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Date Correspondence

September 20, 2010 Technical Memorandum to Joe Duran (FHWA) from Keith Powers (CDOT R5) re: 
cost estimates for Section 4(f) Alternatives

September 20, 2010 Technical Memorandum to Joe Duran (FHWA) from Keith Powers (CDOT R5) re: 
revised Preliminary Alternative A and Partial Interchange

September 20, 2010 Technical Memorandum to Joe Duran (FHWA) from Keith Powers (CDOT R5) re: 
US 550 Western Realignment Alternative

December 22, 2010 Technical Memorandum to Joe Duran (FHWA) from Keith Powers (CDOT R5) re: 
cost estimates for Section 4(f) Alternatives addendum

August 1, 2011 Technical Memorandum to William Hanson (FHWA) from Keith Powers (CDOT R5) 
re: US 550 On Grade Alignments
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 STATE OF COLORADO 
  
DEPARTMENT OF TRANSPORTATION  
PROGRAM ENGINEERING 
REGION 5 
3803 N. Main Avenue, Suite 300 
Durango, CO  81301 
(970) 385-1400 
Fax (970) 385-1410 
  
 
Date:  August 1, 2011 
 
To:  William Hanson 

FHWA Operational Engineer 
   
From:  Keith E. Powers P.E. 
  CDOT Region 5 Program Engineer 
 
Subject: US 550 on Grade Alignments  
 
This technical memorandum describes engineering issues related to “on-grade alignments” that closely follow the 
existing roadway along the current US 550 south alignment with its connection to US 160. The “on-grade 
alignments” include the US 550 at US 160 At-Grade Intersection Alternative, the Partial Interchange at the 
Existing US 550/US 160 (South) Intersection Alternative, and Revised Preliminary A Alternative.  Several design 
variations that have different curvatures and grades along the existing US 550 alignments are included in these 
alternatives.  Design variations T.1.4, T.1.6, and T.4.4 are variations of the US 550 at US 160 At-Grade 
Intersection Alternative. Design variations T.2.4, T.2.6, T.3.4 and T.3.6 are variations of the Partial Interchange at 
the Existing US 550/US 160 (South) Intersection Alternative.  These alternatives are collectively referred to in 
this memo as “on-grade alignments”.  The design variations are collectively referred to as the “T design 
variations”. The memo addresses only horizontal and vertical alignments and does not include any analysis of 
proposed connections.  
    
Description of Alternatives 
The “on-grade alignments” all connect US 550 from the top of the Florida Mesa with US 160, at or near the 
current location on US 160 at M.P. 88.3.  These alignments would require various types of connection to US 160 
that are not a part of this memorandum discussion. The connections and their analysis are discussed elsewhere in 
the SDEIS.  
 
The roadway geometry is relatively the same for the “on-grade alignments”.  The differences occur in the percent 
grade and radius for 2 curves: one approximately 500 feet away from the US 550/US 160 (south) intersection 
where the horizontal curvature and grade varies (the lower curve) and the other at the top of the mesa where the 
highway first starts descending the hillside (the upper curve).  The design variations are described as follows: 
 

 Design Variation T.1.4 includes a 1050-foot radius and a four percent grade for the lower curve and a 700-
foot radius and four percent grade for the upper curve. Connection at US 160 utilizes the existing at grade 
signalized intersection. 
 

 Design Variation T.1.6 includes a 925-foot radius and a six percent grade for the lower curve and a 700-
foot radius and six percent for the upper curve. Connection at US 160 utilizes the existing at grade 
signalized intersection. 

 
 Design Variation T.2.4 includes a 1050-foot radius and a four percent grade for the lower curve and a 700-

foot radius and a four percent grade for the upper curve.  The location of the flyover has half of the loop on 
each the north and south side of US 160 and traffic flow is in a counterclockwise direction with the flyover 
crossing US 160 approximately 1,300 feet (1/4 mile) east of the US 550/US 160 intersection. 
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 Design Variation T.2.6 includes a 925-foot radius curve and six percent grade for the lower curve and 700-

foot radius and six percent grade for the upper curve.  The location of the flyover has half of the loop on 
each the north and south side of US 160 and traffic flow is in a counterclockwise direction with the flyover 
crossing US 160 approximately 1,300 feet (1/4 mile) east of the US 550/US 160 intersection. 
 

 Design Variation T.3.4 includes a 1050-foot radius curve and a four percent grade for the lower curve and 
a 700-foot radius and 4 percent grade for the upper curve.  The location of the flyover loop is entirely on the 
north side of US 160 and traffic flow is in a clockwise direction with the flyover crossing US 160 
approximately 500 feet east of the US 550/US 160 intersection. 
 

 Design Variation T.3.6 includes a 925-foot radius curve and a six percent grade for the lower curve and a 
700-foot radius and six percent grade for the upper curve.  The location of the flyover loop is entirely on the 
north side of US 160 and traffic flow is in a clockwise direction with the flyover crossing US 160 
approximately 500 feet east of the US 550/US 160 intersection. 
 

 Design Variation T.4.4 includes a 1250-foot radius and a four percent grade for the lower curve and a 
1000-foot radius  and four percent grade for the upper curve. 
 

 Revised Preliminary Alternative A.  Includes a series of compound curves beginning with a 1020 foot 
radius lower curve, a 680 foot radius intermediate curve and a 710 foot radius top curve. It includes a grade-
separated trumpet interchange at the existing US 550/US 160 connection.  Revised Preliminary Alternative 
A is the same as in the 2006 US 160 EIS for the US 550 alignment and the connection to US 160.  
“Revised” has been added to title of this alternative to reflect inclusion of the Grandview Interchange and 
auxiliary lanes in each direction from the west limit of the Grandview Section to the CR 233 (Three 
Springs) Interchange.  

All of these alternatives follow a similar alignment as that of the existing US 550 Farmington Hill roadway. The 
roadway typical section for Revised Preliminary Alternative A  includes two 12-foot wide through lanes in each 
direction with 10-foot outside shoulders and a 14-foot median consisting of two 6-foot shoulders with a 2-foot 
wide concrete safety barrier. The T design variations are similar in alignment, but differ in cross section. They 
also included two 12-foot wide through lanes but instead of a 14-foot median with safety barrier, they include a 8-
foot median consisting of two 3-foot shoulders with a 2-foot wide concrete safety barrier. The T design variations 
do not include the needed auxiliary lanes at the CR 220 intersection location nor the connection for the local 
residences to safely access the highway. Another issue with the typical section of the T design variations is the 
lack of provision for roadside drainage and outside guardrail. Including these required design elements will result 
in a wider section and much greater fill slope disturbances than represented in the plans and cross sections for the 
T design variations provided by attorney Mr. Tom McNeill on behalf of the Webb Family.  

Design and Construction Issues 
As discussed in the memo US 550 at US 160 Section 4(f) Evaluation – Revised Preliminary Alternative A and 
Partial Interchange dated September 20, 2010 to Joe Duran with FHWA, connecting US 550 to US 160 along the 
existing alignment has geographic and climatic challenges.  The hillside has a steep grade, rising over 200 feet in 
approximately 0.66 mile. The north-facing slope of the hillside makes this area prone to winter icing. The steep 
embankment above the existing roadway is comprised of decomposed shale overlain by sandy cobbles and 
boulders, which are prone to sloughing onto the roadway surface, creating hazards for drivers, especially in freeze 
thaw cycles or adverse weather conditions such as heavy rain or snow. Widening to four lanes along this 
alignment will also require excavation in an area of known subsurface water problems, which may create drainage 
and possible slope instability. Changes in the speed limit that are required for these alternatives will create safety 
issues.  US 550, in the US 550 Environmental Assessment, was designed to a 70 mph design speed from the New 
Mexico State Line to just south of the County Road 220 intersection. The section of US 550 north of County Road 
220 was designed to a 60 mph design speed in the US 160 Environmental Impact Statement. When analyzing 
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Revised Preliminary Alternative A and the proposed T design variations, the roadway design speed would need to 
be decreased from 70 mph to 30 or 35 mph as you descend into the Farmington Hill section of US 550 (See Table 
1).   
 
The below table is a summary of roadway stations (locations) with corresponding geometry (radius of curve, 
super-elevation) and corresponding design speeds which are dependent on the roadway geometry at the roadway 
station for Revised Alignment A and the T design variations.  The lowest design speed, whether it is based on 
super-elevation or sight distance governs the design because it is considered the speed a driver can drive the road 
safely. The design speeds below are based on the AASHTO Geometric Design of Highways and Streets, 2004 
criteria.  At or near the connection with County Road 220 all of the alignments begin with a geometry change of 
the road (radius of curve decreases to 700 Ft minimum, this large reduction in radius requires the design speed to 
decrease to 30 to 35 mph. 
 
Table 1.  Summary of Design Variations with Geometry & Design Specifications 

Alignment* % 
Grade 

Restricting 
Curve 
Radius** 

Horizontal
Sightline 
Offset*** 

Stopping Site
Distance****

Design
Speed 
MPH 

Eagle 
Block 
Impact

CR 220 
Connection 
(see notes) 

Met All EIS 
Alignment 
Criteria# 

T 1.4 4% 709 9 226.2 30 Yes Not shown No 
1059 9 275.9 35 

         
T 1.6 6% 709 9 226.2 30 Yes Not Shown No 

934 9 259.5 35 
         
T 2.4 4% 709 9 226.2 30 Yes Not Shown No 

1059 9 276.3 35 
         
T 2.6 6% 709 9 226.2 30 Yes Not Shown No 

934 9 259.5 35 
         
T 3.4 4% 709 9 226.2 30 Yes Not Shown No 

1059 9 276.3 35 
         
T 3.6 6% 709 9 326.3 30 Yes Not Shown No 

934 9 259.5 35 
         
T 4.4 4% 1009 9 269.7 35 Yes Not Shown No 

1259 9 301.2 40 
         
Revised 
Preliminary 
Alignment A 

4% 709 12 361.2 35 Yes Shown No 
679 12 255.7 35 
1019 12 313.1 40 

 
*T design variations provided by Thomas T McNeill letter dated October 28, 2008.  
** Curve radius taken at centerline of driving lane nearest median barrier. 
*** HSO is measured from center line of lane nearest to center line of median barrier - AASHTO Geometric 
Design of Highways and Streets, 2004 (pages 112, 224-228). 
**** Stopping sight distance taken from Exhibit 3-2 AASHTO Geometric Design of Highways and Streets, 2004 
(page 115). 
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An additional factor that is not desirable is the eight percent super-elevation required for the tighter radius curves 
on Farmington Hill.  The following radius of curvature table represents the increase in curvature needed with each 
reduction in super-elevation. (reference AASHTO 2004 exhibit 3-15 page 147).  
 
% SUPER 4%  6%  8% 
MPH 
30  250  231  214  
35  371  340  314 
40  533  485  444 
45  711  643  587 
50  926  833  758 
55  1190  1060  960 
60  1500  1330  1200 

Minimum Radius of Curve (feet) 
 
The large reduction in design speed from 70 mph to 30 or 35 mph creates an unsafe condition and is not an 
acceptable reduction per the 2004 edition of AASHTO Geometric Design of Highways and Streets (AASHTO); 
see discussion on pages 67-72 and 503. CDOT uses these guidelines to provide for a safe and uniform traveling 
experience that the public has come to expect.  
 
For all the on-grade alignments, the roadway for the most part is northerly facing. The north-facing slope 
combined with the eight percent slope of the road as it traverses the hillside creates an unsafe condition. This 
steep cross slope can cause sliding of vehicles in icy conditions. The vertical grade of the on-grade alignments 
varies between four percent and six percent depending on the alternative and design variation. These alignments 
on a north facing slope presents a safety hazard when roads are wet, snow-packed, or icy, especially in winter 
months. Currently the existing highway is often the scene of accidents due to the steep vertical grade and icy 
winter conditions. See the US 550 Connection to SH 160 in Grandview SEIS Safety Review of Alternative 
Connection Options (CDOT, 2011) for more information. 
 
The sharp curvature of the highways proposed in the reviewed alignments also can create unsafe conditions. 
Because of the sharp horizontal curves, driver visibility along the road will be short, as little as 202 feet at some 
locations.  Assuming a 35 mph travel speed, drivers have only 4.5 seconds to react to roadway hazards. This short 
reaction time will create an unsafe condition, especially in winter with icy conditions and reduced visibility in 
adverse conditions on a north-facing slope. 
 
Both the grades and curvatures of the proposed alignments would affect the traffic flow of the highway.  Truck 
traffic on a four percent uphill grade would be moving at approximately 30 mph and the downhill grade speeds 
will increase approximately five percent. The proposed six percent grades are even worse with uphill running 
speeds of approximately 25 MPH.   
 
The widened template for Revised Alternative A and other on-grade alignments requires significant retaining wall 
construction on the downhill side of the existing roadway to stay out of homes above the Animas River located 
below the alignment to the west, wetlands along Wilson Gulch, and possibly the uphill side to avoid  cultural sites 
located along the ridge to the east. Some T design variations, as proposed in the Thomas T. McNeill letter dated 
October 28, 2008,  extend further out on the existing side slope than Revised Alternative A and with  the proposed 
2:1 cut and fill slopes probably will extend further than indicated.  In addition the on-grade alignments show 
impact to the cultural sites lying along the ridge to the east and potential impact to wetlands along Wilson Gulch. 
 
Please see the typical section below modeled for Revised Preliminary Alternative A. Retaining walls would 
contain fills with wall heights of up to approximately 80 feet, utilizing a tiered wall design in order to minimize 
right of way impacts as well as wetland impacts. Walls of this height are very difficult to construct, maintain and 
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would have an adverse visual impact to the area. Cut and fill slopes as proposed would have a similar adverse 
visual impact and be difficult to reseed and maintain. Currently the maximum height wall on the US 160 corridor 
in the immediate area is a two tiered wall 44 feet in total height.   
 
The final design of the roadway is dependent on the geotechnical site conditions, which are unknown. Without a 
complete geotechnical foundation investigation, it is not known whether a Mechanically Stabilized Earth 
Retaining Wall on micro pile foundation would be adequate for the site.  Bedrock may be deeper than 40 feet 
based on geotechnical information from the Grandview Interchange project and visual observation and the 
existing alignment is on a hillside cut/fill. The required widening would push the roadway alignment outside the 
existing fill approximately 35 feet. Bedrock depths may be beyond the depths suitable for a micro pile foundation 
design and may require a drilled shaft, essentially larger piles. This requirement would increase the estimated 
construction cost dramatically.  
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Summary 
These on-alignment alternatives have a combination of a low design speeds, sharp curves, eight percent 
superelevation, four percent to six percent vertical grades, north facing slopes, and unknown geotechnical 
conditions. Other contributing facts such as the radius of curves would negatively impact the traffic flow. Many of 
the T design variations do not show a required connection to CR 220.  None of the on-grade alignments meet the 
design speeds and criteria established in the AASHTO Geometric Design of Highways and Streets, 2004 criteria 
as discussed above. For these reasons, all of the on-grade alignments are considered to have extraordinary safety 
problems and are not suitable from an engineering perspective.  
 
 
 
 
 
 
 
 
 
 



 




