches (793 feet) = $ 40,000 

Table 2 provides additional details for the estimated costs above. Please note that these costs assumed 
removal and replacement of two feet of fouled ballast inside the tunnel. McMillen Jacobs Associates 
recommends potholing inside Tunnel 21 during detailed/final design to determine the actual depth to 
competent subgrade material (at the sample locations). The construction cost estimate would then be 
adjusted accordingly. 

As described in Section 4, McMillen Jacobs Associates recommends cleaning and re-grading all of the 
existing ditches (inside and outside the tunnel) and replacing the fouled ballast and track panels inside 
Tunnel 21. To perform all of the recommended drainage repairs, the total estimated construction cost is 
approximately $ 563,000. If the track profile were to be raised by one foot near the middle of Tunnel 21, 
then the total estimated construction cost would increase to approximately $ 605,000. 

5.2 Preliminary Construction Schedule 
Regarding the estimated construction schedule duration to complete the recommended drainage repairs at 
Tunnel 21, we understand that CBR would like to minimize disruption to existing rail service operations, 
and that a 72-hour shutdown (or “curfew”) could be scheduled for work such as track structure 
replacement. Based on past experience, contractors have been able to complete about 2,000 feet of track 
structure replacement during a 72-hour curfew. Given the length of Tunnel 21 (478 feet), the 
recommended track structure replacement inside Tunnel 21 can be completed during one 72-hour curfew. 

The remainder of the recommended drainage repairs at Tunnel 21 (i.e. installing tiebacks, cleaning and 
regrading the ditches inside and outside of the tunnels) can be performed during live-track windows of 6-
plus hours with minimal disruption to existing rail service operations. McMillen Jacobs Associates 
estimates that it will take the contractor approximately 3 to 4 weeks to complete the remaining drainage 
repairs. The total estimated construction duration for Tunnel 21 is, therefore, approximately 1 month with 
one 72-hour curfew.  
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Table 2: Tunnel 21 Preliminary Construction Cost Estimate
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Lengths for Track Structure Replacement

Tunnel Interior 478 track feet Tunnel 21

North Portal Site 0 track feet Study area is 690 feet

South Portal Site 0 track feet Study area is 793 feet

Tunnel Interior

Option 1 Estimated Cost

a Install rock dowels $39,000 GOSS section only

b Remove/replace ballast (2 feet) $129,060 $270 per track foot (478 feet)

c Remove/replace track $179,250 $375 per track foot (478 feet)

d Re-establish ditches $38,240 $80 per track foot (478 feet)

Subtotal $385,550

Mobilization $38,555 10% x Subtotal

Contingency $63,616 15% x (Subtotal + Mobilization)

Estimated Total $487,721 Option 1

Option 2

a Option 1 $385,550

b Raise track profile by 1 foot $33,460 $70 per track foot (478 feet)

Subtotal $419,010

Mobilization $41,901 10% x Subtotal

Contingency $69,137 15% x (Subtotal + Mobilization)

Estimated Total $530,048 Option 2

North Portal Site

Option 1 Estimated Cost

a Clean ditches $27,600 $40 per track foot (690 feet)

Subtotal $27,600

Mobilization $2,760 10% x Subtotal

Contingency $4,554 15% x (Subtotal + Mobilization)

Estimated Total $34,914 Option 1
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Table 2: Tunnel 21 Preliminary Construction Cost Estimate
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South Portal Site

Option 1 Estimated Cost

a Clean ditches $31,640 $40 per track foot (791 feet)

Subtotal $31,640

Mobilization $3,164 10% x Subtotal

Contingency $5,221 15% x (Subtotal + Mobilization)

Estimated Total $40,025 Option 1

Summary of Preliminary Construction Costs

Recommended options $562,659 to repair drainage

Raise track profile by 1 foot $604,986 for added long term benefit
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Figure 2:  Tunnel 21 (North) North Portal - Wetland Delineation 

(extracted from DEA’s Draft Wetland Delineation Report, Figure 6, Sheet 15) 
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Figure 3:  Tunnel 21 (South) South Portal - Wetland Delineation 

(extracted from DEA’s Draft Wetland Delineation Report, Figure 6, Sheet 16) 
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Figure 4:  Tunnel 21 (South) - Wetland Delineation 

(extracted from DEA’s Draft Wetland Delineation Report, Figure 6, Sheet 17) 
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Photo 1: Tunnel 21 - North Portal 
 
 

 
 

Photo 2: Tunnel 21 - Looking north from the North Portal 
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Photo 3: Tunnel 21 - South Portal 
 
 

 
 

Photo 4: Tunnel 21 - Looking south from the South Portal 
  

McMillen Jacobs Associates  Rev. No. 1 / March 2016 



Coos Bay Rail Link – Tunnel Drainage Sites – Tunnel 21 Conceptual Design Report 

McMillen Jacobs Associates Rev. No. 1 / March 2016 

Appendix B

 Hydrology Report 

(see Appendix B - Tunnel 15 Report)


	1.0 Introduction
	2.0 Observations
	2.1 Site Visit
	2.2 Existing Tunnel Liner Conditions
	2.3 Existing Track Profile
	2.4 Existing Site Drainage

	3.0 Wetland Description
	4.0 Drainage Repair Recommendations
	4.1 Tunnel Interior
	4.2 North Portal Drainage
	4.3 South Portal Drainage

	5.0 Conceptual Cost Estimate and Schedule
	5.1 Preliminary Engineer’s Estimate
	5.2 Preliminary Construction Schedule

	6.0 Items to Be Resolved
	Table 2 - CBR Tunnel 15 Cost Estimate, 02-02-16.pdf
	Tunnel 15

	CBR Tunnel 17 - Concept Design Report - Rev 0 02-08-16.pdf
	2.0 Observations
	2.2 Existing Tunnel Liner Conditions
	2.3 Existing Track Profile
	1.1
	1.1
	1.1
	2.4 Existing Site Drainage

	3.0 Wetland Description
	1.0
	4.0 Drainage Repair Recommendations
	4.1 Tunnel Interior
	4.2 North Portal Drainage
	4.3 South Portal Drainage

	5.0 Conceptual Cost Estimate and Schedule
	5.1 Preliminary Engineer’s Estimate
	5.2 Preliminary Construction Schedule

	6.0 Items to Be Resolved
	Table 2 - CBR Tunnel 17 Cost Estimate, 02-08-16.pdf
	Tunnel 17

	p.pdf
	1.0 Introduction
	2.0 Observations
	2.1 Site Visit



	CBR Tunnel 18 - Concept Design Report - Rev 0 02-16-16.pdf
	1.0 Introduction
	2.0 Observations
	2.1 Site Visit
	2.2 Existing Tunnel Liner Conditions
	2.3 Existing Track Profile
	2.4 Existing Site Drainage

	3.0 Wetland Description
	4.0 Drainage Repair Recommendations
	4.1 Tunnel Interior
	4.2 North Portal Drainage
	4.3 South Portal Drainage

	5.0 Conceptual Cost Estimate and Schedule
	5.1 Preliminary Engineer’s Estimate
	5.2 Preliminary Construction Schedule

	6.0 Items to Be Resolved
	Table 2 - CBR Tunnel 18 - Cost Estimate, 02-16-16.pdf
	Tunnel 18


	CBR Tunnel 19 - Concept Design Report - Rev 1 04-08-16.pdf
	1.0 Introduction
	2.0 Observations
	2.1 Site Visits
	1.1
	2.2 Existing Tunnel Liner Conditions
	2.3 Existing Track Profile
	1.1
	1.1
	2.4 Existing Site Drainage

	3.0 Wetland Description
	4.0 Drainage Repair Recommendations
	4.1 Tunnel Interior
	4.2 North Portal Site Drainage
	4.3 South Portal Site Drainage

	5.0 Preliminary Cost Estimate and Schedule
	5.1 Preliminary Engineer’s Estimate
	5.2 Preliminary Construction Schedule

	Table 2 - Tunnel 19 Cost Estimate (Conceptual Design, 04-08-16).pdf
	Tunnel 19


	CBR Tunnel 20 - Conceptual Design Report - Final 03-14-16.pdf
	1.0 Introduction
	2.0 Observations
	2.1 Site Visit
	1.1
	2.2 Existing Tunnel Liner Conditions
	2.3 Existing Track Profile
	2.4 Existing Site Drainage

	3.0 Wetland Description
	4.0 Drainage Repair Recommendations
	4.1 Tunnel Interior
	4.2 North Portal Drainage
	4.3 South Portal Drainage

	5.0 Conceptual Cost Estimate and Schedule
	5.1 Preliminary Engineer’s Estimate
	5.2 Preliminary Construction Schedule

	Table 2 - CBR Tunnel 20 - Cost Estimate - Rev 1, 03-14-16.pdf
	Tunnel 20


	CBR Tunnel 21 - Conceptual Design Report - Final 03-04-16.pdf
	1.0 Introduction
	2.0 Observations
	2.1 Site Visit
	2.2 Existing Tunnel Liner Conditions
	2.3 Existing Track Profile
	2.4 Existing Site Drainage

	3.0 Wetland Description
	4.0 Drainage Repair Recommendations
	4.1 Tunnel Interior
	4.2 North Portal Drainage
	4.3 South Portal Drainage

	5.0 Conceptual Cost Estimate and Schedule
	5.1 Preliminary Engineer’s Estimate
	5.2 Preliminary Construction Schedule

	Table 2 - CBR Tunnel 21 - Prelim Cost Estimate - Rev 1, 03-04-16.pdf
	Tunnel 21





