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SECTION I
SUMMARY

ALTERNATIVES EVALUATION

INTRODUCTION
This is a comparison of environmental impacts associated 
with highway alternatives described in Section III. Each of 
these test cases has been developed on a consistent set of 
assumptions for design standards and access. It is rec
ognized that some impacts will result from this consistent 
application of standards which could be reduced or eliminated 
in later design phases through more detailed consideration. 
All of these "approximations" have utilized standards 
appropriate for grade-separated rural highways.
Access has been shown at all but one location recommended 
for evaluation by the TRG Recreation Subcommittee. In each 
case, they have asked that a certain direction of travel be 
given access to these locations for the evaluation. For all 
of these approximations it is recognized that the type and 
location of access will require reconsideration based upon 
the outcome of this evaluation. Subleties, which lend 
continuity and design sensitivity, are the focus of Phase 
Two design efforts.
This Working Paper documents negative impacts associated 
with the application of standards and the provision of 
access so that a basis is provided for considering possible 
deviation from Interstate standards as provided for in the 
1976 Highway Act. This evaluation can also aid in dis
cussions concerning trade offs between transportation, 
safety, environment and recreational values.
This analysis provides a basis for dropping certain options 
from further consideration due to severe negative impacts 
and/or lack of opportunities for realizing positive design 
potentials. Attention can then be focused on alternatives 
which should be carried into the more sophisticated prelim
inary design work of Phase Two.
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FINDINGS
This is a brief summary of Section IV, a comparative evalua
tion of alternatives. The summary follows the same sequence 
of evaluation categories as used in Section IV.
All alternatives would involve substantial impact to Glenwood 
Canyon. The relative differences between alternatives 
within a given impact category, however, are not large.
Traffic and Transportation
Based upon traffic projected for the year 1996, a 48-foot, 
two-lane would result in 5,097 hours of the year with 
traffic operating at levels-of-service D and E. A 56-foot, 
four-lane would have 30 hours operating at level-of-service 
D and E. A 68-foot, four-lane would have ten hours of 
operation at levels-of-service D and E. These estimates 
assume a continuous length of each of these concepts throughout the Canyon.
Safety
The 48-foot, two-lane would result in 38 injuries during the 
year 1996. A 56-foot, four-lane would result in 27 injuries 
and a 68-foot, four-lane in 21 injuries. Two fatalities are 
projected for each of the three basic concepts.
Talus and Rock Cuts
A high percentage of the talus cuts required are due to 
construction at access points. In Segment D, for instance,
86 percent of the area of talus cuts are a consequence of 
two access areas compared to 74 percent with a 56-foot, 
four-lane and 69 percent with a 68-foot, four-lane.
Rock cuts are influenced by both access and tunnel portals.
All of the area of rock cuts in Segment A are a result of 
access-related construction in the vicinity of Siloam Springs. 
The relatively small rock cuts in Segment C occur at the 
same location with all alternatives and Segment D involves 
no rock cuts at all. In Segment B, 40 to 50 percent of all 
rock cuts are associated with tunnel portals.
Riverside Retaining Walls
High retaining walls are considered negative impacts because 
of the apparent scale of man-made elements within the Canyon.
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High retaining walls can be reduced from the values shown in 
the charts by increasing the cantilever beyond an assumed 
six-foot dimension. The space under the edge of the roadway 
is wedge shaped. By moving the retaining wall back toward 
the center of the road into the notch, the height is reduced.
A low retaining wall is defined as one which does not exceed 
ten feet in height. A medium retaining wall is between ten 
and 20 feet and a high retaining wall over 20 feet. The 
test cases require no retaining wall over 30 feet high.
Access at Hanging Lake and the Power Plant is the cause of 
from one-third to more than one-half of the total structure 
employed in Segments B and C respectively. More than 80 
percent of the structure required in Segment D is due to 
access at Grizzly Creek.
Displaced Vegetation
The most serious impacts in this category are a result of 
displacement from the deciduous riparian plant community.
The total percent of this plant community within 200 feet of 
the existing roadway, displaced by each of the three basic 
concepts, are as follows: 29 percent with the 48-foot, two- 
lane; 34 percent with the 56-foot, four-lane; and 36 percent 
with the 68-foot, four-lane. The total vegetation taken for 
Segments A, C and D is 24.33 acres with a 48-foot, two-lane; 
27.02 acres for the 56-foot, four-lane; and 31.51 acres for 
the 68-foot, four-lane.
In Segment B, the highline subalternative displaces the 
smallest percent of the deciduous riparian plant community, 
and is approximately equal to the lowline in terms of total 
displaced vegetation. However, the severity of these 
impacts to vegetation is magnified due to revegetation 
difficulties. The 48-foot, two-lane and the two splitline 
subalternatives have similar impacts on deciduous riparian 
plant community and on total displaced vegetation of all 
types. In absolute numbers, they have a greater impact on 
vegetation than the lowline or the highline. However, the 
48-foot, two-lane would leave less area for streamside 
revegetation compared to the lowline or splitline alter
natives. Considering the long-term quantitative and qualitative 
factors of displaced vegetation and revegetation potential, 
the highline would result in more impacts and the lowline in 
less impacts than the other Segment B subalternatives.
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Water Resources
Hydrology, water quality and fish habitat will be indirectly 
impacted by the construction of a new roadway. The unit by 
which impacts were approximated is the number of piers and 
the number of locations of piers for each of the alter
natives. Approximately 50 percent of all pier encroachments 
occur in access areas. Of the remaining 50 percent, no 
significant differences are discernible between and among 
the alternatives sufficient to influence the selection of a concept.
Revegetation Potential
Evaluation of the potential for riverbank revegetation for 
Segments A, C and D indicates that the amount of riverbank 
land remaining for possible revegetation is in proportion to 
the width of the right-of-way. Of a total existing river
bank area (approximately 74 acres), the amount of riverbank 
remaining following the implementation of the test cases is 
estimated to be 48 acres, 43 acres, and 36 acres for the 
48-, 56-, and 68-foot alternatives, respectively.
In Segment B, riverbank revegetation potential decreases 
with platform subalternatives and is maximized with fully 
elevated subalternatives. Of the 36 existing acres of 
riverbank, the amounts remaining for revegetation vary from 
27 acres for the 48-foot, two-lane to 34 acres for both the 
lowline and highline. Although some portions of the river
bank in all Canyon segments are currently vegetated, appro
priate management of areas nonvegetated of of existing how 
quality vegetation would be an important part of a revegeta
tion program with any of the alternatives.
Some additional areas of land will become available for 
revegetation where the existing roadway is abandoned due to 
changes in alignment. In Segments A, C and D, approximately 
three acres will be available for each alternative. In 
Segment B, the 48-foot, two-lane and the splitline subalter
natives will release approximately two acres. The lowline 
and highline, however, leave an estimated 5.5 acres for 
revegetation. In addition, approximately two to three acres 
of land around the base of the piers for the elevated sub
alternatives (including the splitline) will be available for 
revegetation after construction is completed.
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Air Quality
No significant differences occur among and between the 
alternatives. Air quality standards would not be violated 
with any of the alternatives.
Noise
The highline alternative may result in more noise production 
because of grades. The two-lane platform alternative could 
result in additional noise related to traffic congestion.
All of the subalternatives with part or all of the traffic 
on structure would reduce whatever noise is generated for 
people walking or biking along the floor of the Canyon.
This reduction is achieved because the bridge structure 
becomes a barrier between the source of the noise and the 
people below.
Recreation
Sufficient space is available in Segments A, C and D to 
provide a continuous bikeway/fisherman's walk adjacent to 
any of the three basic roadways. In Segment B, the highline 
and the lowline would have the distinct advantage of moving 
all of the Interstate traffic off the floor of the Canyon, 
thereby freeing it for recreational uses. The splitline 
would remove about half of this through traffic and its 
associated impacts from the floor of the Canyon.
The Technical Review Group (TRG) has been the vehicle by 
which state and federal agencies and public utilities have 
participated in the design process. A Subcommmittee was 
established to deal specifically with recreational issues.
This Subcommittee has identified locations within the 
Canyon where recreational opportunities exist as a function 
of specific resources. Due to the many opportunities which 
currently exist for pulling off the road in the Canyon, the 
Subcommittee believed it was important to test and evaluate 
the consequences of providing access to nine locations in 
the Canyon. They also indicated the most desirable directions 
from which access should be provided. This access was 
provided for all but one location.
Access was developed at minimum standards for a four-lane 
grade-separated rural highway for all of the alternatives.
The advisability of providing access under these conditions 
can now be reconsidered. The impacts related to access are 
most severe in the categories of talus and rock cuts and
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river encroachments. Effects on vegetation due to access 
amount to less than 20 percent of the total displacement for 
any of the alternatives. The location and direction of 
access as well as the standards at which they were provided 
were consistent among alternatives for comparative purposes. 
These impacts can be reduced by selectively reconsidering 
these elements as discussed in Section V, the trade off zone 
analysis.
Esthetics
The view from the road as well as the visual quality of such 
things as guardrails and lighting, is a function of location- 
specific design details yet to be developed. In Segments A,
C and D, there is little difference among alternatives which 
can be determined at the conceptual stage. Extensive use of 
bridge structure, such as with the subalternatives in 
Segment B and grade-separated access points, will be visually 
apparent to people driving, walking, or riding bicycles 
through the Canyon. The scale of the lowline subalter
native, with a four-lane structure adjacent to the existing 
roadway, would seem more massive than a highline solution.
It could be screened between piers by vegetation. The 
lowline or splitline solutions would result in less scarring 
of the Canyon walls than the highline subalternative. Since 
the splitline would have only two lanes on structure, it 
would have much less visual impact due to the reduced scale 
and mass of structure.
Capital Cost
For Segments A, C and D, the capital cost would be approx
imately: $38.8 million for a 48-foot, two-lane; $55.8 million 
for a 56-foot, four-lane; and $81 million for a 68-foot, 
four-lane. For Segment B, costs range from $45.8 million 
for a 48-foot, two-lane to a high of $141.3 million for a 
68-foot highline with a 56-foot, four-lane splitline at 
$76.6 million. Other values are given in Section IV.
Traffic Maintenance
Based on assumptions outlined in Section IV, two-way traffic 
can be maintained in Segments A, C and D, adjacent to the 
Canyon wall while eastbound lanes are constructed. At the 
completion of this stage, two-way traffic can be diverted to 
the eastbound lanes for construction of the westbound lanes. 
The wider alternatives leave more space for two-way traffic 
operations on the completed half of the roadway.
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Within Segment B, the highline and splitline alternatives 
provide the best opportunity for traffic maintenance. The 
lowline alternative would be the next easiest with difficulty 
generally occurring only at localized areas during the 
construction of piers. The platform alternative is the most 
difficult due to space limitations. The 48-foot, two-lane 
roadway could be built in two halves as suggested in Segments 
A, C and D.
Construction Considerations
Applicable methods and techniques of construction have been 
described in a Working Paper titled, "Highway Construction 
Techniques". Impacts would also be associated with equipment 
and material storage areas. Potential storage sites presently 
available next to the existing roadway have been identified 
which could be utilized with no talus cuts or removal of 
important vegetation. The position of the Colorado Division 
of Highways is that contractors will be carefully regulated 
so as to avoid environmental impacts during construction.
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MAJOR TRADE OFFS
Subalternatives were developed in Segment B due to a unique 
combination of opportunities and constraints. The chart on 
the following page identifies major trade offs between the 
environment, recreation and esthetics for each of these 
subalternatives. This general comparison identifies trade 
offs which would occur between subalternatives any place within the Canyon.
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SEGMENT B MAJOR TRADE OFFS
GENERALIZED COMPARISON

ENVIRONMENT RECREATION ESTHETICS -

HIGHLINE •  M A X IM U M  C O N STR U C 
T IO N  IM P A C TS

•  DIFFICULT TO A C H IE V E  

R E V E G E T A T IO N

•  F R E E S  C A N Y O N  FLOOR 
FO R  RECREATIO NAL U S E

•  R E D U C E S  T R A F F IC  NOISE 

O N  C A N Y O N  FLO O R

•  C O N S T R U C T IO N  s c a r s , 
LONG TE R M  A N D  D IF F I
CULT R E C O V E R Y  PERIOD

•  VISUALLY A P P A R E N T

LOWLINE •  M A JO R  C O N STR U C TIO N  

IM P A C T S  B U T LE S S  

THAN HIGH L IN E
•  R E V E G E T A T IO N , FASTER  

AND E A S IE R  TH AN W ITH  

H IG H L IN E .

•  S A M E  A S  W IT H  HIGHLI N E •  VISUALLY A P P A R E N T  
STR U CTUR E, C L O S E R  T o  

P LA TFO R M  THAN HIGHLINE  

BUT S O M E  S C R E E N IN G  

FR O M  ROADSIDE. T R E E S
•  M IN IM U M  SC A R IN G  OF  

C A N Y O N  W A LLS

SPLITLINE •  S A M E  A S  
L O W L IN E

•  L E S S  C A N Y O N  FLO O R  
D IS P L A C E M E N T  OF VEG
ETA TIO N  THAN PLATFORM 

S C H E M E

•  ROOM FO R  W A LK W AY
•  LESS TR A FFIC  O N CANYON

FLOOR THAN WITH PLATFORM 

s c h e m e

•  SM A LLER  STRUCTURE  

H AS LESS V IS U A L  IMPACT 
THAN LO W LIN E

•  LOSS OF SOME R IVER SID E  
VEG ETA TIO N  AND CANYON 

SIDE VEGETATION AT PIERS

PLATFORM 

  

•  M A JO R  E N C R O A C H M EN T  

ON E N V IR O N M E N T  DUE
TO n a r r o w  p l a t f o r m ,
R IV E R  E LE V A T IO N  A N D  

E X IS T IN G  V EG E TA TIO N

*  L IT T L E  S P A C E  F O R  

R E C R E A T IO N A L  U S E

•  T R A F F IC  IM P A C T S

°  LOSS O F A L M O S T  A LL  

R IV E R S ID E  V E G E TA TION  

O R , M A J O R  H ILLS ID E  

S C A R IN G
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SECTION II
THE DESIGN PROCESS 

PHASE ONE

INTRODUCTION
Phase One is the first phase of the two part process estab
lished for the design of Interstate Route 1-70 through 
Glenwood Canyon. The process is to include study of iden
tified issues and concerns, development and evaluation of 
alternative highway concepts, and detailed design of a 
highway facility in Glenwood Canyon. Phase One of the 
design process includes the first two tasks mentioned above.
The design process, established in April 1976, was described 
in an earlier Colorado Division of Highways publication.
The process involves federal and state agencies, local 
interest groups and the general public, the staff of the 
Colorado Division of Highways, and consultant specialists in many disciplines. The following groups have been set up 
within the process:

The Design Team
Consists of the staff of the Colorado Division of 
Highways (CDoH) and their consultants, De Leuw, 
Cather & Company. Main functions of the design 
team were to assist the other participants by 
developing graphics and visual aids, gathering 
additional data and developing and analyzing 
technical information.

. The Technical Review Group (TRG)
Consists of federal and state agencies having 
direct interest in the development of 1*70 and 
Glenwood Canyon. The Public Service Company and 
the Denver and Rio Grande Railroad are also represented on the TRG.
A Recreation Subcommittee was formed within the 
TRG to study the recreational uses in Glenwood 
Canyon, coordinate agency policy regarding recrea
tion in the Canyon, and to formulate a recreation 
program against which alternative concepts can be 
reviewed and detailed recreational facility design 
can be developed.
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• The Citizen's Advisory Committee (CAC)
Consists of seven members nominated from various 
governmental units, the Colorado Open Space Council, 
Club 20 and the American Institute of Architects, 
and appointed by the Colorado Highway Commission.
The CAC was charged with the responsibility of 
presenting and clarifying issues and concerns 
regarding development of I-70 and preservation of 
Glenwood Canyon, and to make recommendations to 
the Highway Commission regarding alternative 
design concepts. The CAC has met on the regular 
basis conducting meetings on almost a weekly basis since June of 1976.
Citizen Workshops
Two workshop were organized consisting of local 
residents. The Wednesday Night and Thursday Night 
workshop met on the weekly basis throughout most of 
the summer. They have addressed reports to the 
CAC which contain their concerns and recommendations

An objective of Phase One was to arrive at the selection of 
a concept for the highway for the entire length of the 
Canyon. Another purpose of the studies undertaken in Phase 
One was to develop additional information regarding the 
specific constraints of the Canyon which would also be used 
during Phase Two.
Issues and Concerns
The issues and concerns can be grouped in three interrelated 
areas. These are: the environment of Glenwood Canyon (both 
physical and esthetic) and the impacts that would be created 
on this environment; the highway, its function, capacity and 
maintenance; and recreation, including the maintenance of 
existing facilities and response to perceived recreation 
demand in the Canyon. These issues and concerns often 
represent conflicting or opposing values, differences which 
are evident when evaluating concepts.
Base Information
Data was gathered, analyzed and distributed in the form of 
Working Papers throughout Phase One in order to provide the 
necessary factual basis for concept development and evaluation
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The Working Papers prepared include:
. Relationships between Design Standards and Evaluation 

Criteria, August 11, 1976.
Statement of Direction, TRG Recreation Subcommittee, August 11, 1976.

. Traffic Projections, August 25, 1976

. Existing Roadway Platform, Topographical Analysis, 
September 13, 1976.

. Environmental Resource, September 13, 1976

. Analysis of Traffic Accidents in Glenwood Canyon, 
September 20, 1976.

. Highway Construction Techniques, October 6, 1976

. Recreation Opportunities and Constraints, Draft
Report, November 11, 1976.

Formulation of Criteria
Based the issues and concerns identified throughout the 
process, criteria were developed by which alternative highway concepts could be evaluated. These criteria were categorized 
as follows:

. Traffic

. Safety

. Environment
Recreation

. Esthetics

. Cost

. Construction
Maintenance
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Some of these criteria are primarily influenced by the cross 
section of the highway, such is the case with traffic and 
safety. Other criteria (esthetics, recreation environment, 
constructability), while effected by the cross section of 
the highway, are mainly influenced by the location (alignment and profile) of the roadway.
A special study was undertaken early in Phase One of the 
relationship of the various components of a highway cross 
section and the major criteria mentioned above. The study 
was bo assist reviewers of typical highway cross sections in 
judging what factors influenced which impacts and to what 
degree.
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DEVELOPMENT OF ALTERNATIVES
Approach
The basic elements of the Phase One design effort are 
described in the Colorado Division of Highway's work program 
dated April 30, 1976 and in the report of the Citizen's 
Advisory Committee dated October 1976. The basic elements 
are depicted on the Work Flow Diagram shown on the following 
page.
Assumptions and Level of Detail
The objective of Phase One has been to develop a set of 
alternatives from which a basic design concept could be 
selected for Glenwood Canyon.
Assumptions concerning location and direction of access and 
design standards are consistent for all of the alternatives, 
for purposes of the comparative evaluation. These assumptions 
are described in more detail in Section III. The necessity 
of establishing consistency at the conceptual design stage 
has resulted in representative test cases which lack the 
refinement and sophistication characteristic of preliminary 
design which will be produced during Phase Two.
While the test cases lack a certain refinement they represent 
basic concepts which respond to differences in emphasis on: 
the constraints imposed by the Canyon's topography and 
environmental resources; the objectives of increased traffic 
handling capability and greater safety; and the utilization 
of highway design standards applicable to grade-separated, 
rural highways. The evaluation of test cases can be the 
basis of considering possible changes in design assumptions 
or standards.
Any of the concepts could be similarly refined during preliminary 
and final design to: reduce impacts; increase the compatibility 
of the roadway with the character of the Canyon; improve the 
continuity and visual quality of the design; and respond to 
other social values.
Critical Section Analysis
Twenty eight locations were identified along the existing 
road which were considered representative of the conditions 
and problem areas in the Canyon. Information was developed 
and displayed for each of the sections concerning: the
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width of the existing platform; the elevation difference 
between the existing roadway and the river; the constraints 
posed by either talus slopes or rock walls; and the presence 
of riverbank vegetation.
This graphic tool was used to evaluate the consequences of 
placing a multitude of different width roadways on or above 
the platform. It could also depict the affects of terracing 
the eastbound and westbound lanes of the roadway.
Roadway Platform Analysis
The Critical Section Analysis focused on representative yet 
spot locations. The analysis of the roadway platform 
investigated the continuity of the existing and potentially 
available platform along the entire length of the Canyon.
The existing platform was taken as the present horizontal 
plane occupied partially by the existing roadway. The 
potential platform was defined by the foot of talus slopes 
or rock faces on the Canyon wall side, and a line ten feet 
from the edge of the Colorado River.
The analysis provided information, pertaining to: the 
availability of adequate continuous width on the platform 
for various width roadways; the affects of design speed: 
sight/stopping distance requirements; and the need for 
bridge structure or retaining walls with the various alter
natives .
Segments of the Canyon
As a result of the studies to date, the Canyon can be 
naturally divided into four segments each representing a 
different character of the Canyon. Starting from the east 
end, the first segment extends to the Tie Gulch area. Five 
of the 28 Critical Sections are in this area. There are 
many sheer rock walls on the Canyon side of the section and 
the river is relatively calm because of the dam further 
downstream. The road is generally more than 15 feet above 
the level of the river.
The second segment is from the vicinity of Tie Gulch to 
Hanging Lake and the Shoshone Dam. This segment includes 
Critical Sections 6 through 19. The broad plain stretching 
into side canyons both north and south of the river at Bair 
Ranch occur in this segment. The remainder of this segment, 
west of French Creek, is where the existing floor of the 
Canyon, or platform, is narrowest and where some of the most 
attractive riverside vegetation exists.
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The next segment, from the Shoshone Dam to Grizzly Creek, 
includes the roughest part of the river and the Shoshone 
Power Plant. The difference between the road level and the 
river level is as much as 40 to 50 feet. The flow in this 
part of the river below the dam varies greatly during the 
year from a white water rapids in the spring to a dry, rocky 
riverbed in the fall and winter. Although the existing 
roadway platform is relatively narrow, there are many areas 
along this segment with enough room to build a roadway wider 
than the existing highway by using structures. Because of 
the distance down to the river, the space from the edge of 
the road to the river is surprisingly large. There would 
also be room for a pedestrian and/or bicycle pathway without 
encroaching on the river or the Canyon wall.
The fourth segment of the Canyon, including the last two 
Critical Sections, 27 and 28, is at the west end of the 
Canyon. The existing roadway platform is relatively wide 
and it connects to the existing four-lane section of Interstate 70 at No Name.
As a result of the careful consideration of all of the 
existing conditions and of the issues and values just described, 
the CAC has recommended a variety of concepts to be evaluated 
in more detail. Some concepts previously developed were 
discarded in favor of others developed during this process.
General Description of Concepts
Three basic alternative concepts were recommended by the 
Citizen's Advisory Committee for consideration: a 48-foot, 
two-lane highway, a 56-foot, four-lane highway and a 68- 
foot, four-lane highway. Subalternatives of these concepts 
have been developed in the most difficult segment between 
Tie Gulch and the Shoshone Dam. Subalternatives, design 
options and detailed refinements will be considered for all 
segments during Phase Two, which is the preliminary design 
phase.
The three basic highway cross sections are however:

1. A two-lane roadway, 48 feet in width. It would
have ten-foot shoulders, 12-foot lanes and a four- foot median.
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In locations where even this reduced width would 
create encroachment on the Canyon walls or the 
river, a 44-foot section has been evaluated. The 
four-foot reduction would be achieved by reducing 
the lanes and the shoulders by one-foot each.

2. A 56-foot right-of-way for a four-lane facility.
This would have four-foot shoulders and a four- 
foot median with four 11-foot lanes.

3. A 68-foot, four-lane facility. This would have 
six-foot shoulders, an eight-foot median and four 
12-foot lanes.

All three of the basic cross sections would have some type 
of barrier down the median and at the edges of the shoulders. 
These sections are illustrated on the following page. Phase 
Two of the design process will consider possible modifications 
of these standards on a site specific basis. Intermittent 
modifications might include the elimination of guardrails, 
the location of breaks in the median barrier, the reduction 
of shoulders, the widening of the median, and separation of 
the eastbound and westbound roadways, both vertically and 
horizontally.
Looking at B, the most critical segment, the two-lane concept 
for the Canyon could be linked together by an improved two- 
lane road on the existing roadway platform. Another possibility 
would be to construct a bridge structure next to the existing 
road. The new road could be 35 to 50 feet above the existing 
road and set back, behind the trees and bushes which line 
much of the existing highway. This would remove traffic 
from the floor of the Canyon where many recreational activities 
take place and put it where it would be partially screened 
from the existing platform. The trees and vegetation would 
help to conceal it from those using the Canyon floor. The 
two-lane concept, therefore, could be carried through this 
part of the Canyon either on the existing platform or on an 
elevated bridge structure adjacent to the existing road.
Three possibilities are being studied for linking either the 
56-foot or the 68-foot, four-lane highway from Tie Gulch to 
the Dam. The first would be to use both of the options for 
carrying two two-lane roadways through the Canyon with each 
one serving as half of a four-lane facility. This would 
mean that the eastbound traffic would follow two lanes on 
the Canyon floor and the westbound traffic would follow two
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lanes on a bridge structure next to the existing road. It 
should be noted that half of a 56-foot or a 68-foot highway 
is narrower than a single 44- or 48-foot roadway.
A second subalternative would be to free the Canyon floor 
for local recreational access and to place all four lanes on 
a structure next to the existing roadway. This structure 
could be from 35 to 100 feet in height depending on visual, 
construction, operational and environmental considerations.
Another subalternative would be to build what is referred to 
as a "highline" bridge structure. Piers would be constructed 
high up on talus slopes of the Canyon walls. They could be 
as much as 200 or 300 feet north of the existing roadway.
The new roadway could be as high as 200 or 300 feet above 
the existing road.
In summary, each of the four-lane alternatives then could be 
carried through the most difficult segment, either at four- 
lanes on a highline structure, or four-lanes on a bridge 
structure next to the existing road, or two-lanes on a 
bridge structure next to the existing road coupled with two 
lanes on the existing roadway. In addition, the four-lane 
highway for the Canyon could be linked through this segment 
with a two-lane roadway. These alternatives are illustrated 
on the following pages.
Evaluation of Alternatives
The comparative evaluation of alternatives furnishes a basis 
for understanding:

. The basic differences between alternatives

. The relative impact of the alternatives compared 
to a do-nothing situation.

. The location of major impact areas and the types 
of impacts associated with each.

. Trade offs between alternatives based upon individual 
value judgments.

. Locations where maximum latitude must be allowed 
final designers to achieve design sensitivity.

. Mitigating measures or controls which should be 
applied.
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DESIGN DETAILS
The level of detail available in Phase One, which was 
appropriate to the development of alternative concepts for 
the entire 12 and one-half mile length of the Canyon did not 
allow in depth development or analysis of design options. 
Design options can be grouped into five major categories:

. Subalternative Alignments and Access Configurations 
Including: shifts in alignment; alignment modifica
tions by reducing design speed; and reconfiguration 
of access by revising access assumptions and/or 
not meeting standards established for grade- 
saparated, rural highways.
Subalternative Highway Cross Sections 
Including: varying the basic widths of the 
roadway; terracing the opposite direction lanes; 
widening the median and creating separate eastbound 
and westbound alignments; modifying the maintenance 
ditch; partial overlapping of opposite direction 
lanes; and elimination of median barrier or 
guardrails for specific lengths of the highway.

. Architectural and Landscaping Treatment
Including: detailed design of the composite
elements of the highway, i.e., the design of the 
median barrier and guardrails, the colors and 
textures of the roadway and shoulder surfaces, the 
lane markings; the use and architectural treatment 
of structural elements; visual placement of native 
plants; reestablishment of functioning ecosystems; 
contouring and shaping of disturbed areas to blend 
into the Canyon; and the placement of rocks and 
boulders.

. Design of Access Facilities
Including: the appropriate uses of retaining
walls, earthen embankments and elevated structures; 
and the use and architectural treatment of signage, 
lighting, lane markings, etc.

. Design of Recreational Areas Adjacent to and 
Part of the Highway Design 
Including: circulation and parking areas;
recreational facilities; landscaping; placement
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and design of the bikeway/fisherman's walk; 
architectural treatment of signs, tables, fire
places, trash bins, etc.; and the architectural 
design of recreation buildings or structures.

Only an approximated alignment and basic structural components 
were included in the conceptual description of the design 
concepts. Studies into the detailed opportunities and 
constraints created by the Canyon and the highway facility 
will be undertaken during Phase Two on a foot-by-foot basis. 
Determinations will be made regarding the treatments to be 
incorporated into the final design after detailed studies 
are complete and the CAC has reviewed the proposed details.
A major objective of Phase Two is to refine the basic 
arrangement of man-made structures and develop a revegetation 
program for the selected highway concept in order to determine 
the most applicable and sensitive design to maintain and 
enhance the visual character of the Canyon.
A limited number of opportunities have been identified 
during Phase One which can be considered examples of the 
types of modifications and refinement a selected concept 
will undergo during Phase Two. Various subalternative have 
been developed in trade off zones to illustrate representative 
affects variation will have. These examples and subalternatives 
are included in Section V of this Working Paper. The following 
sketches illustrate some of the affects various structural 
elements could have adjacent to the river. Other graphics 
have also been prepared throughout Phase One to give a 
better appreciation of the subject of detailed design in 
Phase Two.
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SECTION III
DETAILED DESCRIPTION OF ALTERNATIVES 

FOR ALTERNATIVES ANALYSIS

INTRODUCTION
This section provides a general description of each alter
native throughout the entire length of the Canyon and a 
detailed, segment by segment description of the alternative 
alignments. The major subalternatives in Segment B of the 
Canyon are also fully described. The description includes a 
discussion of cross section, alignment, access provisions, 
structure requirements and special features such as talus or rock cuts and river encroachment.
The process for defining these alternatives consisted of 
first developing a graphical alignment on the 1"=200' scale 
strip maps of the Canyon. The alignment for all alter
natives is based on a design speed of 50 mph, provision of 
full stopping sight distance requirements, and provision of 
a six to ten foot maintenance ditch adjacent to the Canyon 
wall side of the roadway. A vertical profile has been 
prepared for all areas where the roadways do not basically 
follow the existing roadway profile. An iterative process 
with a series of interdisciplinary reviews was utilized to 
refine each of the alternatives at this conceptual stage of development.
Access provisions are similar for each alternative although 
solutions differ from one alternative to another based upon 
their own particular characteristics. Fully controlled 
access has been used in all cases except of Public Service 
Company employee access to Shoshone Dam on the two-lane alternative.
A definition of structure requirements has been made for 
each alternative throughout the Canyon. In conjunction with 
the alignment definition, this has been used to determine 
impacts and arrive at an order-of-magnitude cost estimate 
for each alternative. Categories of structure requirements are as follows:

. Minor Widening
Consists of minor regrading work involving less
than two feet of cut or fill.
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. Embankment
Consists of earthwork involving greater than two 
feet of cut or fill but no use of retaining structures.

. Low Retaining Wall
Defined as a retaining wall between three and ten 
feet high. All walls are identified as to whether 
they retain talus or the riverside edge of roadway 
embankment.

. Medium Retaining Wall
Defined as a retaining wall between ten and 19 
feet high.

. High Retaining Wall
Defined as a retaining wall greater than 20 feet 
high. Generally walls which would exceed 30 feet 
in height have not been used.

. Retaining Wall with Cantilever
The above three categories of walls may be used in 
conjunction with cantilevers when they occur on 
the riverside of the roadway. For this analysis 
the cantilever was assumed at six feet, although 
different dimensions may be recommended during 
more detailed design.

. Cantilevered Deck
Consists of a roadway structure cantilevered off 
the embankment without the use of a supporting 
retaining wall.

. Bridge
Bridge or "elevated structure" consists of a 
roadway deck spanning between columns. Span 
lengths and column heights have been assumed for 
impact assessment and are included in the description.

. Tunnel
This consists of mined excavation for roadways 
through rock promontories. These are lined and 
unventilated in all cases.

A more detailed description of structure types and associated 
construction techniques may be found in the Working Paper on 
Highway Construction Techniques dated October 6, 1976.
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The "approximated" alignments for the alternatives through 
the length of the Canyon and the subalternative in Segment B 
are graphically portrayed on 1"=200' scale topographic strip 
maps of the Canyon. These maps were distributed to the CAC 
on November 11, 1976 and are not included in this Working 
Paper. Reference copies are available at the Glenwood 
Canyon Project Room in Glenwood Springs and with the Colorado 
Division of Highways.
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TWO-LANE HIGHWAY (BASIC 48-FOOT ROADWAY)
General
This alternative has the least width of the three basic 
alternatives analyzed for the Canyon. It consists of two 
twelve-foot lanes, separated by a four-foot median, and two 
ten-foot shoulders. A median barrier separates opposing 
lanes and barriers are located along the shoulders of the 
roadway. This roadway cross section does not meet normal 
Interstate standards in terms of number of lanes and median 
width.
Generally, the alignment follows the existing roadway along 
the platform adjacent to the north edge of the Colorado 
River. In Segment B, an elevated alignment slightly to the 
north of the existing roadway was identified in addition to 
the platform alignment.
Structure requirements for this alternative are generally 
restricted to retaining walls less than ten feet in height. 
There are a few areas where, by virtue of the curvature of 
the Canyon, higher retaining walls or short sections of 
bridge structure are required. The majority bridge structures 
required for this alternative are a result of the grade- 
separated access provisions assumed for the analysis. 
Modification or elimination of such access would vary the 
amount of bridge structure accordingly.
Talus encroachment and rock cuts are again primarily limited 
to the sections associated with access provisions. There 
are a very few areas where these encroachments are a result 
of roadway width or alignment.
Segment A
The alignment for this segment follows the existing roadway 
throughout. Opportunities for terracing eastbound and 
westbound lanes exist throughout much of the length of the 
segment. Some potential exists for widening of the median 
toward the east end of this segment.
Access has been included at the east end of the segment 
(Siloam Springs). This access would serve the four-wheel 
drive road into BLM lands and would provide access to the 
river and a potential recreational center. The access
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facility is a diamond configuration providing four direction 
movement and is grade-separated. Potential exists for 
separating the through-lanes and placing the exit and entry 
ramps in the area between the through-lanes.
Near the east end of the Canyon, is a prominent sentinel of 
rock which is a result of cutting the existing road through 
the Canyon. The alignment avoids this rock sentinel but 
creates a rock cut on the north side of the roadway. This 
rock cut has a length of approximately 700 feet and a maximum 
height of approximately 40 feet. No other rock or talus 
cuts are required in this segment. Encroachment into the 
river occurs for a short length at the sharp curve 2,000 
feet east of Tie Gulch.
Structure requirements for this alternative are as follows:

Segment A
Minor construction (no walls) 
Low wall 
Medium wall
High wall 
Bridge structure

In Feet
1,830 
5,560 
1,110

0
1,830

Of the bridge structure identified, 1,450 feet, is associated 
with the access at Siloam Springs, 80 feet is associated 
with crossing a side creek and the remaining 300 feet is 
required in conjunction with river encroachment. Of the 
medium height retaining wall identified, 680 feet is associated 
with the access at Siloam Springs.
Segment B
P l a t f o r m
The alignment for the platform subalternative in Segment B 
utilizes the existing platform which is generally quite 
narrow and close in elevation to the river in this segment.
As a consequence, few opportunities exist for widening the 
median or substantially terracing the roadway. Because of 
the curvature of the Canyon, a tunnel section was used at 
the rock promontory approximately 2,500 feet west of French 
Creek. A tunnel section is also feasible and reasonable 
east of Dead Horse Creek; however, the alignment followed 
the platform around the rock promontory.
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Access was included at four separate locations in this 
segment. At the Bair Ranch a diamond interchange configuration 
was utilized. It was located as far from the river as 
feasible to maximize the area adjacent to the river for 
potential recreation development. Alternative alignments 
exist closer to the river. At French Creek, a minimum width 
diamond provides four direction, grade-separated access.
A similar type of access was included at the Hanging Lake 
recreation area.
Access at Shoshone Dam included only an eastbound exit and 
westbound entry. The eastbound exit involves an at-grade 
conflict and an opening in the median barrier. This type of 
access violates Interstate standards but would be envisioned 
for Public Service Company personnel only.
The alignment in this segment does not require any talus or 
rock cuts. Encroachment into talus occurs only in conjunction 
with the access at Bair Ranch. This involves two talus 
cuts, one approximately 550 feet long by 20 feet maximum 
height and the other approximately 1,200 feet long by 30 
feet maximum height. Movement of the access point toward 
the river would reduce or eliminate these cuts but introduce 
more structure.
A significant length of this segment has the riverside edge 
of the roadway almost directly above the river's edge.
There are two areas where substantial river encroachment 
occurs. The lesser of these two areas is approximately
2,000 feet east of French Creek where a rock outcropping 
forces the alignment out over the river. The other area is 
in the vicinity of the Hanging Lake recreation area where 
the curvature of the Canyon forces the alignment into the 
river over a significant length. This river encroachment 
can be substantially reduced by the use of a tunnel at the 
curve east of Dead Horse Creek.
Structure requirements for this subalternative are as follows:

Segment B-Platform In Feet
Minor construction (no walls) 2,370
Low wall 6,540
Medium wall 2,360
High wall 420
Bridge structure 11,270
Tunnel 580
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Approximately 2,000 feet of the bridge structure identified 
is associated with the access at Hanging Lake. This would 
not be reduced a great deal with the elimination of access 
at Hanging Lake as the curvature of the Canyon itself forces 
the alignment out over the river. Use of a tunnel at this 
location would substantially reduce the amount of riverside 
bridge structure. A further 1,080 feet of bridge structure 
is associated with the French Creek access. The remaining 
bridge structure identified is associated with the long 
lengths of narrow existing platform where at least the 
eastbound lane and shoulder should be supported on bridge or 
cantilevered deck.
All of the high retaining wall identified is associated with 
the access at French Creek and 1,660 feet of the medium 
height wall is associated with the Bair Ranch access facility.
L o w l i n e
Within Segment B a subalternative was developed where the 
entire roadway would be carried on structure. The alignment 
for the lowline subalternative was assumed to be identical 
for all three alternative roadways. The alignment was 
developed primarily on the basis of locating columns or 
piers adjacent to the existing roadway on the Canyon wall 
side. Two tunnel sections are included, these occurring 
east of Hanging Lake and west of French Creek. Where high, 
rock cliffs occur very close to the existing roadway, the 
alignment was pulled out toward the river. The height of 
the structure varies between 20 and 120 feet above the 
existing roadway platform.
Access was included into the alternative at Bair Ranch and 
Shoshone Dam/Hanging Lake area. The access configuration at 
Bair Ranch is similar to that described in the platform 
alternative. The alignment of the roadway is approximately 
50 to 100 feet further north. The access provided to serve 
both Hanging Lake and Shoshone Dam utilities the existing 
roadway as a distributor or frontage road between the two 
areas. The access configuration utilized in this area is a 
split diamond with eastbound access close to Dead Horse 
Creek and westbound access further west towards the dam.
This arrangement narrows the width of the access complex and 
consequently reduces rock cuts and river encroachment.
Talus cuts occur in three general locations with this sub
alternative. The most extensive of these is at the Bair 
Ranch interchange where talus cuts 800 feet long by 30 feet
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maximum height and 550 feet long by 200 feet maximum height 
are required by the westbound access ramps. Moving the 
access toward the river would reduce or eliminate these 
cuts. The second location were talus is encroached upon is 
in conjunction with the tunnel portals east of Hanging Lake.
A cut approximately 200 feet long by 40 feet maximum height 
would be required. In the third location talus cuts 440 
feet long by 25 feet maximum height and 150 feet long by 
five feet maximum height are required in association with 
the access facility at Hanging Lake.
Rock cuts occur in four general areas with this subalternative. 
These are primarily associated with the tunnel portals east 
of Hanging Lake and west of French Creek. A rock cut 150 feet 
long by 50 feet maximum height at Hanging Lake, and rock 
cuts 40 feet long by 40 feet maximum height and 150 feet 
long by 40 feet maximum height at the French Creek portals 
are required. The access at Hanging Lake requires cuts 
200 feet long by 70 feet maximum height and 90 feet long by 
ten feet maximum height. The larger of these cuts is 
associated with the alignment itself and not with the provision 
of access. The fourth area of rock cut is approximately 
2,500 feet east of French Creek where a high rock outcropping 
is located. A cut approximately 120 feet long and 25 feet 
maximum height is required. This rock cut could be eliminated 
by shifting the alignment toward the river approximately 20 
feet, which would produce encroachment in the river.
There is one area of river encroachment associated with the 
48-foot alignment in this segment. This occurs at the west 
approach to the tunnel east of Hanging Lake. This river 
encroachment is caused in part by the curvature of the 
Canyon and may be alleviated by placing the west tunnel 
portal further to the north. This would, however, increase 
the length and curvature of the tunnel.
The requirements for structure for this subalternative, 
although not calculated separately, would be similar to the 
four-lane lowline subalternative. Bridge structure will 
generally be required throughout except in the area approaching 
Bair Ranch.
Segment C
The alignment developed in Segment C follows the existing 
platform which is generally quite narrow but substantially 
higher than the river in elevation. Many opportunities 
exist for terracing the opposite direction lanes in this segment.
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Access has been included at two locations within this segment. 
Grade separated, four direction access is provided for at 
the Shoshone Power Plant. An attempt has been made to reduce 
the width of this access as much as possible. Toward this 
end, the westbound through lanes are elevated and the eastbound 
through lanes tucked underneath. The existing roadway 
serves as the westbound ramps and the eastbound ramps enter 
and leave the through lanes to the left. A minor pull-off 
has been provided at Poison Spring where a canyon trail 
begins. No grade separation is required at this location 
and the access is westbound only.
Talus cuts occur in three locations for this alternative in 
Segment C. The largest of these is just west of the Poison 
Spring access point. Poor alignment of the existing road 
required encroachment by the new alignment. A talus and 
small rock cut were taken in lieu of river encroachment.
The talus cut at this point is approximately 250 feet long 
with a maximum height of 15 feet. The rock cut, which is 
the only one in this segment, is 50 feet long by 15 feet 
maximum height. Another small talus cut occurs approximately
5,000 feet east of the Power Plant, again due to poor alignment 
of the existing roadway. This cut is approximately 300 feet 
long by five feet maximum height. Realignment towards 
the river would eliminate this cut. The third talus cut 
occurs in a similar situation approximately 5,000 feet west 
of the Power Plant. This cut is approximately 300 feet in 
length by eight feet maximum height.
River encroachment occurs in conjunction with the access at 
the Power Plant. This is primarily a result of access but 
also results from the sharp curve east of the plant.
Structure requirements for this alternative are as follows:

Segment C In Feet
Minor Construction (no walls) 1,440
Low wall 9,760
Medium wall 3,610
High wall 580
Bridge structure 3,440
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Approximately 2,820 feet of the bridge structure required is 
a result of the access at the Power Plant. This could only 
be partially eliminated with the removal of such access.
The 580 feet of high wall identified is the result of assuming 
a stepped wall arrangement just east of Grizzly Creek. Use 
of a wall/cantilever combination would reduce this to a medium 
or low wall.
Segment D
The alignment for this alternative generally follows the 
existing roadway platform. Many opportunities exist for 
widening the median and terracing the opposite direction 
lanes.
Access has been included at two locations within this segment. 
Four direction, grade-separated access is provided at Grizzly 
Creek. A diamond configuration was utilized. At the CDoH 
Maintenance Yard a grade-separated, eastbound on ly access 
was included. A wide number of alternative access configurations 
are possible at these locations with associated trade off of 
impacts. The simplest access provision at the maintenance 
yard would be a westbound only access which would not require 
grade separation.
There are three areas of talus cuts in this segment with the 
48-foot, two-lane roadway. At Grizzly Creek a talus cut
1,000 feet long by 17 feet maximum height occurs. This 
could be alleviated by moving the alignment toward the river 
at the expense of existing riverside vegetation and potential 
recreation space. At the CDoH Maintenance Yard, talus cuts 
500 feet long by 20 feet maximum height and 300 feet long by 
eight feet maximum height occur. These two cuts would be 
larger except for a raised profile of the roadway through 
the area. A remaining talus encroachment in this segment is 
a cut 400 feet long by 12 feet maximum height which occurs 
approximately 2,000 feet west of the Maintenance Yard. This 
could be eliminated with a shift in alignment but riverbank 
encroachment would be introduced. No rock cuts are required 
by the alignment.
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Structure requirements for this alternative are as follows:
Segment D In Feet
Minor construction (no walls)
Low wall
Medium wall
High wall
Bridge structure

4,870
2,690
2,710
1,380
2,620

Of the bridge structures identified, 2,470 feet is associated 
with the access provided. The remaining 150 feet is a 
result of the bridge required over Grizzly Creek. Approx
imately 650 feet of the high wall and 360 feet of the 
medium wall is a result of the raised profile and terracing 
indicated west of the maintenance area. About 230 feet of 
the high wall and 330 feet of the medium wall are created by 
stepping the wall out toward the river as described in 
Segment C. About 1,220 feet of the medium height wall is 
associated with the access provided. These structure 
impacts can only be reduced by trading off other impacts 
such as loss of access to recreation areas and river 
encroachment.  

III-11



FOUR-LANE HIGHWAY (BASIC 56-FOOT ROADWAY)
General
This alternative represents the narrowest feasible four-lane 
highway considered as a concept. It consists of two eleven- 
foot lanes in each direction, separated by a four-foot 
median, and two four-foot shoulders. A median barrier 
separates opposing lanes of traffic and barriers are located 
along the shoulders of the roadway. This roadway cross 
section does not meet Interstate standards in terms of lane, 
shoulder and median width.
In Segments A, C and D the alignment generally follows the 
existing roadway along the platform adjacent to the north 
edge of the Colorado River. In Segment B three subalternatives 
were analyzed. Included is a highline subalternative which 
is located up on the north wall of the Canyon. This alignment 
reaches an elevation of 300 feet above the existing roadway.
A lowline subalternative was also developed which is elevated 
between 20 and 120 feet above the existing roadway. The 
alignment is located adjacent to the north edge of the 
existing roadway. A splitline subalternative combines 
the lowline and platform alignments. The westbound lanes 
are on bridge structure similar to the lowline and the 
eastbound lanes following the existing roadway on the platform.
Structure requirements for this alternative involve a substantial 
amount of bridge structure associated with the subalternative 
in Segment B. The remain lengths of roadway generally 
require low and medium height retaining walls. There are a 
few areas where by virtue of the curvature of the Canyon 
high retaining walls or short sections of bridge structure 
are required. The majority of bridge structure required for 
this alternative in Segments A, C and D is a result of the 
grade separated access provisions included in the alternative. 
Modifications to or elimination of such access would vary 
the amount of bridge structure required.
Talus cuts are generally associated with access. Rock cuts 
are primarily associated with the tunnel portals required in 
Segment B. There are, however, a few areas where rock and 
talus encroachments are a result of basic roadway width and 
alignment.
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Segment A
The alignment of this segment generally follows the existing 
roadway. Opportunities for terracing the eastbound and 
westbound lanes exist throughout much of the segment. Some 
potential exists toward the east end of this segment for 
widening the median, although this is to a lesser extent 
than for the 48-foot, two-lane alternative.
Access has been included at one location (Siloam Springs- 
East End) within this segment. This access would link to 
the four-wheel drive road into BLM lands and would provide 
access to the river and a potential recreation center. As 
with the 48-foot alternative, the access layout included is 
a diamond configuration with grade separation. Potential 
exists for separating the eastbound and westbound through 
lanes and using the median area for access ramps and a 
recreation facility.
West of this access area is the prominent sentinel of rock 
which resulted from the construction of the existing highway. 
The alignment for this alternative avoids this rock sentinel 
but creates a rock cut on the north side of the roadway.
This rock cut has a length of approximately 750 feet and a 
maximum height of approximately 50 feet. A small talus cut 
approximately 100 feet long and five feet maximum height 
occurs near the area known as the Book Cliffs. It would be 
possible to eliminate this small cut by shifting the alignment 
toward the river. This shift, however, would involve a 
substantial length of riverbank and river encroachment due 
to the curvature of the Canyon at this location.
Encroachment into the river occurs approximately 800 feet 
east of the Book Cliffs and approximately 2,000 feet east of 
Tie Gulch. These encroachments are a result of the sharp 
curvature of the Canyon at these locations.
Structure requirements for this alternative are as follows:

Segment A In Feet
Minor construction (no walls) 280
Low wall 1,000
Medium wall 5,310
High wall 0
Bridge structure 3,730
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Of the bridge structure identified, 1,450 feet is associated 
with the access at Siloam Springs. An additional 80 feet 
is associated with crossing a side creek. The remaining 
structure is a result of the riverbank and river encroachment 
described earlier.
Segment B
S p l i t l i n e
The alignments developed for this subalternative are split. 
The westbound lanes are carried on structure throughout the 
entire segment while the eastbound lanes are on the existing 
platform. The alignment for the structure is based on 
placing columns adjacent to the existing roadway on the 
Canyon wall side and is identical to the other splitline and 
lowline subalternatives. Where high rock cliffs occur very 
close to the existing roadway the alignment is pulled out, 
towards the river. The height of the structure varies 
between 20 and 120 feet above the existing roadway platform. 
Two tunnel sections are included. They are located east of 
Hanging Lake and west of French Creek.
Access for this subalternative has been included at three 
locations. A diamond interchange was utilized at Bair 
Ranch. The location and configuration is similar to that 
included in the two-lane roadway subalternatives. At French 
Creek eastbound only access is provided using left on and 
off ramps which pass underneath the elevated westbound 
lanes. Access has been provided to serve both Hanging Lake 
and Shoshone Dam for the existing roadway serving as a 
distributor or frontage road between the two areas. The 
access configuration in this area is similar to the 48-foot 
lowline subalternative and consists of a split diamond with 
eastbound access close to Dead Horse Creek and westbound 
access further west, towards the Dam. The access is similar 
for all subalternatives in this area. The encroachments 
would also be similar as they are created by the access 
ramps and not by the basic highway cross sections.
Talus cuts occur in four general locations within this 
segment and are associated with access areas or tunnel 
portals. The most extensive of these is at Bair Ranch where 
talus cuts 800 feet long by 30 feet maximum height and 550 
feet long by 20 feet maximum height occur. As with the 
other subalternatives in this area, movement of the access 
complex towards the river would reduce or eliminate these 
cuts. A talus cut approximately 200 feet long by ten feet
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maximum height would be required near the east portal of the 
tunnel west of French Creek. A talus cut is also required 
near the east portal of the tunnels just east of Hanging 
Lake. This cut would be approximately 200 feet long with a 
maximum height of 40 feet. The access at Hanging Lake 
requires two talus cuts approximately 440 feet long by 25 feet 
maximum height and 150 feet long by five feet maximum height.
Rock cuts also occur primarily in conjunction with tunnel 
portals and access at Hanging Lake. Rock cuts at the tunnel 
portals vary between 30 and 150 feet in length and 20 and 50 
feet in height. Three rock cuts occur at the Hanging Lake 
access facility. These are 90 feet long by ten feet maximum 
height, 200 feet long by 70 feet maximum height, and 100 
feet by ten feet maximum height. The largest of these cuts 
is directly related to the alignment and not the access 
provision. Another rock cut associated with alignment 
occurs approximately 2,000 feet east of French Creek. This 
cut is approximately 120 feet long by 30 feet maximum height 
and may be alleviated by shifting the alignment approximately 
30 feet towards the river. This shift, however, would 
create river encroachment.
There are two areas of river encroachment associated with this subalternative. One occurs at the west approach to the 
tunnel east of Hanging Lake. The required encroachment is, 
in part, a result of the curvature of the Canyon. The other 
encroachment occurs at the west approach to the French Creek 
tunnel where separation of the two tunnel bores results in 
an alignment partially over the river. It may be possible 
to stack the two tunnel bores with this particular sub
alternative and eliminate the encroachment on the river.
Structure requirements for the eastbound lanes of this sub
alternative are as follows:

Segment B-Splitline
Minor construction (no walls)
Low wall
Medium wall
High wall
Bridge structure
Tunnel

In Feet
3,740

10,310
1,780
1,480
5,800

600
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Structure requirements for the westbound lanes of this 
subalternative are as follows:

Segment B-Splitline In Feet
Minor construction (no walls) 
Bridge structure 
Tunnel

4,630
17,030
1,870

The majority of the bridge structure required for the 
eastbound lanes is associated with the access at Hanging 
Lake. Since the eastbound lanes are not in tunnel east of 
Hanging Lake, the curvature of the Canyon at this location 
creates a requirement for approximately 1,000 feet or 
riverside structure. A substantial proportion of the roadway, 
where low wall structure was identified for the eastbound 
lanes of this subalternative, may require only minor 
construction. The high proportion of bridge structure to 
other types of structure for the westbound lanes is a 
result of spliting the roadway and elevating the westbound 
lanes.
L o w l i n e
The lowline subalternative is similar in alignment and profile 
to the splitline just described. With the lowline, however, 
all four lanes are placed on the structure located at the 
north edge of the existing roadway. Tunnels for both the 
eastbound and westbound lanes are located east of Hanging 
Lake and west of French Creek. For this subalternative, the 
greater width of the superstructure (roadway deck) dictates 
that columns be placed closer to the river where high rock 
cliffs are close to north edge of the existing roadway.
Access for this subalternative is similar to that described 
for the 48-foot lowline subalternative and the Shoshone 
Dam/Hanging Lake access is identical to the access utilized 
for the splitline.
The talus and rock cuts required with this subalternative 
are identical for those described for the splitline sub
alternative. One exception is at the east portal of the 
French Creek tunnel where the higher elevation of the 
eastbound lanes creates a rock cut instead of a talus cut. 
Another exception is at Hanging Lake where both the eastbound 
and westbound lanes are tunneled. Additional rock cuts are 
required at the tunnel portals for the eastbound lanes.
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River encroachment occurs at the west approach to both of 
the tunnels included in this subalternative. With the 
lowline, it would significantly more difficult to stack the 
eastbound and westbound tunnels west of French Creek then 
with the splitline since the elevation of all the lanes is 
basically the same.
Structure requirements for this subalternative are as follows:

Segment B-Lowline In Feet
Minor construction (no walls) 1,130
Low wall 250Medium wall 2,470
High wall 780
Bridge structure (eastbound) 17,260
Bridge structure (westbound) 16,610
Tunnel (eastbound) 1,600
Tunnel (westbound) 2,190

Structure types other than bridge structure and tunnel only 
occur in the east end of Segment B in the vicinity of Bair 
Ranch. 
H i g h l i n e
The highline subalternative, as indicated earlier, is located 
higher in elevation and further north of the existing roadway 
than the lowline alignment. Maximum height above the 
existing roadway is approximately 300 feet and the maximum 
shift to the north is also approximately 300 feet. All four 
lanes are carried on high structure in this location. As 
with the lowline alternative, tunnels are assumed for both 
directions of travel east of Hanging Lake and west of French 
Creek. The portals for these tunnels are quite high with 
the Hanging Lake tunnel portal being approximately 280 feet 
above the existing roadway. This subalternative, while having 
less curvature in plan than the other subalternatives in this 
segment, has two long, steep grades which would slow down 
trucks and heavy recreation vehicles. The grades are 5.9 
percent for approximately 5,650 feet and 5.0 percent for 
a length of 4,700 feet.
Access to this alternative was included at two locations.
At Bair Ranch, access similar to that described for the 
lowline and splitline subalternatives has been utilized. 
Limited access is provided at Shoshone Dam with the existing 
roadway linking to the Hanging Lake recreation area. This
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limited access consists of an eastbound exit and a westbound 
entry to the highway. The access is primarily to serve Public 
Service Company employees. Although difficult, it can be 
considered that access is provided for the Hanging Lake area 
with this configuration. The eastbound exit may involve a 
steep grade as it descends from the highline profile to the 
existing roadway level. The westbound entry uses the 
existing roadway to the merge point just west of Shoshone 
Dam. Access to the French Creek area is only possible via 
the existing roadway from Bair Ranch.
Talus cuts occur in three general locations with this 
subalternative. The most extensive of these are at the Bair 
Ranch interchange where talus cuts 800 feet long by 30 feet 
maximum height and 550 feet long by 20 feet maximum height 
occur in conjunction with the access facilities. These cuts 
are similar to those required for the access included in the 
lowline and splitline subalternatives. The second area is 
in conjunction with the west portals of the tunnels just 
east of Hanging Lake. At this location two talus cuts, each 
about 60 feet long by 40 feet maximum height, are required.
The third area is in association with the access at Shoshone 
Dam. Relatively minor cuts approximately 150 feet long by 
five feet maximum height and 450 feet long by eight feet 
maximum height are required adjacent to the westbound entry 
ramp.
Rock cuts for this alternative result from tunnel portal 
conditions and general difficulty associated with the 
alignment. Tunnel portal rock cuts range from approximately 
40 feet to 170 feet in length with a maximum height of 
approximately 40 feet. A series of rock cuts also occurs 
east of the tunnels near French Creek. In this area the 
alignment can not avoid a number of high rock outcroppings.
The first of these is small and occurs approximately 2,000 
feet east of French Creek. It is approximately 50 feet long 
by ten feet maximum height. Approximately 400 feet east of 
French Creek another rock cut approximately 120 feet long 
by 35 feet maximum height occurs. Approximately 1,200 feet 
east of the east portal of the French Creek tunnel another rock cut approximately 250 feet long by 20 feet maximum 
height is required. Immediately adjacent to the portal a 
rock cut in the order of 130 feet long by 55 feet maximum 
height is required.
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Structure requirements for the eastbound lanes of this 
subalternative are as follows:

Segment B-Highline In Feet
Minor construction (no walls)
Low wall
Medium wall
High wall
Bridge structure
Tunnel

2,380
0

18,980
1,740

420
240

Structure requirements for the westbound lanes of this 
subalternative are as follows:

Segment B-Highline In Feet
Minor construction 
Bridge structure 
Tunnel

3,650
18,200
1,910

As for the lowline subalternative, structure types other 
than bridge structure and tunnel occur only in the east end 
of this segment in the vicinity of Bair Ranch.
Segment C

  

As with the other roadway alternatives in this segment, the 
alignment generally follows the existing roadway. Since the 
existing platform is generally quite high above the river, 
many opportunities exist for terracing the eastbound and 
westbound lanes of the roadway.
The access included in this segment for this alternative is 
similar to that used for the 48-foot roadway. Grade-separated, 
four direction access is provided at the Shoshone Power 
Plant. The configuration of this access is similar to that 
used for the 48-foot roadway alternative. The other point 
of access within this segment is at Poison Spring where 
westbound only access is provided.
Talus cuts occur with this alternative in the same three 
locations as with the 48-foot alternative. The largest of 
these is just west of Poison Spring. Poor alignment of the 
existing road at the Poison Spring access point necessitates 
encroachment. Talus and small rock cuts were taken in lieu 
of river encroachment. The talus cut at this point is
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approximately 250 feet long with a maximum height of 15 
feet. The rock cut, which is only one in this segment, is 
50 feet long by 15 feet maximum height. Another small talus 
cut occurs approximately 5,000 feet east of the Power 
Plant, again due to the poor alignment of the existing road. 
This cut is approximately 350 feet long by ten feet maximum 
height. Realignment toward the river will eliminate this 
cut but will result in riverbank or river encroachment. A 
similar situation exists approximately 5,000 feet west of 
the Power Plant. The talus cut in this location is approx
imately 350 feet long by ten feet maximum height.
Major river encroachment in this segment occurs in conjunction 
with the access to the Power Plant. This is primarily a 
result of the provision of access, but also results from 
constraints imposed by the sharp curve east of the plant. 
Structures partially overhang the river in two other locations. 
These occur adjacent to the Poison Spring access area and at 
a point approximately 4,000' east of Grizzly Creek. Within 
this segment there are also significant length of medium and 
high retaining wall which involve substantial encroachment 
down the riverbank.
Structure requirement for this alternative area as follows:

Segment C In Feet
Minor construction (no walls) 0
Low wall 3,600Medium wall 6,880High wall 4,490
Bridge structure 3,870

Approximately 2,950 feet of the bridge structure identified 
is associated with access at the Power Plant. This could 
only be partially eliminated by the removal of the access. 
The remaining 920 feet of bridge structure occurs in the two 
areas where river encroachment was identified. Approx
imately 780 feet of the high wall is the result of assuming 
a stepped wall arrangement for the retaining wall just east 
of Grizzly Creek. This assumption in the Grizzly Creek area 
was applied to all alternatives. Use of a wall/cantilever 
combination would reduce this to a medium or low wall.
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Segment D
The alignment assumed for the 56-foot roadway in Segment D 
basically follows the existing roadway platform as the other 
alternatives do. The west end of this segment offers 
significant opportunity for widening the median. Terracing 
of the eastbound and westbound lane could be incorporated 
into the final design throughout the majority of this segment.
Access provisions, again are similar for all alternatives in 
this segment. Four direction, grade-separated access is 
provided at Grizzly Creek utilizing a diamond configuration.
At the CDoH Maintenance Yard grade-separated, eastbound only 
access is assumed. A wide number of alternative access 
arrangements are possible at these locations with associated 
trade off of impacts. The simplest access provision at the 
Maintenance Yard would be a westbound only access which 
would not require grade separation.
For the 56-foot alternative, there are five general areas 
of talus cuts in this segment. Approximately 1,200 feet east 
of Grizzly Creek a small talus cut approximately 200 feet long 
by five feet maximum height would be required. At Grizzly 
Creek, talus cuts 1,000 feet long by 18 feet maximum height 
and 800 feet long by five feet maximum height would occur in 
association with the access facility. At the CDoH Maintenance 
Yard talus cuts of 600 feet long by 22 feet maximum height 
and 300 feet long by 12 feet maximum height occur. Additional 
talus cuts 300 feet long by five feet maximum height and 800 
feet long by 20 feet maximum height occur around the curve 
west of the Maintenance Yard. These could be reduced or 
eliminated by moving the alignment towards the river and 
increasing the encroachment onto the riverbank. No rock 
cuts are required in this segment.
Structure requirements for this alternative are as follows:

Segment D In Feet
Minor construction (no walls) 4,500Low wall 2,730
Medium wall 2,900
High wall 1,080Bridge structure 2,860
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Of the bridge structure identified approximately 2,620 feet 
is associated with the access provided at the two locations 
described. The remaining 240 feet occurs approximately 
1,500 feet east of the Maintenance Yard where the existing 
roadway platform becomes quite narrow and the eastbound 
lanes are supported on structure. Approximately 980 feet of 
the high retaining wall and 390 feet of the medium height 
retaining wall are associated with the terracing of the 
roadway indicated west of the Maintenance Yard. The remaining 
100 feet of high retaining wall is required in conjunction 
with the stepped wall arrangement. Approximately 560 feet 
of the medium height retaining required wall is associated with the access provided at the Maintenance Yard.
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This alternative represents the narrowest four-lane highway 
which meets normal Federal Aid Interstate Highway standards.
It consists of two twelve-foot lanes in each direction, sepa
rated by an eight-foot median, and two six-foot shoulders. A 
median barrier separates opposing lanes, and barriers are 
located along shoulders edge of the roadway.
This alternative differs from the 56-foot alternative only in 
respect to width. General alignment and access assumptions are identical to those made for the 56-foot alternative.
In Segments A, C and D the alignment generally follows the 
existing roadway along the platform adjacent to the north edge 
of the Colorado River. Splitline, lowline and highline alterna
tives, similar to those identified for the 56-foot alternative, were also analyzed in Segment B.
Relative to the narrower alternatives, this roadway cross 
section generally requires more supported bridge structure over 
the riverbank. However, a large proportion of the bridge 
structure required is associated with the provision of access. 
Areas not requiring bridge structure generally require medium or high retaining walls.
Talus cuts of substantial size are generally limited to those 
sections associated with access provisions. Rock cuts are 
primarily associated with the tunnel portals required in 
Segment B. There are, however, a few areas where rock and 
talus encroachments are a result of roadway width or alignment. 
Where these occur, they tend to be more severe than for the 
narrower, 48-foot and 56-foot roadway alternatives.
Segment A

FOUR-LANE HIGHWAY (BASIC 68-FOOT ROADWAY)

The alignment generally follows the existing roadway through
out this segment. Opportunities for terracing the eastbound 
and westbound lanes exist throughout much of the length of the 
segment. Some potential exists for widening of the median 
toward the east end, although this is to a lesser extent than with the 56-foot, four-lane alternative.
The access provisions are identical to those used for the 56- 
foot alternative in that four direction was provided near Siloam Springs.
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Talus and rock cuts occur at the same locations as with the 56- 
foot alternative. The large rock cut west of the Siloam Springs 
access facility is approximately 750 feet long by 55 feet 
maximum height. The small talus cut near the Book Cliffs is 
approximately 100 feet long by five feet maximum height. River 
encroachment also occurs in the same two locations as for the 
56-foot roadway but with the 68-foot roadway it is more pronounced 
and over longer lengths.
Structure requirements for this alternative are as follows:

Segment A In Feet
Minor construction (no walls) 280Low wall 630Medium wall 2,165High wall 1,870Bridge structure 5,375

For the 68-foot alternative, a substantial length of the east- 
bound lanes are supported on bridge structure over the riverbank. 
This is the most significant difference from the narrower 
alternatives. Approximately 1,450 feet of the structure is 
associated with the access at Siloam Springs. Retaining wall 
requirements generally fall into the medium and high categories.
Segment B
S p l i t l i n e
The alignment for this subalternative is basically as described 
for the 56-foot splitline subalternative. Access was included 
at Bair Ranch, French Creek and Shoshone Dam/Hanging Lake and 
is identical to that included in the 56-foot splitline subalternative.
Talus cuts, rock cuts and river encroachments occur at the same 
locations and to the same relative magnitude as for the 56-foot 
splitline. Within Segment B a differentiation between the 56- 
foot and 68-foot alternatives was not feasible due to the scale 
of analysis and the nature of the alternatives. These encroach
ments are identical to those discussed under the 56-foot splitline subalternative.
Structure requirements for the eastbound lanes of this subalternative are as follows:
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Segment B - Splitline In Feet
Minor construction (no walls)
Low wallMedium wall
High wall
Bridge structure
Tunnel

3,740
10,310
1,780
1,480
5,800

600
Structure requirements for the westbound lanes are as follows:

A large proportion of the eastbound structure is associated 
with the access at Hanging Lake. Since the eastbound lanes are 
not in tunnel east of Hanging Lake, the curvature of the 
Canyon at this location creates a requirement for approximately
1,000 feet of riverside structure. Further riverside bridge 
structure occurs at the west approach to the tunnels west of 
French Creek. This requirement, however, could be reduced or 
eliminated by stacking the tunnel bores at this location.
L o w l i n e
The alignment, access, rock and talus cuts, river encroachment 
and structure type, are identical to those discussed under 
the 56-foot lowline subalternative.
H i g h l i n e
The alignment for the 68-foot highline subalternative is identical 
to 56-foot highline subalternative. Its access, rock and talus 
cuts, river encroachment and structure type are, therefore, 
identical to those discussed under the 56-foot highline 
subalternative.
Segment C
As with the other alternatives in this segment, the alignment 
basically follows the existing roadway. Since the existing 
platform is generally quite high above the river, opportunities 
for terracing the opposite direction lanes of the roadway exist 
throughout.

Segment B - Splitline In Feet
Minor construction (no walls)
Bridge structure
Tunnel

4,630
17,030
1,870
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The access provisions are similar to those for the other 
alternatives, with access being included at the Shoshone Power 
Plant and the Poison Spring area west of Shoshone Dam.
Talus cuts occur in the same three locations for this alternative 
as with the 56-foot alternative. The first of these is just to 
the west of the Poison Spring access point. Poor alignment of 
the existing road necessitates encroachment. Talus and small 
rock cuts were taken in lieu of river encroachment. The talus 
cut at this point is approximately 250 feet long with a maximum 
height of 15 feet. The rock cut, which is only one in this 
segment, is 50 feet long by 15 feet maximum height.
Another talus cut occurs approximately 5,000 feet east of the 
Power Plant, again due to poor alignment of the existing road. 
This cut is approximately 350 feet long by 15 feet maximum 
height. A similar situation exists approximately 5,000 feet 
west of the Power Plant. This cut is approximately 350 feet 
long by ten feet maximum height.
Major river encroachment in this segment occurs in conjunction 
with the access to Shoshone Power Plant. The encroachment is 
primarily a result of the access, but also results from the 
sharp curve east of the plant. Structures partially overhang 
the river in several other locations. The largest encroach
ments occur adjacent to the Poison Spring access area and at a 
point approximately 4,000 feet east of Grizzly Creek. Within 
this segment there are significant lengths where the roadway, 
if not partially stacked, would virtually cover the entire riverbank.
Structure requirements for this alternative are as follows:

Segment C In Feet
Minor construction (no walls) 0Low wall 220Medium wall 5,520High wall 4,600Bridge structure 8,480

Approximately 3,000 feet of the bridge structure identified is 
associated with the provision of access at the Power Plant.
The elimination of access would not eliminate the requirement 
for bridge structure due to the width of this alternative. The 
remaining 5,480 feet of bridge structure is required for the 
eastbound lanes due to the excessive riverbank encroachment identified above.
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The alignment for the 68-foot roadway in Segment D basically 
follows the existing roadway platform as with the other alterna
tives. The west end of this segment offers limited opportunities 
for widening the median. Terracing can be carried out through 
most of the length of this segment.
The provision of access is similar to the other alternatives in 
this segment. Four direction, grade-separated access is 
provided at Grizzly Creek utilizing a diamond configuration.
At the CDoH Maintenance Yard a grade separated eastbound only 
access is included. A wide number of alternative access 
arrangements are possible at these locations with associated 
trade off impacts. This simplest access provision at the 
Maintenance Yard would be a westbound only access which would not require grade separation.
For the 68-foot alternative, there are five general areas of 
talus cuts in this segment. Approximately 1,200 feet east of 
Grizzly Creek a small talus cut approximately 250 feet long by 
eight feet maximum height is required. At Grizzly Creek, talus 
cuts 1,000 feet long by 20 feet maximum height and 900 feet 
long by ten feet maximum height would occur with the provision 
of access as included. At the CDoH Maintenance Yard, talus 
cuts 700 feet long by 20 feet maximum height and 300 feet long 
by 15 feet maximum height occur. Additional cuts 300 feet long 
by 15 feet maximum height and 900 feet long by 25 feet maximum 
height occur around the curve west of the maintenance yard.
These could be reduced or eliminated by moving the alignment 
towards the river and increasing the encroachment on the riverbank. No cuts are required in this segment.
One area of river encroachment occurs east of the CDoH Main
tenance Yard. There are a few locations toward the east end of 
this segment where the majority of the riverbank is covered by the 68-foot roadway.
Structure requirements for this alternative are as follows:

Segment D

Segment D In Feet
Minor construction (no walls) 4,300 
Low wall 1,540 
Medium wall 3,400 
High wall 1,310 
Bridge structure 3,520
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Of the bridge structure identified, approximately 1,850 feet is 
associated with the access provided at the two locations 
described. The remaining 1,670 feet occur in areas where the 
existing roadway platform is quire narrow and the eastbound 
lanes are supported on structure. Approximately 840 feet of 
the high retaining wall and 510 feet of the medium height retaining wall are associated with the terracing of roadways 
included west of the maintenance yard. Approximately 540 feet 
of the medium height retaining wall is associated with the 
access provided at the maintenance yard.
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section IV
results of the comparative evaluation



SECTION IV
RESULTS OF THE COMPARATIVE EVALUATION

INTRODUCTION
This section represents the results of comparative evaluation. 
Charts summarize the quantifiable information developed under 
each major impact category. The charts are backed up by narra
tives and tables qualifying the information and adding more 
detail or explanation as appropriate. From this information, 
the summary in Section I was prepared.
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SEG M EN TS A,B,C,D t r a f f i c
ESTIMATED HOURS OF OPERATION BY LEVEL OF S E R V IC E
LEVEL OF SERVICE 48' 2 LANE 56' 4  LANE 68' 4 LANE 
1986 D 2 8 0 6 0 0

E 5 9 2 0 0
F 10 0 0

1996 D 4 2 3 9 3 0 1 0

E 8 5 8 0 0
F 5 0 0 0 0

SERVICE 
VOLUME RANGE v e h ic le s / h o u r

D 4 50  -  740 1960 -  3 5 0 0 2 0 9 0 - 3 7 2 0
E 740 -1 4 2 0 3 5 0 0 - 5 2 6 0 372 0 - 5 6 0 0
F 1420  5 2 6 0  5 6 0 0



SEGMENTS A,B,C,D SAFETY
BASED ON 1 9 9 0  PROJECTIONS
48' 2 LANE 56 '  4 LANE 68 ' 4 LANE

TOTAL ACCIDENTS 1 6 5 118 9 3

TOTAL FATALITIES 2 2 2

TOTAL INJURIES 3 8 27 21

PROPERTY DAMAGE
(o n l y )

1 4 0 100 7 8
ESTIMATED LOSS $ 459,400   $ 3 9 0 ,4 0 0

\
$ 3 5 2 ,6 6 0



SAFETY
The figures shown on the chart are based upon a projection of
12,000 ADT for the year 1996. This translates into 53.44 
million vehicle-miles per year. For each of the three basic 
alternatives, a base total accident rate has been identified which assumes standard 12-foot lanes, 10-foot shoulders and an 
eight-foot median. Due to the geometries of the three test 
cases, these accident rates are estimated to increase or decrease according to the following:

SEGMENTS A, B, C, D (WHOLE CANYON)

48-foot 56-foot 68-footTwo-Lane Four-Lane Four-Lane
*Change in Accident Rate
Due to Median Barrier +12% +12% +12%Due to Lane Width 0 +24% 0Due to Shoulder Width 0 + 2.5% + 2%Access Control -20% Included IncludedDue to Median Width + 8%  + 5% 0

Totals 0% +44% +14%
Base Total Accident Rate 
Projected Total Accident 3.09 1.53 1.53
Rate 3.09 2.21 1.74

+ indicates an increase in the total accident rate - indicates a decrease in the total accident rate
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SEGMENTS A,C,D_____________________________________ ENVIRONMENT
D I S P L A C E D  V E G E T A T IO N  (1 ) (2 )

48' 2 LANE 56' 4 LANE 6 8 ' 4- L A N E

TOTAL D.R.P.C.(3) .28 a c r e s .41 A C R E S .43 A C R E S

PERCENT OF .83 ACRES in A 33% 49% 52%
TOTAL OTHER 8.01 8.33 9.64
TOTAL VEGETATION TAKEN
C

8.29 8.74 10.07
C
TOTAL D.R.P.C. 1.82 2.09 2.33
PERCENT of 11.26 ACRES IN C 16% 19% 21%
TOTAL OTHER 3.16 4.46 5.07
TOTAL VEGETATION TAKEN 
D 4.98  6 .55 7.40

TOTAL D.R.P.C 3.30 4.54 7.04
PERCENT OF 8.67 acres in D 45% 52% 347.
TOTAL OTHER 7.16 7.19 19.98 
TOTAL VEGETATION TAKEN 11.06 11.73 27.02
CANYON TOTALS (A+C+D)
TOTAL D.R.P.C. 6.0 7.04 7.56
Percent of 20.76 acre total 29% 34% 36%
TOTAL OTHER 1833 19.98 24.01
TOTAL VEGETATION TAKEN 24.33 27.02 31.51

(1 ) M O R E  D E TA ILE D  BREAKDOWN AVAILABLE
(2)  E STIMATES BASE D ON T E S T  CASE DEPICTION OF ALIG N M EN T  AND STRUCTURES
(3 ) TOTAL ACRES OF EXISTING DECIDUOUS RIPARIAN PLANT COM M U N IT Y  (D .R .P.C .) WITHIN 200' OF EXISTING ROAD ONLY.



S E G M E N T  B E N V I R O N M E N T
D I S P L A C E D vegetation (a c r e s )

PLANT C O M M U N I T Y (1) 48' 2 LANE SPLIT L I N E (2) L O W L I N E (3) H I G H L I N E (4)
DECIDUOUS RIPARIAN 7.0 6.96 3.77 2.71
PERCENT OF T H E   

24.5 ACRE TOTAL(5) 29% 28% 15% 11%
O T H E R  S T R E A M S IDE 4.65 2.86 .61 .12
c a n y o n  W A L L
E C O S Y S T E M

Ml SC R U B  B R U S H .35 1.63 1.39 2.93
O P E N  B R U S H .58 .9 0 .83 .7 |
S A G E  B R U S H .05 . 1 0 .15 . 3 0
PIN YON PINE JUNIPER 2.10 2 . 5 6 2.79 2.83
D O U G L A S  FIR .00 . 0 0 . 0 0 .24

S E G M E N T  T O T A L
(1) FOR DEFINITION OF PLANT 
communities ref e r to 
"ENVIRONMENTAL RESOUR
CES WORKING PAPER".
(6) INCLUDES ONLY THAT DECIDUOUS
Riparian vegetation in  the
SEGMENT WITHIN 200 FEET 
OF THE EXISTING ROAD.

14.73 ACRES 15.01 ACRES
(2) EAST BOUND, 2 LANES, 
34 FOOT ON EXISTING 
PLATFORM. WESTBOUND, 
34 FOOT TWO LANE ON 
BRIDGE STRUCTURE. 

9 . 6 0  a c r e s

(3)ASSUMES:40'x50' PIER 
CONSTRUCTION ZONE; 
ERECTION OF AERIAL SPANS 
AND ACCESS TO PIER ZONES 
BY CRANE FROM EXISTING 
PLATFORM; AND, ELEVATED 
ROADWAY IS HIGH ENOUGH 
TO AVOID DISPLACEMENT BE
TWEEN PIERS.

9.84 A C R E S
(4)assumes: 50'x50' PIER 
CONSTRUCTION ZONE; 
ACCESS ROADS ONLY FOR
eastern PORTALS OF TWO 
tunnels; access for
PIER CONSTRUCTION BY AERIAL
CABLEWAY OR CRANE; no
VEGETATION DISPLACEMENT 
BETWEEN PIERS.



ENVIRONMENT
Vegetation Displacement
Acreage of displaced vegetation has been selected as a key 
indicator of natural environmental impacts since vegetation is 
prominent in the Canyon and has important structural and func
tional relationships in the Canyon ecosystems. In addition, 
displacement acreages are reliably quantified and can reveal 
differences in the levels of impacts among alternative design 
concepts. This narrative supports the summary chart and is 
followed by additional tables which give a more detailed 
breakdown of vegetation displaced.
These tables have been developed using the baseline vegeta- 
tional analysis and units which were described in the Environ
mental Resources Working Paper. The estimates of displaced 
vegetation reflect the space required by the alternatives.
Further vegetation impacts may result from construction storage, 
equipment movement, traffic maintenance operations, additional 
space requirements and land disturbance due to construction 
techniques, or other factors associated with construction.
The first summary chart, pertaining to Segments A, C and D, 
presents totals of the deciduous riparian plant community (D.R. 
P.C.) displaced and an aggregate of all other types of vegetation 
displaced as well as the total vegetation taken. The percent of 
deciduous riparian vegetation taken, as compared to the total 
D.R.P.C. present within 200 feet of the road, is also given in 
this table. The second summary chart, pertaining to Segment B, 
presents displacement totals for the deciduous riparian plant 
community, other streamside vegetation, canyon wall ecosystem 
plant communities, and a total of all vegetation taken by the subalternatives.

SEGMENTS A, B, C, D (WHOLE CANYON)
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SEGMENTS A, C, D
ENVIRONMENT
Vegetation Displacement
Table 1 delineates vegetation displaced from the riverbank 
portion of the decidious riparian-aquatic ecosystem complex 
(canyon floor ecosystem) for Segments A, C and D. The river- 
bank is defined as that area between the existing road and the 
river's edge. Table 2 presents the acreage displacement values 
for the stands of the decidious riparian plant community that 
lie north of the existing roadway. Table 3 exhibits the acres 
of vegetation displaced from the canyon wall ecosystem by the 
alternatives within the three segments.
Since the alternative design concepts of Segments A, C and D 
occupy the canyon floor, ecological impact analysis has focused 
on the decidious riparian-aquatic ecosystem complex, or canyon 
floor ecosystem. Within this ecosystem, the deciduous riparian 
plant community is dominant and provides ecological, esthetic and 
other environmental benefits. As a result, the D.R.P.C. has been 
emphasized in the assessment of canyon floor ecosystem impacts.
On Tables 1 and 2, the deciduous riparian plant community has been 
broken down according to a degree of quality. The determination 
of quality for a given stand of decidious trees was made in the 
field and was based on such factors as size; position relative to 
the road and river, as well as other stands of trees; level of 
disburance; species diversity; understory development; and others. 
In general, small, isolated trees or groups of trees received 
low quality ratings, while larger, mixed groups of deciduous 
riparian vegetation received high quality ratings.
The streamside vegetation (Table 1) was also given a q u a l i t y  
rating. Since this riverbank ground cover is highly disturbed, 
it was discussed in the Environmental Resources Working Paper 
according to a degree of coverage (sparse, moderate, dense).
In this analysis, the units of "sparse" and "moderate" are 
considered low quality since they are generally composed of 
roadside, weedy plant species and function more as buffering 
agents for adjacent natural ecosystems rather than as integrated 
ecosystem components. The "dense" units, which consists mainly 
of willows, is categorized as high quality since it is an 
integral part of the canyon floor ecosystem.
Greasewood, a plant community almost completely dominated by 
one species, occurs between the road and the river and is thus 
included in the riverbank analysis (Table 1). However, this 
plant community is only found at the extreme eastern end of the Canyon on a broad alkaline flat.
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Table 1
DISPLACED VEGETATION 
(Expressed in Acres)

Canyon Floor Ecosystem, Riverbank

Segment/Plant Community1,2
48' 2-Lane

Alternative
56' 4-Lane 68' 4-Lane

Segment A
Deciduous Riparian

Low Quality 0.16 0.20 0.20
High Quality 0.12 0.13 0.15

Other Riverbank
Low Quality Streamside 3.62 2.93 3.19
High Quality Streamside 0.73 1.43
Greasewood 4.35 4.35 4.50

Total Vegetation Displaced
in Segment 8.25 8.34 9.47

Segment C
Deciduous Riparian

Low Quality 1.17 1.17 1.17
High Quality 0.04 0.08

Other Riverbank
Low Quality Streamside 3.16 4.34 4.64
High Quality Streamside 0.04 0.20

Total Vegetation Displaced
in Segment 4.33 5.59 6.09

Segment D
Deciduous Riparian

Low Quality 0.12 0.22 0.31
High Quality 0.54 0.58 0.58

Other Riverbank
Low Quality Streamside 5.40 5.04 6.55
High Quality Streamside 0.11 0.37 0.75

Total Vegetation Displaced
in Segment 6.17 6.21 8.19

Canyon Totals
Deciduous Riparian

Low Quality 1.45 1.59 1.68
High Quality 0.66 0.75 0.81

Other Riverbank
Low Quality Streamside 12.13 12.31 14.38
High Quality Streamside 0.11 1.14 2.38
 Greasewood 4.35 4.35 4.50

Total Vegetation Displaced 18.75 20.14 23.75

For explanation of plant communities, refer to Environmental 
Resources Working Paper.
Definitions of Quality for the deciduous riparian and other 
streamside vegetation are given in the accompanying narrative.
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Table 2
DISPLACED VEGETATION 
(Expressed in Acres)

Canyon Floor Ecosystem, Northside of Road

Segment/Plant Community Alternative
48' 2-Lane 56' 4-Lane 68' 4-Lane

Segment A
Deciduous Riparian 

Low Quality 0.08 0.08High Quality — - -
Segment Total - 0.08 0.08

Segment C
Deciduous Riparian 

Low Quality 0.46 0.61 0.81High Quality 0.19 0.27 0.27
Segment Total 0.65 0.88 1.08

Segment D
Deciduous Riparian 

Low Quality 3.02 3.45 3.62High Quality 0.22 0.29 0.29
Segment Total 3.24 3.74 3.91

Canyon Totals
Deciduous Riparian 

Low Quality 3.48 4.14 4.51High Quality 0.41 0.56 0.56
Canyon Total 3.89 4.70 5.07
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Table 3
DISPLACED VEGETATION 
(Expressed in Acres) 
Canyon Wall Ecosystem

Segment/Plant Community Alternative
48' 2-Lane 56' 4-Lane

Segment A
Open Bush 0.04 0.15
Sagebrush 0.17

Segment C
Open Brush - 0.08

Segment D
Mountain Scrub Brush 1.65 1.78

68' 4-Lane

0.23
0.29

0.23

2.0

Canyon Totals
Mountain Scrub Brush 1.65 
Open Brush 0.04
Sagebrush ____

1.78
0.23
0.17

2 . 0
0.46
0.29

Canyon Total 1.69 2.18 2.75
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SEGMENT B
ENVIRONMENT 
Displaced Vegetation
Table 4 gives a breakdown of deciduous riparian vegetation by 
location and quality and a breakdown of other streamside 
vegetation by quality. The definitions of quality for decid
uous riparian vegetation and for other streamside vegetation are 
the same as used in Segments A, C and D. Table 5 presents the 
vegetation displaced from the canyon wall ecosystem. It differs 
from the summary chart information only in the splitline cate
gory. Analysis of the splitline subalternative impacts in these 
tables includes those which result from widening the existing 
roadway platform to either 28 feet or 36 feet for the eastbound 
lanes of the 58 or 68-foot alternative, respectively, and those 
impacts resulting from pier construction for the elevated west
bound lanes.
Table 6 identifies the vegetation taken by each proposed access 
location and a percentage of the vegetation displaced in each 
segment due to access as compared to the total vegetation dis
placed in a segment. On an average through the Canyon, the 
eight access locations account for less than ten percent of 
the vegetation taken.
Impacts Associated with Displaced Vegetation
Displacement of vegetation from the canyon ecosystems would 
result in a number of qualifiable adverse ecolocial affects.
These include displacement of bird and mammals species, depressed 
animal population densities and potentially lowered species 
diversity, disruption of successional processes, nutrient 
cycles and food chains, and others. The generalized impacts 
would have short-term and long-term effects although certain 
long-term effects may be avoided, depending on the magnitude 
and success of the final design vegetation program. However, 
the kinds and extent of the general impacts in Segment B are 
somewhat different from those in Segments A, C and D and also 
show certain differences among the subalternatives.
The 48-foot platform and splitline - subalternatives result in 
impacts similar to those in the other segments. These impacts 
are concentrated in the canyon floor ecosystem and would affect 
riparian habitats as well as the acquatic habitats of the river. 
The major difference between these two is that the 48-foot
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Table 4
SEGMENT B

DISPLACED VEGETATION 
(Expressed in Acres) 

Canyon Floor Ecosystem

Plant Community ______________________ Alternative____ Splitline__________
48-Foot 28-Foot 34-Foot Elevated

Two-Lane Two-Lane Platform Platform Structure Lowline Highline
Deciduous Riparian1

Riverbank
Low Quality 3.37 1.6 2.32 .4 .4
High Quality 

Northside of Road
.92 .3 .64 .33

Low Quality .43 .04 .10 .39 .72 .38
High Quality 2.28 1.2 1.94 1.57 2.65 1.68

Other Streamside1,2 
Vegetation____  

Low Quality 3.84 1.9 2.39 .07 .69 .12
High Quality .81 .2 .4 .11

Segment Total 11.65 5.24 7.79 2.03 4.57 2.91

Quality ratings defined in accompanying narrative

Category consists of "sparse", "moderate", and "dense" mapping units.

1
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Table 5

Plant Community

Mountain Scrub Brush 
Open Brush 
Sagebrush
Pinyon Pine-Juniper 
Douglas Fir

Segment Total

SEGMENT B
DISPLACED VEGETATION 
(Expressed in Acres) 
Canyon Wall Ecosystem

Alternative
Splitline

48-Foot 
Two-Lane

28-Foot
Platform

34-Foot
Platform

Elevated
Structure Lowline Highline

.35 .64 .69 .94 1.39 2.93

.58 .9 .89 .71

.05 .5 .5 .1 .15 .3
2.1 1.21 1.49 1.07 2.79 2.83

.24

3.08 2.35 2.68 3.01 5.22 7.01
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Table 6
VEGETATION TAKEN DUE TO ACCESS 

(In Acres)

Alternative
ACCESS LOCATION 48' 56' 68' Splitline Lowline HighlineSegment A

East End Access (Siloam Springs) 1.0 1.0 1.3
Percent of Total Displaced Vegetation
in Segment Due to Access 11.9% 11.3% 12.7%

SEGMENT B
Bair Ranch 1.2 1.4 1.2 1.2French Creek 0.8 0.4Shoshone Dam/Hanqinq Lake 0.2 0.6 0.6 0.13
Percent of Total Displaced Vegetation  
in Segment Due to Access 14.5% 16.5% 18.5% 13.6%

SEGMENT C
Poison Spring (Wagon Creek-Defiance) 0.04 0.04 0.04Shoshone Power Plant 0 0 0
Percent of Total Displaced Vegetation
in Segment Due to Access 0.8% 0.6% 0.5%

SEGMENT D
Grizzly Creek 1.0 1.1 1.4Westend Overlook (CDoH Mt. Grg.) 0.1 0.1 0.1
Percent of Total Displaced Vegetation
in Segment Due to Access 10.2% 10.1% 5.6%



alternative is more damaging to riverbank deciduous riparian 
trees and to other streamside vegetation. The elevated portion 
of the splitline subalternatives, however, results in some 
impacts which are involved with the lowline and highline subalternatives.
Although the lowline and highline alternatives are not as 
damaging to the deciduous riparian plant community as the other 
subalternatives (approximately a 50 percent reduction in 
impacts), they result in impacts to a relatively undisturbed 
ecosystem, some of which will be difficult to heal. Estimates 
of displaced vegetation generally include only that required 
for pier construction. However, much of the construction is on 
inherently unstable slopes. Construction activities could 
conceivably result in talus slides, damaging more vegetation. 
Also, the noise of construction and highway operation on the 
canyon side may affect grazing habitat usage by deer and elk 
and displace other birds and mammals.
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SEGMENTS A,B,c,d ENVIRONMENT
WATERRESOURCES—PIER ENCROACHMENTS

A
NUMBER OF LOCATIONS

48 ' 2  LANE 56' 4 LANE 6 8 ' 4  LANE
S P L IT LINE  
5 6' 68'

LOWLINE 
5 6' 6 8 '

H IG H L IN E
5 6 ' 6 8 '

0 2 2
NUMBER OF PIERS 
B 0 3 4
NUMBER OF LOCATIONS3 4 4 3 3 1 1
NUMBER OF PIERS C 17 10 17 9 12 1 2  

number of locations3 3 3
Number of piersD

5 5 5  

NUMBER OF LOCATIONS0 0 1
number of piers
TOTAL A+C+D

0 0 1

LOCATIONS3 5 6

PIERS 5 8 10
FOOTNOTES

 

1. THE TEST CASES HAVE NO RIVER ENCROACHMENT FROM RETAINING WALLS OR EMBA N K M E N T S .
2. ANALYSIS BASED ON 1"=200' STRIP MAP RIVER ELEVATION— I.E. DISCHARGE AT APPROXIMATELY 1,350 CFS. THIS IS AT OR 

BELOW RIVER ELEVATION 7 MONTHS OUT OF THE YEAR.
3 . PIERS ASSUMED APPROXIMATELY 5 0  SQUARE FEET AT BASE. CONSTRUCTION - -EARTHEN DIKE OR HARDROCK DRILLED - IN

Caissons. (SEE "highway construction TECHNIQUES WORKING PAPER")



ENVIRONMENT
Water Resources

SEGMENTS A, B, C, D (WHOLE CANYON)

Water resource impacts resulting from pier construction in the 
river will be of both short- and long-term magnitudes and 
relatively localized in nature. Short-term construction 
impacts will be primarily due to increases in river sediment 
content or turbidity, damaging to the aquatic environment. 
Increases in turbidity will effect a decrease in biomass and 
species diversity of benthic invertebrate fauna (insect larvae 
and other small bottom dwelling organisms) in localized areas.
It will disturb river fisheries resulting in fish displacement 
and possible mortality in construction zones. The reduction 
of benthic populations will reduce the food resources available 
to local fish populations as well. The magnitude of these 
impacts will depend on seasonal influences. A restricted work 
period during late summer and early fall is recommended to 
avoid disruption of Mountain Whitefish and Rainbow Trout 
spawning. Sedimentation resulting from construction can be 
controlled to a certain degree by the employment of proper 
erosion control techniques which will be developed during 
final design. Short-term impacts will end with the completion 
of roadway construction if revegetation has been successful enough to achieve soil stabilization.
Long-term water resource impacts will result from highway 
maintenance and operation. Runoff from the roadway will 
transport contaminants such as hydrocarbons, grit and heavy 
metals into the river. Present winter roadway maintenance 
causes minor localized increases in water salinity due to salt 
applications. Salinity content would increase further with a 
four-lane alignment and would also be more prevalent with a platform alignment.
The inflow of roadway pollutants may result in reductions of 
population densities and species diversity, river biomass, and 
other impacts associated with water pollutants. In general, 
the magnitude of these impacts is not expected to reach a 
critical level due to the small surface covering the roadway 
and the high dilution capacity of the Colorado River. Problems 
may occur periodically due to heavy rain or snow melt, especially 
in areas of low water such as between Shoshone Dam and Power 
Plant. At such times, heavy roadway runoff will increase the 
concentration of pollutants in the river, particularly in the
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vicinity of culverts, resulting in stresses on the local 
aquatic environment.
Hydrological impacts associated directly with river and river- 
bank piers include the accumulation of debris at their bases 
and the constriction of river flow, particuarly during high 
water. These impacts could result in some changes to the 
backwater profile but are not anticipated to greatly alter the 
50- and 100-year floodplains. The presence of piers can have 
a negative impact on recreational and esthetic qualities.
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SEGMENTS A,B,C,D ENVIRONMENT
RIVERBANK REVEGETATION POTENTIAL (ACRES)

46' 2 LANE 5 6 ' 4 LANE 4 8 ' 4 LANE SPLITLINE LOWL IN E HIGH L IN E

A ACRES
TOTAL EXISTING 25.4

REMAININGC
TOTAL EXISTING 27.9

15.5 14.7 13.0

REMAININGD
TOTAL EXISTING 20.8

18.2 15.2 12.0

REMAINING 14.5 13.5 11.2
TOTAL A+C+D 74.1 48.2 43.4 36.2
B
TOTAL EXISTING 36.2

REMAINING 26.8 29.4 34.2 34.2
FOOTNOTE.
THESE ACRES OF  R IVERBA N K  CONTAIN SOME AREAS OF  HIGH QUALITY VEGETATION  
CONSISTING OF WILLOWS, SHRUBS AND HERBS, PARTICULARLY ALONG THE EDGE  OF THE RIVER.     
THESE ACRES ALSO INCLUDE AREAS COMPRISED OF  ROADSIDE  WEEDS AND UNVEGETATED ROCK  
F ILL WHICH ARE MORE DISTURBED AND OF LOW QUALITY. APPROPRIATE MANAGEMENT OF THESE 
LOW QUALITY AREAS COULD BE INCORPORATED INTO A REVEGETATION PROGRAM.



ENVIRONMENT
Revegetation Potential
Much of the existing riverbank in the Canyon consists of rocky fill material or sparse, low quality vegetation. A potential natural environmental benefit from highway design and con
struction could be realized through revegetation of these 
scarred areas. The revegetation chart presents the estimated 
riverbank acres which would remain for each alternative (Segments 
A, C, D) and subalternative (Segment B). Acreage available for 
revegetation due to abandoned roadway or construction zones is given in Table 7.
In Segments A, C, and D, the amount of riverbank left is 
generally in the range of 50 percent of the existing riverbank 
acreage. While some valuable vegetation currently exists, more appropriate ma of the riverbank vegetation is desirable. In general, revegetation of these areas can be accomplished 
without much difficulty due to the gentle slopes, moisture con
ditions and other moderating environmental factors. Willow, 
chokecherry, serviceberry and other streamside bushes, as well as native grasses can be expected to form well-developed 
growths within five to ten years. Establishment of tall, 
mature cottonwoods and boxelders will take a considerable time— over 25 years.
Revegetation of construction zones and access roads for ele
vated structures pose more severe constrictions to revegetation. Environmental conditions on the Canyon walls, such as lack of 
moisture, temperature, slope, drainage and others, would be critical problems in these areas. As a consequence, exposed areas may remain unvegetated or only partially vegetated for a 
very long time. Similar problems may be experienced on talus 
slopes near the Canyon floor where construction requires talus cuts or disturbances to brush vegetation.

SEGMENTS A, B, C, D, (WHOLE CANYON)
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Table 7
REVEGETATION POTENTIAL Abandoned Roadway and Construction Zones

Land Type Available for Revegetation
Acres Available Per Alternative

Segment 48-FootTwo-Lane 56-Foot 68-Foot 
Four-Lane Four-Lane Splitline Lowline Highline

A Existing Roadway 
(Abandoned)1 2.2 2.4 2.6

B Existing Roadway 
(Abandoned) 2.0 2.2 5.5 5.5
Pier Construction Zones  2.1 2.9 (2)

C Existing Roadway 
(Abandoned) —   

D Existing Roadway 
(Abandoned) 1.1 1.1 1.1

(1) Category includes those portions of the existing roadway not incorporated into the 
alternative alignments due to geometric requirements, as well as those areas between 
lanes and access ramps at interchange locations which will be available for revegetation after construction.

(2) Information not computed.



ENVIRONMENT 
Air Pollution
Traffic projections are the same for all alternatives. The 
generation of emissions, therefore, would be approximately the same. There are some differences in the alternatives, however, that would affect emission generation and sensitive receptor 
sites such as rest areas.
Three variables were considered in the analysis of air pollu
tion emissions:

GradeA vehicle climbing a grade burns more fuel and emits 
more air pollutants than one traveling level.
Level-of-ServiceFor the speeds recommended in the Canyon, the slower 
a vehicle travels, the more pollutants, except for nitrates of oxygen, it produces. Lower levels-of- 
service indicate slow-moving, congested traffic and, 
therefore, higher pollution levels.

. DistanceWithin the Canyon, air pollutants would generally disperse themselves except for possible concetrations 
along the roadway and at tunnel portals.

C o m p a r i s o n  o f  A l t e r n a t i v e s
Analysis of existing pollutant levels and projected traffic 
indicates that air pollution emissions would be well within National Ambient Air Quality Standards (NAAQS) and not a 
problem within the Canyon. The highest one-hour concentration during the August 1976 peak of carbon monoxide (CO) was five 
parts per million (ppm) while the NAAQS standard is 35 ppm.
Future emission levels are not expected to be severe due to the 
increased number of vehicles with catalytic devices to burn 
fuel more efficiently and thus reduce pollution output. 
Emissions for an average 1990 vehicle mile are projected to be 
one-tenth of a 1975 vehicle mile.

SEGMENTS A, B, C, D, (WHOLE CANYON)
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Study of the three variables for each alternative suggests that 
consideration of air pollution, especially as regards NAAQS 
standards, is not a critical factor in the alternative selec
tion process. However, the low level-of-service of the two- lane facility could generate more pollutants than the four-lane alternatives. Other variables do not indicate significant 
differences.
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SEGMENTS A, B, C, D (WHOLE CANYON)
ENVIRONMENT
Noise
Traffic projections are the same for all alternatives. The 
generation of noise, therefore, would be approximately the 
same. There are, however, differences in the subalternatives which would affect noise generation and impacts to sensitive 
receptor sites. For analysis, three recreation areas in 
Segment B were selected as sensitive sites.
The effects of reflection and reverberation could change the 
character of the noise and increase noise levels somewhat.Where a roadway would abut sheer canyon walls, these effects 
could increase noise levels by up to three dBA. However, at 
most locations, roadways are not directly adjacent to canyon walls. The angle and broken surface of most slopes would 
diminish the impact of reverberation and reflection. At 
recreation areas, side-canyon openings would further reduce 
these effects.
Four variables were considered in the analysis of noise for the 
sublaternatives:

. GradeHeavy duty vehicles create more noise traveling up a 
grade. A grade of between two and three percent can increase noise levels by one dBA; between three and 
four percent, an increase of two dBA; and between 
five and six percent, three dBA. An increase of three dBA represents a perceived doubling of sound.
RampsAccess ramps to recreation areas are designed with six percent grades. Their proximity to recreation 
areas would locate periodic spurts of up to 85 dBA 
near recreation activity if a truck were to enter or 
leave the facility.
DistanceAn increase of distance from the roadway would reduce 
the impact of noise. A doubling of distance can 
reduce noise levels by three dBA.
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. Elevation of the Structures
The height of the roadway decreases the level of 
noise at receptor sites below. The structure itself can act as a barrier and the distance lessens the 
impact of the noise.

G r a d e
The platform subalternatives have the fewest grades. Where 
they do occur, they would not effect recreation areas.
The lowline and split subalternatives have steep grades. These are not, however, located in proximity to the proposed recrea
tion areas.
The highline subalternatives have a six percent grade which 
extends over a mile in the vicinity of Hanging Lake. At both French Creek and Bair Ranch, the grade is 2.5 percent. The 
effect of these grades is diminished by distance, however.
R a m p s
All subalternatives have ramps in the vicinity of Bair Ranch 
whereas the platform subalternatives require ramps near Hanging 
Lake and French Creek for access.
D i s t a n c e
Generally, the platform subalternatives align the roadway closer to the river while the highline and lowline subalternatives 

 abut the Canyon walls and, particularly at the recreation 
areas, extend partially into side-canyons. The platform would 
affect river-oriented activities such as kayaking, rafting and 
riverside hiking while the highline and lowline would have more 
impact on side-canyon activity.
The mitigating effect of distance is more significant when 
coupled with elevation.
E l e v a t i o n  o f  S t r u c t u r e s
The platform subalternatives are not sufficiently elevated to significantly affect the impact of noise on sensitive receptor 
sites. The highline is 240 feet above Hanging Lake and French 
Creek; the lowline extends 25 feet above Hanging Lake and 90 feet above French Creek; the split subalternatives have one set 
of platform lanes and the other 40 feet above Hanging Lake and 
90 feet above French Creek.
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The result would be a reduction of noise levels on receptor 
sites of between 10 and 15 dBA with the highline; between 5 and 10 dBA with the lowline and a minor decrease at Hanging Lake 
with the split subalternatives.
C o m p a r i s o n  o f  A l t e r n a t i v e s

. Platform
These subalternatives would generate the least noise 
due to grades. Ramps, however, would be located at 
all three recreation areas in Segment B. It would affect riverside activities more than side-canyon 
recreation.
SplitlineEastbound lanes of the split subalternatives would 
have impacts similar to the platform alternatives while the westbound lanes would be similar to the 
lowline alternatives. It would, therefore, affect 
more activity and have less distance and elevation 
advantages than the highline and lowline alternatives.

. Lowline This subalternative would have more grades than the 
platform but, due to their location, they would not 
affect sensitive receptor sites. Ramps would affect 
Bair Ranch but the other ramp locations are not near 
recreation areas. The roadway would impact side- 
canyon activity more than river-oriented recreation. 
The elevation of the structure would lessen the 
impact of noise to platform activities while affecting 
those further in the side-canyons more.

• HighlineGrades would be near the three recreation areas; however, the elevation and distance of the roadway would reduce these grade impacts. Ramps would be 
near only Bair Ranch. This subalternative would 
affect side-canyon activity more than river activity; 
its location, further into the side-canyons would 
have more of an impact than the lowline.

IV-27



SEGMENTS A,B,C,D

BIKEWAY-FISHERMANS WALK
RECREATION

B IC Y C LIN G  
E X P E R IE N C E  (In m iles)

A GOOD 
FAIR 
POOR 
TOTAL

B GOOD 
FAIR 
POOR
to tal

C  GOOD 
FAIR 
POOR 
TOTAL

D GOOD 
FAIR 
POOR 
TOTAL

TOTAL FULL LENGTH

48' 2 LANE

1.22
.38.48

2.08
1.91
.09

2.484.48
1.55
.9 6

1.21
3.70

2.22 
.1 6  

.55
2.71

12.97 MI.

56' 4 LANE

.91

.31

.862.08

1.02
.46

2.22
3.70

2.08
.30
.55

2.71

6 8 '  4  LANE

.91

.24

.93
2.08

.79

.38
2.53
3 .70

1.15
1.04.52
2.71

2.75
.20

1.53
4.48

4.28
.20

448

4.30
.04.08

4.48

SPLIT Lo w l in e HIGHLINE



SEGMENTS A, B, C, D, (WHOLE CANYON)
RECREATION
Potential for Linear Bikeway/Fisherman's Walk
The potential quality of the design of a pathway along the river 
is directly influenced by the amount of space between the high
way and the river. Based upon this indicator of the relative 
quality of a pathway, the amount of land available, the length 
of each segment has been judged good, fair and poor. The total 
lengths of each category indicates generally how the riverbank 
fares in its competition with the highway.
A breakdown of assumptions used for the pathway analysis follows

. Good = greater than 25 feet horizontally from the 
southern road edge to the river;

. Fair = between 15 feet and 25 feet from road edge 
to river or steep banks;

. Poor = less than 15 feet from road edge to river. 
Access for Recreation
The major TRG Recreation Subcommittee recommendations were 
consistently applied to the test cases developed for the 
alternatives analysis. The most important recommendations 
affecting the highway design were the provisions of a bicycle/ 
pedestrian pathway separated from the highway for the length of 
the Canyon and the location and type of access for various 
activity nodes summarized as follows:

. West End Lookout
Minor node - EB access

. Grizzly Creek
Major node - EB and WB access

. Shoshone Power Plant
Minor node - access flexible
Blue Gulch
Minor node - access flexible

. Poison Spring
Minor node - WB access
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. Hanging Lake/Shoshone Dam
Major node - EB and WB access

. French Creek
Minor node - EB and WB access

. Bair Ranch North
Major node - EB and WB access

• Book CliffsMinor node - WB access
Access requirements at Blue Gulch and Book Cliffs were considered 
to have severe impacts relative to the benefits gained and were 
not provided. A substitute activity node was provided for Book 
Cliffs at the Siloam Springs area. The impacts incurred from 
the access facilities are covered by other analysis categories.
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SEGMENT B
RECREATION
Recreation Potential
Introduction of elevated alternatives away from the existing 
platform allows a linear recreation area to be provided with 
good levels of experience except where ramps join the platform 
level.
Access to activity nodes is somewhat more difficult with the 
highline and lowline concepts especially at Hanging Lake and 
French Creek. The recommended access could be provided to 
these two nodes by utilizing a portion of the existing roadway 
at either end of the segment.
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SEGMENTS A, C, D 
ESTHETICS
The subject of esthetics in these segments has been found to 
have very little significance between the various alternatives. 
The primary reason for this is the potential to minimize 
negative visual impacts with mitigating measures such as 
revegetation. In addition, the negative impacts of each 
alternative were very nearly the same.

IV-32



SEGMENT B
ESTHETICS
In Segment B, with its elevated alternatives, the subject of 
esthetics plays a very important role in the selection of 
alternatives. However, it is not possible to quantify the 
problem in objective terms as the basis of information is 
subjective depending on each individual's value standards.
There is little doubt that the elevated alternatives can 
offer a very dramatic view of the Canyon for nearly one-third 
of its length. However, there is equal potential for negative 
impact over the same distance when the elevated structure is 
viewed from below. Vegetation can still play a role in 
minimizing the visual impact of the elevated structure from 
the platform. Final selection of alternatives in the trade 
off zones and detailed design of the interchange and structures 
are also strong mitigating measures. However, the final division 
by each individual will still be significantly influenced by 
emotional factors.
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SEGMENTS A,B,C,D CAPITAL COST
O R D ER  OF M A G N ITU D E  in I976 D O L L A R S  (MILLIONS)

LANDSCAPING AND R EC R E A TIO N A L  
F A C IL IT IE S  A R E  E X C L U D E D

A
4 8 ' 2  LANE 5 6' 4  LANE 68 ' 4  LA N E 56' SPLIT 68' SPLIT48' LOWLINE56 ' LOWLINE 6 8 ' LOWLINE 56' HIGHLINE68' HIGHLINE
$9 .4 M$18 .1

(9.5 M/MI)
$24.2

($12.7 m/mi)

B $45.8 M $76.6

 

$85.0

($18.9 M/MI)

$82.8

(18.8 m/MI)

$102.8$114.4

($26.0 m/mi)

$129.1 $141.3

C $17.4 M$22.3$37.9

($10.5 m/mi)

D $12.0 M

($4.4 M/MI)

$15.4

($5.7 m/mi)

$18.9



s e g m e n t s  a ,b ,c , d  c o n s t r u c t i o n

E S T IM A T E D  RO CK A N D  T A L U S  CUTS

SEGMENT 

A TALUS LENGTH

Talus ar ea
ROCK LENGTH
Rock a r e a

46' 2 LANE 50 ' 4 LANE 68 '  4  LANE SPLITLINE LOWLINE HIGHLINE
0

0
700

18,700

100
300

750
25,000

loo
300

750
27,500

E> TALUS LEN GTH
Talus area
ROCK LENGTH

r o c k  a r e a

1750
25,300

80
1,600

2,340
36,300

11,050
17,070

2,340
40,100

1,000
25,670

2,070
28,630

8 30
18,430

C  TALUS LENGTH 

TALUS AREA  
ROCK LENGTH 

ROCK A R E A

850
4,100

50
500

950
6,300

50
500

350
8,400

50
500

D TALUS LENGTH 

TALLIS AREA  

ROCK LENGTH 

ROCK A R E A

2200
23,800

0
0

4,000
39,300

0
0

4,250
52,400

0
0

 
LIN. FT. SQ. FT.

 
LIN. FT. SQ. FT. LIN. FT. SQ. FT.



SEGMENTS A,B,C,D CONSTRUCTION
RIVERSIDE RETAINING WALL

S E G M E N T 4 8 ' 2  L A N E 5 6 '  4  L A N E 6 8 ' 4  L A N E S P L ITL IN E LOWL IN E HIGHLINE
L IN E A L  F E E T  

1. NO WALL OR BRIDGE. 1830 28 0 2802. LOW RETAIN ING  W A LL 556 0 1000 630
3. M ED IU M  RETAINING WALL 1100 5310 1 1 6 5
4 . H IG H  R E T A IN IN G  W ALL. 0 0 18705. BRIDGE STRUCTURE* 1830 3730 5 375B 1. 2370 3 7 4 0 1130 420

2 . 6540 10 3 1 0 2 5 0 240
3 . 2360 17 8 0 1 4 7 0 23804. 420 1 4 8 0 780 05 1 1 2 7 0  5 8 0 0 17, 260 16975C I. 1 440 o o    not RIVERSIDE

2 9 7 6 0 3600 2203. 3 6 1 0 6 8 0 0 5 5 2 04. 580 4 4 9 0 4 6 0 0
5 3 4 4 0 3 8 7 0 8480D 1. 4 8 7 0 45oo 4100

2 . 2 4 9 0 1730 15403. 2 710 2900 34004 138 0 1080 13105
     

2620 2 8 6 0 3520
*  Including cantilevered deck



CONSTRUCTION
The description of alternatives, Section III, includes detail 
regarding the location, size and cause of the talus and rock 
cuts called out in the preceding chart. In addition, the 
description also explains the requirements for the various 
structural types tabulated on the preceding chart.
Construction Considerations

SEGMENTS A, B, C, D (WHOLE CANYON)

Potential equipment and materials storage sites exist within 
the Canyon. The areas considered available are located adja
cent to the existing roadway and can be utilized with no major 
environmental impacts. The use of these areas will involve 
no rock or talus cuts and no removal of quality vegetation. The 
areas would be revegetated in accordance with a planting/ 
revegetation program for the entire Canyon. The position of 
the CDoH is that contractors will not be allowed to create 
unnecessary environmental impacts during construction. Con
tractors requiring additional area will be required to find 
suitable sites beyond the limits of the Canyon.
Minor differences in construction techniques and difficulties 
exist between the three alternatives in Segments A, C and 
D where construction is primary on the existing roadway platform. 
The most difficult portions of these segments are in relation 
to tunnels and their approaches and areas of river encroach
ment where bridge structures are required. These added require
ments are greatest with the 63-foot, four-lane alternative 
and least with the 48-foot, two-lane alternative. The more 
difficult the construction, the longer the construction period will be.
The splitline and lowline subalternatives in Segment B will be 
more difficult to construct, mainly due to the almost exclusive 
use of bridge structure through this segment. Access to some 
of the tunnel portals will be difficult and the additional work 
to prepare areas for construction and to develop suitable 
bearing in unstable materials (at least surface materials) will 
add to the difficulty of constructing a splitline or lowline.
The lowline is considered to involve more construction diffi
culties than the splitline because of the larger structural 
elements (roadway deck sections), larger piers and footings 
and the double tunnelling (separate tunnel for each direction of travel) required.
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The highline subalternative in Segment B presents the greatest 
difficulties during construction due to the severe construc
tion access problems. This will result in greater environmental 
impacts on previously undisturbed areas and longer construction 
periods. Access to suitable bearing material for footings 
and rock faces for construction of tunnels would require con
struction of temporary ramps and falsework for creation 
of suitable work areas.
The Working Paper on Highway Construction Techniques details 
the various methods of highline construction available for 
use in the Canyon, all of which are significantly different 
in character and scope to the techniques that could be applied 
if construction were staged from the existing roadway platform.
Traffic Maintenance
Minor differences in traffic maintenance exist between the 
three alternatives in Segments A, C and D. Two-way traffic 
could be maintained adjacent to the Canyon wall while the 
eastbound lanes are constructed. When this stage is complete, 
two-way traffic would be diverted to the eastbound lanes for 
construction of the westbound lanes. The only difference 
between the alternatives is that maintenance of traffic would 
be easier with the wider alternatives as more width is available 
for two-way traffic operations.
Several locations have been identified within Segment A, C 
and D, however, where difficulties would exist. In Segment 
A at the side of the west approach to the Siloam Springs access 
area, a detour road approximately 1,300 feet long may be 
necessary in order to construct the west approach embankment.
In Segment C, the area immediately east of the Power Plant may 
be limited to one-lane traffic operation during construction 
of approximately 500 feet of the eastbound lanes. In Segment C, 
short detours of approximately 500 feet may be required during 
construction just west of the Grizzly Creek access and west of 
the Highway Maintenance Yard.
Within Segment B, the platform subalternative will be similar 
to the 48-foot alternatives in the other segments. Construc
tion of the east approach to the Bair Ranch access may require 
a detour road south of the existing roadway. At the west 
approach to the tunnel west of French Creek, a short detour 
may be required during the construction of the eastbound approach. 
A third area of difficulty would be at the Shoshone Dam where 
traffic may be limited to one-way operation for approximately 
500 feet during construction of the abutments for the eastbound lane.
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The highline, lowline and splitline subalternatives provide 
better opportunities for adequate maintenance of traffic in 
Segment B although construction operations will extend over 
a longer period of time. The highline offers the least amount 
of disruption to traffic. Short detours would be required, 
however, at Bair Ranch, the tunnel west of French Creek and 
at the Shoshone Dam. The lowline provides about the same 
level of service, however, temporary widening of the existing 
roadway for approximately 40 percent of its length may be 
required in order to maintain construction clearance for the 
piers. Short detours may also be required at the Bair Ranch 
and at the Shoshone Dam.
The splitline subalternative also can provide an adequate level 
of traffic maintenance. Several more complicated areas require 
additional construction. The more significant areas are:

The east and west approaches to the Bair Ranch access, 
where temporary detours may be required for construc
tion of the appraoch embankments.

. The east approach to the tunnel west of French Creek, 
where a short widening or one-way traffic might be 
required to allow room for the access road to the 
tunnel portal.
The Hanging Lake area, where a temporary road closure 
may be required during construction of the elevated 
section of the westbound lanes over the existing road.
The Shoshone Dam, where a traffic impact will occur 
during construction of the abutments for the eastbound 
lanes. After completion of the eastbound bridge at the 
dam, traffic can be detoured to this bridge and construc
tion of the westbound bridge can be carried out.
The existing roadway will have to be temporarily 
widened for traffic to detour around pier construction areas.
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MAINTENANCE
The major aspects of highway maintenance include the following:

. Snow removal

. Removal of rocks from the roadway 

. Maintenance of drainage structures

. Maintenance of structures

. Removal of ice

. Repaving
The first two of the above items are quite similar for all alterna
tives because of the similar application of barriers and ditches. 
The subalterantives involving elevated structure, however, will 
result in fewer potential rocks on the roadway. Maintenance of 
drainage structures is a relatively minor item which will also be similar for all alternatives.
Maintenance of bridge structures and, to a certain extent, removal 
of ice are dependent on the amount of structures assumed.
Regularly scheduled bridge maintenance is not a major considera
tion, but in the event of bridge collapse due to large rock 
falls, a serious disruption to service will result. Because of 
these considerations, those alternatives with the least structure, 
namely, the 48-foot and 56-foot platform alternatives, are least 
affected by these impact categories. Repaving will be more diffi
cult with the 48-foot, two-lane alternative as less distance 
between barriers will make it more difficult to conduct the 
repaving work and maintain traffic at the same time.

SEGMENTS A, B, C, D (WHOLE CANYON)
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SECTION V
DISCUSSION OF TRADE OFF ZONES, 

SUBALTERNATIVES AND DESIGN OPTIONS

INTRODUCTION
Trade off areas have been identified for each of the alter
native design concepts throughout the entire length of the 
Canyon. The remaining length of the Canyon, outside the 
trade off areas, also involve trade offs between different 
types of impact, but these have been considered less critical 
or more typical and more related to the minor types of 
shifts in alignment and profile which would naturally take 
place during the final detailed design of a highway facility.
The trade off areas identified have been classified in two 
categories inferring the critical or sensitive nature of the 
environment or the order of magnitude impacts and trade offs 
involved. These levels are outlined below.
Subalternatives in Segment B
Major subalternatives in alignment and profile for a major 
portion of the Canyon where the impacts for any new or 
improved roadway would be substantial and the trade offs 
between impacts would be significant.
These subalternatives cover the entire length of Segment B. 
(Just east of Tie Gulch to just west of Shoshone Dam.)
The basic subalternatives developed include:

The Highline Concept
The Lowline Concept

. The Splitline Concept

. The Platform Concept
Trade Off Zones
Subalternative alignment shifts for short lengths of the 
Canyon and/or provision and alternative configuration of 
access have been investigated where conditions do not allow
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the placement of a roadway or access point without major 
impact to one or more sensitive elements of the Canyon (including recreation potential).
These trade off zones occur at various locations throughout the length of the Canyon.
The basic subalternatives developed include:

The Basic Concept
Alignment and/or access configuration as included 
as part of the total design concept for the Canyon.

• Shift in Alignment at 50 mph Design Speed 
Elimination of Access Point

• Reconfiguration of Access Facility
• Realignment at 40 mph Design Speed

These subalternatives do not include all the possibilities 
for shifting or mitigating impact but are representative of 
the most significant alternatives at the concept level of detail.
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DESCRIPTION OF SUBALTERNATIVES IN SEGMENT B
Descriptions of these subalternatives are included in the 
descriptions of the alternative highway design concepts. 
Information regarding the major trade offs involved are 
summarized on the chart titled Segment B— Generalized 
Comparison.
TRADE OFF ZONES
Thirteen distinct locations have been identified as trade 
off zones. They are located on the attached set of area 
maps. Their occurrence in the Canyon is identified by 
segment as follows:

. Segment D
(West End to East of Grizzly Creek)

Two trade off zones c

. Segment C
(East of Grizzly Creek to West of the Shoshone 
Dam)

Three trade off zones 
. Segment B

(West of the Shoshone Dam to East of Tie Gulch)
Five trade off zones (with the platform 
concept)

. Segment C
(East of Tie Gulch to East End)

Three trade off zones
Trade Offs Associated with Access Functions
The access points in the Canyon which are included in the 
basic alternative highway concepts have been identified by 
the TRG Recreation Subcommittee as desirable from a recrea
tional point of view. Two other access points for recrea
tion were identified by the Subcommittee in conjunction with 
minor recreation activity nodes at Blue Gulch and the Book 
Cliffs. The Blue Gulch and Book Cliffs access points have 
not been included in the basic concepts because of the 
inordinately high impact associated with provisions of 
access in those locations. In the basic concepts, the 
Siloam Springs is a substitute location for the Book Cliffs 
access point. All recreation access points are discussed in
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the TRG Recreation Subcommittee Working Paper (November 11, 
1976) which presents a draft final report on recreation 
program recommendations.
The recreation access points (as included in the basic 
concepts) are considered by the design team to be a reasonable 
or feasible maximum number of access locations. Due to the 
proportional high amount of environmental and visual impact 
associated with these access functions, however, a further 
reduction of the number of access points should be considered, 
keeping in mind the benefits or disbenefits to recreation 
each provides. All access points, therefore, have been 
identified by the design team as trade off zones with the 
major trade offs being recreation impact versus environment, 
visual and land take types of impacts.
Of the 13 designated trade off zones nine are concerned 
partially or totally with access. At one trade off zone 
(the Book Cliffs) the access recommended by the TRG has not 
been provided in the basic concepts. Two locations have 
been identified as trade off zones solely because of access 
(Poison Spring and French Creek). At four locations the 
access included in the concepts is not solely for recrea
tional use. These are at the Shoshone Power Plant, the 
Dam/Hanging Lake access complex, Bair Ranch, and at the 
Siloam Springs (East End) interchange. The remainder were 
identified as trade off zones for other reasons (environ
mental, visual and land take versus alignment and profile of 
the basic roadway, design speed, and roadway width).
In addition to provision of access at these locations is the 
multitude of design options associated with configuration of 
the access function. Representative subalternatives have 
been investigated to illustrate some of the more significant 
shifts in impacts that could be realized. Because of the 
detailed studies required to design access points or inter
changes, design options must be studied during the final 
design of the highway. Direction regarding the types of 
impacts least desired at each location should be given by 
the CAC at the concept level.
Trade Offs Associated with Alignment
Of the 13 trade off zones identified, nine include major 
impact trade offs associated with shifting the alignment at 
a 50 mph design speed. The initial trial alignments were 
negotiated through the Canyon with the primary objective of 
minimizing adverse impact to the natural environment.
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Certain standards of good highway design, however, were 
maintained. In areas where the alignment could not avoid 
major rock cuts, talus encroachment, river encroachment and 
high quality riverbank vegetation take, these major impacts 
were flagged by the design team. Where shifts in alignment 
could avoid the identified impact, representative subalter
natives were investigated to trade off the identified impact with other impacts.
The locations identified where shifts in alignment could shift major impacts are:

. CDoH Maintenance Yard
Curve East of Grizzly Creek (including tunnel 
subalternative).

. Curve East of Hanging Lake (including tunnel 
subalternative).

. Reverse Curve West of French Creek (including 
tunnel subalternative).

. Curve East of Tie Gulch

. Curves at the Book Cliffs
The remaining locations involve only shifting of impacts 
other than major environmental impacts as described above. These are:

. Grizzly Creek

. Bair Ranch

. Siloam Springs (East End)
Trade Offs Associated with Lowering Design Speed
Throughout the length of the Canyon there are six locations 
where lowering the design speed (to 40 mph) would produce an 
alignment that would reduce the major impacts associated 
with the 50 mph alignments. These locations are:

. Maintenance Yard (would still require major talus
encroachment or sensitive riverbank vegetation take).
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. Shoshone Power Plant (would still require major 
riverbank encroachment and visual impact at the 
river level).

. Curve East of Hanging Lake (would still require 
major encroachment into the river or rock cut).

. Reverse curve West of French Creek (would still 
require major encroachment of the riverbank).

. Curve East of Tie Gulch (would still require talus 
or riverbank encroachment).

. Curves at the Book Cliffs (would still require 
riverbank encroachment).

Due to the widths of the improved roadways, in all the 
locations mentioned above the 40 mph alignment does not 
totally eliminate the major impacts identified with the 
50 mph alignment.
With any of the trade offs associated with an alignment 
based on a 40 mph design speed, the major trade off becomes 
one of safety impact versus environmental, visual, recreation, 
or land take types of impact.
Trade Offs Associated with Narrowing Roadway Width
In maintaining the design approach that one of the alter
natives highway concepts considered must meet Interstate 
design standards, no narrowing of the 68-foot, four-lane 
roadway was considered. When a narrowing of a four-lane 
facility is to be considered the 56-foot width would be that 
narrower width. This subalternative is covered, in principle, 
by the 56-foot, four-lane design concept.
The subalternative of narrowing the roadway in trade off 
zones has mainly been investigated in conjunction with the 
48-foot, two-lane design concept. The alternative width of 
44 feet was used in the investigation of the affect on 
identified impacts created by the basic two-lane concept.
Since the majority of environmental impact created by the 
construction of an improved highway is directly related to 
the need for additional width over that which is presently 
used for the existing highway, the width of the roadway is 
important. In addition, the narrow character of much of the 
existing or potential roadway platform at the floor of the
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Canyon, together with the slope conditions to the river 
itself, indicate that the greater the width of the roadway, 
the greater the requirement for larger or more massive 
structural components in the construction of that roadway. 
The narrower the roadway, the less visually intrusive it 
would be in most locations in the Canyon.
In many locations along the length of the Canyon, the 
difference between a 48-foot roadway and a 68-foot roadway 
would not change the type of impact created or greatly 
change the amount of impact. This is primarily due to the 
existing condition and character of the land area adjacent 
to the roadway along the majority of its length. Along the 
remaining length, a change in the types of impact and a 
greater change in the magnitude of any particular impact 
would be realized.
The investigations undertaken in the trade off zones have 
indicated that in most locations the difference of four 
feet, between a 48-foot and 44-foot wide roadway would 
induce little incremental benefit in terms of reducing major 
impact. At the level of detail the design concepts are 
presently being evaluated, four feet is hardly discernible. 
This is not to infer that the difference in impact on the 
Canyon itself would not be significant. On the contrary, it 
may be and, therefore, the possibility of reducing impact 
anywhere in the Canyon will be investigated in Phase Two on 
a foot-by-foot basis especially in the trade off zones where 
major types of impact cannot be avoided.
The general investigation into the effects of a four feet 
difference in roadway width has indicated the following 
general types of changes in potential impact:

. Reduction in Horizontal Land Take (the platform)
This is not considered to be significant because 
where horizontal land is present it is part of the 
existing roadway platform. This is the case at 
the west end of the Canyon. In most other lengths 
of the Canyon either a 44-foot or 48-foot roadway 
would not fit on the horizontal portion of the 
existing roadway platform. This does, however, 
mean that less land is available for potential 
revegetation.
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Reduction in Vegetation Take
This effect only occurs where vegetation presently 
exists in the area that would be affected by the 
four-foot change in width (primarily in Segment B 
from Hanging Lake to Tie Gulch). This is less 
precise due to the nature of construction procedures 
and is subject to the preciseness to which work 
areas are delineated and adhered to by construction operations.
Elimination of Rock Cuts or River Encroachment
In no area would the four-foot difference mean the 
difference between having rock cuts or construction 
in the river and not having them.
Elimination of Encroachment into Talus Slopes
The reduced width could in theory avoid potential 
encroachment into talus slopes that a 48-foot 
roadway would have in specific locations. Inves
tigation during final design would review if a 
slight (two to three feet) raising of the profile of the roadway would eliminate that same encroach
ment or the impact the encroachment would have 
(stability and visual).
Elimination of Retaining Structures
The four feet reduction in roadway width could 
eliminate the need for retaining structures less 
than two to three feet in height. None are 
included in the basic design concept at present.
In general, the impacts associated with retaining 
structures of low heights (five feet or under) are 
not significant adverse impacts. This, however, 
would be studied in great detail during the final 
design. If long lengths of retaining wall could 
be eliminated or broken up by narrowing the 
roadway or other design options, this would be 
considered esthetically beneficial.
Reduction of Size and Scale of Retaining Structures
The four feet reduction in roadway width applied 
to any location presently delineated by retaining 
wall, would reduce the height of that retaining
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wall by approximately two to four feet depending 
on the slope of the riverbank or talus slope in 
that area. This reduction in height, generally 
applied, would be beneficial, even though in some 
areas it would be visually imperceptible due to 
the remaining scale and massing of the structural elements of the roadway.

. Reduction of Enroachment into Riverbank or Talus Slope
The four feet reduction in roadway width applied 
to any location where even the 44-foot roadway 
would require encroachment into the riverbank or 
talus slopes, would result in four to five feet of 
sloped riverbank or talus reclaimed due to the 
reduction in roadway width. Other design options 
also have the potential to reduce encroachment 
into riverbank or talus slopes equally or more. 
Detailed studies will be undertaken to investigate 
these options to reduce impact.

The general types of effects a 44-foot roadway would have in 
reducing the encroachment associated with the basic two-lane 
concept are as follows:

Segment A
Reduce horizontal land take and gain area for 
potential revegetation.

. Segment B
Reduce take of sensitive riverbank vegetation.

. Segment C
Increase land area for lineal recreation facility 
for bicycle/pedestrian path and reduce height of 
retaining structures.

. Segment D
Reduce horizontal land take and gain area for 
potential revegetation.

These reductions in encroachment must be traded off against 
the incremental difference in traffic handling ability and 
safety of a four-foot narrower two-lane highway.
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No specific locations were identified where only by narrowing 
the roadway to 44 feet would an identified impacted be 
eliminated or reduced.
The actual difference in impact that is be created by 
narrowing the roadway is in most locations in the Canyon 
only discernible with more detailed analysis. This will be 
carried out during the final design process, where many 
varied detailed design option will be investigated in order 
to reduce potential impact.
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17 AREA MAPS RECORDING THE 13 TRADE OFF ZONES IDENTIFIED DURING THE DEVELOPMENT 
AND REFINEMENT OF THE ALTERNATIVE HIGHWAY DESIGN CONCEPTS.

These maps also note where design options 
could greatly affect the potential impacts 
and appearance of any selected concept.

DeLeuw, Cather & Company December 1, 1976
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Possible area of terracing roadways, 
with same lane separation by 
median widening.
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Possible area of terracing roadways
w i t h  s o m e  l a n e  s e p a r a t i o n  b ymedian widening.

C D o H  M ain te n a n ce

West End Lookout

 A r e a  M a p  # 2

  Riverbank vs.Talus Stone 
Recreation Access vs. Environment

TRADE OFF ZO NE #1.



Possible a re a  o f te rra c in g  roadways 
w ith  som e lane  s e p a ra tion b y  
m ed ian  w id en in g .

Area Map #3

 

Recreation Access vs. Environment & Visual
R iverbank Vegetation vs. T a lu s  S lo p e  E n c ro a c h m e n t

Trade Off Zone #2.



P o s s i b l e  a r e a  o f  t e r r a c i n g  r o a d w a y s  w i t h  s o m e  
la n e  s e p a r a t i o n  b y  m e d i a n  w i d e n i n g .

Also location of tunnel subalternative
  (c u r v e  e a s t  o f  G r i z z l y  C r e e k )   

GRIZZLY CREEK
TRADE o f f ZONE #3.

Rocky cut & Talus Slope Encroachment vs.
Riverbank Encroachment & Cantilever

over river

Recreation Access vs. Environment
Riverbank Vegetation vs. Talus Slope Encroachment

TRADE OFF ZONE #2.
SEGMENT D.     SEGMENT

A r e a  M a p  # 4



TRADE OFF ZONE #3.

Rock Cut & Talus Slope Encroachment vs.
Riverbank Encroachment & Cantilever over river.

P o s s ib le  a r e a  o f  p a r t ia l ,  d o u b le -d e c k in g  
( o v e rla p p in g).  

A l s o  a r e a  f o r  l ower i n g  p r o f i l e
of roadway ( o r  e a s t b o u n d  l a n e s )  
in some locations

A r e a  Ma p  # 5  



Possible area for double-decking (overlapping) of opposite direction lanes.

S h o s h o n e  P o w e r P la n t

TRADE OFF ZONE #4.

A r e a  M a p  # 6 .



P o s s ib le  a re a  fo r  double-decking  
(overlapp ing )  of o p p o s ite  d irec tio n  
lanes.     

A l s o  a r e a  f o r  lo w e r in g  p ro file
o f ro a d w a y  -- o r  e a s tb o u n d  

l a n e s  - -  t e r r a c i n g .

Area Map #7.



Wagon Gulch

Also area for lowering profile
of roadway -- or eastbound lanes--

(te rra c in g ) .

Possible area for partially 
d o u b le - d ec k in g  o f  r o a d w a y  
(overlapping)

Recreation Access vs. Environment

TRADE OFF ZONE #5.

Area  Map # 8



P o s s ib le  a r e a  for p a rtia l d o u b le -d e c k in g  
(overlapping) o f  o p p o s i te  dire c tio n  lan es

Shoshone Dam
Possible use of existing
roadway for access

 ro a d              

Recreation & Dam AccessEnvironment & Ethetics.
Safety vs. Environment & Ethetics.

TRADE OFF ZONE # 6 .

SEGMENT C.      SEGMENT B.

Area of major subalternative design concepts

Area Map # 9 .



Area of major subalternative 
design concepts .

Lake A te a

Possible use of existing roadwayfor access road with Highlineand Lowline concepts.
Recreation Access & Safety
   vs. Environment &
         Esthetics.

Rock Cuts & Talus Slope Encroachments vs. Riverbank & River E n c r o a c h m e n t .

TRADE OFF ZONE #6.   
Also location of tunnel subalternative  

 for platform alternative. TRADE OFF ZO N E  # 7.
(C urve east of H an gin g  L ak e)

  Area Map # 10.  



Area of major subalternative design concepts
Possible use of existing roadway as access 
roadway with Highline and Lowline concepts.

TRADE OFF ZONE #7

Rock Cut & Talus Slope Encroachment vs.
Riverbank & River Encroachment.
 

P o s s i b l e  t e r r a c in g  o f  o p p o s i t e  d i r e c t i o n

lan es  on p latform.

Possible separation of opposite direction 
lanes in some locations by placing 

e a s tb o u n d  la n e s  in  th e  r iv e r .

 Area  Map #11.



A r e a  o f  m a j o r  s u b a l t e r n a t i v e  d e s i g n  c o n c e p t s

Possible terracing of opposite direction lanes on platform . 
Possible separation of opposite direction lanes by placing 

 e a s tb o u n d  la n e s  in  th e  riv e r T R A D E  O FF ZON E  # 9 .
         i n  s o m e  l o c a t i o n s .

Recreation Access vs. Environment & Esthetics.
Possible use of
existing roadway as
 access road with  
Highline and Lowline Concepts.

TRADE OFF ZONE #8.

Rock Cut &  Ta lu s  S lope Encroachment v s . 
R iv e r b a n k  &  R iv e r  E n c r o a c h m e n t .

Also location of tunnel subalternative 
(Reverse curves west  o f  French Creek)

A r e a  M a p  # 12.



A rea of major subalternative design concepts
F re n c h  C re e k P o ss ib le  te rrac in g  o f opposit e  d irection  

la n e s  o n  p la tfo rm .

Possible to bring Lowline Concept
to platform in this area

T RADE OFF ZO NE #9.

R ecrea tio n  A ccess  vs . E nv iro nm en t &  E sthe tics .

Possible s e p aratio n  o f o pp os ite  d irectio n  lan es  in  som e lo ca t io n s  b y
placing eastbound lanes in river.
Possib le use o f ex is ting  roadw ay as a c c e s s  r o a d   Area Map #13.
with Highline and Lowline Concepts. 



T R A D E  O F F  Z O N E  # 1 0 .

Recreation Access vs. Environmment & Esthetics 
Talus Slope Encroachment vs. Space for Recreation

 P o ssib le  to  u se  e xistin g  ro a d w a y

Possible terracing or separation 
o f  l a n e s  i n  t h i s  a r e a .   

B a ir R a n c h

A rea of major subalternative design concepts.
 

 
A re a  M a p  # 1 4 .



T ie  Gu l c h
Possible area of terracing roadways

S e g m e n t  B  Seg m e n t A

T R A D E  O F F  Z O N E  # 1 1 .

Rock cut & Talus Slope Encroach- 
ment vs . Riverbank & River 
Encroachment.

Area M a p  # 1 5 .



B o o k  C l i f f s

Possible area of terracing roadways

Recreation Access vs. Environment & Esthetics 

Rock Cuts & Talus Slope Encroachment vs. R iverbank &
River E ncroachment.

T r a d e  O F F  Z o n e  # 1 2 .

Area Map #16.



P o s s i b l e  a r e a  o f  t e r r a c i n g

r o a d w a y s  w i t h  s om e

l a n e  s e p a r a t i o n  b y

median widening

E a s t  E nd

Possible use of 
 existing roadway 
    f o r  access road.

TRADE OFF ZONE #13.
SEGMENT A.

BLM & US Fish & Wildlife Access (adjacent section) &

   Recreation Access vs. Environment & Esthetics

Are a Map # 17.



DESCRIPTION OF TRADE OFF ZONES
The 13 identified trade off zones and the representative 
subalternatives developed within them are illustrated of the 
Trade Off Zone Maps. Each trade off zone is described and 
delineated. The trade offs are discussed and noted whether 
major or minor in the opinion of the design team. The 
subalternatives developed to represent the trade offs, and 
the impacts shifts that could occur, are illustrated on 
individual maps.

V-29



COMPOSITE MAPS OF THE 13 TRADE OFF ZONES RECORDING THE EXISTING ROADWAY AND 
NATURAL CONDITIONS AND CONTROLS.

These maps also illustrate representative 
subalternative alignment and access 
configurations to identify types of impacts 
created with each and to accentuate when 
shifts in impact from impact category to 
another occur.

DeLeuw, Cather & Company December 1, 1976



topographic

Existing Cuts
Talus Slopes

vegetationcontrol point
river control point

vegetationcontrol point

C D o H    
Maintenance
Yard.

r i v e r

control point

recreationcontrol point

Existing Roadway & Natural Conditions and Controls
T RADE OFF ZONE #1 .



T a l u s  C u t

Access to  r e c o m m e n d e dR e c r e a t i o n  A r e a .
Eastbound Access
Ramps & Underpass

Elevated roadw a y s  
&for underpass and to
minimize adjace n t ta lu s  c u ts .

Talus Cut

Subalternative A. As included in Concepts 
(Eastbound A ccess)

TRADE OFF ZONE #1.



Substantial encroachmentonto riverbank

Cantilevered 
o ve r r iv e r . cantilever does notextend over river with 48 foot roadway

Encroachment due 
on ly  to  w id th  re q u ired 
by new  roadw ay.

M ajority of existing roadway utilized
by new roadway with 40 mph design speed.

Subalternative B . Minimum Encroachment    
(40 mph design speed no access) TRADE OFF Z O N E  #1.



Cantilever over river

  Loss  o f riverbank vegetation
&  su b sta n tia l e n c ro a c h m e n t o n to  
t h e  r iv e rb a n k  fo r  lo n g  le n g th s .

• S e v e ra l p ie rs  in  th e  rive r.

Subalternate C. Shift in alignment towards the River   T R A D E  O F F  Z O N E  # 1 .



W estbound A ccess R am ps 
(no underpass required)

Subalternative D. Alternative Access Configuration   TRADE OFF ZONE #1.



G R IZ Z L Y  C R E E K

Existing Roadway & Natural Conditions a n d  Co n t r o ls
T R A D E  O F F  Z O N E  # 2 .

Existing development
considered inconsistent
with planned use of Canyon
Talus Slope
Topographic control points

Potential area forrecreation -- presentlyused -- Grizzly Creek

River crossing
control point



Elevated roadways for 
underpass and to  reduce  
c u ts  in  ta lu s  a re a s .

S u b a lte r n a t iv e  A  A s  included in Co n c e p ts
(F ull Access) TRADE OFF Z O NE  # 2.



T a lu s  c u t w ith  a ll th re e  a lte rn a tiv e s existing roadw ay profile m aintained

Encroachment dueo n l y  t o  w i d t h  r e q u i r e d

b y  n e w  r o a d w a y

  Ex is tin g  ro a d w a y  to ta lly
utilized by new roadway with 
50 mph design speed.

S u b a lte rn a tiv e  B .  M in im u m  E n c r o a c h m e n t
(A long Existing Alignment   no Access) T R A D E  O F F  Z O N E  # 2.



Eastbound lanes on structure 

E xisting  road used as
recreation frontage road.

Two new bridgestructures overGrizzly Creek

S u b a lte rn a tiv e  C .  D e s ig n  O p p o r tu n ity    
( With reconfiguration of  Access) T R A DE  O F F Z O N E  # 2 .



E x t e n s i v e  P i n y o n - P i n e  J u n i p e r p l a n t  c o m m u n i t y

topographic
c o n t r o l  p o i n t s

T a lu s   S lo p e s

  r i v e r b a n k

Existing Cutsin Talus Slopes

E xisting  R oadw ay & Natural Conditions and  C ontro ls TRADE OFF ZONE # 3 .



This talus cut could beeliminated with eliminationof ditch. 
Talus Cut(56 & 68 only)

Substantialencroachmentonto the riverbankwith the 48.

Extensive length ofriverbank completelyoverhung with roadway deck with
Roadway deck
cantilevered over
the river with the
56 & 68.

S u b a l t e r n a t i v e  A .  A s  i n c l u d e d  i n  C o n c e p t s
T RADE OFF  Z ONE # 3 .



Majority of existing roadway
utilized by new roadway
with 40 mph design speed.
Exceptions

Substantial encroachmentonto riverbank with56 & 68.
Encroachment mainly due toadditional width of new

roadways.

S u b a lte rn a tiv e  B . Minimum E ncroachment
(40 mph design speed) T RADE OFF ZONE # 3.



Talus Cuts

Rock Cut

Talus Cut

Major Rock Cut

Talus Cut

Major Rock Cuts

Talus cut

S u balternative C . Shift in Alignment towards
the Canyon wall. T RAD E OFF  Z O N E  # 3 .



Extensive earthworks cuts and
fills of tunnel portals would be required.

Presence of high quality vegetationat portal locations magnifiesthe adverse impacts

Dual Tunnel Construction

Eastbound laneson structure overriver possiblepier location inthe river.

Subalternative D . D esign O p p o rtu n ity
( Involving tu n n e lling) T R A D E  O F F  Z O N E  # 3 .



S h o s h o n e  P o w e r P l a n t

Access Considered
m a n d a to r y  fo r  p la n tPotem toa; area for 

river recreation(presently used)

topographic control points

riverbankcontrol points  

Existing Roadw ay & Natural Conditions and Controls
TR ADE O FF ZO N E  # 4 .



Westbound lanes elevated + 20' above existing roadway   
( e x te n s iv e  e le v a te d  s tru c tu re )

Eastbound lan e s  a t platform height.  
( extensive elevated structure &  cantilevered deck)

Subalternative A. As included in Concepts
(Full Access ) T RADE OFF ZONE #4.



Does not provide access toPower Plant.40 mph design speed alignmentutilizes all of existing roadway.River encroachment can not beeliminated at Plant.

S u b a lte rn a tive  B . Minimum Encroachment
(4 0 mph design speed  no access) TR AD E  O FF ZO N E  #4.



D oes n o t p ro v id e  access toPower Plant.

River encroachment can not be
e l i m i n a t e d  a t  P l a n t .

Eastbound lanes on bridge structure

S u b a lte rn a tiv e  C. Shift in Alignm ent towards    
the Canyon wall. T RADE OF F  ZO N E  # 4 .



Provides full 4-directional movement
at Power Plant. Eliminates safety hazard associated with

left - off & on f o r  e a s t b o u n d  l a n e s  a s  w i t h s u b a l t e r n a t i v e  A .

Piers in the river for through lanesand eastbound access

Extensive river and river bank encroachment
Extensive elevated structure — b o th  d ire c tio n  la n e s  e le v a te d  fo r a c c e ss .

S u b a l t e r n a t i v e  D . A lte rn a t iv e  A c c e s s  C o n f ig u ra t io n     

(Conventional Diamond)       TRADE OFF ZONE #4.



Poison Spring  

Existing Roadway & Natural Conditions and Controls
TRADE OFF ZONE #5.



P o i s o n  S p r i n g

Access to RecommendedRecreation area
  (Westbound Only)

T a l u s  C u t Rock Cut

Elevated Structure
with piers on the riverbank

Substantial encroachment onto the riverbank with all alternatives

Subalternative A. As included in concepts
( Westbound Access) TR AD E O FF ZO N E #5.



No recreation accessprovided.

40 mph design speed utilizes the majority
of the existing roadway

Bridge structure or cantilevered deckfor eastbound lanes

Substantial riverbank encroachment due
prim arily due to road w ay  w id th .

S u b a l t e r n a t i v e  B . Minimum E ncroachment
( 4 0 mph design speed  no access) TRADE OFF ZONE  # 5 .



No access to recreation area

Substantial encroachment on riverbankstill required. No direct encroachmenton river with Subalternative A does not

w a r r a n t  s h u t t i n g  
r o a d w a y  n o r t h w a r d  t o  
in t r o d u c e  t a lu s  a n d  r o c k  c u t s .

Subalternative C. Shift in Alignment toward
the Canyon wall. TR A D E  O F F  Z O N E  # 5 .



S h o s h o n e  D a m

East b o u n d  o f  a n d .
westbound on is considered 
minimum access at the dam.

Potential area for
recreation -- p resently 
u sed. ( T rail head to
Hanging L ake).

Hanging Lake

T o p o g r a p h i c  C o n t r o l  p o i n t s

Talus slopes

floodplain
c o n t r o l

points

Cable Rockcontrol point

riverbank control points
rivercontrolpoints

Existing R oadw ay &  Na tu ra l Conditions and Controls.
T R A D E  O F F  Z O N E  #6.



Considered minimum access 
configuration at Shoshone Dam A ccess to Recommended

R ecreation  A rea

Eastbound off ramp
Westbound on

(medial-crossing 
grade conflict)

Ramp on structure
w i t h  p i e r s  i n  r i v e r

Extensive encroachmentonto riverbank

Underpass for access

River encroachment
Recom m ended only for PSC em ployees

Subaliterative A. As included in the Platform Concepts.
(Full access at Hanging Lake) 
(Eastbound Access at the Dam.)

T R A D E  O FF Z O N E  # 6 .



Provides f u l l , 4 -directional
access to Shoshone Dam 

and Hanging Lake.
(via the existing roadway as a frontage road.)

River encroachment
Extensive
Talus Encroachment

Westbound On & Off Ramps

Talus
Cut MajorRock Cut

Extensive use of elevated bridge structure 
for the entire length. 25' to 20' above
the existing platform.

Extensive encroachment on riverbank byfrontage road linking Dam and Hanging Lake.

(and Splitline)
Subalternative B. As included in the Lowline Concepts

(E ast boun d Access at Hanging Lake) 
(Westbound Access at Cable Rock)

TR AD E O F F  Z O N E  # 6 .



Full access not provided at
Hanging Lake unless

existing roadway used 
from French Creek.

Westbound on ramp
c o n n e c t i n g  f r o m

existing roadway
Ramp on structure
with piers in river

Existing roadway used as access road between Dam andH anging Lake.

Subalternative C. As  included in the Highline Concepts
(Eastbound Access at the Dam.) 
(Westbound “O n " at the D a m .)

T RADE O FF ZON E  # 6 .



No Access provided directly
to Hanging Lake for vehicles

Widened bridge
over river at Dam.

Eastbound exit rampWestbound entry ramp

Eastbound entry ramp to Dam
Existing road utilized as frontage road
through the Dam area - Turning radius 
at eastbound entry into the Dam, off of 
existing  road  inadquate -- no  im provem ent 
over what exists today.

Subalternative D. Mi n i m u m  E n c r o a c h m e n t
(Pla tfo rm  C o n c e p t w ith  T R A D E  O F F  Z O N E  # 6 .

4 0  m p h  d e s ig n  s p e e d  &  n o  a c c e s s  a t  H a n g in g  L a k e .)



Existing Roadway & Natural Conditions and Controls
T RADE off ZONE # 7.



Extensive support structure 
req uired .

River Encroachment
with piers in the river

High Quality riverbank vegetation
taken. But none at curve itself.

Subalternative A. As included in Concepts (Platform)
T RADE OFF ZON E  #7.



Extensive supported structure
required.

Majority of existing roadway utilizedfor new alignment at 40 mphdesign speed.

High quality rivertank vegetationtaken, but none at curve itself E x t e n s iv e  r iv e r b a n k  e n c r o a c h m e n t  

due exclusive ly to  w idth of the  
roadway. (Along entire length).  

Subalternative B . Minimum Encroachment 
(4 0 m ph design speed) TRADE OFF ZONE #7.



This rock cut is consideredimpossible to control during

blasting and cuttingTalus Cut
Major Rock Cut

A v o id s  r iv e r b a n kand river encroachment
around curve.

S u b s t a n t i a l  r i v e r b a n kencroachmentremains outside of shift.

Subalternative C. Shift in Alignment toward
Canyon wall. TRADE OFF ZONE #7.



Various alignments for tunnel exist.

Leaves substantial length of riverbank clear of roadwayfor local recreational uses.

Subalternative D. Design Opportunity
(involving tunnelling) T R A D E  O F F  Z O N E  # 7.



F lo o d  p la in  
con tro l p o in t

TRADE OFF ZONE #8.

rivercontrolpoint

r i v e r b a n k  
control points

topographiccontrol points 

Existing Roadw ay & Natural Conditions and C o n tro ls



Construction staging
area required at east portal approach.

Substantial riverbank
encroachment still
required due to alignment
for tunnel &
roadway    
width.  Leaves small length of riverbank

free of roadway for local recreation
usage.  

Substantialriverbank

encroachment 
d u e  t o  r o a d w a y  
width.

Talus Cut

Subalternative A. As included in Platform Concepts.
( Involving tunnelling) T RAD E  O FF Z O N E  # 8 .



M ajority of existing roadway utilized 
by new  alignm ent at 40 m ph design  

s p e e d ,  e x c e p t  h e r e .

Bridge structure
probable required for 
eastbound lanes.

E x tensive riverbank encroachment 
due primarily to roadway width 

t h r o u g h o u t  l e n g t h .

Subalternative B. Minimum Encroachment
( 4 0  m p h  design s p e e d  ) TRADE OFF ZONE #8.



A r e a  r e m a i n i n g  c o u l d  b e  u t i l i z e d  a s
westbound only access a n d  p u l l  o f f .

Supported structure required
for eastbound and westbound lanes.

Substantial encroachmentinto the river

S u b a l t e r n a t i v e  C. S h ift  in  A lig n m e n t to w a r d s

the river. TRADE OFF ZONE #8.



This rock cut considered
impossible to control duringblasting & cutting.

M a jo r  R o c k  C u t

6 0 0  lo n g  x  2 2 0  w id th                    
                            
                       

Substantialriverbank encroachment 
would remain outside 
of area shifted.

N o high quality vegetation saved

w ith  th e  sh ift.

Subalternative D . Shift in Alignment towards
th e  C a n y o n  wall. T RADE OFF ZONE # 8 .



FRENCH CREEK
P o t e n t i a l  a r e a  f o r

r e c r e a t i o n  - -  p r e s e n t l y u s e d

topographic
control points

topographic
control points

dry stream bed

crossing control point

Existing Roadway & Natural Conditions and Controls. TRADE OFF ZONE #9.



Subalternative A . As included in P latform Concept.
(Fu ll A c c e s s )

TRADE OFF ZONE #9.
j

Access to recommendedRecreation Area.

S ubstantia l take of h igh quality
v e g e ta t io n  - -  m a in ly  d u e  to

access ramps but also
ro a d w a y  w id th .



Existing roadway utilized
entirely by new
alignment.

Bridge structure still required
to span French Creek

High quality vegetation take 
d u e  to  w id th  o f ro a d w a y.

Subalternative B . Minimum Encroachment 
( No Acces s ) TRADE OFF ZONE #9.



Basicly the same concept asincluded in the split line.

Westbound lanes elevatedto allow access ramps to

underpass to FrenchC r e e k
Eastbound l a n e s  s t i l l  r e q u i r e

bridge structure over French
C r e e k .

Opposite D i r e c t io n  la n e s  s p l i t

with left off and on access configuration.

Substantial take of high quality
vegetation from the French Creek area.

S ubalternative C. Design O p p o r t u n i t y
( Involving an Alternative A ccess T R A D E  O FF Z O N E  # 9 .

Configuration -- Eastbound Access only.)



t o p o g r a p h i c  

c o n t r o l  
p o i n t s

Extensive area presently in 
the floodplainLocations with high quality vegetation

B a ir  R a n c h
A c c e s s  c o n s id e r e d
mandatory if Bair Ranch remains.

Existing R oadw ay &  Natural Conditions and Controls
TRADE O FF ZO NE #10.



Access  provided to recommended  majorrecreation area talus cut

Access maintainedto the Bair Ranch
Extensive use of medium and high retaining walls

throughout the access area

High quality Canyon wall vegetation takenExisting roadway utilized to provide access to local recreation and westward to French Creek.

S ub alternative  A .  A s in c lu d e d  in the Highline and 
Low lin e  C o n cep ts  T R A D E  O FF ZONE #10.
( Full Access at Bair Ranch and existing roadway used for access to F. Creek.)



M a j o r  t a l u s  c u t

Bridge structure required
to allow access underpass.

Extensive use of median and high retaining wallsthroughout the access areaHigh quality Canyon wall vegetation takenExisting roadway utilized to provide access

to  lo c a l re c re a tio n  a n d  B a ir R a n c h .

Subalternative B . As  inc l u d e d  i n  t h e  P l a t f o r m  C o n c e p t .
(Full A c c e ss  a t  B a ir  R a n c h .)  T R A DE OFF ZONE #10 .



B r i d g e  s t r u c t u r e  s t i l l r e q u i r e d  t o  a l l o w  a c c e s s u n d e r p a s s

Access maintained to Bair Ranch Eastbound access ramps on fill embankmentto avoid 100-year flood area

Su b altern ativ e  C . Minimum Encroachment (P latform) 
(Using alignment of existing  TR A D E OF F  ZON E  # 1 0 .

Roadway • Full Access for Bair Ranch.)



Access Provided to Recommended Recreation Area

Major
Talus cut

Access maintained to Bair Ranch.

This configuration includes split alignments
for the through lanes -- the vegetation development

could be located between the opposite direction lanes.

Subalternative D . Design Opportunity (P latform)     
(Split alignment with Alternative     TR AD E O FF ZON E #10.

A c c e s s  C onfiguration • F ull A c ce ss)



Tie G ulch

Talus Slopes
topographic
control points

High qualityriverbank vegetation

Riverbankcontrol points

E xisting Roadway &  N atural Conditions and Controls
T RAD E OFF ZO N E  #11.



Substantial riverbank encroachment

maintained to width of roadway68' most encroachment with bridgestructure. 48' mostly low retainingwith cantilever.

River encroachment
including piers in the
river with the 68' and  

5 6 ' a lte r n a t iv e s .

T h e  4 8 ' a lte rn a tiv e  s tays  o n  
th e  r iv e r b a n k .

Subalternative A. As included in Concepts.
TR ADE OFF ZONE. #11.



Existing Roadway fully utilized
with a 40 mph design speed alignment

Major riverbank encroachmentwith the 68' alternative -- mainlydue to roadway width -- supported structure or cantilevereddeck utilized for eastbound lanes.

The narrower roadways have increm entally less encroachm ent  
and utilize median and low retaining walls with cantilevers.

Subalternative B . Minimum Encroachment
(40 mph design speed ) T R A D E  O F F  Z O N E  # 11.



Major rock cut

Riverbank encroachment minimized and high quality riverbank vegetation is saved.

In order to maintain riverbank with the 68' alternative the roadway would have to be
terraced with the westbound lanes up the talus slope 
involving intermitent cuts and fills or continuous, larger 
t a l u s  c u t s  w i t h o u t  t e r r a c i n g .

S u b a lte rn a t iv e  C . S h ift  in  Alignm ent towards 
the Canyon wall. TRADE O FF ZO N E  #11.



B o o k  Cliffs

Potential area for recreation

Existing Roadway & Natural Conditions and Controls
T R A D E   O F F  Z O N E  # 1 2 .



N o  a c c e s s  p r o v i d e d o f  r e c o m m e n d e d recreation area.

Substantial riverbank encroachmentmainly due to width of roadway.No supported structure required
but all alternatives require low or 
m e d iu m  h e ig h t  w a l l s .

River encroachmentincluding piers in the

river with the 68' and 
5 6‘ alternatives.

Major riverbank encroachment with 48' at this point

Subalternative A. As included in Concept s.
(No Access at the Book Cliffs) T R A D E  O F F  Z O N E  # 12.



Requirement for structures same as with 50 mph 

f o r  m a jo r i t y  o f  t h is  a r e a .
No saving in vegetationas none is presenton the riverbank.

Subalternative B. Minimum Encroachment 
(4 0 mph design speed) T R A D E  O F F  Z O N E  # 12.



No access provided atrecommendedrecreation area.

(Substantial riverbank encroachment still required outside shift area

due  to  w id th  o f roadw ay -- w ith  68 ' 
a lte rn a tive  tak in g  a lm o st a ll o f th e   
r i v e r b a n k .

No saving in high 
quality riverbank 
vegetation with shift 
because none is
present.

Subalternative C . S h ift in  A lig n m en t to w ard s
the Canyon wall. TR A D E  O FF ZO N E  #12.



Westbound onlyAccess provided atRecommendedRecreation Area

Pul l  of f  pr ov i de d he r e  f r om we s t bound l a ne s  -  i na de qua t e r a mps  a nd  s i ght  d i s t a nc e s .

R e m a i n d e r  o f  a l i g n m e n t  i d e n t i c a l  t o

S u b a l t e r n a t iv e  A.

Subalternative D. Westbound Access provided
at the Book Cliffs. TRADE OFF ZONE #12.



S i l o a m  S p r i n g s    

East End EN
D 

PR
OJ
EC
T

T a l u s  S l o p e s

riverbankc o n t r o l  
point

Potential area forrecreation

intrepretive --
river access.)

E x i s t in g  R o a d w a y  &  N a t u r a l  C o n d it io n s  a n d  C o n t r o l s
TRADE OFF ZONE #13.



en
d p

ro
je
ct

Access provided at
(Not recommended by TRG
recreation subcommittees)

Substantial riverbank encroachment
with the 68' alternative

I n t e r c h a n g e  a l s o  p r o v i d e s
access to BLM lands and river for boaters

Major rock cut

Extensive use of
supported structure through
access area on all
alternatives

Existing roadway partially
utilized as frontage road and
westbound entry ramp

Subalternative A . As included in Concepts 
( Full Access & linkage to T R A D E  O F F  Z O N E  # 1 3 .

e x is t in g  r o a d w a y  a s  f r o n t a g e  r o a d w a y . )



No access providedto BLM lands or river for boaters.

EN
D p

ro
je
ct

Minor 
rock cut

Substantial riverbank encroachment stillrequired with 68' alternative

S u b a lte r n a t iv e  B .  M in im u m  En c ra o c h m e n t

(Using existing roadway. No access) T RAD E O FF  Z O N E  # 13 .



No access providedto BLM lands or river for boaters. EN
D 

PR
OJ

EC
T

Fully utilizes the existingroadway at 50 mph
Substantial riverbank encroachment still

r e q u i r e d  o n l y  w i t h
the 68' alternative

m a j o r  r o c k  c u t

Subalternative C. Shift in Ali g n m e n t  t o w a r d s        
the river (rock m onolith) TRADE OFF ZONE #13.



No access provided at

this location to BLM lands orriver for boaters.

EN
D 

PR
OJ

EC
T

Avoids major rock cutshere
Supported structurerequired for eastboundlanes -- possible river 
encroachment

W e s t b o u n d  l a n e s             

fully utilize existing roadway.

Embankment &/or low retaining wallsrequired.

Requires new alignmentsouth of the rock monolithGenerally gentle topography

and no high quality vegetation 

s ubalternative D. Design Oppor t u n i t y  T R ADE off ZONE #13.
( S p li t  A l ig n m e n t  a r o u n d      

Rock Monolith)



Access provided forrecreation complex
(not recommended by the TRG

Recreation Subcommittee)

No access provided
for BLM  lands or access to river by boaters

To provide access to 
BLM lands or the river 
for boaters --  a

b r id g e  s t r u c t u r e

w o u ld  h a v e  to  b e

introduced to the
w estb o u n d  o r

eastbound  or

both lanes.Area between split
alignments utilized for
recreation complex &
access ramps.

Substantialriverbank encroachment stillrequired with the 68'alternative.

Supported structurerequired for eastboundlanes -- possible river encroachment

Both direction ramps are 
le ft o ff -- le ft on  -- pos ing
a safety question 

A vo id s m ajo r ro ck  cuts

Eastbound lanes requirea new alignment Similar to Subalternative D.

Westbound lanes
f u l l y  u t i l i z e  t h e

existing roadway.

Subalternative E. D esign O p p o r t u n i t y   
(Alternative A ccess Configu r a t i o n   T R A D E  O F F  ZONE  # 1 3 .

in conjunction w ith split alignment around rock monolith.)
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