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Project Introduction

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

o 1.5miles
o Rugged and forested terrain

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

e,

o Enhance accessibility to local communities

Client Aole e
e Jeff Bauman (PE, PTOE, Traffic Engineer with C.O.F) . ga

Figure 2: View from Lake Mary Rd. (East)
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Figure 4 Project vicinity map (Google Maps)




Traffic Counts - West Intersection

S. Pulliam Drive and JWP

Photo by Elijah Begay

JAMAR Board

|dentified traffic volumes and turning count movements
West intersection AM total volume: 213 vehicles

West intersection PM total volume: 237 vehicles

South Pulliam Dr. - From North South Pulliam Dr. - Frm North

AM. Peak Hours: P.M. Peak Hours:
8amto9am 4pmto5pm

J.W.P Blvd. - J.W.P Blvd. J.W.P Blvd. -
™ From West From East  From West From East




Traffic Counts - East Intersection

Lake Mary Road and JWP
e East intersection AM total volume: 368
e East intersection PM total volume: 397

Lake Mary Rd. - FraNorth Lake Mary Rd. - From North

: *&1 .
T d ke J.W.P Blvd. As J.W.P Blvd. - J.W.P Blvd.
From West From East  From West

oto by Elijah Begay
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Topographic Map: John Weslrey Powell Blvd. Project
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Figure 9: Topographic Map
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Roadway Geometry
RN

Two Lane Road
LOS B

Bike
Lane/Shoulder
Vertical Grade
from 0.66-1.17%
Sidewalk on
North End

40 MPH Speed
Limit

5%
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Figure 10: Roadway alignment



Roadway Cross Section

% ROADWAY CROSS SECTION
Width: 12 ft

Slope: 2% 55 210

Shoulder , ,
Width: 5. 5 ft | . | FINISHED SURFACE LEVEL

ERB LEVEL

Slope 4% — ASPHALTIC CONCRETE (HMA) \
%

+—— BIKE LANE/ SHOULDER

Sidewalk e e
Width: 6 ft i " AGGREGATE BASE COURSE
ThiCkn ess: 4 in SUBBASE (CRUSHED GRAVEL AND STONE)

NATIVE MATERIAL

Curb

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

Figure 11: Cross-section of roadway



TRENCH DRAIN (TYP.)

SIDEWALK SIDE DITCH

NOTES:

—SIDE DITCH IS
TRAPEZIODAL
WITH 3 FT. WIDE

CURB AND GUTTER

BOTTOM AND 3

- BIKE LANE/SHOULDER

FT. SIDES AT
6:1 SLOPES
—TRENCH

« WESTBOUND LANE

DRAINS ARE
SPACED 230 FT.
APART

g

MEDIAN

» EASTBOUND LANE

=) BIKE LANE/SHOULDER

Figure 12: Plan view of roadway




Horizontal Alignment

CURVE RADIUS = 410’

Figure 13: Horizontal alignment




Vertical Alignment

Figure 14: Profile of roadway



Decision Matrix - Pavement Design

. . Scoring Description for Pavement Design
Criteria

moderate upfront

e (Cost: cubic yd. construction, maintenance
i . . Cost highest upfront cost e
e Durability: lifespan, withstand wear and tear

e Effectiveness: permeability, performance W e B | R
urability

lowest upfront cost

under road Volume maintenance maintenance maintenance

necessary necessary necessary

moderately
not permeable, permeable, can
i " permeable, lower ‘
Effectiveness cannot withstand i i withstand heavy
) ability to withstand .
heavy traffic load i traffic load
heavy traffic load

Material OptiOﬂS.' Table 1: Scoring Description for pavement design

Decision Matrix

Material Options: Asphaltic Concrete

Criteria Weight (%) (1-3) Score (1-3) Score
1 0.3
7 3 1.0
1

1

3
[T 0.

1 -

Weighted Score

Table 2: Pavement type decision matrix 12

1

Figure 15: Concrete vs Asphalt [5]



Pavement Design: Lavers
PAVEMENT CROSS SECTION

Top Layer
Asphaltic

Concrete ; ‘ . ; Ao ac (ASPHALTIC CONCRETE)

Base
%" Aggregate Bl 7 bC UCCREHT, BASE.Coles:)
Base Course

Sub-base £ (S1U080;;B/::SOEM$\ELTJ§;)ED GRAVEL & STONE)
crushed Gravel === == === E
and Stone ‘ﬁﬂﬁ@ﬁ@ﬁ@ﬁ@ﬁ@ﬁ@ﬁ@ﬁ
TEmEmEmEmEmEmEmEmET NATIVE MATERIAL
Lower Layer EEEEEEEELE
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.

Table 3: Intersection scoring descriptions
Table 4: JWP and Lake Mary Intersection Decision Matrix

Scoring Description for Intersection

Criteria | i(Wors) | 2(Newra) | 3(6ood) |

o Design applies to Design is not very
Cost D tl
tad categories 1 and 3 costly
Efficiency LOS E-F LOS C-D LOS A-B

Decision Matrix

Lake Mary Road and JWP
Y . Signalized 2-Way Stop 4-Way Stop
Intersection:
Criteria Weight (%)

Constructability
Weighted Score

iity| 15 |
i

Challenging
e installation, Requires adequate Less labor &
Constructability . e g
requires additional construction equipment
labor & equipment

Roundabout

Weighted
Score

0.20
0.15

0.20
1.45

Pedestrians LOS E-F LOS C-D LOS A-B

14




JWP & Lake Mary - East Intersection

!\ \\ Ss s
LOS C
Added right turn lane on JWP Sgi‘iig”ju':d\
Eastbound
Fixed Timing

100 Second Cycle Lengths

Delay of 23.8 s/veh ' y [ \  Lake Mary

] Northbound

" JWP Westbound

Figure 17: JWP and Lake Mary intersection [1]
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Decision Matrix - Intersection Design (S Pulliam Dr.)

Table 5: JWP and Pulliam intersection decision matrix

S Pulliam and JWP Signalized 2-Way Stop 4-Way Stop

Criteria Weight (%) Av(gISc;c;re Weighted | Avg Score | Weighted | Avg Score | Weighted | Avg Score | Weighted

16



JWP & Pulliam Intersection

MINOR

STREET °

HIGHER-
VOLUME
APPROACH -
VPH

Figure 4C-3. Warrant 3, Peak Hour

L2 OR MORE LANES & 2 OR MORE LANES |
2 OR MORE LANES & 1 LANE

1 LANE & 1 LANE

500 600 700 800 SO0 1000 1100 1200 1300 1400 1500 1800 1700 1800

MAJOR STREET—TOTAL OF BOTH APPROACHES—
VEHICLES PER HOUR (VPH)

*Note: 150 vph applies as the lower threshold volume for a minor-streel
approach with two or more lanes and 100 vph applies as the lower
threshold volume for a minor-street approach with one lane.,

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

LOS B
Semi-Actuated

Full Cycle Length of
60 Seconds

Delay of 12.1 s/veh

JWP
Westbound

Pulliam
Southbound

),
PN

Pulliam
Northbound

JWP
Eastbound

Figure 19: JWP and Pulliam intersection [1]
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Signage and Striping

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

) —

e ———
———

A
Figure 21: Do Not Pass sign [2] Figure 22: Continental crosswalk [4]

Figure 20: Left turn arrow [3]
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e 19
o Rocky sandy soil
o Occurs on hills

e 19A

o Soil series combination
o Steep hillslope soil

Map Unit Symbol Map Unit Name Percent of AOIf:

Paymaster family 8.2
fine sandy loam, 0
to 3 percent slopes

Telephone gravelly 32.8
sandy loam, O to 15
percent slopes

19

19A Telephone-Daze
complex, 0 to 8
percent slopes

Totals for Area of Interest _ .8 100.0% "

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

Land Surveying

* Autolevel
R ‘ Lo

e Profile: 6 shots upstream, 10 shots down
stream, 10 ft intervals

e Cross section: Flood plain, left bank,
bottom bank, thalweg, bottom bank, right
bank, flood plain, 30 ft intervals

e

Profile of Existing Wash

<« Grade Road

Upstream Downstream

= Local Road
m Stations
m=m Cross Sections

Scale: 1" 40

" —

Figure 26: Plan view of stationing & channel cross sections

0, o, 0, o,

2 % 0 o W o o D

Stations

Figure 25: Channel profile 21



Figure 27: Auto level

Photographs

Figure 30: Surveying the typical cross section

Figure 29: Downstream typical cross section
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Hydrologic Analysis

Watershed Delineation
e StreamStats uses a Digital
Elevation Model (DEM) grid

e Automatically creates GIS layers
through basins

| POINT OF y
| CONCENTRATION ¢

DRAINAGE AREA: .)
0.18 mi*2 ]

MOST REMOTE POINT

Figure 31: Watershed of project site

23



Time of Concentration

Equation 1: Sheet flow [4]

USDA TR-55 Method [4] ~0.007(nL)*®

p20-550.4

e Sheet flow, a thin uniform flow of water across a surface Ty =
e Shallow concentrated flow, a flow of water in defined channels
across uneven terrain

e Channel flow, a flow of water in hydraulically made channels R

Table 7: Travel time for shallow concentrated

Table 6: Travel time for sheet flow flow Table 8: Travel time for channel flow

USDA TR-55: Travel Time, Shallow
Concentrated Flow

Manning's roughness, n Surface Description| Unpaved Surface Description 0.025 Equation 3: Channel flow [4]
Flow length, L (ft Flow length, L (ft 292 Flow length, L (ft

USDA TR-55: Travel Time, Sheet Flow USDA TR-55: Travel Time, Channel Flow

Rainfall, P2 (2-yr 2.13 Average velocity, V (ft/s 2.13 Average velocity, V (ft/s
Land slope, s (ft/ft 0.0103 Slope, s (ft/ft 0.0083 Slope, s (ft/ft 0.0125
Travel time, Tt (hr 0.616 Travel time, Tt (hr 1.34 Travel time, Tt (hr 0.00539

| = 1.96 hours

24




Peak Discharge

PDS-based depth-duration-frequency (DDF) curves

Sto rm IntenSity Latitude: 35.1535°, Longitude: -111.6573°
e “Roadway classifications shall be

designed for the 50-yr storm
event."-SWMDM [5]
Calculate Peak Flow
e Used for future hydraulic design

Rainfall,

Precipitation depth (in)

Table 9: Peak flow rate

Figure 32: NOAA Atlas 14 PDS-DDF curves [6]
USDA TR-55 Method

25



Existing Channel

——

b Aerlal Ima e: Existing Channel

-

Figure 33: Aerial image of existing channel

Figure 34: Looking upstream of existing channel
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Existing Channel Analysis

Purpose
e Evaluated current state of the channel B

o  Flow rates, velocities, & water surface elevations
e Understood hydraulic behavior near east intersection

o  Currently overtopping designed road /w*
Work -
® Developed 1-D HEC-RAS model STA 1482

® FEvaluated cross-sectional data, flow characteristics, < Propused Boad
and compliance with CoF's SWMDM :

STA 0+90 STA 1+32

Table 10: General overview of compliance

Existing Conditions of Cross-Sections HEC-RAS
Flow rate (cfs)

STA 0+60

STA 0+00 STA 0+30

50 100

Velocity (ft/s)
Water surface elevation (ft) “

Main Channel Distance (ft)

Figure 35: Profile view of existing channel
Freeboard (ft)

Flow regime

27



Decision Matrix - Hydraulic

Criteria
e Cost: initial expenses and long-term maintenance

Efficiency: maximizing hydraulic efficiency
Constructability: ease of construction/installation
Aesthetics: enhance visual appeal

Table 11: Culvert scoring description
Table 12: Culvert-shape decision matrix

Scoring Description for Culvert

Structure is very Structure is
Cost costly & not Is costly nor economical, very
economical economical sufficient
(>$70,000) (<$30,000)
Does not meet Able to either Able to channel
conveyance & convey or have design flow & has
Efficiency
allowable resonable adequate amount
freeboard freeboard of freeboard

Decision Matrix

Culvert Entrance Design: | vV y \,

~ $370 per foot 3' dia. ~$1,010 per foot -3' dia.
(Total: $79,000) (Total: $76,800)

Avg Score| Weighted | Avg Score Welghted Avg Score |Weighted | Avg Score | Weighted
Criteria Weight (%)

(1 3) Score (1 3) Score (1—3) Score (1 3) Score
Cost 0 70 0 89 0 35
_
Construr:tablllty _
pestherics |10 | 2 | o2 | 1 | ow | 3 |
Weightedscorel 100 | | 229 | | 19 | | in | | 123

Challenging — .
ructure requires
. installation, 5, Less labor &
Constructability 2 i adequate ¢
requires additional ) equipment
_ construction
labor & equipment

Not eye-appealing;
does not fit into Structure appears

Aesthetics i Has normal appeal . i
surrounding to fit into terrain

28
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2 Barrel 8’ x 3’ Box Culvert
o Concrete Material
o Typical run length of 7’- 8"
o 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

Culvert

Dimensions:

Figure 37: Upstream cross sections

29



Culvert 8x3(2)

Inlet

Variables

50years

Outlet

50years

Flow rate (cfs)

103

103

Velocity (ft/s)

5.9

4.5

Water surface elevation (ft)

6927.5

6927.0

HW/D<1.2

0.47

N/A

Freeboard (ft)

14

16

Flow Regime

Supercritical

.. At
EC-RAS Statio
& \ 3

j e

Supercritical

Legend

=== HEC-RAS Cross Sections

Figure 38: Plan view of proposed channel

Elevation ()

JWP-WASH react

Proposed Road

VI

e

OL/{/@ - ;:/,//;:‘A/
N\
V

Direction of Flow
<

ST
J-):q ’40473

O
o, %,

Legend

EG 50yr Storm Event

WS 50yr Storm Event
Crit 50yr Storm Event
Wcoisdled b scaldriunia ciall

Ground

100

Main Channel Distance (ft)

Figure 39: Profile view of proposed channel




Final Hydraulic Design

3D Model of Hydraulic Structures

“ BMSE WTAVCy e il ol N
Plan View: Culvert Location & Sizi

N .
oy

N
CL S

2
- LAY

W

Inlet/Outlet View
Metal Fence — Headwall  — Top of Road Way

wm | owest Point of Channel
=3 Channel Bed
Culvert Structure

Scale: 17: 20"

Z— Exisiting Ground — Wingwall

Figure 40: Plan view of final hydraulic design

Figure 42: Cross-section view of culvert
31



Roadway Cost:

$4,366,334

LF
: : | | s |
Hydraulic Structure Cost: $31,
Y

$99,688

Construction Cost Estimate

Table 14: General material cost of project

$356,200
| VerticalCurbandGutter] 7920 | F | 35 | s198000
§73,200
52 $31,680
21

| RoadwayEarthwork(Cut&Fil)] 1212 | ¢ | a1 | $2545
$1,500
| PavementArrowMarking] 4 | EA [ $125 | $s00 |
00 crosswalkMarking 6 | lF | S | $12
0000 FlaredWingwallsy 4 | Ea | $3750 | $15000 |
TOTAL ||| sa46602)

32



Project Impacts

Social
e Enhanced accessibility for local residents and
businesses

e Initial disruption in traffic pattern within the immediate
project vicinity

Economic
e Increase in property values and business traffic in
adjacent area
e Heightened noise pollution

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

Figure 43: Impacts Icon [7]
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Appendix

See the following slides for additional information
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Worksheet 2: Runoff curve number and runoff

e 22

Tal

2! Rusnof g S T %

Time of Concentration (T¢) or travel time (T)

Worksheet ¢

JWP West

2. Manning's roughness coefiicient, n (table 3-1)

7. Surface description (paved or unpaved)

8. Fiow length, L ft

9. Walercourse slope, s

10. Average velocity, V (figure 3-1)

Date

=1 5 o8 K \ \
| Flonstese, Az la/zy Sl TN
Che X prosent [ Developed heck Al Pre Developed
Checkone:  XITe [T, through subarea
Notes: Space for as many as two segments per flow type can be used for each worksheet Yat
Include a map, schematic, or description of flow segments. | 2 .
) ve area Am Q.1% mi? (acres/640)
21
Runoft cur CN i (From worksheet 2)
Segment ID = - { entra T | 15} hr (From worksheet 3)
1. Surface description (table 3-1) ;
Rainfall distribution 1 (0, 1ASibny

percent of A,

3. Flow length, L (t0tal L 300 f) eoveroeeesreeemerseens ft |

4. Two-year 24-hour rainfall, Py ......cc.cweeussmssmsess I

5. Land slope, s i ; ; i

6 Tym_0007 (1)® Compute Ty ........ hr
P, 05 504

Segment ID

P and CN with table 2-1, figure 2-1, or

"n T L Compute Tt hr
3600 V
lann oW

gment ID
12. Cross sectional foW @re@, @ ......ewwsmsesssrrssssses 2
13. Welted PERMEIE, Py ..ccvcsvvseesssssresesssssmssassessses 11
14. Hydraulic radius, r= — COMPULE F ....covevsssccies B
15 Channel slope, s Po S . ft
16. Manning's roughness coefficient, n ;
17. v=_149r2Rg 12 Compute V s
18, FIOWAENGH, L nooosssssesmsmesmesee
19 T=_L Compute Ty hr

3600 V
20. Watershed or subarea T¢ or Ty (add Ty in steps 6, 11, and 19)

‘ 2. Frequency yr
Raintall, P (24-hour) in
|
= | Inifial ab n, Iy in
‘ ( with table 4-1)
6. Unit peak discharge, q, csmvin
(Use T and I,/ P with exhibit 4 )
g oS- ., |
% From worksheet 2) Figure 2-6
| 8. Pond and 3 |
1 (Use g
’ yercent pond ans swamp area.)
=4 | 9. Peak discharge, 4, 1y
1 ( Where q,, = q,A, CF )




Existing Conditions vs. Proposed Improvements of Cross-Sections HEC-RAS

Variables

Existing Conditions

[Oonpllmu] Proposed Improvements ICon'pll

STA

1482

1+82

Flow rate (cfs)

103

103

Yes

Velocity (ft/s)

Water surface elevation (ft)

2.5
6929.1

2.5
6927.6

Freeboard (ft)

0.0

0.3

Flow Regime

Subcritical

Subcritical

STA

1+32

1+57

Flow rate (cfs)

103

103

Velocity (ft/s)

4.0

2.4

Water surface elevation (ft)

6928.7

6927.5

Freeboard (ft)

Flow Regime

0.0
Subcritical

0.4
Subcritical

Channel Requirements

Section of
SWMDM

Flow Rate

Shall be designed for the 25-year design storm at a minimum

4.3

Water Surface

STA

Flow rate (cfs)

0+90
103

0+66.5
103

Elevation

Shall be consistent with maintaining a minimum freeboard of 1-foot
throughout the channel

4.3.4

Velocity

Maximum velocity of 18 ft/s

Velocity (ft/s)

43

2.67

Freeboard

Minimum freeboard of 1-foot

Water surface elevation (ft)

6927.5

6927.0

Flow Regime

Freeboard (ft)

0.0

0.7

Flow Regime

Supercritical

Subcritical

STA

0+60

0+60

Earth lined channels should not be operating at supercritical flow

Culvert Requirements

Section of
SWMDM

Flow rate (cfs)

103

103

Velocity (ft/s)

4.9

4.13

Flow Rate

Culverts near a collector/arterial street should convey a 50-year storm
event without overtopping (103 cfs)

521

Water surface elevation (ft)

6926.8

6926.8

Water Surface

Freeboard (ft)

0.0

0.0

Elevation

Flow Regime

Subcritical

Subcritical

Minimum freeboard of 2-feet at inlet with respect to the low chord

Velocity

STA

0+30

0+30

Minimum velocity of 3 ft/s

Headwater

HW/D ratio must be < 1.2 for cross sectional area greater than 30 sq. ft.

Flow rate (cfs)

103

103

Freeboard

Minimum freeboard of 1-foot

Velocity (ft/s)

4.5

4.3

Flow Regime

Water surface elevation (ft)

6926.6

6926.6

Freeboard (ft)

0.0

0.0

Flow Regime

Subcritical

Subcritical

STA

0+00

0+00

Flow rate (cfs)

103

103

Velocity (ft/s)

Water surface elevation (ft)

5.6
6926.1

5.8
6926.0

Freeboard (ft)

0.2

0.3

Flow Regime

Supercritical

Critical

Avoid Froude numberin the range of 0.86-1.13




Cross Section - Outlet of Culvert
Cross-Section

STA 0+30
STA 0+60
STA 0+66.5
Outlet
Inlet
STA 1+57
STA 1+82
Total Cut: - 78 cu.yd.

1429

Earth Work Calculations for Culvert

Type Description Cut/Fill Total (cu. yd.)
Cut (-) Excavation to place culvert 221.5

Cut (-) Wingwall installation 8.4

Fill (+) Fill wingwalls 19.3

Fill (+) Fill above culvert to road 61.7

Fill (+) Fill other parts of culvert 28

Total Cut: -120.9 cu. yd.

Total Cut for Culvert - 120.9 cu. yd.
Total Cut for Channel - 78 cu.yd.
Summation of Total Cut | - 198.9 cu.yd.




Rectangular culvert:

()60

o= 0014 113
WH™
aple 4 d atio and adatio DT Ord A Riprap 58
Solving for d,: dso = i .l 1;3” 114
Riprap Classification Dso (inches) ;
where:
Iype Nt - W = width of rectangular culvert, in feet, and
Type L 9 H = height of rectangular culvert, in feet.
Type M 12
Q (cfs) W (ft) H (ft) Yt (ft) Yn (ft)
L Lk 38 103 16 3 1.48 121450 (ft) 0.105
Type VH 24
_(H+Y) 11.6
2
. s RIprap Protectio 3 Rectandg 3 oNda putiets

in which the maximum value of H, shall not exceed H, and

where:
D, = parameter to use in place of D in Figure 11.2 when flow is supercritical,
€0 D. = diameter of circular culvert, in feet,
H, =  parameter to use in place of Ain Figure 11.3 when flow is supercritical,
H = height of rectangular culvert, in feet, and
Y, = normal depth of supercritical flow in the culvert.
40

a0/ WHO?

Ha 2.24

mZW Yt/H 0.660714

A —— Q/WHA"0.5 3.716692
¢ TR ° N Run length (ft) 9
Weine Type L far 0 divancs of 39 domnetreome Type L, D50 (in) 9




