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EXECUTIVE SUMMARY



ES.1	INTRODUCTION

The Devil’s Slide Project is a proposed 4.5 mile-long inland highway route intended to bypass a 4,000 foot-long slide-prone section of Route 1 located just south of Pacifica in San Mateo County, California (see Site Location on Figure ES-1).  A Federal Highway Administration (FHWA) Record of Decision (ROD), dated August 10, 1995 regarding the Supplemental Environmental Impact Statement (SEIS) for the Project included a commitment to “...address the issue of a tunnel alternative in the reevaluation of the 1986 final EIS based upon the final SEIS discussion and comments received regarding the tunnel...”.  This Devil's Slide Tunnel Study (Study) complies with that commitment.



ES.2	study scope

Woodward-Clyde Consultants (WCC) of Oakland, California was retained by Caltrans to carry out the $2.6 million Study under a six-month fast-track schedule between May 6, 1996 and November 1, 1996.  The Study included the following major elements:



an evaluation of alternative tunnel alignments and selection of a preferred alignment;

a comprehensive surface mapping, subsurface exploration, and laboratory testing program along the selected alignment;

the development of preliminary designs for three double bore variations (A, B and C) and three single bore variations (D, E and F) utilizing drill and blast excavation methods, and the development of a preliminary design for Variation A utilizing the tunnel boring machine (TBM) excavation method;

the preparation of total project cost estimates, including final design engineering, environmental processing and mitigation, right-of-way, construction, construction engineering and management, and operations, maintenance and replacement costs; and

the preparation of this Feasibility Report and Appendices.



Initially, the Study identified six design variations.  Following discussions with Caltrans staff, modest modifications were made to the initial design variations, and ultimately a seventh was added to address the TBM excavation method for Design Variation A.  The agreed upon modified variations form the primary basis for the Study, although a number of other “building block” options were also studied.



es.3	PROJECT DESCRIPTION

ES.3.1	Common Elements

The Devil's Slide Tunnel Project would include:  approximately 6,500 feet of new alignment along Route 1, as shown on Figure ES-2; a 1,500-foot long approach to the North Portal(s); a 4,000-foot long tunnel (or tunnels); and a 1,000-foot long approach to the South Portal(s).  The seven design variations follow the same general alignment.  Figure ES-2 shows the Plan and Profile for the double bore design variations.  The horizontal alignment for the single bore variations would generally follow the south-bound bore alignment and have the same profile as shown on Figure ES�2.



In addition to sharing the same general alignment, the seven design variations have the following common elements, which are identified on Figure ES-2.



a 135-foot high North Fill required to connect existing Route 1 to the North tunnel portal;

a North Portal area (Figure ES-3);

a South Portal area (Figure ES-4);

a South Rock Cut area (Figure ES-4), required to connect existing Route 1 to the South Portal(s); and

a South Disposal area (Figure ES-4) and Operations and Maintenance Center (OMC) located approximately 1,800 feet south of the South Portal.



Other facilities common to the seven design variations include a powerline extension from the south, a water tank located above the North Portal, and a water supply system that extends from the North Portal area northward to Pacifica.



Approximately 5,300 feet of the old highway would be abandoned as a result of the realignment, with a cul-de-sac constructed at the northern limit of the abandoned highway.  Caltrans has evaluated an alternative bicycle/pedestrian path along San Pedro Mountain Road, but the report assumes a local entity will maintain the abandoned highway as a path.



ES.3.2	Design Considerations

The different dimensions of the design variations were developed to accommodate the clearances necessary to incorporate a range of roadway widths and internal facilities, while also satisfying a broad range of technical, environmental, operational, and maintenance-related criteria.  The designs include construction methods, excavation sequences, and tunnel stabilization requirements that can accommodate the range of subsurface geologic conditions that were identified during the field, subsurface, and laboratory investigations.  The tunnel designs incorporate state-of-the-practice concepts and systems for tunnel operation and maintenance, including fire protection, traffic control, groundwater and roadway drainage, ventilation, lighting, and power supply.  Measures such as tunnel crosspassages and refuge rooms have been incorporated to address public safety.



Environmentally sensitive areas have been avoided or enhanced where possible.  Where unavoidable, such areas have been relocated, or otherwise mitigated as appropriate.  For example, the use of a North Fill option to cross the valley located north of the North Portal requires the relocation of a small pond and dam, replacement of 1.6 acres of wetland, and relocation of a listed species (red-legged frog).  A North Bridge option was also considered for this valley crossing, but would have added $10 to 17 million to the construction costs, as compared to $0.5 million required to mitigate the impacts of the fill.



ES.4	design variations

The design variations consist of three double bore configurations (A, B, and C), three single bore configurations (D, E, and F), and one double bore configuration (A) for the TBM excavation method.  In order to address ground stability concerns for the two widest single-bore configurations (E and F), a modified approach utilizing a structural “splitter wall” was incorporated.  Use of the splitter wall also allowed the use of the lower cost jet fan ventilation system.  The use of jet fans was approved by Caltrans and the FHWA for the Study; final approval for construction awaits the results of a FHWA report on the use of jet fans in long tunnels, although the just completed 4,650-foot long Cumberland Gap tunnels have jet fans.



The various dimensions and facilities incorporated into the different design variations, as well as a number of key parameters, such as fill volumes and right-of-way requirements, are summarized in Table ES-1.  The cross-sectional shapes and tunnel spacing for the seven design variations are illustrated on Figure ES-5.



ES.5 	PROJECT COST ESTIMATES

The seven basic cost estimates were prepared on the foundation that prudent designs were prepared, accurate quantities were computed and prudent costs estimates were developed.  The basic cost estimates were developed to include all costs from final design, through construction, to the end of 35 years of operation.  These costs include construction; environmental processing and mitigation; design engineering; construction engineering and management; right of way; operations, maintenance, and replacement, and the bicycle/pedestrian path.  Present worth techniques were applied to operations, maintenance and replacement costs, and all costs are in 1997 dollars.  All designs and cost estimates were prudent, not the cheapest design nor the low bid estimate, and these cost estimates are characterized as the upper bound costs.  Detailed evaluations were then made to take into account the cost reductions which to some extent occur during final design, and cost reductions by a low bidder.  These results, considered to the maximum extent, establish the lower bound cost estimates.  The average of the upper bound and lower bound costs is the average estimated cost.  While simplistic, an average cost can be used to help facilitate comparing the tunnel and bypass alternatives.



The lower bound, average and upper bound estimated construction costs are shown on Table ES-2 for the seven basic design variations.  Similarly, the estimated total project costs are shown on Table ES-3 for the seven basic design variations.  And finally, the estimated total project costs are shown on Table ES-4 for the seven basic design variations plus 3 design variation options, A(-) which has no sidewalks, A(+) which has two sidewalks in each bore, and E(-) which has no sidewalks.





�TABLE ES-1

DESIGN VARIATION SUMMARY



Design

Variation�

Width 1�Roadbed Width 2�Bicycle Path�Pedestrian Access�Emergency Walkway�

Ventilation�# of Lanes�Splitter Wall��	A7�29’-1” 3�24’-0”10�No�No�Yes�18-50hp Jet Fans�2�N /A��	B7�36’-0”�28’-0” 9, 10�Yes�Yes�  Yes 4�32-50hp Jet Fans�2�N /A��	C 5, 7�38’-2”�36’-0”�No�No�No�28-50hp Jet Fans�4�N /A��	D 5, 8�49’-2”�22’-0”�No�No�No�12-200hp A.F. Fans 11�2�No6��	E8�63’-6”�24’-0” 10�No�No�Yes�18-50hp Jet Fans�2�Yes��	F8�71’-6”�28’-0” 9, 10�Yes�Yes�Yes4�28-50hp Jet Fans�2�Yes��NOTES:

1.	Wall to wall of each bore.

2.	Curb to curb or barrier for each traffic direction.

3.	35-foot inside diameter circular shape for TBM option.

4.	Also to be used by pedestrians.

5.	Only included for cost comparison with previous 	estimate, not for construction.�6.	Bi-directional traffic.

7.	Double bore.

8.	Single bore.

9.	Includes 6-foot wide bicycle path.

10.	Includes 4-foot wide walkway.

11.	Full transverse ventilation system.  A.F. = Axial Flow���Excavation or Fill �(1,000’s of Cu. Yds.)�Area in Acres�Tunnel Length - Feet��

Design

Variation�

Excav-ation 1�

North Fill�South Disposal Area Fill�Right-of-way

Acquisition�South�Portal Structure�Tunnel Headwall to Headwall�North Portal Structure�

Total Length�������For Surface �Features�Underground �Easement�������A�NB2�SB3��947��730��217��33.8��15.2�60

60�3990

3820�60

90�4110

3970���B�NB�SB��998��770��228��33.8��15.2�60

60�3990

3820�60

90�4110

3970���C�NB�SB��1,157��790��367��33.8��15.2�60

60�3990

3820�60

90�4110

3970��  D��842�505�337�31.8�9.5�115 4�3820�115 4�4050���E5�NB�SB��853��540��313��31.8��9.5�90

60�3820�60

90�3970

3970���F5�NB�SB��916��560��356��31.8��9.5�90

60�3820�60

90�3970

3970��NOTES:

1.	Excavation at North Portal, South Portal, South Rock Cut and tunnels.

2.	NB - Northbound.

3.	SB - Southbound.

4.	Design Variation D has portal Ventilation Buildings.

5.	Design Variations E & F are single bore tunnels with a splitter wall dividing the tunnel into two separate “tubes”.��

�

INSERT





TABLE ES-2

SUMMARY OF PROJECT CONSTRUCTION COSTS ($1,000’s)



�

INSERT



TABLE ES-3

TOTAL PROJECT COST ESTIMATES ($1,000’s)

AND CONSTRUCTION SCHEDULES





�INSERT





TABLE ES-4

TOTAL PROJECT COSTS ($1,000) FOR

SEVEN DESIGN VARIATIONS AND OPTIONS







�ES.6	PROJECT REVIEW

This Study has been carried out by the WCC Team which consisted of specialists in the fields of highway design, engineering geology, tunnel design and construction, tunnel systems and tunnel construction cost estimating.  The Study incorporated extensive technical reviews consisting of the following:



WCC Team in-house review;

WCC Team specialty peer review;

review by an independent WCC Technical Advisory Panel;

Caltrans review; and

review by a Technical Advisory Committee established by Caltrans and San Mateo County, which included technical representatives of the County, Caltrans, and the Federal Highway Administration.



It should be recognized that this Study was completed to the 30% level of design.  Final design will probably result in minor changes, none of which should have significant effects on concepts, costs, or environmental issues.



ES.7	USE OF STUDY RESULTS

The purpose of this Study was to develop project designs and cost estimates for a tunnel alternative, in order to facilitate a comparison between the tunnel alternative and the bypass alternative.  It should be noted, however, that a number of issues have not been addressed in this Study, primarily involving the scheduling of funding, environmental processing, and right-of-way acquisition.  These items are to be considered separately by Caltrans.





�0.0

PREFACE BY CALTRANS



The Final Environmental Impact Statement (FEIS) for a proposal to improve State Route 1 in San Mateo County, California, was originally approved on April 16, 1986.  The preferred alternative identified in the FEIS and selected in the Federal Highway Administration (FHWA) Record of Decision (ROD) signed on May 30, 1986, is known as the Martini Creek Alignment.  A tunnel option was withdrawn from active consideration during the CEQA/NEPA environmental review process in 1986.



Caltrans is currently conducting an environmental reevaluation to determine whether (1) changes to the proposed project would result in significant environmental impacts that were not evaluated in the 1986 FEIS, (2) new information or circumstances relevant to environmental concerns and bearing on the proposed project or its impacts would result in significant environmental impacts not evaluated in the FEIS and (3) mitigation measures or alternatives previously found not to be feasible would in fact be feasible, and would substantially reduce one or more significant effects of the project.  If it is determined that any of the situations apply, an additional Supplemental EIS/EIR would be required.



As part of that reevaluation, Caltrans and FHWA determined that an independent consultant should be hired to conduct a tunnel feasibility study.  In May of 1996, Woodward-Clyde was retained to carry out this feasibility study.



The tunnel report will be analyzed to determine if it is a reasonable and feasible solution to the continuing problem of geological instability at Devil’s Slide.  If it meets this criteria, the tunnel alternative will be considered in a supplemental environmental document to the 1986 Environmental Impact Study/Report for the Martini Creek Bypass.  No decisions on any tunnel option will be made until the environmental process is completed.

�1.0

INTRODUCTION



1.1	GENERAL

The Devil’s Slide Project is a proposed 4.5 mile-long inland highway route intended to bypass a 4,000 foot-long slide-prone section of Route 1 located just south of Pacifica in San Mateo County, California. A Federal Highway Administration (FHWA) Record of Decision (ROD) dated August 10, 1995 regarding the Supplemental Environmental Impact Statement (SEIS) for the Project included a commitment to “...address the issue of a tunnel alternative in the reevaluation of the 1986 final EIS based upon the final SEIS discussion and comments received regarding the tunnel...”.  This Devil's Slide Tunnel Study (Study) complies with that commitment.



Caltrans, the local responsible agency, retained Woodward-Clyde Consultants (WCC), Oakland, California, to perform a $2,600,000 comprehensive Study of the tunnel alternative.  The work began on May 6, 1996, and was to be completed in six months.  This aggressive, fast-track schedule was established to provide data in time to inform the public of the tunnel Study results prior to the November, 1996 election.  The November election has a San Mateo County ballot measure dealing with the Devil's Slide Project.



1.2	SCOPE OF WORK

 The Study scope of work is summarized as follows:



Perform a brief evaluation of alternative tunnel alignments and select a prefered alignment.

Perform an exploration program along the selected alignment sufficient to support a preliminary tunnel design.

Develop preliminary designs for seven basic design variations and related options to a level of completion sufficient to support detailed construction costs estimates.

Prepare cost estimates for seven basic design variations and related options, consisting of construction costs to within a 10% margin of accuracy, right of way costs, environmental processing and mitigation costs, design engineering costs, construction engineering and management costs, and operations, maintenance and replacement costs.  Prepare related construction schedules.   

Summarize the results of all studies, evaluations, analyses, designs, and estimates in a report.



The above information is to be developed so that Caltrans can utilize the results of the Study in further analyses of scheduling the funding, environmental processing and right of way acquisition for comparison with the Devil’s Slide bypass alternative.



1.3	WOODWARD-CLYDE TEAM

WCC provided overall project management, geotechnical and tunnel design, environmental assessments and cost estimating leadership, and was assisted by various specialty subconsultants.  The WCC Team members and their areas of expertise are listed below.



Woodward-Clyde

	S. Gordon Marsh

	John Bischoff

	Dave Gross

	John Waggoner

	Randy Essex

	Steve Klein

	Dave Young

	Galen Nagle

	Amir Naeemi

      Jeff Zimmerman

�

Project Manager

Principal in Charge

Exploration Task Leader

Exploration Data Memorandum

Tunnel Design Task Leader

Tunnel Design

Tunnel Design

Tunnel Design

Tunnel Design

Environmental Coordination��Parsons Brinckerhoff

	Ken Jong

	Rich Matrisian

	Ross Maxwell

	Gene McCarthy

	Keene Matsuda

	Lee Abramson�

Road & Tunnel Systems Task Leader

Ventilation System Design

Fire Protection & Tunnel Systems Design

Highway Design

Power Supply Design, Lighting Design Peer Review

Tunnel Design Peer Review

��HNTB���	Jim Degnan�Lighting Design, Power Supply Peer Review��	John Jaeckel�Ventilation Design Peer Review

��P.E. (Joe) Sperry �Tunnel Cost Estimating Consultant�����Terry McCusker �Tunnel Cost Estimating Consultant���The WCC Team also included an independent Technical Advisory Panel (TAP) consisting of three experienced professionals. The TAP members and their areas of expertise are presented below:

Tor Brekke�Tunnel Design��Doug Hamilton�Geology��Art Bendelius�Tunnel Ventilation��

The WCC Team also included the following firms:



AGS, Inc.1�Geologic Mapping and Borehole Logging��Pitcher Drilling Company 2�Exploratory Drilling��Geotopo1�Surveying��The Zahn Group2�Clerical��dot.dat.inc2�Boring Log Graphics��Spectrum Petrographics�Petrographic Analysis��GeoTest Unlimited�Soil and Rock Tests��University of Utah�X-ray Diffraction Tests��	1  Minority-owned Business Enterprise

	2  Woman-owned Business Enterprise



1.4	meetings and technical REVIEW

The Study program included extensive meetings and reviews, including technical meetings to address alignment, tunnel design, and tunnel system design approaches and decisions, in-house review of interim work products, peer review of preliminary results and memoranda, and TAP review throughout the entire process.  Caltrans professional staff provided further independent technical review of geotechnical, traffic, structures, electrical, mechanical, right of way, operations and maintenance, and environmental aspects.  Key Caltrans personnel were as follows:

Dennis Bosler, Project Manager

Kai Chan, Contract Manager

Joan Van Velsor, Chief, Geotechnical Section 4

Sid Shadle, Senior Environmental Planner



Notice to Proceed was issued on May 6, 1996.  A meeting was held the same day with Caltrans to initiate work on obtaining permits for access to private property for field exploration, surveying, and environmental studies.  A major kickoff meeting was held on May 13, 1996 which was attended by the entire WCC Team and an extensive representation of Caltrans technical specialists from design and operations and maintenance.  The overall project approach was described by the WCC Team and a valuable exchange of information took place.  A follow-up field site visit took place on May 14, 1996, and was attended by geotechnical, survey, and environmental specialists from the WCC Team and Caltrans.



To address various San Mateo County concerns regarding the tunnel Study, Caltrans and the County established two other review committees, a Technical Advisory Committee (TAC) and a Public Advisory Committee (PAC).  The TAC was comprised of representatives from San Mateo County, the FHWA, and Caltrans as follows:

 

	Ralph Trapani, representing San Mateo County;

	Tony Caserta, representing the FHWA; and

	Jim Roberts, representing Caltrans.



The PAC was comprised of representatives from the cities of Half Moon Bay and Pacifica, and from San Mateo County as follows:



	Tim Manzagol, representing San Mateo County;

	Deborah Ruddock, representing the City of Half Moon Bay;

	Michael Tietze, representing the City of Pacifica; and

	Adrienne Tissier, representing San Mateo County.



A presentation was made by Caltrans and WCC to the San Mateo County Board of Supervisors on June 4, 1996.



A special meeting was held with Caltrans and the FHWA on June 6, 1996, regarding the acceptability of using jet fans for ventilation.  Use of jet fans for study purposes was approved.



�The TAC held three meetings:



	Design Criteria Meeting on June 6, 1996;

	Design Review Meeting on July 31, 1996; and

	Cost Estimate Meeting on October 8, 1996.



A presentation was made to the PAC by Caltrans and WCC on June 28,1996, to provide general information on the Study program.  PAC members were also invited to the Design Review and Cost Estimating Meetings as observers.  A PAC representative attended each meeting.



The PAC held a public meeting in the evening on October 7, 1996 which was attended by Caltrans, WCC Team members, and TAC members Tony Caserta and Ralph Trapani.  Mr. Marsh of WCC made a presentation briefly covering the description of the project and study and draft project cost estimates.



The results of the Study are summarized in ten design memoranda, included herewith as Appendices I through X.   It was agreed that draft versions of the various design memoranda would be submitted to Caltrans technical staff and the TAC for their review as the Study progressed.  Draft versions of the first nine memoranda were submitted and reviewed, and comments were incorporated into the final versions attached herewith.  In addition, preliminary memoranda on alternative alignments and design criteria were submitted for their review earlier in the study program.  



The draft Feasibility Report and draft Cost Estimate Memorandum (Appendix X)  were reviewed by the Caltrans technical staff and the TAC.  Comments were incorporated into the final Appendix X and this final Feasibility Report.



Biweekly status meetings and monthly progress meetings were held with Caltrans to discuss progress of the Study and to address administrative matters.



Caltrans provided costs for right of way acquisition and bicycle path designs and related cost estimates.



1.5	APPROACH TO THE STUDY

The purpose of the Study was to provide data and supporting information for Caltrans’ and others’ use in comparing the costs of a tunnel alternative to the bypass alternative (the actual comparison work is not part of this Study.  Decisions were made by the WCC Team regarding a broad range of environmental, design, construction, and schedule issues.  These decisions required certain tradeoffs to be made in relation to environmental issues.  In some instances, a significantly lower cost design option was selected as the base case and environmental impacts were mitigated.  In other instances, the more costly option was selected to avoid an impact on a relatively non-replaceable environmentally sensitive resource.  These options are discussed herein and details are provided in the Appendices.  Similar decisions were made for construction, engineering, and schedule issues.



The Study developed the various project layouts and components to approximately a refined 30% design level.  It should be anticipated, if a tunnel option is advanced further, that modest changes and refinements will made during the final design phase.  It is not anticipated, however, that these changes would have a substantial impact on the overall feasibility of a tunnel solution, the general design approaches presented in this Study, the estimated costs, or the environmental impacts resulting from the construction.



1.6	USE OF STUDY RESULTS IN COMPARISON OF ALTERNATIVES

It is anticipated that the results of this Study will be utilized by Caltrans and others in comparing tunnel data with bypass data.



It is understood that Caltrans will develop an overall schedule for the tunnel alternative.  This schedule will include items beyond the scope of this Study, such as environmental processing,  final design, right-of-way acquisition, and securing of project funding.  It is anticipated that Caltrans will provide similar information in developing a comparative schedule for the bypass alternative.



1.7	ORGANIZATION OF feasibility REPORT

This Feasibility Report presents a summary of the detailed design and cost estimate data developed during the Study.  The supporting details and discussions are presented in ten appendices listed as follows:

	

	Appendix I	Alignments and Tunnel Sections Design Memorandum

	Appendix II	Exploration Data Memorandum

	Appendix III	Geotechnical Design Memorandum

	Appendix IV	Tunnel Systems Design Memorandum

	Appendix V	Fire Protection Design Memorandum

	Appendix VI	Ventilation Design Memorandum

	Appendix VII	Power Supply Design Memorandum

	Appendix VIII	Lighting Design Memorandum

	Appendix IX	Environmental and Miscellaneous Issues Memorandum

	Appendix X	Cost Estimates Memorandum



Information and detailed back-up documentation for items addressed in the appendices are included as Attachments to the respective Appendices.



Appendices I through IX address the geotechnical exploration, design, and environmental aspects of the Study.  The information presented in these appendices formed the bases for the cost estimates presented in Appendix X.



An extensive amount of information and detail was generated as a result of the Study.  The purpose of this Feasibility Report is to summarize the various project components and bases for design of those components, and to summarize the results of the project cost estimates.  Reference is made to the various appendices for details.  

�2.0

PROJECT DESCRIPTION



2.1	LOCATION

The tunnel site is located about 2 miles south of Pacifica, in San Mateo County, California.  The location is shown on Figure 1.  The overall project layouts for single bore and double bore tunnel configurations are shown on Figures 2 and 3, respectively.



2.2	alignment

Four alternative alignments were evaluated, including two east and one west of Alignment C, the selected alignment, as shown on Figure 4.  Details relating to the different alternatives are presented in Appendix I.  The alignment selected for the Study has the shortest tunnel length, good highway geometrics, and mitigatible environmental impacts.



The selected horizontal and vertical alignments are shown on Figures 5 and 6 for the single bore and double bore configurations, respectively. Proceeding south from Pacifica, the alignment departs from existing Route 1 along a 7% uphill grade, crosses the valley at Shamrock Ranch on a crest vertical curve, passes through a small ravine, enters the tunnel(s) beneath San Pedro Mountain on a 2.2% downhill grade, exits the tunnel at a cliff face just south of the Devil's Slide area, and rejoins the existing highway on a 2.2% downhill grade. The overall alignment is about 6,500 feet long.  The north approach road is about 1,500 feet long, the tunnel(s) is about 4,000 feet long, and the south approach road is about 1,000 feet long.  The vertical alignment, and horizontal curves with a minimum radius of 850 feet, meet the desired 50 mile an hour design speed.  For ease of construction and to maximize driver safety, the alignment through the tunnel is on a uniform grade with no horizontal curves.  The traffic volume is presently about 14,000 Annual Average Daily Traffic (AADT) with a projected AADT of 15,000 in 2015.



2.3	tunnel section CONSIDERATIONS

Six tunnel design variations were originally identified by Caltrans in WCC’s Contract, three double bore and three single bore configurations.  WCC subsequently recommended, and Caltrans approved, modifications to five of the six design variations defined by Caltrans in WCC’s Contract; WCC also added a seventh variation to be mined with a tunnel boring machine (TBM).  The modifications to the Caltrans-requested configurations are summarized in Table 1.

TABLE 1

TUNNEL SECTION MODIFICATIONS



Design Variation�Modification��A�Reduced width of each tunnel by 2’-11” by eliminating one 4-foot wide sidewalk and replacing with a 1’-1” wide sidewall barrier.��A (TBM)�Added circular section to be constructed using a TBM.��B�No change.��C�Increased width 2’-2” by adding two 1’-1” wide sidewall barriers.��D�Increased width 3’-2” by adding two 1’-1” wide sidewall barriers and a 1-foot wide ventilation duct.��E�Increased width 5’-6” by adding splitter wall to allow use of jet fan ventilation and to provide rock arch support.��F�Increased width 5’-6” by adding splitter wall to allow use of jet fan ventilation and to provide rock arch support.��

The seven tunnel cross sections are shown on Figures 7, 8, 9, 10, 11, 12, and 13.  Table 2  contains a summary of the dimensions and features of the seven design variations studied.



TABLE 2

DESIGN VARIATION SUMMARY



Design

Variation�

Width 1�Roadbed Width 2�Bicycle Path�Pedestrian Access�Emergency Walkway�

Ventilation�# of Lanes�Splitter Wall��A 7 & A (TBM)�29’-1” 3�24’-0” 10�No�No�Yes�18-50hp Jet Fans�2�N/A��B 7�36’-0”�28’-0” 9, 10�Yes�Yes�  Yes 4�32-50hp Jet Fans�2�N/A��C 5, 7�38’-2”�36’-0”�No�No�No�28-50hp Jet Fans�4�N/A��D 5, 8�49’-2”�22’-0”�No�No�No�12-200hp A.F. Fans 11�2�No 6��E8�63’-6”�24’-0” 10�No�No�Yes�18-50hp Jet Fans�2�Yes��F8�71’-6”�28’-0” 9, 10�Yes�Yes�  Yes 4�28-50hp Jet Fans�2�Yes��NOTES:

1.	Wall to wall of each bore.

2.	Curb to curb or barrier for each traffic direction.

3.	35-foot inside diameter circular shape for TBM option.

4.	Also to be used by pedestrians.

5.	Only included for cost comparison with previous 	estimate, not for construction.�

6.	Bi-directional traffic.

7.	Double bore.

8.	Single bore.

9.	Includes 6-foot wide bicycle path.

10.	Includes 4-foot wide walkway.

11.	Full transverse ventilation system.  A.F. = axial flow.��



The WCC Team initially proposed eliminating both sidewalks in the Design Variation A tunnels, as called for in the original Contract.  However, WCC concluded that by studying a section in detail with one sidewalk, cost adjustments could be made to that section to address each of two further options, one with no sidewalk (A(-)), and one with two sidewalks (A(+)) in each bore.  Thus, cost “building blocks” could be developed that could aid in evaluating a greater number of options, with relatively little additional effort.   Similar approaches were used elsewhere in the Study to increase the number of options considered.



The size of a given tunnel section is controlled by a number of factors: the roadway, shoulder, sidewalk, and bicycle path widths; vertical clearance requirements; ventilation requirements; tunnel systems elements; and geotechnical requirements related to stability of the opening.  Ventilation requirements establish the needed area of tunnel for air velocity and jet fan equipment space, or in the case of the Design Variation D, which has a full transverse ventilation system, a duct system.  Tunnel systems require clearances for message signs.  Geotechnical requirements establish the shape of the tunnel to create rock “arches” for tunnel stability.  All the design variations have provisions for power supply, ventilation, fire protection, lighting and tunnel systems, as discussed later in this report.  



2.4	DESIGN VARIATIONS



The following paragraphs briefly describe the significant elements of each of the seven tunnel design variations.



2.4.1	Design Variation A

This double bore design variation is generally typical of recent double bore tunnel projects, except that it has only one lane in each direction (other double bore projects generally have two lanes in each bore).  It uses 18 50 hp jet fans for ventilation to meet the 120 ppm CO limit (no pedestrians or bicyclists allowed).  Because it does not have pedestrian or bicycle path facilities, this design variation requires a pedestrian/bicycle path outside of the tunnel.  Seven crosspassages connect the tunnels for emergency egress.



2.4.2	Design Variation A with TBM

The Design Variation A cross section is small enough that the tunnels could be constructed using a large TBM.  The tunnel roadway section, use of jet fans and other features are the same as discussed above.



2.4.3	Design Variation B

This double bore design variation is similar to Design Variation A, except that it permits pedestrians and bicyclists to use the tunnel by providing extra width, and providing additional jet fans (32 50hp fans total) to meet more stringent air quality standards (65 ppm CO limit).  This Study alternative notwithstanding, permitting pedestrians and bicyclists to access the tunnels is not recommended by the WCC Team, Mr. Trapani of the TAC, or local fire officials.  Crosspassages connect the tunnels for emergency egress, but 14, rather than 7, are required due to pedestrian/bicyclist use.



2.4.4	Design Variation C

This double bore design variation is provided only for cost comparison with an earlier (1983) Caltrans project cost estimate, and would not be constructed.  It was modified to meet present standards by adding sidewall barriers and using a lower cost jet fan system which was not available when the earlier estimate was made.  It also has 4 lanes of traffic which is the reason for the large number of jet fans (28 50hp fans) to meet the 120 ppm CO limit.  It does not include pedestrian or bicycle path facilities, therefore a separate pedestrian/bicycle path is required for this variation.  Seven crosspassages connect the tunnels for emergency egress.



2.4.5	Design Variation D

As for Design Variation C, this single bore, two-lane design variation is provided only for cost comparison with an earlier (1983) Caltrans cost estimate and would not be constructed.  To meet the 120 ppm CO limit it provides full transverse ventilation because it has bi-directional traffic.  It does not include pedestrian/bicycle path facilities, therefore a separate pedestrian/bicycle path is required for this variation.  Fourteen refuge rooms are provided for emergency refuge.  This large number of refuge rooms is needed because the median barrier prevents access to the other side of the tunnel, and the refuge rooms do not provide egress from the tunnel.  The refuge rooms have their own ventilation, lighting, water, and communication systems.  The refuge room concept is not a desirable safety feature which is why double bore tunnels are being used for long tunnels.



2.4.6	Design Variation E

This single bore design variation was developed into two separate “tubes” by the use of a splitter wall to allow the use of a lower cost jet fan ventilation system and to provide support for the wide span tunnel opening.  It requires 18 50hp jet fans to meet the 120 ppm CO limit.  Seven crosspassages are provided through the splitter wall for emergency egress; pedestrians and bicyclists are not allowed.  A separate pedestrian/bicycle path is required for this variation.  



2.4.7	Design Variation F

This single bore design variation is similar to Design Variation E, except that it allows pedestrians and bicyclists in the tunnel by providing extra width, as well as additional jet fans (28 50hp fans total) to meet more stringent air quality standards (65 ppm CO limit).  Again, allowing pedestrians and bicyclists in the tunnel is not recommended.  Fourteen crosspassages through the splitter wall are provided for emergency egress.



2.5	geologic conditions

2.5.1	Field Exploration and Laboratory Testing Program

An extensive field mapping, exploration and laboratory testing program was carried out to evaluate the geologic and geotechnical conditions to be encountered during excavation of the tunnel, portal areas, and other cuts and fills.  Fourteen borings were completed along the selected alignment, and rock and soil samples were selected for laboratory testing.  The results from previous subsurface drilling and geologic mapping efforts were also reviewed.  Details of the exploration program, as well as the boring and laboratory results, are contained in Appendix II (three volumes).



2.5.2	Geologic Profile

Based on the results from the field mapping, exploration, and laboratory testing program, an interpretive geologic profile was developed.  Shown on Figure 14, this profile depicts the tunnel passing through granodiorite rocks along approximately the southern third of the alignment, and through a sequence of sedimentary shales, sandstones, and conglomeratic rocks along the northern two thirds of the alignment.  



2.5.3	Ground Characterization

For design and cost estimating purposes, the range of anticipated tunneling conditions was described according to five ground categories, as summarized in Table 3.



TABLE - 3

DESCRIPTION OF GROUND CATEGORIES



�Average Rock Mass Parameters at Tunnel Depth 1� ��

Category�

Rock Strength�Fracture Spacing�

Weathering�

RQD 2�Core Recovery�Terzaghi’s

Rock Condition��I�Strong to Very Strong�> 1 ft�Fresh to slightly weathered�60-100�75-100�Moderately Jointed��II�Medium Strong to Strong�4 in. to 2 ft�Slightly to moderately weathered�35-75�75-100�Moderately Blocky and Seamy��III�Weak to Medium Strong�1 in. to 1 ft�Slightly

to highly weathered�10-50�40-80�Very Blocky and Seamy ��IV�Extremely weak to weak�< 6 in.�Slightly to moderately weathered�0-15�0-50�Crushed��V�Extremely weak to weak�N/A�Highly to completely weathered�N/A 3�40-80�Squeezing��1.	Descriptive terms for rock strength, weathering and fracture aperture are described in Appendix II.

2.	RQD is a good indicator of rock mass quality in the granitics, but may portray overly adverse rock mass quality in the sedimentary rocks.

3.	Will be weathered; RQD will not be a good predictor of ground behavior.



2.6	TUNNEL EXCAVATION AND STABILIZATION

Using the estimated rock mass characteristics indicated in Table 3 and assumptions regarding ground behavior and ground loads, stabilization systems and associated excavation sequences were developed for each ground category.  Refer to Appendix III for details.



The safest and most efficient means of excavating and stabilizing the large-span openings required for the Devil’s Slide Tunnel is to remove the ground and install stabilization measures in small increments.  The length of each increment (round length) and the degree of stabilization, which generally consists of rock dowels, spiles, and shotcrete, are predetermined according to the ground category.  For rock masses with higher quality and internal strength, longer round lengths and lower amounts of stabilization may be used.  For weaker strength rock masses, shorter round lengths and more stabilization are required.  Five stabilization types were developed commensurate with the five ground categories.  



The design of the tunnel stabilization system is based upon the installation of stabilization measures that provide both short-term and long-term stability to the tunnel opening.  The final concrete lining is designed to provide a number of functional requirements, but is not relied upon to carry long-term ground loads.  This permits cost savings through the installation of a relatively thin concrete lining, and lower excavation quantities as a direct result of the thinner concrete lining.



Preliminary design drawings were developed for all of the design variations showing the excavation sequences and stabilization requirements.  Examples of three of the seven design variations are included in this report.  The excavation sequences and stabilization requirements for Design Variation A are shown on Figures 15 through 21.  Stabilization Types I and V are shown for Design Variation D on Figures 22 and 23, the widest single bore tunnel without a splitter wall, and for Design Variation F on Figures 24 and 25, the widest single bore tunnel with a splitter wall.  All of the drawings for all of the design variations are included in Appendix III.   



2.7	excavations and fills

In addition to the tunnel excavation, the project requires excavation at the North Portal, the South Portal, and at a South Rock Cut, located approximately 300 feet south of the South Portal.  The project also requires two areas of fill,  the North Fill and the South Disposal area.  These features are shown on Figures 2 and 3.  The design is based upon achieving an earthwork balance for the overall project, so that the total volume of excavation required can be accommodated into the two fill areas.  Refer to Appendix III for details.



2.7.1	North Portal

The North Portal location was selected to minimize excavation, to minimize visual impacts on nearby Pacifica homes, and to minimize the overall length of the tunnels.  This was accomplished by carefully locating the alignment in a small ravine in the north portal area, and minimizing the height of cut into the higher western ridge and maximizing the cut into the lower eastern ridge that border the ravine.



The size and location of the portal excavation was also determined based upon the need to provide a desired spacing between the double bore tunnels, and the desire for a minimum height of rock cover over the tunnels to maintain portal stabilility.



Based upon geologic evaluations of the rock mass conditions to be exposed by the portal excavation, a slope inclination of 1 horizontal to 1 vertical (1h:1v), was selected.  The maximum height of the excavation is expected to be about 180 feet.



2.7.2	South Portal

The South Portal location was selected at a rock nose between Route 1 and a small drainage channel just south of Devil's Slide.  This location was selected because it provides (minimal but) acceptable side cover between the tunnel and the cliff face east of Route 1, provides adequate space between tunnels for the double bore configuration, avoids the environmentally sensitive stream channel to the east, and provides adequate depth of good quality rock above the tunnel portal. Slope inclinations of the portal slopes (1h:1v) were selected based upon geologic evaluations in the portal area.  Special treatment (steepening and supporting) of the portal excavation on the east side will likely be required in order to minimize impacts to the stream channel.  The maximum height of the excavation is expected to be about 240 feet. This portal location will have sufficient work area to avoid serious traffic impacts during construction.



2.7.3	South Rock Cut

At the location where the new alignment rejoins the existing Route 1 south of the South Portal, a large rock cut must be made to obtain safe sight distance.  The slope inclination of the excavation (1h:1v) was selected based upon geologic evaluations in the immediate vicinity.  The maximum height of the excavation is expected to be about 200 feet.  This excavation will have some impact on traffic.



2.7.4	North Fill

The crossing of the valley at the north end of the project requires either a large fill or a large bridge(s).  The lower cost option is to use the fill, because the bridge option adds $10 to 17 million in cost.  However, as shown in Figure 26, use of the North Fill option results in the need to relocate an existing ranch pond.  While this is not a significant issue, wetlands have become established around the man-made pond and in adjacent areas which would be under the proposed fill.  These wetlands, 1.6 acres in total area, would have to be replaced.  In addition, a listed species, the red-legged frog, has inhabited the wetlands and would also have to be relocated.  A second nearby ranch pond (not affected by the project) is also inhabited by the red-legged frog.  The relocation of the pond and establishment of wetland habitat must be accomplished by July 1st of any year to allow relocation of the red-legged frog.  The fill option was used as the basic design concept.



2.7.5	South Disposal Area

The excavated material not placed in the North Fill must be placed in the South Disposal area.  This disposal area, located about 1,800 feet south of the South Portal, provides a reasonable disposal site and can accommodate all excavated material, even if the North Bridge option is used.  A small low quality wetland exists in the area but would be avoided.  In order to enhance the wetland, water would be directed to this wetland from the tunnel formation drainage system and the small drainage channel just east of the South Portal.



The Operations and Maintenance Center (OMC) would be located on the disposal area and  hidden from view by earth berms.



2.7.6	Earthwork Balance

If the North Fill option is used, then the earthwork balance presented in Table 4 applies.  Excavated material from the North Portal, South Portal, and South Rock Cut excavations would be transported to the North Fill.  Tunnel excavation from the north portion of the tunnel(s) would also be placed in the North Fill.  Tunnel excavation from the south portion of the tunnel(s) would be placed in the South Disposal area.



In the unlikely event that the North Bridge option is used, all excavated material would be placed in the South Disposal area.

�TABLE - 4

EXCAVATION AND FILL QUANTITIES

FILL OPTION

Quantities in Cubic Yards



EXCAVATION -

BY FEATURE�EXCAVATION -

BY AREA 2�EXCAVATION TOTAL�

FILLS 1, 7��Design

Variation�Tunnel�North

Portal�South

Portal�South

Rock Cut�North 5 Area�South Area��North 3, 4, 5

Fill�South Disposal Area 8 (Top of Fill)��A 9�NB Bore	173,000�154,000�119,000�336,000�323,000�624,000�947,000�730,000�217,000  (El. 231)��A 9�SB Bore	165,000����������B�NB Bore	192,000�157,000�129,000�336,000�345,000�653,000�998,000�770,000�228,000  (El. 234)��B�SB Bore	184,000����������C�NB Bore	244,000�161,000�133,000�385,000�400,000�757,000�1,157,000�790,000�367,000  (El. 249)��C�SB Bore	234,000����������D�	318,000�136,000�87,000�301,000�295,000�547,000�842,000�505,000�337,000  (El.246)��E�	318,000�143,000�92,000�301,000�302,000�552,000�853,000�540,000�313,000  (El. 243)��F�	370,000�147,000�98,000�301,000�332,000�584,000�916,000�560,000�356,000  (El. 248)��NB - Northbound		SB - Southbound

Notes:

	1.	Excavation quantities shown are bulked by a factor of 1.4 to compacted fill volume.  Includes portal headwall excavation.

	2.	Assumes tunnels are excavated from both ends an equal distance.

	3.	These volumes do not include fill foundation excavation and refill: 120,000 cubic yards for double bore layout and 100,000 cubic yards for single bore layout.

	4.	North Fill includes about 30,000 cubic yards of fill to build new dam and create new wetlands upstream (west) of fill.

	5.	Top soil from north area excavations (3 feet thick) stripped and temporarily placed west of North Fill.  Final placement on surface of North Fill and wetland.

	6.	North fill will be a zoned fill to obtain desired stability.

	7.	South Portal area fill of 4,000 to 5,000 cubic yards not included in table.  Fill foundation excavation and refill, 6,000 cubic yards, not included.

	8	South Disposal area volumes do not include top soil stripping volume and foundation preparation volume.

	9.	TBM option has essentially the same excavation volume.





�2.8	tunnel systems

There are a number of tunnel systems which are needed to provide for safety and meet operational requirements.  The tunnel systems are essentially the same for all design variations.  The systems are the tunnel control system, tunnel surveillance system, tunnel traffic control system, communications system, emergency evacuation system, environmental monitoring system, and tunnel maintenance system.  Figures 27, 28, and 29 show the general concept for the tunnel systems.  Refer to Appendix IV for details.



2.8.1	Tunnel Control System

A computerized Tunnel Control System (TCS) will control the tunnel equipment and traffic in a semi-automatic operating strategy.  It will be a redundant system and will have an uninterruptable power supply (UPS).  The tunnel will be controlled from the Caltrans Transportation Management Center (TMC) in Oakland.



2.8.2	Tunnel Surveillance System

The surveillance system will include traffic sensors, closed circuit television, linear heat detectors, fire alarms, equipment sensors, and intrusion alarms for the crosspassages, refuge rooms, and the OMC.



2.8.3	Traffic Control System

The traffic control system includes variable message signs (VMS) and traffic signals, and an AM/FM radio rebroadcast system.



2.8.4	Communication System

The communication system includes an emergency telephone system.  The linkage between the tunnel and the TMC in Oakland would use leased telephone lines.



2.8.5	Emergency Evacuation System

The emergency evacuation system includes the crosspassages and refuge rooms.  The refuge rooms will have their own ventilation, lighting, water, and communication system.  An emergency helipad will be provided on the roadway at each tunnel portal.

2.8.6	Environmental Monitoring System

The tunnel has a number of sensors monitoring air quality and the VMS will display information to motorists and the tunnel operators regarding weather conditions outside the tunnel.



2.8.7	Tunnel Maintenance System

The tunnel must be maintained in an organized manner.  The project costs presented in Section 7 include the long-term maintenance equipment that would be required.  A computerized maintenance scheduling program will be utilized for the project.



2.9	fire protection

The fire protection facilities, which would be essentially the same for all design variations,  would consist of a new pump station at Route 1 and Linda Mar Boulevard connecting to the North Coast County Water District line, and an 8-inch diameter water line in Linda Mar Boulevard and Peralta Road to the entrance to Shamrock Ranch and then along the ranch road, in a new easement, to the North Portal.  The water line would enter the tunnel and rise vertically in a drilled shaft to a 9-foot high by 26-foot diameter tank.  A graveled access road (and easement) would connect Route 1 to the tank location.  The waterline would extend through the tunnel, with hose connections, to the OMC.  All of these facilities would be owned and operated by Caltrans.  This information is generally shown on Figures 2 and 3.  Refer to Appendix V for details.



2.10	ventilation

A desire to utilize longitudinal ventilation (jet fans) for the Devil's Slide Tunnel was addressed early in the Study.  Jet fan ventilation, used extensively in Europe and Japan, is much less costly than full transverse ventilation.  A special meeting was held with Caltrans and the FHWA on June 4, 1996, to obtain approval of the use of jet fans.



Based upon the results of the Memorial Tunnel Fire Ventilation Test Program, jet fans have been found to be suitable for tunnels with a length of up to 2,800 feet.  The FHWA has approved the use of jet fans in longer tunnels for planning purposes.  Jet fans are presently being installed in the 4,650-foot long double bore Cumberland Gap Tunnels in Tennessee, which were approved under the jurisdiction of another Federal agency after review by a special board of international consultants.



Design Variations E and F were modified to include a splitter wall to allow the use of jet fans.  The splitter wall effectively divides the single bore tunnel into two “tubes”.  Passageways are provided in the splitter wall to provide for emergency egress.  The splitter walls were also ultimately incorporated into the tunnel rock arch support system for these wide tunnel openings.



Therefore, five of the six design variations use jet fans.  Only Design Variation D uses the full transverse ventilation system which requires a costly ventilation duct and flue system in the roof and one sidewall, and a costly ventilation building at each portal.  Refer to Appendix VI for details.



Two key factors affect the number of jet fans in the different design variations:  whether the tunnel has pedestrian/bicycle path facilities, and the number of traffic lanes. The tunnels without pedestrian/bicycle facilities allow a higher 120 ppm CO limit.  The tunnels with pedestrian/bicycle path facilities requires a more restrictive 65 ppm CO limit, as well as twice the number of crosspassages.  The four lane tunnel (Design Variation C) requires more fans than an equivelant two lane tunnel (Design Variation A).  These issues are reflected in Table 5.



TABLE - 5

VENTILATION RELATED DATA

Design Variation�Pedestrian/ Bicycle Use�No. of Lanes�Fans�CO Limit�No. of Cross-passages��A�No�2�18  50hp jet fans�120 ppm�7��B�Yes�2�32  50hp jet fans�65 ppm�14��C�No�4�28  50hp jet fans�120 ppm�7��D�No�2�12  200hp axial flow fans�120 ppm�141��E�No�2�18  50hp jet fans�120 ppm�7��F�Yes�2�28  50hp jet fans�65 ppm�14��1.	Refuge rooms - one on each side of tunnel at 7 locations.



2.11	tunnel power supply

The power supply is essentially the same for all design variations.  Refer to Appendix VII for details.  The permanent power supply for the project would come from the Montara area as shown on Figure 30.  An existing single phase 12.47 kV line extends 4,800 feet north from Montara to public beach facilities.  This line would be upgraded to a 3 phase 12.47 kV circuit.  It would then be extended 1,200 feet to the OMC on an overhead line.  A 15 kV underground line would extend 1,800 feet from the OMC to the South Portal.  The main substation would be located at the OMC and would have the main distribution switchgear bus and standby generators.



An electric switchgear building would be located at each portal and the main powerline would extend through the tunnel.



The south permanent power feed would also be used during construction.  Construction power to the North Portal would be provided by a temporary extension of the existing 3 phase 12.47 kV line on Shamrock Ranch, about 1,100 feet away.



2.12	lighting

The tunnel lighting concepts are essentially the same for all design variations.  A typical example, Design Variation A, is shown in Figure 31.  Refer to Appendix VIII for details.  Tunnel lighting requirements involve a number of related issues:  reflective surfaces in the tunnel and in tunnel approaches; solar orientation; stopping sight distance; maintenance cleaning frequency; and luminaire type.  The light levels selected for the threshold and transition zones (first portion of tunnel) are very moderate, and are appropriate for a tunnel in a mountainous region.



Tiles will be installed on the sidewalls to provide adequate reflective surfaces, and portal structure colors will be selected to achieve suitably reflective qualities.  Lighting levels must allow for the design speed stopping sight distance, and there must be higher levels of lighting in the threshold and transition zones.  The frequency of cleaning the tiles and luminaires is related to the lighting levels required (less cleaning means higher lighting requirements).  Cleaning was established on a twice a year basis.



The type of luminaire selected would be the high pressure sodium type, which is lower in first cost and has lower energy costs.  Exterior night time lighting at the tunnel approaches would also be provided.  The lighting system would be computer controlled and have an uninterruptable power supply (UPS).

�

3.0

ENVIRONMENTAL ISSUES



3.1	GENERAL

As briefly described in Section 1.0, four alternative alignments were studied for the Devil’s Slide Tunnel.  The preferred alignment was selected because it presented the shortest length of tunnel(s), had good highway geometrics, and had the least environmental impacts.



A general assessment was made regarding potential environmental impacts along the four alternative alignments.  A more detailed assessment was then carried out for the selected alignment, which is shown on Figures 2 and 3.  Detailed discussion of the environmental issues associated with the selected alignment is contained in Appendix IX.  Table 6 summarizes those environmental issues whose mitigation efforts might affect the cost of the project.  Table 7 summarizes special status plant and wildlife species that might be affected by the construction.



3.2	specific environmental issues

The most significant environmental issues involve areas located along the northern approach of the alignment: an existing ranch pond and dam and associated small wetland area; two small adjacent wetland areas (1.6 acres in total wetland area); and the resident red-legged frog, a listed species.  The areas are shown on Figures 2, 3, and 26.  The impacts to these areas would be caused by the North Fill option for the alignment, where the alignment would cross the valley north of the North Portal.  This fill and impact could be avoided by using a bridge(s) but would increase project costs by $10 to 17 million.  These impacts, however, can be mitigated.  As generally shown on Figure 26, the ranch pond can be relocated, the wetlands can be replaced, and the red-legged frog can be relocated.  Assuming a 1:1 wetland replacement ratio, the new dam, earthworks, and associated activities could be completed for about $0.5 million.  These costs were included in the overall project cost estimates.  



A relatively minor environmental issue is a small low quality seasonal wetland area at the South Disposal area.  This area would be avoided, and would be further enhanced by�

TABLE 6

ENVIRONMENTAL ISSUES THAT MAY AFFECT COST



Criteria/Issue�Cost Issue�Comments��Land Use - Relocation�No�No homes affected ��Farmlands�No�No farmlands affected��Parklands (Section 4(f))�No�No parklands affected��Recreation - Bike Access�Yes�To be addressed by Caltrans.��Air Quality �No�No mitigation costs were identified nor anticipated.��Noise�No�Noise mitigation appears unnecessary as no immediate receptors are present.��Water Quality�Yes�Water quality mitigation would be included in the project.��Wetlands�Yes�Potential wetland mitigation is included.��Wildlife�Yes�Mitigation for loss of habitat is included.��Floodplains�No�No flood plains are affected.��Wild and Scenic Rivers�No�No wild and scenic rivers are affected.��Threatened and Endangered Species�Yes�Habitats supporting species population are mitigated.��Cultural Resources�No�Further studies are needed to confirm cultural resources are not present; no mitigation included.��Hazardous Waste�No�No known contaminated sites are present.��Coastal Habitats�Yes�Mitigation will replace impacted habitats.��Visual�Yes�Visual impacts can be partially mitigated through revegetation. No additional mitigation costs are identified at this time.��Energy�No�No mitigation is necessary.��Land access for private property owners from old highway�Yes�Access provided.���

TABLE -7

SPECIAL STATUS PLANT AND WILDLIFE SPECIES







Common Name�



Scientific Name�

Potential to Occur�Low Potential to Occur�Further Investigation Required��Bumblebee Scarab Beetle�Lichnanthe ursina��X�X��California Clapper Rail�Rallus longiroslris obsoletus��X���Crystal Springs Lessingia�Lessingia arachnoidea��X�X��Fragrant fritillary�Fritillaria liliacea��X�X��Hickman’s Cinquefoil�Potentilla hickmanii�X��X��Mission Blue Butterfly�Icaricia icarioides missionensis��X�X��Monarch Butterfly�Danaus plexippus���X��Montara Manzanita�Arctostaphylos montarensis��X���Northern Coastal Salt Marsh�-��X���Northern Maritime�-��X���Red-Legged Frog�Rana aurora draytonii�X��X��Saltmarsh Common Yellow Throat�Geothlypis trichas sinuosa��X���San Bruno Elfin Butterfly�Incisalia mossii bayensis��X�X��San Francisco Garter Snake�Thamnoplus sirtalis tertrataenia��X�X��San Francisco Gumplant�Grindelia hirsutula var. maritima���X��Santa Cruz Manzanita�Arctostaphylos andersonii��X���Serpentine Bunchgrass�Fescue��X���Valley Needlegrass�Achnaterum��X�X��White-rayed pentachaeta�Pentachaeta bellidiflora��X�X��*Peregrine Falcon�Falco peregrinus�X��X��*Common Murre�Uria aalge�X��X��Notes:  * Indicates species not listed in the California Natural Diversity Data Base (CNDDB).  All other species listed appear in the CNDDB.

�directing flows to the area from the tunnel formation drainage system and the small channel just east of the South Portal via a 24-inch diameter pipe.  The cost of the pipe, about $50,000, is included in the construction cost estimates.



A third relatively minor environmental issue is a small drainage channel located just east of the South Portal.  In order to accommodate the tunnel portal(s) in this area without affecting the channel, the east side portal excavation will be steepened beyond what would be accomplished for other portal slopes, and will be stabilized with rock dowels and shotcrete.  The costs for this additional work, about $500,000, are included in the construction cost estimates.



A fourth environmental issue is a Peregrine Falcon nest located about 800 feet north of the South Portal (see Figure 2).  This distance between the nest and portal area construction will likely be sufficient to avoid any impact on the hatchlings during the January 1 - July 1 nesting period.  However, with the (conservative) assumption that there would be some impact, the tunnel project would contribute $50,000 to a multi-project hacking program arranged by the U.S. Fish and Wildlife Service.



A visual environmental issue for the project would involve the appearance of excavation or fill slopes.  The North Fill slopes would be landscaped, but because of their rock surfaces, the cuts at the North Portal, South Portal, and South Rock Cut areas would not be landscaped.  The South Disposal area would be replanted with native plants.



3.3	permits and regulatory requirements

The project would be required to comply with a number of regulations and secure a number of permits as listed below.  Details of these requirements are described in Appendix IX.



National Environmental Policy Act/California Environmental Quality Act (NEPA/CEQA).

Section 404 of the Clean Water Act.

Section 401 of the Clean Water Act.

Section 402 of the Clean Water Act.

Federal and State Endangered Species Acts.

Coastal Development Permit.

California Fish and Game Code, Sections 1600-1607, Stream Alteration Agreement.

�4.0

RIGHT OF WAY and PEDESTRIAN/BICYCLE PATH REQUIREMENTS



4.1	RIGHT OF WAY REQUIREMENTS



The right of way needed for the project varies slightly with the single bore and double bore layouts, as shown on Figures 2 and 3.  Each layout has an area required for surface facilities and an area required for an underground tunnel easement.  Three property owners are affected.  (A fourth property owner is also affected, but the property is only a 0.05 acre sliver remnent.)  The areas required for the various layouts are shown in Table 8.  Refer to Appendix IX for details.

TABLE 8

APPROXIMATE PROPERTY ACQUISITION (IN ACRES)



�Double Bore�Single Bore���Parcel

A�Parcel

B�Parcel

C�Total Acres�Parcel

A�Parcel

B�Parcel

C�Total Acres��With North Fill����������Permanent Acquisition�15.7�2.1�16�33.8�13.7�2.1�16�31.8��Temporary (Wetland and Pond)�3�-�-�3�3.7�-�-�3.7��Temporary (Access Road)�0.8�1.7�-�2.5�0.8�1.7�-�2.5��Underground Easement�11.5�-�3.7�15.2�7.2�-�2.3�9.5��With North Bridge��������41.3��Permanent Acquisition�11�-�23.1�34.1�8�-�23.1�31.1��Temporary (Wetland and Pond)�-�-�-��-�-�-���Temporary (Access Road)�0.8�1.7�-�2.5�0.8�1.7�-�2.5��Underground Easement�11.5�-�3.7�15.2�7.2�-�2.3�9.5��Utilities��������40.6��Access Road Easement to Water Tank�1�.5�-��1�.5�-���Waterline and Temporary Powerline Easement�.5�-�-��.5�-�-���

Included in the right of way category is the abandonment of 5,300 feet of the existing highway from the South Portal area north to a new cul-de-sac terminus.  Access would be provided to the adjacent private properties from the South Portal to the Devil’s Slide area via the abandoned roadway.



�4.2	PEDESTRIAN/BICYCLE PATH

 

A pedestrian/bicycle path would be required for those tunnel design variations that do not include that feature (Design Variations A, C, D, and E).  Caltrans does not believe that the old highway is suitable for long term use and would abandon the old highway.  Therefore, Caltrans has prepared a preliminary layout of a pedestrian/bicycle path generally using the old San Pedro Mountain Road alignment.  The plan is shown on Figure 32.  Details are presented in Appendix X.  However, the use of San Pedro Mountain Road as the pedestrian/bicycle path is not being accepted by some in the community.  They prefer the use of the old highway.  To accomplish this a local agency would have to take over the abandoned highway.

�5.0

SCHEDULES



Construction schedules were developed through a detailed analysis of the various activities involved in constructing each of the design variations.  Details of these analyses and schedules are contained in Appendix X.  The items of work which control the critical path (or duration) of the project are earthwork, tunnel excavation and stabilization, and tunnel lining. As can be seen in Table 9, the estimated construction time period would range between approximately 32 and 44 months, depending on the design variation. An example of a typical schedule (Design Variation A) is shown in Table 10. The start of construction would be determined by Caltran’s overall project schedule.



TABLE 9

CONSTRUCTION PERIOD (MONTHS)



Design Variation�A�A-TBM�B�C�D�E�F��Months�38.7�37.5 1�39.9�44.4�32.4�42.4�43.0��1.	28 months of field construction.



The construction time for the TBM option includes 18 months to manufacture and deliver the TBM.  No field construction would take place for about 9( months from the Notice to Proceed, then eight months of earthwork activities would take place, and then 20 months of tunnel work and finishing work would complete the project.



The start of construction would be determined by Caltran’s overall project schedule.
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TABLE 10

TYPICAL PROJECT SCHEDULE 

(DESIGN VARIATION A SHOWN)



�6.0

project cost ESTIMATEs



6.1	introduction

The development of project cost estimates for each of the design variations was organized according to seven categories:



Construction costs

Environmental processing and mitigation costs

Design engineering costs

Right of way costs (by Caltrans)

Construction engineering and management costs

Pedestrian/bicycle path costs (by Caltrans)

35-year present worth operations, maintenance and replacement costs.



This section provides a discussion of the approach to preparing the estimates, discusses allowances, provides an overview of the cost categories, summarizes the estimated costs developed for each category and design variation, and provides a discussion of costs for a number of design options.  Details are presented in Appendix X.



6.2	approach to preparing estimates

The approach to be used for preparing the cost estimates was established at the Technical Advisory Committee meeting on July 31, 1996.  The approach was to develop estimated total project costs which would include all costs beginning with final design, through construction, and ending after 35 years of operations.  This is the base estimate.  However, because of the nature of this Study, it was important to be accurate since “conservative” estimating would be subject to criticism by tunnel proponents, and “low ball” estimates would be subject to criticism by bypass proponents.



The details of the approach adopted for the Study was to develop detailed design quantities from prudent designs.  A number of design elements can be quantified with a high degree of accuracy, such as the general civil, earthwork, mechanical and electrical items, and their design can be detailed to a reasonably high level, even at the “30%” level of design completion.  These elements are assumed to be performed by subcontractors, who would have their own normal contractor overhead and profit factors.



The costs for the tunnel work, consisting of excavation, stabilization, waterproofing, lining, pavement, and sidewalks (and roof ventilation ducts in Design Variation D) represent the major construction costs for the project.  The excavation and stabilization elements, by their nature, are more difficult to design than the above mentioned civil, mechanical and electrical elements.  Consequently, the 30% level designs for the tunnel components were somewhat conservative, and excavation sequencing and stabilization requirements were established to include construction contingencies.  Production rates for the excavation and stabilization activities were selected on a prudent basis.  Contractor staff levels were also prudent.  Markup on subcontractor work and profit were estimated at prudent levels.



The other elements of the total project costs, engineering, right of way, OM&R costs, and bicycle path costs were all developed on a prudent basis.



All of the above factors lead to the establishment of the base estimate which is considered to be the reasonable maximum total project cost.  This maximum value is referred to hereinafter as the upper bound cost.  It is a cost which has a low probability of being exceeded.



The next subsection discusses allowances to be applied to the upper bound cost to arrive at lower bound costs.  The lower bound cost is considered to have a low probability of being underrun.  This approach allows for a logical evaluation of the range of construction costs taking into account the detailed knowledge of how the base estimate was developed.  This is a superior method for estimating the range of cost of a project in a comparative study such as this.  The average of the upper bound and the lower bound costs is the average estimated cost.  While simplistic, an average cost can be used to help facilitate comparing the tunnel and bypass alternatives.



6.3	allowances

There are a number of fundamental differences between developing a project cost estimate for a typical highway project and a highway tunnel project.  One difference is that for a typical highway project, there is more likely to be a number of recently constructed, similar projects in the area or region, sufficient to provide a good database of unit prices under “live” bidding conditions.  In comparison, highway tunnel projects are few and far between.  As was evidenced in Section 3 of Appendix X, only 3 similar highway tunnel projects could be identified.  These projects, located in Hawaii, Colorado, and Tennessee, were constructed in areas with different labor costs, in significantly different settings, with different geologic conditions and with bid dates extending as far back as 1989.  



Without an extensive as-bid database upon which to benchmark cost estimates and unit prices, there is a greater degree of potential variability between a cost estimate developed for a tunnel project during the Preliminary Design, and the actual final construction cost.  However, the variability of site and geologic conditions and contractor bid unbalancing make benchmarking of tunnel project costs only generally useful.



To account for this potential variability, it is more realistic to represent the cost estimate as a range of costs within which the actual cost will fall, rather than a singular cost.  The range is represented by the lowest and highest reasonable estimates of cost for the project; i.e., the lower and upper bounds.  This Section describes the various downward allowances that were applied to the base cost estimates (upper bound costs) in order to develop the range.  The approach to establishing the upper bound base cost estimate was presented in the previous subsection.



The different allowance factors, including items for which no allowance is warranted, are reviewed below.  The discussion is divided into allowances for the construction cost items, and for other related cost items.



6.4	construction costs

6.4.1	General

Construction costs encompass all areas of the 6,500-foot long project, including the north approach roads (including the North Fill or North Bridge), the North Portal area, the tunnel(s), the South Portal area, the South Rock Cut, the South Disposal area, and the OMC.  Construction cost elements within these project areas are further identified as earthwork, tunnel (excavation, stabilization, waterproofing, lining and pavement), power supply, lighting, tunnel systems, fire protection, ventilation, tunnel civil, approach roads, and the OMC.  Pedestrian/bicycle path costs are presented in Section 6.10.



6.4.2	Civil, Electrical, and Mechanical Costs

The civil, electrical, and mechanical costs are summarized in Table 11.  These costs were estimated by specialists in their respective fields, generally on a unit price basis.  Details relating to their development are contained in Appendix X.



6.4.3	Earthwork and Tunneling Costs

The earthworks and tunneling cost estimates were developed using detailed contractor-style estimating procedures.  The estimates are based upon prudent assessment of construction means and methods, prevailing wage rates, crew sizes, equipment costs, production rates, markup, and profit.  



Two independent tunnel cost estimating specialists performed the tunnel cost estimating work.  After agreeing upon a set of common estimating criteria, they prepared their individual estimates.  Following an approach similar to how joint venture contractors would reconcile estimates for their bid, the two estimators compared their estimates and resolved any major differences.  



�

TABLE 11

CONSTRUCTION COST ESTIMATES ($1,000)

(Civil, Electrical, and Mechanical) 



Design Variation�Power�Supply�

Lighting�Tunnel Systems�Fire�Protection�

Ventilation�Tunnel 

Civil�Approach�Roads�

OMC�Total

C, E & M��A�3,428�4,240�5,962�895�1,106�4,695�1,293�2,743�� =SUM(LEFT)-6155 �24,362���  A1�5,074�4,556�6,541�895�1,106�3,999�1,293�2,743�� =SUM(left)-6155 �26,207�� =SUM(LEFT) ����B�4,235�4,212�6,284�895�1,951�4,372�1,356�2,743�� =SUM(left)-6349 �26,048���C�3,877�4,363�2,924�895�1,712�5,491�1,402�2,743�� =SUM(left)-7096 �23,407���D�3,614�2,737�6,514�886�15,627�2,677�1,204�2,743�� =SUM(left)-5482 �36,002���E�2,997�3,846�5,962�886�1,106�4,019�1,235�2,743�� =SUM(left)-5578 �22,794���F�3,605�4,161�6,284�886�1,712�3,901�1,264�2,743�� =SUM(left)-5726 �24,556���1.	TBM option.



The tunnel cost estimates were based upon the preliminary designs developed for each of the design variations, on a “potentially gassy with special conditions” classification determined by CalOSHA, and on the basis that certain contracting provisions for tunnel projects would be included in the construction contract.  It was assumed that the tunnel work would be performed under a single contract, but that individual supporting elements would be performed by subcontractors.  Two alternative methods of project delivery, the Conventional Method and the Design/Build Method, were evaluated, and the Conventional Method was assumed for the purposes of the cost estimates developed.



Table 12 shows a breakdown of the earthwork and tunnel construction cost estimates.  Where the two tunnel cost estimators arrived at different estimates, both estimates are shown, as well as the average of the two which was used in the Study as the upper bound cost as discussed earlier.  The markup includes markup on subcontractors.



The base cost estimates summarized on Table 13 were reviewed by the WCC Team.  The conclusion of that review is that the costs represent a prudent upper bound on what those costs could be at the completion of construction.  A number of factors were considered that could cause those numbers to adjust downward, as a result of: additional field investigation and design efforts during the final design phase; levels of conservatism in the Study designs; 





TABLE 12

ESTIMATED EARTHWORK AND

TUNNEL CONSTRUCTION COSTS ($1,000)





Design Variation�



Earthwork 2, 7,8�Tunnel Excavaton & Stabilization�

Tunnel Lining�Civil, Electrical, & Mechanical 2,8�

Indirect & Bond�



Markup 3�



Total��A 4�6,155�29,370�19,102�24,362�15,126�14,549�� =SUM(LEFT) �108,664���A 5�6,155�28,709�17,933�24,362�18,253�13,088�� =SUM(LEFT) �108,500���A 6�������108,582 ��A1�6,155�70,107 9�0�26,207�9,633�9,164�� =SUM(LEFT) �121,266���A1�6,155�59,783 9�0�26,207�14,969�8,685�� =SUM(LEFT) �115,799���A1�������118,533��B�6,349�31,006�19,302�26,052�15,621�14,970�� =SUM(LEFT) �113,300���B�6,349�30,896�18,146�26,052�18,476�13,881�� =SUM(LEFT) �113,800���B�������113,550��C�7,096�36,371�20,959�27,407�17,642�17,229�� =SUM(LEFT) �126,704���C�7,096�37,379�20,426�27,407�19,277�15,615�� =SUM(LEFT) �127,200���C�������126,952��D�5,482�25,168�17,395�36,002�12,872�12,880�� =SUM(LEFT) �109,799���D�5,482�23,787�14,440�36,002�16,652�12,051�� =SUM(LEFT) �108,414���D�������109,107��E�5,578�38,811�22,061�22,794�17,176�18,335�� =SUM(LEFT) �124,755���E�5,578�35,230�19,601�22,794�19,668�16,029�� =SUM(left) �118,900���E�������121,828��F�5,726�40,114�22,657�24,565�17,523�18,735�� =SUM(LEFT) �129,320���F�5,726�36,561�20,241�24,565�20,082�17,125�� =SUM(LEFT) �124,300���F�������126,810��1.	TBM Option

2.	Does not include markup on subcontractors.

3.	Includes markup on subcontractors.

4.	Estimate from Tunnel Estimator 1 (Typical for all design variations)

5.	Estimate from Tunnel Estimator 2 (Typical for all design variations)

6.	Estimate selected for use. (Typical for all design variations)

7.	North Fill Option

8.	Cost estimate provided by other specialists to tunnel estimators.

9.	Includes precast tunnel lining segments.







the climate in the tunneling industry at the time this project would be bid, and other factors that would affect O&M present worth estimates.  It was concluded that a lower bound/upper bound range would be more reasonable than a single number for any given cost element, and for the total project cost estimates for each design variation.  Appendix X presents a detailed discussion of the various factors and considerations that would warrant downward adjustments to the estimated upper bound base costs, and the allowance percentages and cost values.  



6.5	environmental processing and mitigation costs

The environmental processing costs are estimated to be $500,000 to obtain the acceptance of the use of the North Fill option.  If the North Bridge option were used it is estimated that the environmental processing would cost only $250,000, since it avoids any environmental impact.  The mitigations costs are estimated to be $160,000 for the 1:1 ratio wetland replacement, and $50,000 for participation in the Peregrine Falcon hacking program.  The cost of the new dam and wetland earthwork is included in the construction costs.



The $1,030,000 upper bound costs shown in Table 13 include $320,000 for additional replacement wetlands, and the lower bound cost, $610,000, reduces the environmental processing costs by $100,000.



6.6	design engineering

Design engineering (performed over a 6-month period) includes the final exploration and testing program, surveys, designs, preparation of plans and specifications, reports, cost estimate and schedule, meetings, pre-bid and award services, project management, and other miscellaneous items.  The estimated costs include an allowance for Caltrans administration and review.  The design engineering costs for Design Variations A, B, and C  were assumed to be the same.  The costs for Design Variation D are substantially higher because of the additional design costs associated with a transverse ventilation system.  The costs for Design Variations E and F are higher because of the added complication of the splitter wall.  The estimated design engineering costs are included in Table 13.  No allowance is warranted.
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TABLE 13

TOTAL PROJECT COST ESTIMATES ($1,000’s)







�6.7	construction engineering and management

Construction engineering and management is a function of construction time and project scope (single bore or double bore, jet fan ventilation versus full transverse ventilation, etc.). The schedule for each design variation was evaluated and then the personnel requirements were identified for the respective periods of time.  The personnel include field staff, laboratory staff, office staff and management staff.  Caltrans administrative costs estimated at about 10% of these costs are included.  The costs were assumed to start in 1998 and were escalated and then the 1997 costs were determined by present worth techniques.  The estimated costs are included in Table 13.  No allowance is warranted.



6.8	right of way

The costs of right of way acquisition were estimated by Caltrans.  The costs include an amount for appraisals and acquisition work by Caltrans.  The estimated costs are included in Table 13.  No allowance is warranted.



6.9	operations, maintenance and replacement costs

Total project costs include operations, maintenance and replacement (OM&R) costs.  However, to compare the different projects, present worth techniques were used.  Each year’s OM&R costs were estimated for a 35-year period, in 1997 dollars.  Except for electric power costs, they were then escalated by 2.5% per year, and then the present worth was computed for each year, using a 6.5% discount rate.  The sum of the 35 years of present worth OM&R costs is the single value to be added to the other costs.



Operations costs primarily include electric power costs and O&M supervisor costs.  Maintenance costs include items such as rock removal, the cleaning of lights and tiles, and sweeping the tunnel (including personnel).  Replacement, for example, includes fan replacement after 20 years and pavement overlay after 10 years.



Electric power costs are subject to change as a result of deregulation.  Electric power costs are based on a 10% reduction in January, 1998, remaining at that level until another 10% reduction in January, 2003, and then escalating 2.5% for 29 years.  A 6.5% discount rate was used.  For Design Variation A this results in a total 35-year present worth electric power cost of $3,850,000.



The total OM&R costs were then adjusted to begin in 2002, the estimated year the tunnel would be opened to traffic, still in 1997 dollars.  A breakdown of OM&R costs by element is shown in Table 14.



TABLE 14

ESTIMATED TOTAL 35 YEAR PRESENT WORTH

OPERATION, MAINTENANCE AND REPLACEMENT COSTS ($1,000)

BY ELEMENT





Design Variation�

Approach Roadway 2,3�

TunnelCivil 3�Lighting

& 

Finishes 3�

Fire Pro-tection 3�

Venti-lation 3�

Tunnel

Systems 3�



OMC 3�

Power Supply 3�

Electric Power 3�



Total 3�



Total 4��A�694�1,124�1,536�295�836�6,868�2,783�646�3,850�� =SUM(LEFT) �18,632��14,704�� A1�694�1,124�1,536�295�836�6,868�2,783�646�3,850�� =SUM(left) �18,632��14,704��B�733�1,142�1,635�295�1,390�7,291�2,783�646�4,319�� =SUM(left) �20,234��15,969��C�746�1,139�1,730�295�1,237�7,148�2,783�646�4,285�� =SUM(left) �20,009��15,791��D�669�1,124�1,376�295�1,970�7,597�2,783�646�5,082�� =SUM(left) �21,542��17,001��E�685�1,120�1,564�295�836�6,868�2,783�646�3,779�� =SUM(left) �18,576��14,661��F�701�1,125�1,618�295�1,237�7,291�2,783�646�4,144�� =SUM(left) �19,840��15,657��1	TBM Option

2	For North Fill Option

3.	For 35 years starting in January 1997, 1997 dollars.

4.	For 35 years starting in January 2002 when tunnel is assumed to be opened to traffic, 1997 dollars.



Total OM&R costs are included in Table 13.  The effects of escalating the OM&R costs at a rate higher or lower than 2.5%, and assuming a discount rate higher or lower than 6.5%, are shown in Table 15.  Total 35-year present worth OM&R (1997) costs for all OM&R elements are $18,632,000 for Design Variation A using a 2.5% escalation and 6.5% discount rate.  The Federal Reserve Board (FRB) is using interest rates to control inflation.  Recent T-bond rates have been near 7% and inflation is stable in the 2% range.  It is more likely that interest rates will increase based on previous FRB reaction to inflation.  Using a 7% discount rate and a 2% escalation rate, the OM&R costs are reduced by 10%.





TABLE 15

COST OF OM&R FOR DESIGN VARIATION A 

AS A FUNCTION OF ESCALATION RATE

 AND DISCOUNT RATE ($1,000)



Escalation�Discount Rate��Rate�7%�6.5%�6.0%��0%�12,924�13,740�14,471��1.5%�15,362�16,344�17,429��2.5%�17,429�18,629�19,964��3.5%�19,964�21,447�23,102��

The OM&R costs include significant replacement costs based on suppliers recommendations.  It is likely that items will be replaced based on a “if it’s not broke, don’t fix it” philosphy.  An analysis indicated that this could reduce overall OM&R costs by 8%.  Therefore, an overall lower bound OM&R cost would be established by using a downward allowance of 10% plus 8%, or 18%.



6.10	pedestrian/bicycle path costs

Caltrans has indicated that they will not use the abandoned section of Route 1 as a pedestrian/bicycle path due to safety and cost concerns.  Caltrans prepared a design and cost estimate for the pedestrian/bicycle path using San Pedro Mountain Road.  The road is about 31,000 feet long, and consists of an 8-foot wide paved section with 2-foot wide unpaved shoulders.  It is assumed that minimal grading work would be done to avoid environmental impacts.  The estimated construction cost is $2,568,000, the estimated design engineering and construction engineering and managment costs are $668,000, the estimated right of way costs are $45,000, the estimated first year OM&R cost is $10,000 and the total present worth 35-year OM&R cost (assuming 2.5% escalation and 6.5% discount rate) is $187,000.  The total 35-year present worth estimated cost is $3,468,000 in 1997 dollars.  Adding 10% yields an upper bound cost of $3,815,000, and a levelized annual cost of $204,000.



At the Public Advisory Committee (PAC) meeting on the evening of October 7, 1996, and at the TAP meeting on October 8, 1996, negative comments were raised by the various parties regarding the use of San Pedro Mountain Road as a pedestrian/bicycle path.  It was stated by some members of the public and a PAC member that efforts are underway to have a local entity take over the abandoned portion of Route 1 and maintain it as a pedestrian/bicycle path.  Caltrans is of the opinion that until this actually occurs, they must be in a position to have provided a safe facility.



Mr. Trapani, in his comments on the draft of Appendix X indicates his position that the abandoned portion of Route 1 be used and be maintained by some other entity.  He suggests a $250,000 design and construction cost and a $187,000 35-year present worth OM&R cost ($10,000 per year, 1997 dollars).  This totals $437,000 or a levelized annual cost of $24,000.



It is interesting to note that the difference in total project cost between Design Variation A (without a pedestrian/bicycle path) and B (with one) is about $4,400,000 or a levelized annual cost of $236,000.



Caltrans spent $2,000,000 (construction only) to reopen the road in 1995.  This expenditure occurs about every 10 years.  The WCC Team assumed that every 10 years the path required a major repair costing $350,000 (1997 dollars), that an initial cost of $250,000 (1997 dollars) was needed to make the road a pedestrian/bicycle path in 2002, and that normal annual OM&R costs (including insurance) were $10,000 (1997 dollars) per year, the total cost could be, in 1997 dollars:



��1997

Present Worth��Make path in 2002�250,000 1 x 1.13 3 x .802 4  =�$   225,000��Fix path in 2005�350,000 1 x 1.22 x .703     =�     300,000��Fix path in 2015�350,000 1 x 1.56 x .564     =�     310,000��Fix path in 2025�350,000 1 x 2.00 x .292     =�     205,000��Fix path in 2035�65,000 1, 2 x 2.56 x .185�       31,000���OM&R�$10,000 x 18.665              =�     187,000����$1,258,000��1.	Includes engineering and construction costs.

2.	2 out of 10 years

3.	Escalation factor (typical)

4.	Present worth factor (typical)



This yields a levelized annual cost of $67,000.  The $1,258,000 amount is used in the report as the upper and lower bound as a reasonable value.



6.11	costs of other options

Using the “building block” approach mentioned at the beginning of the report, other options were developed to provide a full range of costs.  These options are discussed below.



6.11.1	Design Variation A(-)

This design variation option eliminates the sidewalk in Design Variation A.  By comparing the costs of Design Variations A, B, and C a cost versus tunnel width relationship was developed.  The cost of Design Variation A was then reduced by $2,200,000.  The cost for Design Variation A(-) is shown in Table 16.



6.11.2	Design Variation A (+)

This design variation option adds another sidewalk to Design Variation A.  The relationship developed above was used and the cost of Design Variation A was increased by $2,200,000.  The cost for Design Variation A(+) is shown in Table 16.



6.11.3	Design Variation E (-)

This design variation option eliminates the two sidewalks in Design Variation E.  By comparing the costs of Design Variations E and F a cost relationship was developed.  The cost of Design Variation E was then reduced by $1,300,000.  The cost for Design Variation E(-) is shown in Table 16.



6.11.4	North Bridge

The use of the North Bridge option in lieu of the North Fill option adds $10 to 17 million to the construction costs.  Extra design engineering, construction engineering and management and OM&R costs are estimated to be an additional $0.8 to 1.6 million.  The costs of this option are shown in Table 16.  This option was studied to show that this would be an unreasonable cost to incur to avoid any impacts on the wetlands and the red-legged frog.



6.11.5	Full Transverse Ventilation Requirement

In the unlikely event that the use of jet fans is not approved, an estimate was made of the cost increases for those design variations which presently rely on jet fans for ventilation (A, B, C, E and F).  Jet fans are installed in the 4,650-foot long Cumberland Gap tunnels.



This estimate is general but illustrates the possible cost implications of such a design change. Cost data from Design Variation D was used to obtain the majority of this data.  Costs associated with jet fan ventilation were subtracted from the costs for Design Variations A, B, C, E and F.  Tunnel enlargement, ventilation ducts and flues, ventilation buildings, design engineering, construction engineering and manangement, and OM&R costs were then added.  The costs are shown in Table 16.
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TABLE 16

TOTAL PROJECT COSTS FOR

SEVEN DESIGN VARIATIONS AND OPTIONS ($1,000)
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APPENDIX I - ALIGNMENTS AND TUNNEL SECTIONS DESIGN MEMORANDUM

Page 6, Section 3.3.1, 1st Paragraph

The South Portal can be seen in Figures I-6 & I-7 not Figures I-5 & I-7.



Page 7, Section 3.3.2, 1st Paragraph

The North Portal can be seen in Figures I-5 & I-8 not Figures I-6 & I-.



Page 12, Section 4.4, 1st Paragraph

The details of DV-B can be seen in Figure I-15 not Figure I-14.



Page 13, Section 4.5, 1st Paragraph

The details of DV-C can be seen in Figure I-20 not Figure I-19.



Page 13, Section 4.6, 1st Paragraph

The details of DV-D can be seen in Figure I-25 not Figure I-24.



Page 13, Section 4.7, 1st Paragraph

The details of DV-E can be seen in Figure I-30 not Figure I-29.



Page 14, Section 4.8, 1st Paragraph

The details of DV-F can be seen in Figure I-35 not Figure I-34.



Page 17, 1st Paragraph, 5th Sentence

The details of bridge option can be seen on Figures I-40 & I-41 not Figures I-39 & I 40.



Page 17, 2nd Paragraph, 7th Sentence

The Preliminary Bridge Investigation is Attachment I-B not I-2.





FIGURES



Figure I-10 - Left tunnel section has the sidewalk and slotted drain on the wrong side of the tunnel.  The cross slope is in the wrong direction.



Figure I-12 - The northbound portal station should be 151+05 not 151+03.20.



Figure I-17 - The northbound portal station should be 151+05 not 151+00.70.



Figure I-25 - The tunnel width dimensions should be 49’-2” not 49’-1”.



Figure I-37 - The northbound portal station should be 149+10 not 149+90.



Attachment I-A

Add Figure 1 and Figure 2. (attached hereto).





APPENDIX III - GEOTECHNICAL DESIGN MEMORANDUM



Page 18, paragraph 5.2.2



Change “2870 feet of the tunnel



to



“3415 feet of the alignment.”



Change “950 of the tunnel”



to



“405 feet of the alignment.”



Page 61, Section 12.0



Delete reference :  



Deere, et.al., 1970, “Design of Tunnel Support Systems”, in: RETC Proceedings.



Replace with 



Deere, D. U., Peck R. B., Parker H. W., Monsees, J. E., and Schmidt, B., 1970, “Design of Tunnel Support Systems”, National Academy of Sciences - National Academy of Engineering, Washington D. C., Highway Research Record, Number 339. 

�

Page 4, Attachment III-A,



Delete from 1st paragraph “  The tunnel is approximately 27,000 feet long and has a finished diameter of about 9.5 feet.  The tunnel was designed by the U.S. Bureau of reclamation and was built by the Guy F. Atkinson Company in 1979-1981.  



Replace with “The tunnel was designed by U.S. Bureau of reclamation and has a finished diameter of about 9.5 feet.  Approximately 2 miles (Reach 1) was completed by the Dravo Corporation in 1968, and the remaining 5 miles (Reach 2) was built by the Guy F. Atkinson Company between 1979 and 1981.  







�PAGE  �









�PAGE  �1�





Woodward-Clyde



� FILENAME \* Caps\p \* MERGEFORMAT �A:\Feasrev.Doc� � DATE  \* MERGEFORMAT �10/24/96�	ES - � PAGE  \* MERGEFORMAT �1�	October, 1996



Woodward-Clyde



� FILENAME \* Caps\p \* MERGEFORMAT �A:\Feasrev.Doc� � DATE  \* MERGEFORMAT �10/24/96�	ES - � PAGE  \* MERGEFORMAT �8�	October, 1996



Woodward-Clyde



� FILENAME \* Caps\p \* MERGEFORMAT �A:\Feasrev.Doc� � DATE  \* MERGEFORMAT �10/24/96�	ES - � PAGE  \* MERGEFORMAT �10�	October, 1996







� FILENAME \* Caps\p \* MERGEFORMAT �A:\Feasrev.Doc� � DATE  \* MERGEFORMAT �10/24/96�	Feasibility Report Page - � PAGE  \* MERGEFORMAT �1�	October, 1996



� FILENAME \* Caps\p \* MERGEFORMAT �A:\Feasrev.Doc� � DATE  \* MERGEFORMAT �10/24/96�	Feasibility Report Page - � PAGE  \* MERGEFORMAT �17�	October, 1996



� FILENAME \p \* MERGEFORMAT �A:\FEASREV.DOC�.	Feasibility Report Page - � PAGE �18�	October, 1996





� FILENAME \p \* MERGEFORMAT �A:\FEASREV.DOC�.	Feasibility Report Page - � PAGE �31�	October, 1996



� FILENAME \p \* MERGEFORMAT �A:\FEASREV.DOC�.	Feasibility Report Page - � PAGE �38�	October, 1996



� FILENAME \p \* MERGEFORMAT �A:\FEASREV.DOC�.	Feasibility Report Page - � PAGE �39�	October, 1996



� FILENAME \p \* MERGEFORMAT �A:\FEASREV.DOC�.	Feasibility Report Page - � PAGE �46�	October, 1996



� FILENAME \p \* MERGEFORMAT �A:\FEASREV.DOC�.	Feasibility Report Page - � PAGE �vi�	October, 1996












