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1.0 Introduction 

This is a final report update on the proposed right-turn lane and on-ramp widening of the 

Westbound Interstate 40 on-ramp at Country Club Drive in Flagstaff, AZ. Due to 

increasing volumes of vehicles on this arterial, the Arizona Department of Transportation 

has requested a Design Concept Report for a proposed additional right-turn lane and an 

additional on-ramp lane to alleviate congestion from Country Club Drive onto Interstate 

40 Westbound.  Figure 1-1 displays the Project Site with respect to its proximity within the 

City of Flagstaff. 

 

Figure 1-1: Project Location Map (NTS) 

Currently at the project site, a dedicated right turn lane from the southbound Country Club 

Drive approach feeds the existing single lane on-ramp onto Westbound I-40. During peak 

hour operation at this intersection, the previously mentioned dedicated right turn lane 

experiences congestion. This congestion results in a long queue of vehicles waiting to enter 

the highway and will often back up onto the adjacent intersection of Country Club Drive 

and Nestle Purina Ave. Figure 1-2 contains a satellite aerial map of the on-ramp with 

sections of Interstate 40 and Country Club Drive included for proximity.  

 



5 
 

 

Figure 1-2: Existing Aerial View of Project Location (NTS) 

The other legs of this intersection contain typical traffic interchange roadway geometry 

with respect to entering and leaving a highway from a collector or arterial facility. The 

northbound approach contains two through lanes and a dedicated left turn lane. The 

westbound approach is simply an off-ramp lane from Westbound I-40 and users must turn 

right or left and continue on Country Club Drive to their destination. Figures 1-3 to 1-5 

provide street view images of the North/Southbound approaches as well as the entrance of 

the on-ramp. 
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Figure 1-3: Country Club Drive Northbound 

 

 
 

Figure 1-4: Country Club Drive Southbound 
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Figure 1-5: I-40 Westbound On-Ramp 

The constraints for this project are mainly limited in the proposed design, with scheduling 

having the most significant impact. This project will require tasks to be completed on 

schedule if not before in order to ensure quality assurance.  Hydrologic impacts as a result 

of this project will contribute to an increase in surface runoff of impervious surfaces and 

will therefore increase the volumetric flow rate of runoff for all adjacent and nearby 

hydraulic infrastructure such as culverts and open channels. The existing hydraulic 

infrastructure will also need to be remediated due to the increase in discharge.  

2.0 Acknowledgements 

The completion of this project could not have been accomplished without the support of 

our grading instructor, Gary Miller, a Development Engineer at the City of Flagstaff, our 

technical advisor Caleb Lanting, a Project Engineer at Peak Engineering, Inc. and finally 

to our client, Nate Reisner, a District Development Engineer at the Arizona Department of 

Transportation. Secondly, thanks to all the professors who offered their guidance and 

support during the length of this project.  
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3.0 Technical Sections 

3.1 Site Visit 

The site visit for this project was limited to driving. Meaning that all site visit participants 

never left their vehicle when present at the project site. The reasoning for this was the 

concern of safety to all team members. However, this limitation did not affect the quality 

of the site visit. This project task was conducted on January 13th, 2020. Essentially, team 

members drove around the site, with multiple members taking notes regarding the 

geometry of the site. These notes included the lane striping/usage, roadway and 

embankment grading, drainage infrastructure quality, etc. Once, this site visit was 

concluded, a team meeting was conducted to discuss possible design challenges not 

previously seen by team members. 

3.2 Survey Data 

All contour data used was imported into AutoCAD Civil 3D, from ArcGIS. Essentially, a 

large amount of contour data was created within GIS, based on the existing topography, 

and this information was then exported as polylines into Civil 3D. However, due to the 

contour data being in the form of polylines, a surface had to be created within Civil 3D, 

and the contour lines were added to said surface. Once this process was complete, the 

topographic surface was externally referenced into other drawings in Civil 3D, in order to 

decrease the likelihood of other drawings freezing, due to an overabundance of 

information. 

 

This same process was used to collect parcel information, as well. All parcel  information 

was exported to Civil 3D using ArcGIS. The parcel information was obtained using the 

public GIS system from Coconino County. 

3.3 Existing Drainage Conditions/As-Built Information 

3.3.1: Existing Drainage Studies 

An existing drainage study conducted in the year of 2001 at the north end of this 

project, was provided for design purposes by ADOT [1]. The specific location of 

this study includes a portion of US89 from Fanning Dr. to Cummings St. This 

drainage study uses multiple methods of analysis, including HEC-1 Flood 

Hydrograph Package, the Rational Method, Culvert Master, and Hec-5. The 2001 

drainage study analyzed the existing topography, as well as relevant drainage 

infrastructure within the delineated watershed. The information of interest within 
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this study is the culvert analysis done for the box culvert passing under the existing 

I-40 westbound on-ramp at Country Club Drive. This culvert is the control point 

for the existing runoff calculations within this project area. The findings of this 

study show that the dimensions of this culvert are 10 ft x 6 ft. This study also shows 

that the peak flows for the 50 year and 100 year storms are 1159 cfs and 1400 cfs 

[1]. 

3.3.2: As-Built Information 

As-Built information was provided by ADOT, for a reference of existing 

conditions. The as-built information used for design, results from a design created 

by DMJM Harris, and constructed by Vastco Construction Company. The 

information within these as-builts, as well as aerial views, were used to create 

existing information within AutoCAD Civil 3D. This information includes 

construction details, various offsets, material types and quantities, etc. 

3.4 Existing and Proposed Runoff Calculations 

Existing drainage runoff conditions, for the entire project area, were calculated using 

USGS quad maps and National Stream Statistics (NSS), with the concentration point being 

the 10 ft x 6 ft box culvert crossing I-40 westbound. The process of these calculations began 

with inserting quad maps into Civil 3D and delineating a watershed with the provided 

contours. Once a watershed was delineated, the area of the watershed was inputted into the 

NSS program,, which uses a mean watershed elevation and average annual precipitation to 

calculate the peak flows for various storms for the delineated watershed. The existing peak 

flows for various storm events are shown below. Due to the fact that these flows are smaller 

when compared to the flows calculated in the 2001 drainage study, the capacity analysis 

regarding the 10 ft x 6 ft box culvert will use the flows calculated by the 2001 drainage 

study. The reason for this is because the higher flow will lead to a more conservative 

analysis. 

 
Table 3-1: Various Storm Event Peak Flows for Project Site 
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The runoff calculations for the existing catch basin and storm pipe were completed using 

Bentley FlowMaster. This process began with creating a watershed, with the existing catch 

basin acting as the concentration point for the watershed. Next, the time of concentration 

for this watershed was calculated, as well as the area of the watershed. These values were 

used, along with coefficients of roughness, to calculate the peak flows within this 

watershed. Specifically, the rational method was used to calculate the peak flows for the 

catch basin of interest. The peak flows for a 50-year storm event were used for analysis, 

based on the requirements listed in the ADOT Roadway Design Guidelines, specifically 

Table 603.2A and Appendix C. The figure shown in Appendix C of this manual list 

classifies this roadway as Class 1, which uses a 50-year design storm [3]. The pipe capacity 

of the 18” CMP of interest and the total existing flow are shown in the table below.  

 
Table 3-2: Runoff Calculation for Existing Storm Pipe [2] [3] 

Pipe 18" CMP 

Max Flow Capacity (cfs) 31.12 

Total Proposed Flow (cfs) 29.20 

3.5 Geotechnical Information 

A minimum compaction of 95% maximum soil density is recommended for fill areas 

within this design. This is assuming the soil type is a poor soil for construction, such as 

clayey type soil per the American Association of State Highway and Transportation 

Officials (AASHTO) soil classification system [4]. An assumption for soil type is required, 

due to the design team not yet acquiring a geotechnical report for the project area. 

Earthwork quantities have been calculated for the project area and are estimated to be a net 

fill of 147,530 cubic yards, for the entire project. The earthwork report, created using Civil 

3D, can be seen in Appendix B: Final Earthwork Report. It should be noted that this 

earthwork estimate is calculated to finished grade. 

3.6 Existing Geometry 

The existing geometry for the project area was drawn in Civil 3D, using various line types 

and layers, to show various information. This information includes curb and gutter, 

centerline offsets, striping, pavement structure, and much more. The reason for this 

information being drawn in, is due to the project design team not completing a full survey 

of the project area. Without completing a survey, the team was required to draw in a best 

fit, for all existing geometry. 
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3.7 Existing Cross-Sectional Information 

Cross-sectional information for the existing roadway was obtained from the previously 

mentioned as-built information, in section 3.3.2. Once this information was collected, 

existing typical cross-sections were created using Civil 3D. The information within these 

cross-sections includes structural pavement section information, lane widths/usages, right-

of-way offsets, cross-slopes, etc. There were a total of 4 cross-sections created, showing 

the existing geometry. 

3.8 Roadway Alignments/Base Files 

3.8.1 Roadway Alignments 

A centerline alignment was created on North Country Club Drive, as a reference 

for all construction along this roadway. Additionally, an edge line alignment was 

created for all construction on the westbound on-ramp. Due to a time constraint and 

no survey data being collected, the center line alignment was created by copying 

the edge of pavement for Country Club Drive and offsetting this line half the width 

of the roadway. 

The edge line alignment for the westbound on-ramp was created by copying the 

existing edge of pavement and offsetting it two feet into the roadway.  

3.8.2 Base Files 

Various base files were created within Civil 3D. These base files include an existing 

contour file, a title block file, an existing geometry file, and many others. All base 

files created, will be referenced into design drawings using Civil 3D. The reason 

for this is to decrease buffer time within design drawings, and to retain the ability 

to edit base files if needed. The geometry for all files is based on stationing and 

offsets from the construction centerline and edge line created for design. 

3.9 Proposed Cross-Sectional Information 

The cross-sectional design for this proposed roadway improvement began with analyzing 

the existing pavement structure. This information was obtained through both the as-built 

and geotechnical report created for this project area, as provided by ADOT. Essentially, 

the existing pavement will be saw cut, 24” offset from the existing edge of pavement, and 

the existing pavement structure will be extended into the proposed roadway. A typical 12’ 

lane width was chosen for the proposed right-turn lane, per ADOT standard details and 

specifications.  
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After typical cross-sections were created, additional cross-sections showing lane widths 

for the on-ramp lane taper were also created. These cross-section were created every 50’ 

along the I-40 on-ramp edge line alignment, in order to show how the geometry should be 

constructed at these locations. Cross-sections were also created along the runoff at the end 

of the superelevation for the horizontal curve. However, the runoff is relatively short for 

this project, because the roadway only has to match a 2% slope, in order to match the cross-

slope of westbound I-40. This length of runoff to match the 2% cross-slope of I-40 

westbound, is ⅓ the length of what the total runoff length would be if the design did not 

only have to match this cross-slope [5]. The runoff length would be much longer if any of 

the lanes were required to rotate over the crown of the roadway. The calculations for this 

runoff length are shown in Appendix A: Runoff and Runout Calculations. 

3.10 Proposed Intersection Design 

Typical lane taper standard details were obtained from the Federal Highway 

Administration (FHWA), for the design of the proposed right-turn lane. As stated 

previously, a typical lane width of 12’ was used for this design, with a lane taper of 8:1 per 

FHWA lane taper recommendations [6]. This lane taper, along with a 12’ width, results in 

a total length of 96’ for the proposed right-turn lane for the lane taper, and a total lane 

length of 457’. A typical cross-slope of 2% will be used for drainage design purposes, as 

well as to match the existing conditions. The existing shoulder width dimension of 4’ was 

retained when designing this right turn lane. 

 

Other design elements for this area of the project include a concrete half barrier per ADOT 

standard detail C-10.52, Type F, Gutter = 2.5’. This detail will match the existing concrete 

barrier design along Country club Drive. 

 

A retaining wall will be required for this design at the north end of the project. This design 

will be completed by a sub-consultant and provided to the design team and contractor prior 

to construction. 

The profile for the Country Club Drive, is displayed on each of the plan and profile sheets 

corresponding to this area of the project. The information shown on the profile for Country 

Club Drive includes the existing ground at the centerline alignment, as well as the proposed 

edge of pavement, the proposed back of curb, and the saw cut location. 
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3.11 Proposed On-Ramp Design 

Similar to the proposed right-turn lane, the initial design of the additional on-ramp merge 

lane began with analyzing FHWA typical design details. These details stated that a typical 

taper length for merge lanes is 300’, per FHWA lane taper recommendations [7]. This taper 

lane length was used for design, with a total lane length of 800’. As a result of the taper 

length and lane width, the taper slope for this merge lane is 25:1. Similar to the right-turn 

lane, the existing superelevation of the existing on-ramp was used for design. This 

superelevation being 4% typical.  

The runoff calculated for this on-ramp will be ⅓ of the calculated length, if the roadway 

was required to rotate lanes over the crown of the roadway. This calculated length resulted 

in 43.5’.  

The profile for the on-ramp, is displayed on each of the plan and profile sheets 

corresponding to this area of the project. The information shown on the profile for the on-

ramp includes the existing ground at the edge line alignment, as well as the proposed edge 

of pavement for the on-ramp. The saw cut line for the on-ramp is along the edge line 

alignment. 

3.12 Final Drainage Analysis and Design 

The drainage design for this project includes one major improvement, as a result of the 

increase in flow. This improvement will be to reconstruct a catch basin at the intersection 

of the I-40 westbound on-ramp and Country Club Drive, per ADOT standard detail C-

15.20. The inlet length for this catch basin will be a minimum of 38.4 ft. This value was 

determined using Bentley FlowMaster, and the report generated for this analysis can be 

seen in Appendix C: Catch Basin Inlet FlowMaster Report. The previously determined 

flow of 35.35 cfs for the 50-year storm event in this area was used for analysis and all slope 

information was determined using the proposed cross-sections for this area, as well as the 

as built information acquired from ADOT. 

 

The existing 18” storm pipe attached to this catch basin is able to sufficiently distribute the 

calculated flow from the 50-year storm event in this area. However, this storm pipe will be 

upsized to 24”. The reason for this is because the maximum flow capacity for an 18” storm 

pipe, at the proposed slope, is within 2 cfs of the 50-year storm event for this area. The 

flow capacity reports created within FlowMaster can be seen in Appendix D: Catch Basin 

Pipe Capacity FlowMaster Report. 

 

Regarding the flow associated with the reinforced concrete box culvert crossing I-40 

westbound, the design team did calculate a flow. However, this flow is less than the flow 
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calculated by the 2001 drainage study, so the more conservative value was used for box 

culvert analysis. The flow used for this analysis was 1159 cfs, as stated in section 3.4 [1]. 

Using CulvertMaster, and the provided 50 year flow, it was determined that the existing 

concrete box culvert cannot sufficiently convey this flow [3]. The report generated using 

CulvertMaster can be seen in Appendix E: I-40 RCBC CulvertMaster Report. It is the 

design team’s recommendation to upgrade this drainage infrastructure to 4 8’x6’ RCBC. 

This drainage improvement would be able to handle the designated flow for this area per 

ADOT drainage standards [8].  

3.13 Proposed Erosion Control Plan 

A preliminary erosion control plan was created by first designating locations for wattles 

within the project area. This was done based on various locations of drainage infrastructure, 

and areas with large grades in the project area. Additionally, wattles were placed at the 

existing concrete box culvert near the end of the existing westbound on-ramp. A standard 

detail for wattle placement was obtained from ADOT, which is shown on sheet 27 of 27, 

within the provided construction plan set. 

3.14 Final Construction Plan Set 

A construction plan set was created for the preliminary design of this project. Included in 

this plan set are removal and construction quantities, as well as typical construction details 

used, which can be seen in Appendix H: Construction Plan Set. The plan set was created 

using the CADD standards provided by ADOT. These standards include sheets dedicated 

to general notes, a cover sheet, an index sheet, plan and profile sheets, typical proposed 

cross-sections, typical detail sheets, drainage sheets, project overview sheets, and an 

erosion control plan [9]. 

3.15 Capacity Analysis 

The capacity of a lane is defined as the maximum number of vehicles expected to pass 

through an intersection. Since traffic count data wasn’t provided by ADOT, it is assumed 

that the adjusted saturation flow rate will not change. The saturation flow rate was found 

from Equation 3 [Appendix F], this equation was found in the Highway Capacity Manual 

[10]. Other variables in the capacity equation that will not change are Equation 2 effective 

green time and cycle length due to the timing signal operations being outside of the project 

scope. The only variable changing in Equation 4 [Appendix F] is the number of lanes. Since 

the number of lanes on Country Club Dr. and on the I-40 on ramp westbound is moving 

from one lane to two lanes, the capacity of both Country Club Dr. and the I-40 on ramp 

will be doubled.  
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3.16 Environmental Impacts Assessment 

The environmental impacts associated with this project are similar to those of most 

roadway design projects. Some of these impacts include an increase in stormwater 

pollution due to an increase in impervious surface area, and an increase in emissions as a 

result of increased roadway use. These impacts are present within this proposed 

construction project. Some possible treatments for these impacts include Low Impact 

Development (LID) design for the increase in runoff, to hinder the effects of stormwater 

pollution. While these impacts are inevitable for this type of project, it is important to 

identify them, in order to find a solution, or a treatment. 

3.17 Social Impacts Assessment 

Typical social impacts for roadway construction projects may include an increase in level 

of service, or an increase in roadway capacity. These impacts can lead to users spending 

less time on the roadway, and getting to their destinations quicker.  Results of this decrease 

in roadway time can lead to more time spent on things that said user wants, or needs, to 

spend time doing. A domino effect of this can lead to more time spent working, or more 

time spent with family, or friends. Which, will possibly lead to said roadway user living a 

happier lifestyle. 

3.18 Economic Impacts Assessment 

The economic impacts associated with this project are similar to those of most roadway 

design and expansion projects. The economic impacts associated with this project are, since 

an additional lane is being added on to the onramp and on Country Club Dr. The amount 

of time waiting at the intersection will be less so people can get to their jobs and services 

quicker, making the travel time less will increase the ability for people and stores to make 

more money. Since the I-40 is a major trucking route, the amount of time waiting at the 

intersection is reduced allowing delivery’s to make it to the final destination shorter, saving 

companies money.  
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4.0 Summary of Engineering Work 

The work for this submittal included a proposed final design of both the proposed right-

turn lane onto I-40 westbound, and the additional I-40 westbound on-ramp merge lane. As 

stated in previous sections, this included developing proposed final cross-sections, an 

erosion control plan, intersection design, on-ramp design, and drainage design per ADOT 

standard details and specifications. All work completed for this submittal was completed 

as shown in the updated project schedule in Appendix G: Updated Project Schedule. The 

construction plan set has been finalized, and has addressed all final comments. This final 

plan set is a 30% Design Concept Report, as outlined by the scope of this project. 

5.0 Summary of Engineering Costs 

The total hours of design and drafting throughout this project were originally projected at 

227 hours. At the conclusion of this project, the design team has allocated 365 hours to 

design and drafting. While this is a much higher total of hours than originally predicted, 

there were unforeseen conflicts, which arose throughout the duration of this project. One 

example of these unforeseen circumstances was the additional time needed to obtain 

existing contour information for design. The project management included in this submittal 

is a reflection of time dedicated to this task over the entire course of the project. 

 
Table 5-1: Hourly Breakdown of 100% Deliverables 

Tasks PM PE EIT TECH Total  

   2.2.6: Task 2.6 Construction Plan Set 1 1 4 0 6 

   2.3.4: Task 3.4 Final Design Report 1 1 6 0 8 

   2.3.5: Website 1 2 4 8 15 

2.5 Project Management 42 42 38 38 160 

Total 45 46 52 46 189 
 

Table 5-2: Total Hours and Rates for 100% Deliverables 

Team Member PM PE EIT TECH Total  

Rate $195 $155 $110 $75 N/A 

Total Billed $8,775 $7,130 $5,720 $3,450 $25,075 

Total Cost - - - - $25,075 

\ 
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Table 5-3: Total Hours and Rates for All Completed Work 

Submittal PM PE EIT TECH Total  

Total Cost of 30% Design Report $2,535 $3,410 $5,830 $4,500 $16,275 

Total Cost of 60% Design Report $3,900 $4,650 $8,360 $4,725 $21,635 

Total Cost of 90% Design Report $5,460 $4,805 $10,120 $6,000 $26,385 

Total Cost of Final Design Report $8,775 $7,130 $5,720 $3,450 $25,075 

Total Summary Cost of Project $6,435 $8,060 $14,190 $9,225 $89,370.00 

 

6.0 Conclusion 

This project was completed on schedule, despite conflicts and unforeseen circumstances 

throughout the design process. These conflicts did result in an increase in cost, due to 

additional hours spent gathering existing information, or completing the design process. 

All working hours, as well as a design concept, have been completed for this project and 

are shown within the report. 
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8.0 Appendices 

Appendix A: Runoff and Runout Calculations 

 
Equation A-1: Relative Gradient Calculation 

The relative gradient for the runoff length is found using the equation below:  

 

𝐺 =  
𝑤𝑒

𝐿
 

Where:  

 

 𝐺 = 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐺𝑟𝑎𝑑𝑖𝑒𝑛𝑡 (%). 

 𝑤 = 𝐿𝑎𝑛𝑒 𝑊𝑖𝑑𝑡ℎ (𝑓𝑡). 

 𝑒 = 𝑑𝑒𝑠𝑖𝑔𝑛 𝑠𝑢𝑝𝑒𝑟𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (%) . 
  

Equation A-2: Runoff Length Gradient Calculation 

The duration of an actuated phase is found by the equation below:  

 

𝑅𝐿 =  
𝑤𝑒𝑁 𝑏𝑤

𝐺
 

Where:  

 

 𝑅𝐿 = 𝑅𝑢𝑛𝑜𝑓𝑓 𝐿𝑒𝑛𝑔𝑡ℎ (𝑓𝑡). 

 𝑤 = 𝐿𝑎𝑛𝑒 𝑊𝑖𝑑𝑡ℎ (𝑓𝑡). 

 𝑁 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑎𝑛𝑒𝑠 (𝑈𝑛𝑖𝑡𝑙𝑒𝑠𝑠). 

 𝐺 = 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐺𝑟𝑎𝑑𝑖𝑒𝑛𝑡 (%). 

 𝑤 = 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝐹𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑎𝑛𝑒𝑠 (𝑈𝑛𝑖𝑡𝑙𝑒𝑠𝑠). 

 𝑒 = 𝑑𝑒𝑠𝑖𝑔𝑛 𝑠𝑢𝑝𝑒𝑟𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (%) . 
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Appendix B: Final Earthwork Report 

 
Figure B-1: Final Cut/Fill Report 
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Appendix C: Catch Basin Inlet FlowMaster Report 

 
Figure C-1: Catch Basin Inlet Length FlowMaster Report 
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Appendix D: Catch Basin Pipe Capacity FlowMaster Report 

 
Figure D-1: Existing 18" CMP Capacity FlowMaster Report 



23 
 

 
Figure D-2: Proposed 24" CMP Capacity FlowMaster Report 
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Appendix E: I-40 RCBC CulvertMaster Report 

 
Figure E-1: Existing Box Culvert Design Storm CulvertMaster Report 
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Figure E-2: Existing Box Culvert Check Storm CulvertMaster Report 
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Figure E-3: Proposed Box Culvert Design Storm CulvertMaster Report 
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Figure E-4: Proposed Box Culvert Check Storm CulvertMaster Report 
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Appendix F: Capacity Analysis 

 

Capacity Equations:  

 
Equation F-1: Phase Duration 

The duration of an actuated phase is found by the equation below:  

 

𝐷𝑃 =  𝑙1 + 𝑔𝑠 + 𝑔𝑒 + 𝑌 + 𝑅𝑐 

Where:  

 

 𝐷𝑃 = 𝑃ℎ𝑎𝑠𝑒 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (𝑠). 

 𝑙1 = 𝑆𝑡𝑎𝑟𝑡 − 𝑈𝑝 𝐿𝑜𝑠𝑡 𝑇𝑖𝑚𝑒 = 2.0 (𝑠). 

 𝑔𝑠 = 𝑄𝑢𝑒𝑢𝑒 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝑇𝑖𝑚𝑒 (𝑠). 

 𝑔𝑒 = 𝐺𝑟𝑒𝑒𝑛 𝐸𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑇𝑖𝑚𝑒 (𝑠).  

 𝑌 = 𝑌𝑒𝑙𝑙𝑜𝑤 𝐶ℎ𝑎𝑛𝑔𝑒 𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙 (𝑠).  

 𝑅𝑐 = 𝑅𝑒𝑑 𝐶𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙 (𝑠). 

 

  
Equation F-2: Effective Green Time 

The effective green time for the phase is found by the equation below:  

 

𝑔 =  𝐷𝑃 −   𝑙1 −  𝑙2 
Where:  

 

 𝑔 = 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐺𝑟𝑒𝑒𝑛 𝑇𝑖𝑚𝑒. 
 𝑙2 = 𝐶𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 𝐿𝑜𝑠𝑡 𝑇𝑖𝑚𝑒 = 𝑌 +  𝑅𝑐 − 𝑒 (𝑠). 
 𝑒 = 𝐸𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑜𝑓 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐺𝑟𝑒𝑒𝑛 = 2.0 (𝑠). 
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Equation F-3: Adjusted Saturation Flow Rate 

The capacity of the additional right turn lane was “analyzed” using methods presented within the 

Highway Capacity Manual. The adjusted saturation flow rate for a lane is found using the 

following equation: 

 

𝑠 =  𝑠0 𝑓𝑤 𝑓𝐻𝑉𝑔
𝑓𝑃𝑓𝑏𝑏𝑓𝑎𝑓𝐿𝑈𝑓𝐿𝑇𝑓𝑅𝑇𝑓𝐿𝑃𝑏𝑓𝑅𝑃𝑏𝑓𝑤𝑧𝑓𝑚𝑠𝑓𝑠𝑝       

Where:  

 s= adjusted saturation flow rate (veh/h/ln), 

s0 = base saturation flow rate (pc/h/ln), 

fw = adjustment factor for lane width, 

fHVg = adjustment factor for heavy vehicles and grade, 

fp = adjustment factor for existence of a parking lane and parking activity 

adjacent to lane group, 

fbb = adjustment factor for blocking effect of local buses that stop within 

intersection area, 

fa = adjustment factor for area type, 

  fLU = adjustment factor for lane utilization, 

   fLT = adjustment factor for left-turn vehicle presence in a lane group, 

   fRT = adjustment factor for right-turn vehicle presence in a lane group, 

   fLpb = pedestrian adjustment factor for left-turn groups, 

   fRpb = pedestrian–bicycle adjustment factor for right-turn groups, 

    fwz = adjustment factor for work zone presence at the intersection, 

   fms = adjustment factor for downstream lane blockage, and 

   fsp = adjustment factor for sustained spillback. 

 
Figure F-1: Lane Width Adjustment 
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Equation F-4: Capacity 

The capacity of a lane or lane group is found by the capacity equation below: 

 

𝑐 = 𝑁 𝑠 
𝑔

𝐶
 

Where:  

 𝑐 = 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦.  

 𝑠 = 𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (𝑣𝑒ℎ/ℎ𝑟/𝑙𝑛). 

 𝑁 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑎𝑛𝑒𝑠. 

 𝑔 = 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐺𝑟𝑒𝑒𝑛 𝑇𝑖𝑚𝑒.  

 𝐶 = 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒. 
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Appendix G: Updated Project Schedule 

  



ID Task Name Start Finish

1 Task 1: Existing Studies Mon 1/13/20 Thu 2/6/20

2 1.1: Site Visit Mon 1/13/20 Mon 1/13/20

3 1.2: Process Survey Data from GIS Tue 1/14/20 Thu 1/16/20

4 1.3: Studying/Analyzing Existing Drainage Studies/As-Built InformationWed 1/15/20 Thu 1/16/20

5 1.4: Runoff Calculations Fri 1/17/20 Wed 1/22/20

6 1.5: Analyze Existing Geotechnical Information Wed 1/15/20 Thu 1/16/20

7 1.6: Enter Existing Geometry into Civil3D Wed 1/22/20 Wed 1/29/20

8 1.7: Create Existing Cross-Sections Thu 1/30/20 Tue 2/4/20

9 1.8: Create Roadway Alignments/Base Files Tue 2/4/20 Thu 2/6/20

10 Task 2: Design Mon 2/3/20 Wed 4/22/20

11 2.1: Create Proposed Cross-Sections Thu 2/13/20 Tue 2/18/20

12 2.2: Initial Design Wed 2/19/20 Wed 4/1/20

13 2.2.1: Intersection Design Wed 2/19/20 Wed 4/1/20

14 2.2.1: On-Ramp Design Wed 2/19/20 Wed 4/1/20

15 2.4: Final Design Geometry/Cross-Sections Thu 4/2/20 Tue 4/14/20

16 2.5: Final Drainage Design Tue 4/14/20 Wed 4/22/20

17 2.6: Stormwater Pollution Prevention Control Plan Mon 4/20/20 Wed 4/22/20

18 2.7: Construction Plan Set Mon 2/3/20 Fri 4/17/20

19 2.8 Synchro Analysis and Traffic Analysis Recommendation Thu 4/2/20 Tue 4/7/20

20 Task 3: Deliverables Fri 2/14/20 Fri 4/24/20

21 3.1: 30% Submittal Fri 2/14/20 Fri 2/14/20

22 3.2: 60% Submittal Tue 3/10/20 Tue 3/10/20

23 3.3: 90% Submittal Thu 4/23/20 Thu 4/23/20

24 3.4: Final Design Report Fri 4/24/20 Fri 4/24/20

25 Task 4: Impacts Fri 4/3/20 Fri 4/3/20

26 4.1: Social Impacts Assessment Fri 4/3/20 Fri 4/3/20

27 4.2: Economic Impacts Assessment Fri 4/3/20 Fri 4/3/20

28 4.3: Environmental Impacts Assessment Fri 4/3/20 Fri 4/3/20

29 Task 5 Project Management Mon 12/16/19Thu 4/23/20

10 13 16 19 22 25 28 31 3 6 9 12 15 18 21 24 27 1 4 7 10 13 16 19 22 25 28 31 3 6 9 12 15 18 21 24

February 2020 March 2020 April 2020

Page 1
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Appendix H: Construction Plan Set 
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GUARD RAIL 202 LF
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AB (CLASS 2) 132 TON

ASPHALTIC CONCRETE
PAVEMENT (3/4") 79 TON
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FRICTION COARSE (1") 14 TON

GUARD RAIL PER ADOT STD DTL
C-10.01 195 LF

SAW CUT 205 LF
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AB (CLASS 2) 135 TON

ASPHALTIC CONCRETE
PAVEMENT (3/4") 81 TON

BITUMINOUS TACK COAT (0.5") 21 TON
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GUARD RAIL PER ADOT STD DTL
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AB (CLASS 2) 29 TON

ASPHALTIC CONCRETE
PAVEMENT (3/4") 17 TON

BITUMINOUS TACK COAT (0.5") 5 TON
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GUARD RAIL PER ADOT STD DTL
C-10.01 113 LF
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