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Project Introduction

JWP West Assessment and Design 
● Located between South Pulliam Dr. & Lake Mary Rd.

○ 1.5 miles
○ Rugged and forested terrain

Design Goals
● Connect South Pulliam Dr. to Lake Mary Rd.

○ Enhance accessibility to local communities 

Client
● Jeff Bauman (PE, PTOE, Traffic Engineer with C.O.F)
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Figure 1: View from S. Pulliam Dr. (West)

Figure 2: View from Lake Mary Rd. (East)

Image from Google Maps.

Image from Google Maps.



Project Location

Figure 3: State map of Arizona (Google Maps) Figure 4 Project vicinity map (Google Maps)
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Traffic Counts - West Intersection
  S. Pulliam Drive and JWP

● JAMAR Board 
● Identified traffic volumes and turning count movements
● West intersection AM total volume: 213 vehicles
● West intersection PM total volume: 237 vehicles
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Figure 5: AM traffic volume - West intersection Figure 6 PM traffic volume - West intersection

Photo by Elijah Begay



Traffic Counts - East Intersection
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Lake Mary Road and JWP
● East intersection AM total volume: 368
● East intersection PM total volume: 397

Photo by Elijah Begay

Figure 7: AM traffic volume - East intersection Figure 8: PM traffic volume - East intersection
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Figure 9: Topographic Map 

Fla
gsta

ff 
Pull

iam
 A

irp
ort 

Run
way

Elevation: ~7010 ft.

Elevation: ~6990 ft.

Parking Apron

Parking Apron

Terminal

Run
of

f



Roadway Geometry 
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● Two Lane Road
● LOS B
● Bike 

Lane/Shoulder
● Vertical Grade 

from 0.66-1.17%
● Sidewalk on 

North End
● 40 MPH Speed 

Limit

Figure 10: Roadway alignment



Roadway Cross Section
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● Lane 
Width: 12 ft
Slope: 2%

● Shoulder
Width: 5.5 ft
Slope: 4%

● Sidewalk
Width: 6 ft 
Thickness: 4 in

● Curb 
Width: 1.5 ft 
Thickness: 8 in
Slope: 4%

Figure 11: Cross-section of roadway



9Figure 12: Plan view of roadway



10Figure 13: Horizontal alignment

Horizontal Alignment
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Figure 14: Profile of roadway

Vertical Alignment 



Decision Matrix - Pavement Design
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Criteria
● Cost: cubic yd. construction, maintenance
● Durability: lifespan, withstand wear and tear
● Effectiveness: permeability,  performance 

under road volume

Table 2: Pavement type decision matrix

Material Options:

Figure 15: Concrete vs Asphalt [5]

Table 1: Scoring Description for pavement design



Pavement Design: Layers
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● Top Layer 
Asphaltic 
Concrete

● Base
¾” Aggregate 
Base Course

● Sub-base
Crushed Gravel 
and Stone

● Lower Layer
Native Material

Figure 16: Pavement cross section



Decision Matrix - Intersection Design (Lake Mary Rd.)
● Projected 2045 Data from COF
● Used Traffic Counts to Estimate Turn Volumes
● Two-Way Stop, Four-Way Stop, Roundabout, Signalized Intersection
● Used Vistro to analyze LOS, Delay, Signal Phasing, etc.
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Table 4: JWP and Lake Mary Intersection Decision Matrix
Table 3: Intersection scoring descriptions



JWP & Lake Mary - East Intersection 
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● LOS C

● Added right turn lane on JWP 

Eastbound

● Fixed Timing

● 100 Second Cycle Lengths

● Delay of 23.8 s/veh

Figure 17: JWP and Lake Mary intersection [1]



Decision Matrix - Intersection Design (S Pulliam Dr.)
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Table 5: JWP and Pulliam intersection decision matrix



JWP & Pulliam Intersection
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Figure 18: JWP and Pulliam intersection signal warrant



JWP & Pulliam - West Intersection
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● LOS B

● Semi-Actuated

● Full Cycle Length of 

60 Seconds

● Delay of 12.1 s/veh

Figure 19: JWP and Pulliam intersection [1]



Signage and Striping
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● Designed according to the Manual on Uniform Traffic Control Devices (MUTCD) 
● White lines for right side of road, indicating shoulder and bike lane
● Yellow lines for left side of the road, median
● Speed limit signs after intersection and along road
● “Do Not Pass” signs along the road
● Turning arrows, stopping lines, and crosswalks at intersections

Figure 20: Left turn arrow [3] Figure 21: Do Not Pass sign [2] Figure 22: Continental crosswalk [4]



Geotechnical Analysis 
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Figure 24: Site soil map from USDA Web Soil Survey [6]Figure 23: Site soil type description 

19A

8

19● 19
○ Rocky sandy soil
○ Occurs on hills

● 19A
○ Soil series combination
○ Steep hillslope soil



Site Investigation 
Land Surveying
● Auto Level 
● Profile: 6 shots upstream, 10 shots down 

stream, 10 ft intervals 
● Cross section: Flood plain, left bank, 

bottom bank, thalweg, bottom bank, right 
bank, flood plain, 30 ft intervals

21Figure 25: Channel profile 

Figure 26: Plan view of stationing & channel cross sections



Photographs
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Figure 28: Image of channel looking downstream

Figure 29: Downstream typical cross section

Photo by Logan McFarland

Photo by Elijah Begay

Photo by Logan McFarland

Figure 27: Auto level

Figure 30: Surveying the typical cross section

Photo by Elijah Begay

Photo by Elijah Begay



Hydrologic Analysis

Watershed Delineation
● StreamStats uses a Digital 

Elevation Model (DEM) grid 
● Automatically creates GIS layers 

through basins

23Figure 31: Watershed of project site 

NTS



Time of Concentration

USDA TR-55 Method [4]
● Sheet flow, a thin uniform flow of water across a surface
● Shallow concentrated flow, a flow of water in defined channels 

across uneven terrain
● Channel flow, a flow of water in hydraulically made channels 
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Equation 1: Sheet flow [4]

Equation 2: Shallow concentrated 
flow [4]

Equation 3: Channel flow [4]

Table 6: Travel time for sheet flow
Table 7: Travel time for shallow concentrated 

flow Table 8: Travel time for channel flow

∑= 1.96 hours



Peak Discharge
Storm Intensity
● “Roadway classifications shall be 

designed for the 50-yr storm 
event.”-SWMDM [5]

Calculate Peak Flow
● Used for future hydraulic design 
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Table 9: Peak flow rate

Equation 4: Peak discharge formula [6]

Figure 32: NOAA Atlas 14 PDS-DDF curves [6]



Existing Channel 
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Figure 34: Looking upstream of existing channelFigure 33: Aerial image of existing channel

Photo by Logan McFarland



Existing Channel Analysis
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Purpose
● Evaluated current state of the channel

○ Flow rates, velocities, & water surface elevations
● Understood hydraulic behavior near east intersection

○ Currently overtopping designed road

Work

● Developed 1-D HEC-RAS model 
● Evaluated cross-sectional data, flow characteristics, 

and compliance with CoF’s SWMDM

Figure 35: Profile view of existing channel

Table 10: General overview of compliance 



Decision Matrix - Hydraulic
Criteria
● Cost: initial expenses and long-term maintenance 
● Efficiency: maximizing hydraulic efficiency 
● Constructability: ease of construction/installation
● Aesthetics: enhance visual appeal
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Table 12: Culvert-shape decision matrix

Table 11: Culvert scoring description
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● 2 Barrel 8’ x 3’ Box Culvert 
○ Concrete Material
○ Typical run length of 7’- 8”
○ Beveled corners

● 10 sections needed (total 
length of 76’ 8”) to connect 
upstream and downstream

● Structure will be sloped at 
0.5%

● A headwall and wingwalls 
will be installed at both 
ends

Proposed Hydraulic Design

Figure 36: Typical culvert & wingwall dimensions

Figure 37: Upstream cross sections



Post-Improvement Hydraulic Analysis
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Figure 39: Profile view of proposed channel

Table 13: Evaluation of proposed culvert

Figure 38: Plan view of proposed channel



Final Hydraulic Design
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Figure 40: Plan view of final hydraulic design

Figure 41: 3D model of roadway and culvert

Figure 42: Cross-section view of culvert



Construction Cost Estimate
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Roadway Cost:
● $4,366,334

Hydraulic Structure Cost:
● $99,688

Table 14: General material cost of project



Project Impacts

33

Social 
● Enhanced accessibility for local residents and 

businesses 
● Initial disruption in traffic pattern within the immediate 

project vicinity

Economic 
● Increase in property values and business traffic in 

adjacent area
● Heightened noise pollution

Environmental 
● Reduced erosion along roadside
● Runoff from road surface during and after construction

Figure 43: Impacts Icon [7]
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Appendix
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See the following slides for additional information
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