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SECTION 110

DESIGN REQUIREMENTS

The Standard Specifications are hereby revised for this project to include Section 110, Design Requirements, as follows:

110.01 General.  The Contractor shall perform the design work as described herein.  Clarification will be provided by the Engineer as required.

CDOT has provided designs for portions of the work described herein.  For the remainder, designs shall be provided as a part of the Contract.  The Contractor shall provide design services for those remaining portions of work not completed by CDOT.

All designs provided by the Contractor shall be completed under the responsible charge of a Professional Engineer registered in the State of Colorado.  The designs and plans shall be sealed in accordance with the bylaws and rules of procedure of the Colorado State Board of Registration for Professional Engineers and Professional Land Surveyors by the responsible engineer in charge.

Bidders will not be compensated by CDOT for any design required to prepare the bid for the work.  Bidders who will have performed design work before award, but who do not get the award, for any reason, will have performed that work solely at their own cost and that design work will not be reimbursed by CDOT.

The Contractor shall ensure that the design meets all applicable design criteria including but not limited to the strength, safety and serviceability, as described herein and as shown on the Plans.  The Contractor shall use the plans, references and guidelines indicated herein for the design criteria. The work shall be performed in every case using desirable range design criteria.  Where conflicts exist between these plans and specifications and any desirable range design criteria described herein then the Plans and Specifications for this Contract shall take precedence.

Designs predicated on any errors or omissions in the Contract will be rejected.  If any such error, omission or discrepancy is discovered, the Contractor shall notify the Engineer immediately.  Failure to notify the Engineer will constitute a waiver of all claims for misunderstandings, ambiguities, or other situations resulting from error, omission, or discrepancy.

Major structure designs provided by the Contractor shall include an independent design review and check by an engineer registered in the State of Colorado employed by a firm other than the engineer-of-record.

The fence lines adjacent to the roadway represent the limits of CDOT owned right of way.  Some activities may require use of land not controlled by the CDOT.  No permanent direct project related work may be accomplished outside of existing CDOT right of way without approval of the Engineer.  In cases where the Contractor chooses to obtain temporary easements to facilitate the work, written concurrence from the Engineer is required.  The Contractor shall obtain all environmental clearances and other permits that may be required for the easements. The Contractor shall be solely responsible for the cost to obtain any temporary easements.  The Contractor shall obtain written permission from the property owners to enter the premises prior to performing survey work outside the existing right of way. This written permission shall include the names and telephone numbers of persons to contact should notification prior to entry be necessary.  These written permissions shall include CDOT personnel as well as Contractor personnel.  Form 730 shall be used for this purpose.  Signed copies of the written permission shall be submitted to the Engineer prior to entering private property for survey work.

Some activities such as materials testing on existing pavement or access to the State Highway system may require a permit from CDOT.  Permits shall be obtained by the Contractor and copies shall be submitted to the Engineer.

110dr
Page 2 of 13

2
SECTION 110

DESIGN REQUIREMENTS

110.02 Project Development.  The following activities of communication and consensus building, project team reviews, conceptual designs, gathering data, and documentation shall be accomplished by the Contractor and coordinated with the Engineer to satisfy the requirements of the Contract.  The time of accomplishment shall overlap and parallel paths of activity shall be utilized to finish the development phase in accordance with the shortest possible schedule.  The type and number of meetings, documents, etc., will depend on the category and characteristics of the project work and shall be determined by the Engineer.  The Contractor shall develop a project design schedule which satisfies the requirements of the project and identifies tasks to be accomplished by the Contractor.  This design schedule shall be approved by the Engineer prior to starting the work.  The Contractor shall coordinate all the work tasks being accomplished by all parties to ensure project work completion on schedule.

Design development shall be managed by the Contractor to occur along with the communication, project team reviews, data gathering, construction and documentation required to accomplish the work.  The various project elements shall occur in parallel paths where possible and as determined appropriate by the Engineer.  Conceptual layouts shall be developed for major structures which show satisfaction of the required span arrangement and the horizontal and vertical clearances.  Designs shall include general profile and cross section information, critical areas sufficient to analyze the general cut and fill limits, right-of-way and easement requirements, and earthwork and structural requirements.  The design for the roadway alignments, detours, and major structures shall be completed sufficiently so that satisfaction of pertinent design criteria can be demonstrated.  The Contractor shall ensure the recommended alternative complies with applicable standards and criteria.

The environmental clearances for the existing Right of Way have been completed.  The Contractor shall identify any access breaks, new right of way, staging areas, borrow areas, and stockpile locations early in the design phase.  CDOT will then complete clearances for these areas. The clearances shall be documented on a Form 128, which shall be signed by FHWA.

Impacts to wetlands shall be avoided.  If avoidance is not possible, impacts must be minimized.  If impacts are necessary, they must be mitigated on a 1:1 ratio.  CDOT will provide the wetland mitigation at another location. Adjacent wetlands shall be protected with silt fence or erosion bales.  CDOT will obtain the 404 permit from the U.S. Army Corps of Engineers and the SB 40 Certification from the Colorado Division of Wildlife.  When the design of the CBCs and culverts are completed, the information will be reviewed and accepted by the Engineer. The permits will be obtained within five working days of the Engineer’s acceptance of the design proposal. Earthwork shall not be performed at CBCs or culverts until the permits have been obtained.  The Contractor shall comply with all conditions of these permits.

Earthwork shall not be performed until the Stormwater Management Plan (SWMP) has been reviewed by the Engineer.  A NPDES permit will then be obtained from the Colorado Department of Public Health and Environment by CDOT after the SWMP has been accepted by the Engineer.  The Contractor shall comply with the conditions of this permit.  The permit will be obtained within five working days of the Engineer’s acceptance of the SWMP. Earthwork shall not be performed until the permits have been obtained.

110.03 Roadway Design Requirements.
(a)
Design Field Survey.  The Contractor shall arrange for all supplemental survey information and utility locations necessary to complete the design.  Surveying shall be performed in accordance with the CDOT Survey Manual.  Traffic control and permits necessary to complete the survey shall be the responsibility of the Contractor.  The Contractor shall deliver the data (in TMOSS format) and field notes to the Engineer for review upon completion of the survey.  Errors and omissions found by the Engineer shall be corrected by the Contractor and resubmitted.
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(b)
Roadway Engineering.  All roadway design plans provided by the Contractor shall be in accordance with and meet criteria specified in the CDOT Roadway Design Manual.  Plan sheets and details shall be prepared in accordance with the CDOT Drafting Manual.  The Contractor shall use references listed herein when necessary design criteria is not available in the CDOT Roadway Design Manual as determined appropriate by the Engineer.

The vertical alignment shall approximate the existing to the extent possible except where the design speed of the vertical curve is below 70 mph, in which case that portion of the alignment shall be modified to meet 75 mph design criteria.  When making determinations regarding replacement of existing alignment features, the minimum criteria for the design speed stated shall control.  Vertical alignment corrections are not required for existing vertical curves meeting design criteria for 70 mph or greater.  Where the existing roadway profile meets 70 mph design criteria or greater, the Contractor may establish the vertical control line using the existing surface as a guide and adjusting slightly to provide a smooth finished roadway.  The Contractor shall provide a design vertical alignment to the Engineer for acceptance which clearly demonstrates the ability to provide the minimum thickness of pavement at the locations shown on the typical sections. Vertical alignment adjustments may be required at bridges and overpasses. All new and significantly modified vertical curves shall be designed to meet 75 mph design requirements.

The horizontal alignment shall be designed to meet 75 mph desirable design criteria including superelevation.  The proposed horizontal alignment shall match the existing alignment as shown on the “As Built” plans.  The “Coordinate Geometry for the Existing Alignment” was recreated from the As Built plans and it represents a “best fit” of the original design plan alignment with the current field survey data. Previous Department practice did not require annotation on the As-Built plans of minor field adjustments made to the roadway alignment during construction.

Side slopes shall be flattened to the extent of the right of way in order to meet clear distance criteria specified herein.  Guardrail shall be used in those areas where roadside features (including all obstructions) prevent the construction of a 75 mph  clear zone which, for this project is 45 feet. The preferred clear zone for a tangent section, modified for the required fill slopes and cut slopes shown on the plans, shall be 36 feet. The clear zone range for all tangent sections and the inside of all curves shall vary from 32 to 36 feet. The preferred clear zone for the outside of all curves shall be as follows: 45 feet for 2 degree or greater curves and 40 feet for all curves less than 2 degrees. The clear zone range for the outside of all curves shall be 40 to 45 feet. The Contractor shall construct the preferred clear zone, where possible, within the existing right of way. If the preferred clear zone cannot be constructed within the existing right of way, the Contractor shall utilize the cost effective analysis process given within the Roadside Design Guide, Appendix A to compare the cost benefit of reducing the clear zone within the ranges given above against the cost benefit of installing guardrail. Guardrail shall be omitted where the cost benefit analysis indicates that the reduced clear zone is a benefit to the user.
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The completed survey contains information necessary to approximate the extent of the roadway fills or cuts. The survey data provides (among other items) cross-sections at approximate 500 foot intervals.  The Contractor can expect these cross-sections to provide a reasonable estimate of the earthwork and the slopes necessary to provide the clear zone within the existing right of way.  With the exception of obstructions related to the roadway (including, but not limited to: interchange features, adjacent roads, narrow medians, piers, and bridges), guardrail shall be used only as a last resort.  In the area surrounding interchanges, if the desirable slopes are anticipated to extend beyond the existing right of way, the Contractor shall use steeper slopes as directed by the Engineer to avoid right of way conflicts.  If steeper slopes are required, guardrail shall be added as described in these Plans and Specifications.  The Contractor shall assume that right of way will be made available for the extension of slopes to satisfy the clear zone requirements.  The Department will pay additional costs associated with extending the slopes outside the existing right of way for those cases where a lack of survey data caused a hidden condition such that the Contractor could not reasonably be expected to anticipate that the clear zone requirements could not be satisfied within the existing right of way. The Contractor will not be liable for the cost of acquiring right of way necessary to extend the slopes outside the existing right of way.  The Department will not compensate the Contractor for guardrail or other construction features required because of obstructions that are readily apparent to the Contractor at the time the bid is prepared.

Cut slopes (backslopes) shall not be steeper than 3:1 within the clear zone unless required by roadway features such as grade separations.  All backslopes steeper than 3:1 within 22 feet of the edge of the traveled way shall be protected by guardrail.  Slopes steeper than 2:1 shall be constructed with mechanically stabilized earth walls or retaining walls unless otherwise approved by the Engineer. Guardrail end anchorages shall have re-direct and bi-directional capability when applicable, and shall be designed in accordance with the CDOT Crash Cushion and End Treatment Selection Guide.

All existing fence, gates, posts and all fence components within the right of way shall be replaced for the entire project length with the same type fence and in the same location unless otherwise directed by the Engineer.  Snow fence to be replaced may be outside of right of way.

The Contractor shall prepare roadway design plans and details for acceptance by the Engineer.  The Contractor shall obtain the Engineer’s written acceptance prior to beginning any construction. Roadway design plans completed for similar projects may be used as examples of completed design plans.  The roadway design plans shall include, as a minimum, the following:

(1) Plan and profile sheets including all horizontal and vertical alignment information

(2) Interchange layout and lighting details

(3) Quantity tabulations and summary

(4) Detour layout details

(5) Roadway and culvert cross sections including earthwork information

(6) Typical section alternatives and locations selected

(c)
Traffic Engineering General.   Included in this contract are Traffic Information Plans.  These plan sheets provide required details and example plan sheets that are informational and can be used in bid preparation and design.  Additional materials, sample plans, sample sign layouts that may assist in the design and bidding process may be obtained from the Resident Engineer’s Office.

The Traffic Information Plans consist of several sections. Included are tabulations of existing signs, sign layout information, construction detour and guardrail details, road closure gate details, example final signing and striping plans, example construction signing plans, and example detour plans.  Requirements that follow will reference these plan sheets.
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The sign inventory plans, “Tabulation of Existing Signs”, are provided for information only and are not to be deemed as totally complete or correct.  Depending on the Contractors final roadway design, additional signing is expected to be required at the ramp terminals, where adjacent roadways are affected.  The Contractor shall review the tabulations in the field, verify entries and make corrections.  The verified Tabulation of Existing Signs shall be part of the final plans.  Shown on the plans are those signs known to require replacement and those that may be reset.

Detail plan sheets for the road closure gates are included in the Traffic Information Plans, showing a required element that shall be present in the final design. The road closure gate plans are provided for information and the design will require modification and structural checking by the Contractor. The Contractor shall design the gates, modifying the plans as required to complete the unit using the specified 40 foot luminaire poles, and in accordance with Revision of Section 607, Road Closure Gate, as contained within these specifications. The modified unit shall substantially comply with the dimensions, configuration, operation, and weight of the gate assembly as shown in the plans, excluding the luminaire pole.  Road closure gates shall be constructed at the entrance terminus of ramps at locations shown on the plans.

In addition, other plan sheets, Sign Layouts, Detour and Guardrail Details, and Typical Application Closure of One Roadway of a Four-Lane Divided Highway, show required elements that shall be present in the final design.

Final plans shall address general traffic and safety issues for the posted speed limit of 75 MPH.  These issues include the impact on acceleration and deceleration lanes at the interchange, truck turning movements and swing patterns for the prevalent WB 60 size vehicles, median cross road and drainage dam slopes, culvert openings, roadside hazards and protection, side slopes, delineation of hazards, sign placement and sizing, pavement markings, and relevant sight distance standards.

(d)
Construction Traffic Control.  Construction Traffic Control Plans and the associated Methods of Handling Traffic shall be developed for all Contractor field activities that are adjacent to the existing roadway or interfere with or have the potential to interfere with normal traffic operation on the existing pavement.  The Contractor shall provide required traffic control for all Contract activities.  Please refer to the Traffic Control Plan General specification for additional details.

Prior to any work as described in the forgoing paragraph these plans shall be completed and approved in accordance with this Contract.  Construction Traffic Control plans, and the associated MHT plans, may be developed for specific items of work such as surveying or culvert work, or for complete sections of roadway that are to be constructed.  It is anticipated that these plans will be developed in stages.  Segmental Construction Traffic Control plans shall reference each other in a clear manner.  MHT plans shall clearly identify the Construction Traffic Control plans for which they were developed. 

Construction Traffic Control plans, MHT plans, and traffic operations shall be in accordance with the MUTCD, CDOT standards, these specifications, and in accordance with the example plans provided. Questions and discrepancies will be resolved by the Engineer.  The Engineer’s decision will be final.  
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Required traffic control devices or work items required for use on this project include impact attenuators, channelizing devices (fixed), drum devices with flashing lights and without lights, 36 inch traffic cones, solar powered LED portable message sign panels, concrete barriers (temporary), glare screens (temporary), solar powered flashing arrow panels (c type), flashing beacons (portable), construction traffic signs, pavement marking paint or temporary pavement marking tape, raised pavement markers (temporary), flagging, traffic control management, traffic control inspection, and barricades. The Contractor shall provide delineation for the reverse side of the existing delineators (included in Lump Sum Bid) for the detour phases of construction. The required quantities will be as determined by the Contractor’s plans and as specified in the Contract.  There are other optional devices the Contractor may choose to use to facilitate construction.  All devices must be approved for use on Colorado roadways and meet Colorado specifications as contained within the Contract or other cited documents.

The Construction Traffic Control and Phasing plans shall include the following:

(Phasing plans may be combined with the Construction Traffic Control Plans or developed separately)

(1) 
Design details and location of mainline detour crossovers and interchange ramp detours including speed reduction and special signing requirements.

(2) 
The placement of all signing, traffic control devices, raised pavement markers, channelizing devices, temporary pavement markings, and any other traffic control related devices or required work items.

(3) 
Temporary sign placements for relocated interchange ramps and exits.

(4) 
Temporary barriers, impact attenuators, glare screens, etc.

(5) 
Construction / Detour related guardrail and roadway widening work

(6) 
Schedule of Construction Traffic Control Devices and related notes.

(7) 
Portable Message Sign Panels and other specialty device placements.

(8) 
Tabulation of temporary pavement markings

(9) 
Oversize load restrictions for specific work activities and proposed handling.

(10) Road closure points and barricade placement.

(11) Special construction signs

(12) Work Zones

(13) Return to four-lane operation plans for winter 

(14) Site specific details, and plans for isolated work elements

(15) Flagging stations

(16) Construction access points

(17) Emergency vehicle access and routes

(18) Accident resolution and emergency road closure details

(19) Method of handling bicycles

(20) Method of handling pedestrians

(21) Method of public notification of progress, pending schedule, and special activities

(22) Details of structure and paving operations

(23) Haul routes and Access line, (R.O.W.), breaks if required

(24) Special construction activities

(25) Construction striping and detour implementation plan

(26) Traffic control during phase changes

(27) Public and local notification.

(28) Phasing details

(29) Construction Speed Zoning

(30) Night work requirements and device placement

(31) Coordination requirements for adjoining project

(32) Maintenance of access to local business
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During construction, traffic shall be maintained within the roadway prism utilizing the eastbound or westbound lanes, as adjusted, for detouring traffic.  At no time shall frontage roads, State Highways, county roads or other roadways be used for the detour of mainline traffic. The Contractor shall not construct work (earthwork, pipes, ect...) adjacent to head to head detour traffic. Work shall be built under a lane closure prior to opening up to head to head traffic or on the closed side of the interstate.

The Contractor is encouraged to review the included example plans and other plans available.  CDOT staff will be available to answer questions and give interpretations through the Bidding and Contract process.  The Engineer will refer questions to the appropriate CDOT staff.

The design speed of the initial curve of any mainline detour crossover required for construction shall be 70 mph.  The minimum design speed for all other detours, temporary ramps and crossovers shall be 60 mph. Wide or oversize loads will not be restricted from progressing through the project limits. All detours shall have 12 foot driving lanes with 16 foot clear width to accommodate oversize loads. A minimum of 4 foot clearance from the edge of traveled way to any obstruction shall be maintained.  At existing bridges, the detour roadway shall be centered on the structure giving a minimum of 16 foot clearance to each side.

Construction zone speeds shall be maintained at the highest safe level possible to facilitate the flow of traffic and minimize delays and backups.  Request for temporary reductions in speed limits require the completion and approval of Form 568, available from the Engineer.  Plans showing the location, duration, and an explanation for the speed reduction shall accompany the form. Minimum speeds for all detours shall be 65 MPH, except as allowed by the Engineer.  Requests for temporary speed reductions below 65 MPH shall be for short durations only, and shall have an accompanying explanation for the need, and duration of the reduction.  Where possible, speeds shall be returned to normal during all non working hours.  The Engineer shall review the acceptability of all speed reduction requests before submittal to the CDOT Regional Traffic Engineer for approval.

A procedure memo dated April 4, 1997, available at the Resident Engineer’s office, shall be used to determine minimum work zone speed limits.  Table I of this document gives minimum recommended speeds.

Designs for detours shall accommodate the typical truck traffic (WB60 vehicle type).  At interchanges with existing truck stops, temporary and final ramp designs shall accommodate the existing and future high truck volumes.

Temporary Pavement Markings.  The material used for temporary pavement markings shall be as specified by the Contractor. Materials shall be durable enough to maintain a minimum reflectivity of 100 Mcd/m2/lux throughout the life of the detour, or their intended use. This may require multiple applications of temporary pavement markings as determined by the Engineer. Where temporary pavement markings are placed on new or existing pavement surfaces, and where these markings cross the normal driving lanes such as at temporary crossovers, temporary pavement marking tape or other material shall be used so it can be removed without leaving scarring.

Existing pavement markings shall be removed first by an acceptable method, before the placement of markings of a different color.  The removal method shall be as approved by the Engineer, and shall not cause scarring.
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(e)
Final Signing and Pavement Marking.  The Contractor shall prepare permanent signing and striping plans for acceptance by the Engineer before the installation of any permanent traffic control item.  Example final signing and striping plans are included in this Contract.  

The final signing and striping plans shall include the following:

(1) Tabulation of Traffic Engineering Items

(2) Tabulation of Final Pavement Markings

(3) Summary of Pavement Marking Quantities

(4) Pavement Marking Words and Symbols

(5) Tabulation of Signs

(6) Class III sign cross sections

(7) Backing Zee Tabulation (For Class III ground signs on steel posts.)

(8) Detailed roadway signing layout plan

(9) Detailed pavement marking plan

(10) Preliminary Sign Layout

Plans shall reference the project stationing and mile post locations, and show all pertinent features such as bridges, turnarounds, and interchanges.  The Contractor shall field verify the location of existing signing and traffic control devices.

1.
Final Signing.  All signs requiring resetting for final design, earthwork, temporary detours, or any other reason shall be replaced completely.   This does not include the resets shown in the “Tabulation of Existing Signs” plan sheets.  All permanent signs indicated in the Tabulation of Existing Signs as “Remove and Replace”, shall be replaced completely including posts and foundation support.  Resetting sign panels or posts will be permitted for construction purposes only and then replaced in the final configuration.  All existing signs and delineators shall be replaced.  All removals, resets and new permanent traffic control signs or devices shall be shown in the Contractor’s Final Signing plans.


Included in the Traffic Information Plans is a sheet titled “Sign Layouts”.  This sheet contains a form and informational instruction as to the CDOT method of designing sign layouts.  The Contractor and Bidders are encouraged to consult with CDOT staff during the preliminary preparation.  The Engineer will refer questions to the appropriate CDOT staff.  Example sign layouts matching the referenced example plans are available at the Resident Engineer’s office for review and study.


Designs for class III signs and footings shall include all structural calculations used to select posts and footings.  Minimum wind loading shall be 80 MPH.  These calculations shall be submitted along with the preliminary sign layouts. Structural calculations and footing sizes will be checked against the values shown in the “Concrete Footing Table”, S-614-6, sheet 1 of 2. Structural designs shall be in accordance with Standard Plans, S-614-1, S-616-2, S-614-3, S-614-4, S-614-5, S-614-6, S-614-10, and in accordance with standard engineering practices. 


Signs not requiring structural steel supports shall be designed according to the ground mounted sign support details included in the plans. The minimum inside clearance for tubular steel posts and structural steel posts shall be 7 feet.  Use of wooden post sign supports (4 inch by 4inch, 6 inch by 4 inch and 6 inch by 6 inch) is prohibited.


Existing general traveler services signs shall be replaced and redesigned according to the standards outlined in the CDOT document, “Guide Signing Practices and Procedures”, July 1996. A copy of this document may be obtained through the Resident Engineer’s office.
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Reset signs shall be checked to assure existing posts are structurally adequate and in accordance with current standards and that they meet the 7-foot clearance requirement indicated above.  The steel posts of reset signs shall be cleaned of rust, dirt, and loose paint, primed, and completely repainted.  At the Contractors option these signs can be removed and replaced.


All signs, gates, lighting, structural steel, footings, and other traffic devices shall be constructed in accordance with the Contract.


The final signing plan will be reviewed in accordance with the Contract.  After revisions have been made, the Contractor shall submit revised layouts and structural calculations if required.  CDOT will then provide final sign layouts and revised structural requirements, if required, to the Contractor within ten working days.

The Contractor shall fabricate and install the final signing in accordance with the layouts and structural requirements provided by CDOT without recourse to extra payment for required changes.
2.
Final Pavement Markings.  Final pavement markings shall be as follows. Preformed Plastic Pavement Marking (Type A), shall be used for edge lines and channelizers. Preformed Plastic Pavement Marking (Type C), shall be used for lane lines (skips).  Preformed Plastic Pavement Marking (Type B), shall be used for stop bars, cross walks, words and symbols. Final pavement markings shall be applied to all work areas within the project limits.  This includes all mainline roadways, complete interchange roadways including roadways between ramps and intersections directly adjacent to the interchanges.  At the Engineers direction, final pavement markings may be required on adjacent roadways found to have been damaged by the Contractor’s operation.


Final pavement markings shall not be placed over existing or temporary pavement markings.  Existing pavement markings shall be removed by a non-scarring method acceptable to the Engineer.  Properly accomplished sandblasting, high pressure water, and chemical removal processes have been found to be acceptable non-scarring methods on previous work.  New pavement surfaces shall be prepared in accordance with the manufacturer’s recommendations. 

(f)
Materials Engineering.  CDOT will specify minimum thickness requirements for the new pavement structure, bond breaker, and detours.  The new pavement structure shall be _______, no other pavement type will be accepted.  The Contractor may choose any of the typical section alternates shown in the plans, where appropriate.  The Contractor shall include locations for each selected alternate in the final plans. 

CDOT will also provide the minimum soil resistance value for pavements placed on subgrades other than asphalt or concrete.  All embankment under the roadway, ramps and other paved surfaces shall be constructed with moisture and density control using AASHTO T99.  Other embankment shall be constructed without moisture and density control as specified in subsection 203.08 of the Standard Specifications.

(g)
Landscaping, Ecological Restoration and Erosion Control.  The Contractor shall revegetate any disturbed areas upon completion of each construction phase.  The Contractor shall revegetate by drill seeding a native seed mix conforming to the CDOT Seeding Manual (1997).  The seeded areas shall be mulched using material in compliance with the Weed Free Forage Act, C.R.S. Title 35, Article 27.5 as certified under the Colorado Department of Agriculture Weed Free Forage Certification Program.  The Contractor shall adhere to Erosion control guidelines and best management practices as defined in the CDOT Erosion Control and Stormwater Quality Guide (1995).  Earthwork shall not be performed until the Stormwater Management Plan (SWMP) has been reviewed and accepted by the Engineer.  A NPDES permit will then be obtained from the Colorado Department of Public Health and Environment by CDOT.  The Contractor must comply with the conditions of this permit.
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 (h)
Hydraulic Engineering.  The Contractor shall provide final hydrologic analysis and hydraulic design within the project limits.  The capacity and adequacy of the existing drainage system shall be assessed and the final drainage design shall meet the criteria and requirements of the Colorado Department of Transportation.  The drainage design shall ensure no modification of historic drainage patterns.  Additional cross culverts and increases in culvert sizes are not anticipated, unless CDOT deems it necessary based upon the Hydraulic Report.  In such cases, culvert size increases, additions and replacements will be considered a changed condition, and material will be paid for in accordance with subsection 104.02.  Designs required by the Contractor for any new or modified culvert where an existing drainage structure exists, will not be paid for separately, but shall be included in the lump sum bid.  Design of any new major structures, approved by CDOT, within an existing drainage way shall be considered a changed condition.  A “major” structure is defined as any structure with a span of 20 feet or larger.  Extension of the Contract time will not be allowed for any new or modified structure requested by CDOT.

1.
Hydrologic Analysis.  CDOT will provide a drainage area versus discharge relationship for small to medium sized basins.  This drainage area versus discharge curve represents a relationship developed from past CDOT projects in this area with similar soils and ground cover.  It is applicable for undeveloped basins without significant basin storage.  This curve may be used for determining preliminary discharges.  If the basin is currently developed or significant detention storage is available upstream of the culvert, effective area and peak flow rates should be reevaluated or hydraulic routing performed. 


The Contractor shall perform the following:

(1)
Delineate drainage basins to determine basin characteristics and establish basin sizes.

(2)
Collect historical data; research flood history and previous designs in the proximity; and obtain data from other sources.  The Contractor shall consult directly with CDOT Maintenance to identify existing drainage problems within the project limits.

(3)
Determine peak discharges for the conventional 50-year design and 100-year review floods at each design point (existing culvert inlets and locations of drainage problems).

2.
Hydraulic Design.  The Contractor shall provide the culvert hydraulics for this project and perform the following:

(1)
Determine existing culvert locations and crossing alignment.  Identify channel centerline by highway station or coordinates as appropriate.

(2)
Determine the allowable headwater at each site.

(3)
Assess the degree of sediment and debris problems to be encountered.

(4)
Prepare preliminary structure cross sections to determine the elevations, flowlines, slopes and lengths of structures and culvert extensions. 

(5)
Determine the adequacy of existing culverts for extension or the type, size and shape of replacement structures if existing structures are inadequate.

(6)
Determine the need for outlet protection.

(7)
Complete the design computations and documentation in accordance with the CDOT Drainage Design Manual.

The Contractor shall assess the capacity and adequacy of the existing drainage system and provide a final drainage design which meets the criteria and requirements of CDOT.  The Contractor’s analysis shall include an assessment of the following:

(1)
Median Drainage - The location and spacing of existing median drains shall be evaluated to determine if they are sufficient to handle runoff for the proposed conditions.  Requirements for new inlets and modifications of existing inlets will be addressed.
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(2)
Drainage along Proposed Median Barrier - Where median barrier is proposed, inlets shall be located at all low points and other points necessary to prevent flows from crossing the highway at superelevation transitions.  Inlets shall be placed on grade to ensure that water collected along the barrier does not spread onto the travel lanes for the 5 year storm.

3.
Hydraulic design documentation.  The Contractor shall provide hydraulic information for each culvert which is 30-inches or larger and for which the conventional design frequency is 20 cfs or larger. This information shall be provided for all drainage structures which will be extended or otherwise modified. The following hydraulic information shall be included on the as-constructed plan sheets:



D.A. (Effective Drainage area)



Q100 (100-year discharge)



Q___ (Design discharge)



HW (100-year headwater elevation)



DHW (Design headwater elevation)



AHW (Allowable headwater elevation)



4.
Hydraulics Calculation Submittal.  The Contractor shall submit a written submittal prior to beginning any grading or earthwork which includes a detailed discussion of the pertinent aspects of the drainage analysis and design, identification of significant floodplain and drainage impacts, and the possible practical mitigation actions for the alternatives.  This report shall include the following:

(1)
Hydrology analysis

(2)
Hydraulic design

(4)
Structure cross-sections

(5)
Storm Water Pollution prevention plan

(6)
Appendix:




- Drainage basin maps




- Hydrology/hydraulics worksheets

(7)
Roadway Ditch Profile Grades

5.
Guidelines for Culvert Analysis.  The following steps shall be performed by the Contractor for culvert analysis and documented in the hydraulics calculations submittal:

(1)
Determine conventional Q50 design discharge and Q100 review flood for the existing culvert installation.

(2)
Determine the allowable headwater elevation (AHW).  AHW is the maximum head water that can be tolerated and could include floor level of private buildings, roadway overtopping elevations, flowline of ditch which would pass water into an adjacent basin.

(3)
Determine design high water (DHW) for Q50 using conventional culvert hydraulic methods.

(4)
If the DHW excedes AHW, determine the maximum discharge which the culvert can convey without exceding AHW.

(5)
Determine the recurance interval of the maximum discharge as determined in step (4).  This is the design frequency (Qdesign) of the existing culvert.

(6)
Determine high water (HW) for the Q100 discharge.

(7)
If the Q100 causes greater than 0.5 feet of overtopping on the Interstate the following should be considered:

(i)
Do the peak discharges reflect basin storage or detention upstream of the culvert?  Can the peak flows be reduced by hydraulic routing?

(ii)
Can the capacity of the existing culvert be increased with an improved inlet?
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(8)
Existing culverts shall not be considered for replacement if the conventional design frequency is not met unless:

(i)
There is a history of roadway overtopping. 

(ii)
There is potential for structure or property damage due to excessive inlet ponding.

(iii)
The 100-year flood causes significant overtopping of the Interstate.

(iv)
The existing structure is a safety hazard to motorists.

(v)
The existing pipe is damaged or corroded.

(9)
If there is sufficient justification to replace or add additional capacity at the culvert installation, design new or modified structures for conventional 50-year design discharge.

110.04 Bridge Design Requirements.
(a)
Investigation.  For structures requiring rehabilitation, repair, cross-slope correction, bridge rail upgrade or other modification, the Contractor shall determine the condition of portions of each structure to be incorporated into the work.  Capacity of each structure to safely accommodate additional loading as a result of the proposed work shall be verified.

(b)
Selection Criteria.  Type 10 Bridge Rail as shown in the plans is required for all major structures on this project, except concrete box culverts that can be extended to the clear zone will not require bridge railing or guardrail.  All structures on the mainline shall have the deck cross slope corrected to 0.02 foot/foot.

The Contractor shall provide a bonded concrete overlay in accordance with these specifications and the plans for all structures on the mainline.  Structures shown in the plans which require cathodic protection shall be provided with a system in accordance with the plans and special provisions.  The Contractor shall determine the best methods and details to accomplish the necessary structure repairs.

(c)
Design Computations.  The first sheet of the computations for each structure design shall contain the endorsement seal and signature of a professional engineer registered in the State of Colorado.  Discrepancies between the design and the design check shall be resolved by the Contractor and all corrections shall be reflected in the design computations.  The complete set of design computations for each structure design shall include, as appropriate, substructure, superstructure and all appurtenances required.  The structure shall be rated in accordance with the CDOT Bridge Rating Manual and Subsection 3.2 of the CDOT Bridge Design Manual.  All new bridges or bridge superstructures shall be designed for an HS25 truck and applicable lane loads and the design shall conform to all AASHTO requirements as amended by the CDOT Bridge Design Manual.  In the event of a conflict or difference in interpretation of the design criteria, standards, or specifications that can not be resolved, the decision of the Engineer shall be final.

(d)
Design Requirements.  The Contractor shall provide all roadway lighting attachments in accordance with the Contractor’s accepted lighting plans.

The Contractor shall provide all utility attachments as specified by CDOT Utility Agreements and as shown in the plans.

The Contractor is responsible for all deck drains for new bridges and bridge deck replacements with respect to location and hydraulic capacity, and the designs shall be in accordance with the CDOT Bridge Design Manual.  Existing deck drains shall be reused or replaced with an equivalent size and number.

The horizontal and vertical alignment for the bridge shall be determined by the Contractor as shown on the Plans.  Vertical clearances for new and existing structures shall be in accordance with the Bridge Design Manual, CDOT policy, or as shown on the plans, and shall meet necessary roadway and hydraulic design requirements.
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The Contractor shall not use light weight concrete for any portion of bridges or structures.

Design and construction of cast-in-place concrete slabs and concrete box culverts shall conform to the applicable references in revised subsections 101.98, 101.99, and 101.100.

(e)
Material Requirements.  All materials used in the construction of a bridge structure must meet the requirements of the applicable sections of the Standard Specifications.  Materials that do not meet these requirements are subject to rejection or price adjustment.

Each bare concrete deck, silica fume overlay, or concrete class DT overlay shall be provided with a sawed groove finish and shall receive an approved concrete sealer.

(f)
Construction Requirements.  Construction of the bridge shall conform to the applicable sections of the Standard Specifications.  The designer of a shored structure shall review and approve shoring and false work details for construction or repair of the proposed bridge.

Construction of cast-in-place concrete shall conform to Section 601 of the Standard Specifications as revised for this project.  Shoring and false work shall be removed prior to placement of the bridge railing and any concrete overlay.
