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FREEVAL-WZ  NCDOT WORK ZONE 
PERFORMANCE ANALYSIS TOOL 

Background and Overview 



Introduction and Background - FREEVAL 

• Developed in the late 1990s, and has been continuously improved since 
that time 

• Official computational engine of the TRB Highway Capacity and Quality 
of Service Committee for freeways 

• Faithfully implements the HCM 6th Edition Freeway Facility Analysis 
• Open-source and free tool to evaluate freeway operations 
• Encompasses all freeway segment methods (basic, merge, diverge, and 

weave) for undersaturated computations 
• Models oversaturated conditions and queue formation and dissipation 

over time and space 
• Integrates the latest HCM methods for managed lanes, freeway work 

zones, reliability analysis, and evaluation of active traffic and demand 
management (ATDM) strategies 



FREEVAL Modules for Work Zone Analysis 

FREEVAL 
Core 

• Integrates all HCM Chapters 
•Managed lanes, reliability, ATDM 

FREEVAL -
WZ 

•NCDOT sponsored planning-level interface 
•Explicit modeling of work zone scenarios and user cost 
•Customized report generation functionality 

FREEVAL - 
DSS 

•Decision-support system (DSS) for ATDM strategy implementation 
•Manager and user modes to train staff on reacting to congestion in real-time 

FREEVAL – 
PRO 

• Integration with Google Map interface with auto-segmentation 
•Auto-calibration of facility performance from sensor data 
•Automated integration of hard shoulder running and ramp metering 



FREEVAL-WZ Workflow 

• Step 1: Global Inputs 
– Basic facility parameters - study period, number of segments, etc. 

• Step 2: AADT Inputs 
– Distribution shape, mainline AADT, directional factor and growth factor. 

• Step 3: Daily Facility Inputs 
– Facility geometry and ramp AADT 

• Step 4: Advanced Facility Inputs (optional) 
– Allows for further facility customization, can specify full set of HCM inputs if 

desired. 
• Step 5: Work Zone Inputs 

– Work Zone location, time, type 
• Step 6: Output and Operational Analysis 

– Compare outputs for all work zone scenarios 
– Can immediately make use of FREEVAL’s operational functionality for more 

detailed analysis. 
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Three Types of Freeway Volume Profiles to allow 
24-hour analysis from AADT Inputs 
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Rural Urban - AM 

Urban - PM 



FREEVAL Screenshot – Step 2: AADT Profile 
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FREEVAL-WZ 
integrates default 
hourly volume 
profiles (rural, urban-
AM, urban-PM), 
facility-specific 
profiles (for NC), and 
ability to enter user-
defined volume 
profiles from local 
data.  



FREEVAL Screenshot - Step 5: Work Zone Inputs 
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FREEVAL-WZ 
automates estimation 
of work zone capacity 
and free-flow speed 
impacts based on 
HCM 6th Edition and 
NCHRP 03-107 (Work 
Zone Capacity Models 
for the Highway 
Capacity Manual) 



FREEVAL Screenshot – Scenario Compare 
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FREEVAL-WZ 
directly 
compares 
performance of 
multiple work 
zone analysis to 
the non-work 
zone base 
scenario 



Automatically generates reports with summary 
inputs, outputs, and contours 
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Available PDF Report Content 

Facility Graphic 

All Scenarios Comparison 

Work Zone Scenarios Summary 

Segment Information 

Facility Contours 

Base Facility Details 

Work Zone Scenario Details 



Detailed User Guide Available to Document the 
Methodology and Software Tool 



Tutorial Videos for FREEVAL: 
http://go.ncsu.edu/FREEVAL  

http://go.ncsu.edu/FREEVAL


USE CASES AND CASE STUDY 
APPLICATION  

Fortify Work Zone – Raleigh, NC 



FREEVAL-WZ Analysis Use Cases 

1. Comparing work zone scenarios 
– e.g. impacts of shoulder work vs. lane closure vs. directional crossover 

2. Identifying diversion targets 
– e.g. evaluating impacts of XX% diversion on operations 

3. Setting temporal construction limits  
– e.g. comparing impacts of lane closure start times 

4. Determining minimum lane requirements for work zone  
– e.g. scoping of design-build contracts 

5. Specifying work zone contract provisions  
– e.g. pricing for lane rentals or liquidated damages from user costs 

6. Supporting public outreach/marketing materials 
– e.g. expected queue lengths, travel time impacts, choke points, etc. 

7. … and various others 



Work Zone Overview 
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Work Zone 

Area 1 Area 2 Area 3 

Contractor Staging 



One of several facilities for the Fortify project 
analyzed in FREEVAL 



Significant Capacity Drop with Two-Lane Pattern 
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3 to 2 

5 to 2 

- 56% 

- 73% 



Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 
1 68 67 69 70 68 70 68 66 70 58 70 70 70 63 56 70 25 14 25 25 25 25 23 25 24 19 11 20 54 11 18 47 42 33 33 33 26 26 26 26 70 70 70 64 70 64 70 70 70 62 66 75 66 75 68 75 
2 67 66 69 70 67 69 67 66 69 56 70 70 70 62 49 23 6 12 25 28 20 16 8 15 13 13 9 27 12 8 19 46 41 32 53 25 13 25 25 25 70 70 70 65 70 64 70 70 70 62 66 75 66 75 68 75 
3 67 66 68 70 67 69 66 66 69 54 69 56 25 18 6 4 3 6 9 8 8 8 5 12 11 11 9 18 10 8 19 46 29 21 16 16 12 25 25 25 70 70 70 65 70 64 70 70 70 62 66 74 66 75 68 75 
4 67 66 69 70 68 70 68 65 70 56 70 4 2 3 3 3 3 5 9 9 8 8 5 11 10 9 7 12 8 7 17 15 11 17 16 17 12 25 25 25 70 70 70 65 70 63 70 70 70 62 65 72 66 75 68 75 
5 67 66 69 70 68 70 68 65 70 48 4 1 2 2 2 2 2 4 8 7 7 7 5 11 9 10 5 14 9 8 21 6 11 16 16 16 11 25 25 25 70 70 70 65 70 64 70 70 70 62 66 74 66 75 68 75 
6 67 66 68 70 68 69 67 66 69 8 1 1 1 2 1 2 2 4 8 7 7 8 5 10 9 8 5 11 7 7 10 6 10 17 16 16 11 25 25 25 70 70 70 65 70 64 70 70 70 62 66 73 66 75 68 75 
7 67 66 69 70 68 69 41 13 5 3 1 1 2 2 1 2 2 4 8 6 6 6 4 7 5 5 4 7 5 5 7 5 9 16 15 15 11 25 25 25 70 70 70 65 70 64 70 70 70 62 65 72 65 75 68 75 
8 69 66 70 70 62 25 5 4 4 2 1 1 1 1 1 1 1 2 4 4 4 3 2 4 4 4 3 6 4 4 7 5 10 16 15 16 11 25 25 25 70 70 70 65 70 63 69 69 69 61 63 69 66 75 67 75 
9 70 66 39 7 4 5 5 5 4 2 1 1 1 1 1 1 1 2 4 4 4 3 3 5 4 4 3 6 4 4 8 5 10 17 16 16 11 25 25 25 70 70 70 65 70 64 70 70 70 62 66 74 65 75 68 75 

10 70 66 16 7 4 7 7 8 5 3 2 1 1 2 1 1 2 3 6 6 6 6 4 7 6 6 5 8 5 5 9 5 10 17 16 16 11 25 25 25 70 70 70 65 70 64 70 70 70 63 67 75 64 75 68 75 
11 15 10 5 4 2 4 5 5 4 1 2 1 1 1 0 1 1 2 4 4 4 3 3 5 4 4 3 5 4 4 7 4 9 16 15 15 11 25 25 25 70 70 70 64 70 64 70 70 70 62 66 74 64 75 68 75 
12 8 7 6 6 3 6 6 7 5 2 2 0 0 0 0 1 1 2 3 3 3 3 2 4 4 4 3 5 4 4 7 5 10 16 15 15 11 25 25 25 70 70 70 65 70 64 70 70 70 62 66 73 65 75 68 75 
13 8 6 5 5 2 5 5 5 4 1 1 0 0 0 0 1 1 2 3 3 3 3 2 4 3 3 3 5 4 4 6 5 10 16 14 14 10 25 25 25 70 70 70 65 70 64 70 70 70 62 66 75 65 75 68 75 
14 7 6 5 5 2 5 5 6 4 1 1 0 1 0 0 1 1 2 4 4 4 4 3 5 5 5 4 6 5 5 9 7 13 17 16 16 10 25 25 25 70 70 70 65 70 65 70 70 70 63 67 75 65 75 69 75 
15 7 6 5 5 2 5 5 6 4 1 1 0 1 0 0 1 1 3 5 4 4 4 3 6 6 5 4 6 5 5 17 7 13 17 16 16 10 25 25 25 70 70 70 65 70 65 70 70 70 63 67 75 65 75 69 75 
16 6 6 5 4 2 5 5 5 4 1 1 0 1 0 0 1 1 3 5 5 5 5 3 6 6 5 4 6 5 5 29 14 15 16 16 16 11 25 25 25 70 70 70 65 70 65 70 70 70 63 67 75 66 75 68 75 

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 
1 63 66 66 68 63 68 62 65 67 55 69 70 69 62 52 69 12 14 25 25 25 25 25 25 25 19 11 20 54 12 18 47 41 54 45 29 15 25 25 25 70 70 70 64 70 63 70 70 70 62 66 74 66 75 68 75 
2 60 66 64 67 61 67 59 65 65 52 67 54 28 23 10 7 4 12 25 29 21 17 8 15 13 13 9 27 12 8 19 40 20 19 17 16 12 25 25 25 70 70 70 64 70 64 70 70 70 62 66 74 66 75 68 75 
3 59 65 63 67 60 66 59 65 65 50 29 5 5 6 4 4 4 6 10 9 8 8 6 12 12 12 9 18 8 7 10 5 8 16 16 16 12 25 25 25 70 70 70 65 70 63 69 69 70 62 65 72 66 75 68 75 
4 61 65 65 68 63 68 62 64 68 16 2 2 3 3 3 3 3 6 12 10 9 9 6 11 8 7 4 7 5 5 7 5 10 17 16 17 12 25 25 25 70 69 69 65 70 63 69 69 69 61 64 69 67 75 67 75 
5 61 65 65 68 63 68 42 20 9 4 2 2 2 3 2 2 2 3 5 5 5 5 3 7 6 6 4 8 5 5 8 5 9 16 16 16 11 25 25 25 70 70 70 65 70 63 69 69 70 62 65 73 66 75 68 75 
6 55 47 29 17 8 11 6 5 4 2 1 1 1 1 1 1 2 3 5 5 5 5 3 5 5 4 3 6 4 4 6 5 9 16 16 16 11 25 25 25 70 70 70 65 70 63 69 69 70 61 64 71 66 75 68 75 
7 7 6 5 4 2 5 5 5 4 2 2 1 1 1 1 1 1 2 4 3 3 3 2 4 4 4 3 5 4 4 5 4 8 16 15 15 11 25 25 25 70 69 69 65 70 63 69 69 69 61 63 69 65 75 68 75 
8 6 5 5 4 2 4 5 5 4 1 1 0 1 1 0 1 1 2 3 3 3 3 2 4 3 3 2 5 4 3 5 4 8 16 15 15 11 25 25 25 70 68 68 65 69 62 67 67 66 59 60 63 66 75 67 74 
9 9 7 6 6 3 6 7 7 6 2 2 0 1 1 0 1 1 2 3 3 3 3 2 4 3 3 3 5 4 4 5 4 9 17 16 16 11 25 25 25 70 69 69 65 70 63 69 69 70 62 65 72 65 75 68 75 

10 13 9 8 8 4 8 8 9 6 2 1 1 1 1 1 1 1 3 5 5 5 5 3 6 5 5 4 7 5 5 6 4 9 17 15 15 11 25 25 25 70 70 70 64 70 64 70 70 70 62 66 75 63 75 68 75 
11 8 7 5 6 3 6 6 7 5 1 2 0 1 0 0 1 1 2 3 3 3 3 2 4 3 3 2 5 4 4 4 4 8 17 15 15 11 25 25 25 70 69 69 64 70 63 69 69 70 62 65 73 63 75 68 75 
12 10 8 6 7 3 7 7 8 5 1 2 0 1 1 0 1 1 1 2 2 2 2 2 3 3 3 2 4 4 3 4 4 8 16 15 15 11 25 25 25 70 69 69 64 70 63 69 69 69 61 64 71 65 75 68 75 
13 7 6 5 5 2 5 6 6 5 1 3 0 1 1 0 1 1 1 2 2 2 2 2 3 2 2 2 4 4 3 4 4 8 16 14 14 10 25 25 25 70 70 70 65 70 64 70 70 70 62 66 74 65 75 68 75 
14 7 6 5 5 2 6 6 7 5 1 2 0 1 1 0 1 1 1 2 2 2 2 2 3 3 3 3 5 4 4 4 5 11 16 15 15 10 25 25 25 70 70 70 65 70 64 70 70 70 62 66 74 66 75 68 75 
15 10 8 6 6 3 5 6 6 4 1 1 0 0 0 0 1 1 2 3 3 3 3 2 4 4 4 3 5 5 4 5 5 11 17 16 16 10 25 25 25 70 70 70 65 70 64 70 70 70 63 67 75 65 75 68 75 
16 5 5 4 4 2 4 5 5 4 0 0 0 0 0 0 1 1 2 3 3 3 3 2 5 4 4 3 5 5 4 5 5 12 16 16 16 11 25 25 25 70 70 70 65 70 64 70 70 70 62 66 75 66 75 68 75 

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 
1 63 66 66 68 63 68 62 65 67 55 69 70 69 62 52 69 50 70 70 70 66 63 69 60 65 64 68 50 66 69 47 68 64 64 69 67 70 64 69 69 65 65 65 63 69 61 65 65 67 60 63 68 66 75 67 75 
2 60 66 64 67 61 67 59 65 65 52 67 70 66 61 51 65 49 68 68 68 60 63 66 59 61 64 65 48 65 69 49 68 64 64 69 67 70 63 68 68 58 61 61 64 66 59 61 61 63 57 59 62 66 75 67 75 
3 59 65 63 67 60 66 59 65 65 50 66 69 65 60 49 64 50 67 68 68 59 63 65 57 58 63 64 47 66 69 46 68 63 63 67 66 69 63 67 50 53 56 56 63 62 58 57 57 58 53 53 54 66 74 66 73 
4 61 65 65 68 63 68 62 64 68 53 69 58 69 62 52 69 52 70 70 70 68 63 70 62 68 64 69 50 66 69 48 68 64 65 70 67 70 64 69 70 68 65 65 64 68 61 65 65 68 64 62 66 66 75 67 75 
5 61 65 65 68 63 68 62 64 67 53 69 70 69 62 52 69 52 70 70 70 65 63 69 60 64 64 68 50 66 69 49 68 64 64 69 67 70 64 69 69 65 62 62 64 65 59 61 61 64 58 59 61 66 75 67 75 
6 59 65 63 68 61 67 60 65 65 52 68 57 69 62 52 68 49 68 68 68 60 63 67 57 59 64 63 48 66 69 45 68 63 63 68 66 69 62 66 66 59 57 57 64 62 58 57 57 57 42 52 53 65 74 67 74 
7 60 65 64 68 62 67 60 65 66 51 68 57 68 61 52 66 49 67 67 67 57 62 65 55 56 64 60 46 65 69 43 68 62 62 64 65 68 61 63 63 54 53 52 55 37 38 34 32 33 34 52 53 66 74 66 74 
8 64 65 67 69 65 69 64 64 69 54 70 70 70 63 51 69 50 70 69 69 64 63 69 59 64 64 67 49 66 69 45 68 63 63 67 66 69 62 66 66 61 48 39 35 25 39 36 44 32 36 52 53 65 74 67 74 
9 68 66 70 70 69 70 68 64 70 57 70 60 70 64 54 70 53 70 70 70 70 63 70 62 69 64 70 51 66 69 47 68 64 65 70 66 70 63 69 69 70 64 66 65 49 58 56 60 67 59 61 65 63 75 67 75 

10 68 65 70 70 69 70 68 65 70 55 70 58 70 63 52 70 51 70 70 70 67 64 69 61 66 64 68 51 66 69 46 68 63 64 69 66 70 63 68 68 67 63 63 63 68 61 66 66 68 60 62 67 63 75 68 75 
11 62 65 67 69 64 68 63 63 69 55 70 59 70 62 51 70 51 70 70 70 66 64 69 58 62 64 66 50 66 69 44 68 63 63 67 66 69 62 66 66 62 54 54 63 61 57 57 57 59 54 54 55 64 75 67 75 
12 57 65 63 67 60 67 59 64 66 51 68 57 69 61 51 68 50 69 69 69 62 63 67 57 60 64 63 50 65 69 44 68 62 63 66 66 68 61 63 51 53 53 53 63 60 57 57 52 45 41 52 53 65 74 67 74 
13 68 66 70 70 69 70 69 65 70 58 70 61 70 63 57 70 56 70 70 70 70 64 70 63 70 65 70 56 66 69 54 69 65 65 70 67 70 65 69 70 70 69 69 64 70 63 67 70 70 65 65 72 64 75 68 75 
14 69 67 70 70 69 70 69 65 70 57 70 70 70 63 57 70 57 70 70 70 70 64 70 63 70 65 70 57 67 69 56 69 65 65 70 68 70 65 69 70 70 70 70 65 70 64 70 70 70 62 66 75 65 75 68 75 
15 69 67 70 70 69 70 69 66 70 56 70 70 70 63 57 70 57 70 70 70 70 64 70 63 70 65 70 55 67 69 56 69 65 65 70 68 70 65 69 70 70 70 70 65 70 64 70 70 70 62 66 74 66 75 68 75 
16 69 66 70 70 69 70 69 66 70 56 70 70 70 63 58 70 57 70 70 70 70 64 70 63 70 65 70 56 67 69 56 69 65 66 70 68 70 66 69 70 70 70 70 65 70 64 70 70 70 62 66 75 66 75 68 75 

Scenario 1a) Work Zone with Two Lanes Open – No Diversion 
 

Scenario 1b) Work Zone with Two Lanes Open – 20% Diversion 
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PM Peak I-40 Eastbound – Two - Lane Pattern 
Speed Contours for Trip from MP284-MP312 

0) Pre-Construction Work-Zone Extents 

Two Lanes Open 
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Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 
1 68 67 69 70 68 70 68 66 70 57 70 70 70 63 56 70 54 44 25 25 25 25 39 25 28 24 14 20 46 47 18 47 44 39 39 39 43 35 35 35 70 70 70 64 70 63 70 70 70 62 66 74 66 75 68 75 
2 67 66 69 70 67 69 67 66 69 55 70 70 70 62 55 69 53 22 25 25 25 25 24 20 17 16 11 21 45 46 19 46 43 38 38 38 43 32 32 32 70 70 70 65 70 63 70 70 70 62 65 73 66 75 68 75 
3 67 66 68 70 67 69 66 66 69 54 69 70 69 62 53 69 25 15 25 22 18 16 10 16 15 15 11 21 44 52 19 47 44 38 38 38 42 31 31 31 69 69 69 65 70 63 69 69 69 61 65 71 66 75 68 75 
4 67 66 69 70 68 70 68 65 70 56 70 60 70 63 55 70 39 12 18 17 16 16 10 16 16 15 11 20 48 13 17 48 45 41 41 41 44 33 33 33 70 69 69 64 70 63 69 69 69 61 64 71 66 75 67 75 
5 67 66 69 70 68 70 68 65 70 56 70 70 70 63 55 70 34 10 13 13 13 13 9 14 14 14 11 20 31 10 18 49 45 41 41 41 45 36 36 36 70 70 70 65 70 63 69 69 70 62 65 73 66 75 68 75 
6 67 66 68 70 68 69 67 66 69 55 70 60 70 63 55 70 13 9 14 13 13 13 9 14 14 14 11 21 20 10 18 48 44 38 38 38 43 27 27 27 70 69 69 65 70 63 69 69 69 61 64 71 66 75 68 75 
7 67 66 69 70 68 69 67 66 69 54 70 60 70 63 48 19 6 8 13 13 13 13 9 14 14 14 11 24 11 10 18 48 42 34 34 34 41 25 25 25 70 68 68 65 69 63 68 68 68 60 63 68 66 75 68 75 
8 69 66 70 70 69 70 69 65 70 56 70 70 70 63 25 6 6 8 13 12 12 12 9 14 13 13 11 17 10 9 17 48 41 34 34 34 41 25 25 25 70 67 67 65 69 62 67 67 66 59 61 64 66 75 67 75 
9 70 66 70 70 70 70 70 65 70 59 70 62 70 64 52 14 9 12 24 20 19 21 10 16 13 12 9 13 9 8 15 50 43 38 38 38 43 25 25 25 70 69 69 65 70 63 69 69 70 62 65 72 65 75 68 75 

10 70 66 70 70 70 70 70 66 70 57 70 60 70 63 56 70 10 10 16 14 12 13 8 11 11 11 8 20 10 8 17 50 46 40 40 40 46 25 25 25 70 70 70 64 70 64 70 70 70 62 66 75 63 75 68 75 
11 68 66 70 70 69 70 68 64 70 57 70 61 70 63 54 70 7 8 14 12 10 11 8 12 11 12 8 19 9 9 17 48 44 36 36 36 42 25 25 25 70 69 69 64 70 63 69 69 70 62 65 73 63 75 68 75 
12 66 66 68 70 67 69 67 65 69 54 70 59 70 63 36 10 6 7 13 11 10 10 7 12 10 11 7 15 9 9 18 48 41 34 34 34 41 25 25 25 70 69 69 64 70 63 69 69 69 61 64 71 65 75 68 75 
13 70 67 70 70 70 70 70 66 70 60 70 63 70 64 46 11 7 9 14 13 12 12 8 14 13 13 7 16 10 9 19 47 44 41 41 41 44 36 36 36 70 70 70 65 70 64 70 70 70 62 66 74 65 75 68 75 
14 70 67 70 70 70 70 70 66 70 59 70 70 70 64 59 64 6 8 12 12 12 12 8 13 13 13 7 17 10 9 19 46 44 42 42 42 47 43 43 43 70 70 70 65 70 65 70 70 70 63 67 75 65 75 69 75 
15 70 67 70 70 70 70 70 66 70 58 70 70 70 64 59 70 6 7 11 11 11 11 8 13 12 12 7 15 10 9 19 46 44 42 42 42 46 43 43 43 70 70 70 65 70 64 70 70 70 63 67 75 65 75 68 75 
16 70 67 70 70 70 70 70 67 70 58 70 70 70 64 60 70 7 8 13 12 12 12 8 14 13 12 7 16 10 9 19 47 45 44 44 44 47 44 44 44 70 70 70 65 70 64 70 70 70 62 67 75 66 75 68 75 

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 
1 63 66 66 68 63 68 62 65 67 55 69 70 69 62 52 69 51 23 25 25 25 25 39 25 28 24 14 20 46 47 18 47 43 36 36 36 41 29 29 29 70 69 69 64 70 62 69 69 70 61 65 72 66 75 67 75 
2 60 66 64 67 61 67 59 65 65 52 67 70 66 61 51 61 14 15 25 25 25 25 28 20 17 16 11 21 45 46 19 46 42 35 35 35 41 25 25 25 70 69 69 64 70 63 68 68 69 61 64 71 66 75 68 75 
3 59 65 63 67 60 66 59 65 65 50 66 68 47 35 15 12 8 15 27 23 20 18 10 15 15 15 11 21 44 46 19 46 43 34 34 34 40 25 25 25 69 67 67 64 69 62 67 67 68 60 63 68 66 75 67 75 
4 61 65 65 68 63 68 62 64 68 53 69 57 30 20 11 8 8 9 14 14 14 14 9 15 15 15 10 20 54 14 17 48 44 38 38 38 43 25 25 25 69 66 66 64 69 61 66 66 67 59 61 65 66 75 67 75 
5 61 65 65 68 63 68 62 64 67 53 69 25 9 10 7 7 7 8 16 15 15 15 9 15 15 15 11 20 47 10 18 49 44 38 38 38 44 25 25 25 70 68 68 64 69 62 67 67 69 61 64 70 66 75 67 75 
6 59 65 63 68 61 67 60 65 65 52 35 5 5 7 6 6 6 8 15 15 15 15 9 16 15 15 11 21 24 10 18 48 42 34 34 34 40 25 25 25 70 67 67 65 69 62 67 67 68 60 62 67 66 75 67 75 
7 60 65 64 68 62 67 60 65 66 31 5 5 6 8 5 5 6 7 14 14 14 14 9 15 15 15 11 25 11 10 18 48 40 27 27 27 32 26 26 26 70 67 67 64 68 62 66 66 67 59 60 64 65 75 67 75 
8 64 65 67 69 65 69 64 64 69 15 4 4 5 6 4 5 6 8 14 14 14 14 9 14 14 14 11 18 10 9 17 48 39 27 27 53 18 25 25 25 70 64 64 64 67 60 63 63 62 56 54 56 66 74 66 74 
9 68 66 70 70 69 70 68 64 70 14 5 5 7 8 6 7 7 10 16 15 15 16 9 14 13 12 8 14 9 8 15 50 41 32 32 53 19 25 25 25 70 67 67 64 69 62 67 67 69 61 64 69 65 75 67 75 

10 68 65 70 70 69 70 68 65 70 23 7 8 10 14 9 8 9 9 19 16 15 17 8 14 13 14 7 20 10 8 17 50 44 35 35 35 43 31 31 31 70 69 69 64 70 63 69 69 70 62 66 74 63 75 68 75 
11 62 65 67 69 64 68 63 63 69 40 6 6 7 11 7 7 7 8 15 13 13 14 8 15 13 14 8 19 9 9 17 48 42 30 30 30 53 26 26 26 70 66 66 64 69 62 68 68 69 61 64 70 63 75 68 75 
12 57 65 63 67 60 67 59 64 65 17 5 5 6 8 6 6 6 7 13 13 12 13 8 14 13 14 7 15 9 9 18 48 38 28 28 28 32 25 25 25 70 67 67 64 69 62 67 67 68 60 63 67 65 75 68 75 
13 68 66 70 70 69 70 69 65 70 16 7 7 8 10 6 7 7 9 15 13 12 12 8 13 12 10 7 15 9 9 19 47 43 39 39 39 44 29 29 29 70 70 70 65 70 63 70 70 70 61 65 72 65 75 68 75 
14 69 67 70 70 69 70 69 65 25 15 5 4 6 7 5 6 6 8 12 11 11 12 8 13 10 9 7 22 11 9 19 46 43 40 40 40 46 25 25 25 70 70 70 65 70 64 70 70 70 62 66 75 65 75 68 75 
15 69 67 70 70 69 70 69 66 70 12 5 4 6 7 6 6 6 7 11 11 10 11 8 13 10 10 8 21 11 9 19 46 44 41 41 41 45 25 25 25 70 70 70 65 70 64 70 70 70 62 66 74 65 75 68 75 
16 69 66 70 70 69 70 69 66 66 9 5 5 6 7 5 6 6 8 13 12 12 13 8 14 11 10 8 18 10 8 19 47 45 44 44 44 46 25 25 25 70 70 70 65 70 64 70 70 70 62 66 73 66 75 68 75 

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 
1 63 66 66 68 63 68 62 65 67 55 69 70 69 62 52 69 50 70 70 70 66 63 69 60 65 64 68 50 66 69 47 68 64 64 69 67 70 64 69 69 65 65 65 63 69 61 65 65 67 60 63 68 66 75 67 75 
2 60 66 64 67 61 67 59 65 65 52 67 70 66 61 51 65 49 68 68 68 60 63 66 59 61 64 65 48 65 69 49 68 64 64 69 67 70 63 68 68 58 61 61 64 66 59 61 61 63 57 59 62 66 75 67 75 
3 59 65 63 67 60 66 59 65 65 50 66 69 65 60 49 64 50 67 68 68 59 63 65 57 58 63 64 47 66 69 46 68 63 63 67 66 69 63 67 50 53 56 56 63 62 58 57 57 58 53 53 54 66 74 66 73 
4 61 65 65 68 63 68 62 64 68 53 69 58 69 62 52 69 52 70 70 70 68 63 70 62 68 64 69 50 66 69 48 68 64 65 70 67 70 64 69 70 68 65 65 64 68 61 65 65 68 64 62 66 66 75 67 75 
5 61 65 65 68 63 68 62 64 67 53 69 70 69 62 52 69 52 70 70 70 65 63 69 60 64 64 68 50 66 69 49 68 64 64 69 67 70 64 69 69 65 62 62 64 65 59 61 61 64 58 59 61 66 75 67 75 
6 59 65 63 68 61 67 60 65 65 52 68 57 69 62 52 68 49 68 68 68 60 63 67 57 59 64 63 48 66 69 45 68 63 63 68 66 69 62 66 66 59 57 57 64 62 58 57 57 57 42 52 53 65 74 67 74 
7 60 65 64 68 62 67 60 65 66 51 68 57 68 61 52 66 49 67 67 67 57 62 65 55 56 64 60 46 65 69 43 68 62 62 64 65 68 61 63 63 54 53 52 55 37 38 34 32 33 34 52 53 66 74 66 74 
8 64 65 67 69 65 69 64 64 69 54 70 70 70 63 51 69 50 70 69 69 64 63 69 59 64 64 67 49 66 69 45 68 63 63 67 66 69 62 66 66 61 48 39 35 25 39 36 44 32 36 52 53 65 74 67 74 
9 68 66 70 70 69 70 68 64 70 57 70 60 70 64 54 70 53 70 70 70 70 63 70 62 69 64 70 51 66 69 47 68 64 65 70 66 70 63 69 69 70 64 66 65 49 58 56 60 67 59 61 65 63 75 67 75 

10 68 65 70 70 69 70 68 65 70 55 70 58 70 63 52 70 51 70 70 70 67 64 69 61 66 64 68 51 66 69 46 68 63 64 69 66 70 63 68 68 67 63 63 63 68 61 66 66 68 60 62 67 63 75 68 75 
11 62 65 67 69 64 68 63 63 69 55 70 59 70 62 51 70 51 70 70 70 66 64 69 58 62 64 66 50 66 69 44 68 63 63 67 66 69 62 66 66 62 54 54 63 61 57 57 57 59 54 54 55 64 75 67 75 
12 57 65 63 67 60 67 59 64 66 51 68 57 69 61 51 68 50 69 69 69 62 63 67 57 60 64 63 50 65 69 44 68 62 63 66 66 68 61 63 51 53 53 53 63 60 57 57 52 45 41 52 53 65 74 67 74 
13 68 66 70 70 69 70 69 65 70 58 70 61 70 63 57 70 56 70 70 70 70 64 70 63 70 65 70 56 66 69 54 69 65 65 70 67 70 65 69 70 70 69 69 64 70 63 67 70 70 65 65 72 64 75 68 75 
14 69 67 70 70 69 70 69 65 70 57 70 70 70 63 57 70 57 70 70 70 70 64 70 63 70 65 70 57 67 69 56 69 65 65 70 68 70 65 69 70 70 70 70 65 70 64 70 70 70 62 66 75 65 75 68 75 
15 69 67 70 70 69 70 69 66 70 56 70 70 70 63 57 70 57 70 70 70 70 64 70 63 70 65 70 55 67 69 56 69 65 65 70 68 70 65 69 70 70 70 70 65 70 64 70 70 70 62 66 74 66 75 68 75 
16 69 66 70 70 69 70 69 66 70 56 70 70 70 63 58 70 57 70 70 70 70 64 70 63 70 65 70 56 67 69 56 69 65 66 70 68 70 66 69 70 70 70 70 65 70 64 70 70 70 62 66 75 66 75 68 75 

Scenario 1a) Work Zone with Three Lanes Open – No Diversion 
 

Scenario 1b) Work Zone with Three Lanes Open – 20% Diversion 
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PM Peak I-40 Eastbound – Three - Lane Pattern 
Speed Contours for Trip from MP284 to MP312 

0) Pre-Construction Work-Zone Extents 

Three Lanes Open 
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PM Peak Travel Time Estimate - I-40 Eastbound  
Estimated Benefits of Traffic Diversion for Trip from MP284-MP312 

No Diversion 20% Diversion 
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Night-Time Lane Closure Volume Sensitivity 
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#1  14:00 - 14:15 70 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 70 70 70 69 70 65 69 69 70 65 65 70 69 70 63 62 61 62

#2  14:15 - 14:30 69 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 60 60 60

#3  14:30 - 14:45 69 65 65 69 63 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 57 60 57

#4  14:45 - 15:00 69 65 65 69 62 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 64 70 68 70 62 55 59 55

#5  15:00 - 15:15 68 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 38 58 53 58

#6  15:15 - 15:30 67 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 21 58 48 58

#7  15:30 - 15:45 66 65 65 68 62 61 61 67 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 13 58 43 58

#8  15:45 - 16:00 66 65 65 68 62 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 69 68 70 8 58 39 58

#9  16:00 - 16:15 65 65 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 57 33 14 7 58 35 58

#10 16:15 - 16:30 64 64 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 46 27 20 17 20 14 12 7 58 32 58

#11 16:30 - 16:45 64 64 65 66 61 61 61 67 69 61 70 61 68 61 70 64 69 70 48 33 19 11 9 11 10 11 13 21 15 15 7 58 29 58

#12 16:45 - 17:00 64 64 65 66 61 60 60 67 69 61 70 61 68 61 55 32 23 11 8 9 8 9 10 13 12 13 15 21 15 15 7 58 27 58

#13 17:00 - 17:15 64 64 65 66 61 60 60 67 69 61 69 37 28 12 9 9 8 7 7 11 9 9 10 13 12 13 15 22 15 15 7 58 25 58

#14 17:15 - 17:30 66 65 65 67 62 61 61 66 52 16 10 7 11 10 10 12 10 9 10 14 10 11 11 16 12 11 15 22 15 15 7 58 24 58

#15 17:30 - 17:45 67 65 65 69 54 54 44 44 21 12 13 9 12 10 11 12 8 7 7 10 10 9 10 15 12 13 15 21 16 15 7 58 24 58

#16 17:45 - 18:00 68 65 65 68 45 35 20 20 12 9 11 8 12 9 11 12 11 11 8 11 10 10 11 14 12 13 15 21 16 15 7 58 25 58

#17 18:00 - 18:15 69 65 65 68 49 43 20 20 14 10 12 9 12 10 10 10 7 8 8 14 11 10 11 15 12 12 15 22 16 15 7 58 26 58

#18 18:15 - 18:30 70 65 65 69 63 63 51 51 18 9 10 7 11 11 10 11 9 8 8 12 10 11 12 16 13 14 16 21 17 15 7 58 27 58

#19 18:30 - 18:45 70 65 65 69 63 63 63 68 69 16 11 9 12 11 13 13 11 9 8 14 11 11 11 15 13 15 16 22 16 15 7 58 29 58

#20 18:45 - 19:00 70 65 65 69 64 64 64 68 70 56 41 39 46 15 11 11 11 10 9 13 12 10 12 16 14 13 17 22 16 15 7 58 32 58

#21 19:00 - 19:15 70 65 65 69 64 64 64 68 70 65 70 65 69 58 37 23 12 10 9 15 12 11 11 16 15 16 13 21 16 16 7 58 37 58

#22 19:15 - 19:30 70 65 65 69 64 64 64 68 70 65 70 65 69 65 70 66 70 63 31 24 19 13 12 17 14 13 14 22 17 16 7 58 43 58

#23 19:30 - 19:45 70 65 65 69 64 64 64 68 70 65 70 65 69 65 70 66 70 70 70 69 70 66 69 43 30 26 21 25 16 16 7 58 51 58

#24 19:45 - 20:00 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 37 28 7 58 65 58

#25 20:00 - 20:15 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 18 58 70 58

#26 20:15 - 20:30 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#27 20:30 - 20:45 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#28 20:45 - 21:00 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#29 21:00 - 21:15 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#30 21:15 - 21:30 70 65 65 69 65 64 64 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#31 21:30 - 21:45 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70

#32 21:45 - 22:00 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70

#33 22:00 - 22:15 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70

#34 22:15 - 22:30 70 65 65 69 65 65 65 68 70 68 70 68 69 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#35 22:30 - 22:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#36 22:45 - 23:00 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#37 23:00 - 23:15 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 68 70

#38 23:15 - 23:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 68 70

#39 23:30 - 23:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 68 70

#40 23:45 - 0:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 68 70

#41 0:00 - 0:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#42 0:15 - 0:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#43 0:30 - 0:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#44 0:45 - 1:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#45 1:00 - 1:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#46 1:15 - 1:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#47 1:30 - 1:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#48 1:45 - 2:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#49 2:00 - 2:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#50 2:15 - 2:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#51 2:30 - 2:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#52 2:45 - 3:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#53 3:00 - 3:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#54 3:15 - 3:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#55 3:30 - 3:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#56 3:45 - 4:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#57 4:00 - 4:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#58 4:15 - 4:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#59 4:30 - 4:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#60 4:45 - 5:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#61 5:00 - 5:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 68 70

#62 5:15 - 5:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 68 70

#63 5:30 - 5:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70
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#1  14:00 - 14:15 70 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 70 70 70 69 70 65 69 69 70 65 65 70 69 70 63 62 61 62

#2  14:15 - 14:30 69 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 60 60 60

#3  14:30 - 14:45 69 65 65 69 63 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 57 60 57

#4  14:45 - 15:00 69 65 65 69 62 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 64 70 68 70 62 55 59 55

#5  15:00 - 15:15 68 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 38 58 53 58

#6  15:15 - 15:30 67 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 21 58 48 58

#7  15:30 - 15:45 66 65 65 68 62 61 61 67 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 13 58 43 58

#8  15:45 - 16:00 66 65 65 68 62 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 69 68 70 8 58 39 58

#9  16:00 - 16:15 65 65 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 57 33 14 7 58 35 58

#10 16:15 - 16:30 64 64 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 46 27 20 17 20 14 12 7 58 32 58

#11 16:30 - 16:45 64 64 65 66 61 61 61 67 69 61 70 61 68 61 70 64 69 70 48 33 19 11 9 11 10 11 13 21 15 15 7 58 29 58

#12 16:45 - 17:00 64 64 65 66 61 60 60 67 69 61 70 61 68 61 55 32 23 11 8 9 8 9 10 13 12 13 15 21 15 15 7 58 27 58

#13 17:00 - 17:15 64 64 65 66 61 60 60 67 69 61 69 37 28 12 9 9 8 7 7 11 9 9 10 13 12 13 15 22 15 15 7 58 25 58

#14 17:15 - 17:30 66 65 65 67 62 61 61 66 52 16 10 7 11 10 10 12 10 9 10 14 10 11 11 16 12 11 15 22 15 15 7 58 24 58

#15 17:30 - 17:45 67 65 65 69 54 54 44 44 21 12 13 9 12 10 11 12 8 7 7 10 10 9 10 15 12 13 15 21 16 15 7 58 24 58

#16 17:45 - 18:00 68 65 65 68 45 35 20 20 12 9 11 8 12 9 11 12 11 11 8 11 10 10 11 14 12 13 15 21 16 15 7 58 25 58

#17 18:00 - 18:15 69 65 65 68 49 43 20 20 14 10 12 9 12 10 10 10 7 8 8 14 11 10 11 15 12 12 15 22 16 15 7 58 26 58

#18 18:15 - 18:30 70 65 65 69 63 63 51 51 18 9 10 7 11 11 10 11 9 8 8 12 10 11 12 16 13 14 16 21 17 15 7 58 27 58

#19 18:30 - 18:45 70 65 65 69 63 63 63 68 69 16 11 9 12 11 13 13 11 9 8 14 11 11 11 15 13 15 16 22 16 15 7 58 29 58

#20 18:45 - 19:00 70 65 65 69 64 64 64 68 70 56 41 39 46 15 11 11 11 10 9 13 12 10 12 16 14 13 17 22 16 15 7 58 32 58

#21 19:00 - 19:15 70 65 65 69 64 64 64 68 70 65 70 65 69 58 37 23 12 10 9 15 12 11 11 16 15 16 13 21 16 16 7 58 37 58

#22 19:15 - 19:30 70 65 65 69 64 64 64 68 70 65 70 65 69 65 70 66 70 63 31 24 19 13 12 17 14 13 14 22 17 16 7 58 43 58

#23 19:30 - 19:45 70 65 65 69 64 64 64 68 70 65 70 65 69 65 70 66 70 70 70 69 70 66 69 43 30 26 21 25 16 16 7 58 51 58

#24 19:45 - 20:00 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 37 28 7 58 65 58

#25 20:00 - 20:15 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 18 58 70 58

#26 20:15 - 20:30 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#27 20:30 - 20:45 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#28 20:45 - 21:00 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#29 21:00 - 21:15 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#30 21:15 - 21:30 70 65 65 69 65 64 64 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#31 21:30 - 21:45 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70

#32 21:45 - 22:00 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70

#33 22:00 - 22:15 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70

#34 22:15 - 22:30 70 65 65 69 65 65 65 68 70 68 70 68 69 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#35 22:30 - 22:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#36 22:45 - 23:00 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#37 23:00 - 23:15 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 68 70

#38 23:15 - 23:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 68 70

#39 23:30 - 23:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 68 70

#40 23:45 - 0:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 68 70

#41 0:00 - 0:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#42 0:15 - 0:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#43 0:30 - 0:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#44 0:45 - 1:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#45 1:00 - 1:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#46 1:15 - 1:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#47 1:30 - 1:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#48 1:45 - 2:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#49 2:00 - 2:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#50 2:15 - 2:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#51 2:30 - 2:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#52 2:45 - 3:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#53 3:00 - 3:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#54 3:15 - 3:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#55 3:30 - 3:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#56 3:45 - 4:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#57 4:00 - 4:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#58 4:15 - 4:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#59 4:30 - 4:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#60 4:45 - 5:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#61 5:00 - 5:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 68 70

#62 5:15 - 5:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 68 70

#63 5:30 - 5:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70
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#1  14:00 - 14:15 70 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 70 70 70 69 70 65 69 69 70 65 65 70 69 70 63 62 61 62

#2  14:15 - 14:30 69 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 60 60 60

#3  14:30 - 14:45 69 65 65 69 63 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 57 60 57

#4  14:45 - 15:00 69 65 65 69 62 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 64 70 68 70 62 55 59 55

#5  15:00 - 15:15 68 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 38 58 53 58

#6  15:15 - 15:30 67 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 21 58 48 58

#7  15:30 - 15:45 66 65 65 68 62 61 61 67 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 13 58 43 58

#8  15:45 - 16:00 66 65 65 68 62 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 69 68 70 8 58 39 58

#9  16:00 - 16:15 65 65 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 57 33 14 7 58 35 58

#10 16:15 - 16:30 64 64 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 46 27 20 17 20 14 12 7 58 32 58

#11 16:30 - 16:45 64 64 65 66 61 61 61 67 69 61 70 61 68 61 70 64 69 70 48 33 19 11 9 11 10 11 13 21 15 15 7 58 29 58

#12 16:45 - 17:00 64 64 65 66 61 60 60 67 69 61 70 61 68 61 55 32 23 11 8 9 8 9 10 13 12 13 15 21 15 15 7 58 27 58

#13 17:00 - 17:15 64 64 65 66 61 60 60 67 69 61 70 34 27 14 10 11 10 10 9 15 15 16 17 22 19 19 25 10 6 4 2 47 19 70

#14 17:15 - 17:30 66 65 65 67 62 61 61 67 69 57 25 14 18 14 16 18 12 10 11 14 9 8 7 7 5 4 4 2 2 2 2 47 58 70

#15 17:30 - 17:45 67 65 65 69 62 62 62 68 69 62 63 18 14 6 5 4 3 2 1 1 1 1 1 1 1 2 2 2 2 2 2 47 59 70

#16 17:45 - 18:00 68 65 65 69 62 62 62 68 38 4 2 1 1 1 1 2 1 2 1 2 2 2 2 2 2 2 3 2 2 2 2 47 59 70

#17 18:00 - 18:15 63 26 13 9 6 4 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2 2 2 2 2 2 2 2 2 2 47 60 70

#18 18:15 - 18:30 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2 2 2 2 2 2 2 2 2 2 47 61 70

#19 18:30 - 18:45 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 2 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 47 62 70

#20 18:45 - 19:00 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 47 62 70

#21 19:00 - 19:15 1 1 1 1 1 2 1 1 1 1 1 1 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 63 70

#22 19:15 - 19:30 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 47 63 70

#23 19:30 - 19:45 1 1 1 1 2 2 1 1 1 1 1 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 64 70

#24 19:45 - 20:00 1 2 1 1 2 2 1 1 1 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 64 70

#25 20:00 - 20:15 2 2 2 2 2 2 1 1 1 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 64 70

#26 20:15 - 20:30 2 2 2 2 2 2 1 1 2 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 64 70

#27 20:30 - 20:45 2 2 2 2 2 2 1 1 2 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 65 70

#28 20:45 - 21:00 2 2 2 2 2 2 2 2 2 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 65 70

#29 21:00 - 21:15 2 2 2 2 2 2 2 2 2 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 65 70

#30 21:15 - 21:30 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 65 70

#31 21:30 - 21:45 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 66 70

#32 21:45 - 22:00 2 3 2 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 66 70

#33 22:00 - 22:15 3 3 3 3 3 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 66 70

#34 22:15 - 22:30 3 3 3 3 3 3 2 2 3 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 67 70

#35 22:30 - 22:45 3 4 3 4 3 4 3 3 3 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 67 70

#36 22:45 - 23:00 3 4 4 4 4 4 3 3 3 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 67 70

#37 23:00 - 23:15 4 4 4 4 4 4 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 68 70

#38 23:15 - 23:30 4 4 4 4 4 4 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 68 70

#39 23:30 - 23:45 4 5 4 4 4 4 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 68 70

#40 23:45 - 0:00 4 5 4 5 4 4 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 68 70

#41 0:00 - 0:15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4 6 6 7 58 69 60

#42 0:15 - 0:30 3 4 4 4 4 4 3 3 3 2 3 2 3 2 3 3 3 4 4 5 5 6 6 6 7 9 10 19 18 14 7 58 69 60

#43 0:30 - 0:45 4 5 5 6 6 7 4 4 4 3 6 4 7 5 7 8 6 6 6 10 10 11 12 17 16 17 17 21 16 14 7 58 69 60

#44 0:45 - 1:00 5 10 10 11 10 9 8 8 8 7 10 7 10 9 18 18 15 11 10 17 13 12 12 18 16 17 18 22 16 14 7 58 69 60

#45 1:00 - 1:15 21 31 25 34 39 56 53 53 47 17 25 13 20 13 16 18 11 10 10 17 18 14 14 20 17 17 19 23 16 12 7 58 69 60

#46 1:15 - 1:30 41 70 70 70 70 70 64 64 52 18 23 13 26 16 19 17 13 12 11 18 13 13 14 17 16 17 18 22 16 11 7 58 69 60

#47 1:30 - 1:45 54 65 70 70 65 65 53 53 25 26 29 15 22 16 19 19 13 11 10 16 13 11 12 18 16 15 14 21 16 14 7 58 69 60

#48 1:45 - 2:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 66 24 21 21 13 14 21 18 19 20 27 18 13 7 58 69 60

#49 2:00 - 2:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 38 12 63 69 64

#50 2:15 - 2:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#51 2:30 - 2:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#52 2:45 - 3:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#53 3:00 - 3:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#54 3:15 - 3:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#55 3:30 - 3:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#56 3:45 - 4:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#57 4:00 - 4:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#58 4:15 - 4:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#59 4:30 - 4:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#60 4:45 - 5:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#61 5:00 - 5:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 68 70

#62 5:15 - 5:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 68 70

#63 5:30 - 5:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#64 5:45 - 6:00 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70

Analysis Period Se
g.

 1

Se
g.

 2

Se
g.

 3

Se
g.

 4

Se
g.

 5

Se
g.

 6

Se
g.

 7

Se
g.

 8

Se
g.

 9

Se
g.

 1
0

Se
g.

 1
1

Se
g.

 1
2

Se
g.

 1
3

Se
g.

 1
4

Se
g.

 1
5

Se
g.

 1
6

Se
g.

 1
7

Se
g.

 1
8

Se
g.

 1
9

Se
g.

 2
0

Se
g.

 2
1

Se
g.

 2
2

Se
g.

 2
3

Se
g.

 2
4

Se
g.

 2
5

Se
g.

 2
6

Se
g.

 2
7

Se
g.

 2
8

Se
g.

 2
9

Se
g.

 3
0

Se
g.

 3
1

Se
g.

 3
2

Se
g.

 3
3

Se
g.

 3
4

#1  14:00 - 14:15 70 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 70 70 70 69 70 65 69 69 70 65 65 70 69 70 63 62 61 62

#2  14:15 - 14:30 69 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 60 60 60

#3  14:30 - 14:45 69 65 65 69 63 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 57 60 57

#4  14:45 - 15:00 69 65 65 69 62 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 64 70 68 70 62 55 59 55

#5  15:00 - 15:15 68 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 38 58 53 58

#6  15:15 - 15:30 67 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 21 58 48 58

#7  15:30 - 15:45 66 65 65 68 62 61 61 67 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 13 58 43 58

#8  15:45 - 16:00 66 65 65 68 62 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 69 68 70 8 58 39 58

#9  16:00 - 16:15 65 65 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 57 33 14 7 58 35 58

#10 16:15 - 16:30 64 64 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 46 27 20 17 20 14 12 7 58 32 58

#11 16:30 - 16:45 64 64 65 66 61 61 61 67 69 61 70 61 68 61 70 64 69 70 48 33 19 11 9 11 10 11 13 21 15 15 7 58 29 58

#12 16:45 - 17:00 64 64 65 66 61 60 60 67 69 61 70 61 68 61 55 32 23 11 8 9 8 9 10 13 12 13 15 21 15 15 7 58 27 58

#13 17:00 - 17:15 64 64 65 66 61 60 60 67 69 61 69 37 28 12 9 9 8 7 7 11 9 9 10 13 12 13 15 22 15 15 7 58 25 58

#14 17:15 - 17:30 66 65 65 67 62 61 61 66 52 16 10 7 11 10 10 12 10 9 10 14 10 11 11 16 12 11 15 22 15 15 7 58 24 58

#15 17:30 - 17:45 67 65 65 69 54 54 44 44 21 12 13 9 12 10 11 12 8 7 7 10 10 9 10 15 12 13 15 21 16 15 7 58 24 58

#16 17:45 - 18:00 68 65 65 68 45 35 20 20 12 9 11 8 12 9 11 12 11 11 8 11 10 10 11 14 12 13 15 21 16 15 7 58 25 58

#17 18:00 - 18:15 69 65 65 68 49 43 20 20 13 10 12 9 12 11 11 14 9 10 10 23 23 18 22 29 23 19 24 9 6 4 2 47 26 70

#18 18:15 - 18:30 70 65 65 69 63 63 59 59 36 24 31 16 21 15 16 16 15 11 10 13 7 7 7 6 5 4 4 2 2 2 2 47 61 70

#19 18:30 - 18:45 70 65 65 69 63 63 63 68 69 64 70 59 43 11 5 5 3 2 1 2 2 2 2 2 2 2 2 2 2 2 2 47 62 70

#20 18:45 - 19:00 70 65 65 69 64 64 64 68 70 64 66 10 5 1 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 47 62 70

#21 19:00 - 19:15 70 65 65 69 64 64 64 68 70 5 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 63 70

#22 19:15 - 19:30 70 65 65 69 64 64 28 28 8 1 1 1 2 1 2 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 47 63 70

#23 19:30 - 19:45 70 65 60 23 8 4 1 1 1 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 64 70

#24 19:45 - 20:00 38 6 2 2 2 2 2 2 2 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 64 70

#25 20:00 - 20:15 3 2 2 2 2 2 2 2 2 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 64 70

#26 20:15 - 20:30 2 2 2 2 2 2 2 2 2 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 64 70

#27 20:30 - 20:45 2 2 2 2 2 2 2 2 2 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 65 70

#28 20:45 - 21:00 2 2 2 2 2 2 2 2 2 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 65 70

#29 21:00 - 21:15 2 2 2 2 2 2 2 2 2 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 65 70

#30 21:15 - 21:30 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 65 70

#31 21:30 - 21:45 2 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 66 70

#32 21:45 - 22:00 3 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 66 70

#33 22:00 - 22:15 3 3 3 3 3 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 66 70

#34 22:15 - 22:30 3 3 3 3 3 3 3 3 3 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 67 70

#35 22:30 - 22:45 3 4 4 4 3 4 3 3 3 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 67 70

#36 22:45 - 23:00 3 4 4 4 4 4 3 3 3 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 67 70

#37 23:00 - 23:15 4 4 4 4 4 4 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 68 70

#38 23:15 - 23:30 4 4 4 4 4 4 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 68 70

#39 23:30 - 23:45 4 5 4 4 4 4 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 68 70

#40 23:45 - 0:00 10 5 5 5 4 4 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 68 70

#41 0:00 - 0:15 70 60 9 6 6 5 3 3 4 2 3 2 3 2 3 3 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 69 70

#42 0:15 - 0:30 70 65 65 69 65 69 6 6 4 2 3 2 3 2 3 3 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 69 70

#43 0:30 - 0:45 70 65 65 69 65 65 65 69 45 5 3 2 3 2 3 3 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 69 70

#44 0:45 - 1:00 70 65 65 69 65 65 65 69 70 32 5 3 3 2 3 3 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 69 70

#45 1:00 - 1:15 70 65 65 69 65 61 6 6 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4 6 6 7 58 69 60

#46 1:15 - 1:30 70 65 65 69 65 56 56 66 69 70 70 70 7 3 3 3 3 3 3 5 6 6 7 7 7 8 9 19 18 15 7 58 69 60

#47 1:30 - 1:45 70 65 65 69 65 65 65 69 70 69 70 69 70 15 7 10 8 7 7 9 9 10 11 16 16 17 15 22 16 16 7 58 69 60

#48 1:45 - 2:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 65 65 17 14 14 24 22 17 20 27 18 14 7 58 69 60

#49 2:00 - 2:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 13 67 69 67

#50 2:15 - 2:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#51 2:30 - 2:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#52 2:45 - 3:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#53 3:00 - 3:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#54 3:15 - 3:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#55 3:30 - 3:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#56 3:45 - 4:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#57 4:00 - 4:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#58 4:15 - 4:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#59 4:30 - 4:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#60 4:45 - 5:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#61 5:00 - 5:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 68 70

#62 5:15 - 5:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 68 70

#63 5:30 - 5:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#64 5:45 - 6:00 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70
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#1  14:00 - 14:15 70 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 70 70 70 69 70 65 69 69 70 65 65 70 69 70 63 62 61 62

#2  14:15 - 14:30 69 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 60 60 60

#3  14:30 - 14:45 69 65 65 69 63 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 57 60 57

#4  14:45 - 15:00 69 65 65 69 62 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 64 70 68 70 62 55 59 55

#5  15:00 - 15:15 68 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 38 58 53 58

#6  15:15 - 15:30 67 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 21 58 48 58

#7  15:30 - 15:45 66 65 65 68 62 61 61 67 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 13 58 43 58

#8  15:45 - 16:00 66 65 65 68 62 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 69 68 70 8 58 39 58

#9  16:00 - 16:15 65 65 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 57 33 14 7 58 35 58

#10 16:15 - 16:30 64 64 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 46 27 20 17 20 14 12 7 58 32 58

#11 16:30 - 16:45 64 64 65 66 61 61 61 67 69 61 70 61 68 61 70 64 69 70 48 33 19 11 9 11 10 11 13 21 15 15 7 58 29 58

#12 16:45 - 17:00 64 64 65 66 61 60 60 67 69 61 70 61 68 61 55 32 23 11 8 9 8 9 10 13 12 13 15 21 15 15 7 58 27 58

#13 17:00 - 17:15 64 64 65 66 61 60 60 67 69 61 69 37 28 12 9 9 8 7 7 11 9 9 10 13 12 13 15 22 15 15 7 58 25 58

#14 17:15 - 17:30 66 65 65 67 62 61 61 66 52 16 10 7 11 10 10 12 10 9 10 14 10 11 11 16 12 11 15 22 15 15 7 58 24 58

#15 17:30 - 17:45 67 65 65 69 54 54 44 44 21 12 13 9 12 10 11 12 8 7 7 10 10 9 10 15 12 13 15 21 16 15 7 58 24 58

#16 17:45 - 18:00 68 65 65 68 45 35 20 20 12 9 11 8 12 9 11 12 11 11 8 11 10 10 11 14 12 13 15 21 16 15 7 58 25 58

#17 18:00 - 18:15 69 65 65 68 49 43 20 20 14 10 12 9 12 10 10 10 7 8 8 14 11 10 11 15 12 12 15 22 16 15 7 58 26 58

#18 18:15 - 18:30 70 65 65 69 63 63 51 51 18 9 10 7 11 11 10 11 9 8 8 12 10 11 12 16 13 14 16 21 17 15 7 58 27 58

#19 18:30 - 18:45 70 65 65 69 63 63 63 68 69 16 11 9 12 11 13 13 11 9 8 14 11 11 11 15 13 15 16 22 16 15 7 58 29 58

#20 18:45 - 19:00 70 65 65 69 64 64 64 68 70 56 41 39 46 15 11 11 11 10 9 13 12 10 12 16 14 13 17 22 16 15 7 58 32 58

#21 19:00 - 19:15 70 65 65 69 64 64 64 68 70 65 70 65 69 58 37 23 12 11 12 26 25 26 27 30 24 28 23 9 6 4 2 47 37 70

#22 19:15 - 19:30 70 65 65 69 64 64 64 68 70 65 70 65 69 65 70 66 70 70 70 69 70 66 35 11 5 4 3 2 2 2 2 47 63 70

#23 19:30 - 19:45 70 65 65 69 64 64 64 68 70 65 70 65 69 65 70 66 70 70 70 69 70 12 4 2 2 2 2 2 2 2 2 47 64 70

#24 19:45 - 20:00 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 40 3 2 2 2 2 2 2 2 2 2 2 47 64 70

#25 20:00 - 20:15 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 22 3 2 2 2 2 2 2 2 2 2 2 2 47 64 70

#26 20:15 - 20:30 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 13 2 2 2 2 2 2 2 2 2 2 2 2 2 47 64 70

#27 20:30 - 20:45 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 65 70

#28 20:45 - 21:00 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 65 70

#29 21:00 - 21:15 70 65 65 69 64 64 64 68 70 66 70 66 69 66 5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 65 70

#30 21:15 - 21:30 70 65 65 69 65 64 64 68 70 67 70 67 69 20 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 65 70

#31 21:30 - 21:45 70 65 65 69 65 65 65 68 70 67 70 67 69 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 66 70

#32 21:45 - 22:00 70 65 65 69 65 65 65 68 70 67 70 67 69 5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 66 70

#33 22:00 - 22:15 70 65 65 69 65 65 65 68 70 67 70 67 69 6 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 66 70

#34 22:15 - 22:30 70 65 65 69 65 65 65 68 70 68 70 68 69 9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 67 70

#35 22:30 - 22:45 70 65 65 69 65 65 65 68 70 68 70 68 70 35 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 67 70

#36 22:45 - 23:00 70 65 65 69 65 65 65 69 70 68 70 68 70 68 7 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 47 67 70

#37 23:00 - 23:15 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 9 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 68 70

#38 23:15 - 23:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 7 2 2 2 2 3 3 2 2 2 2 2 2 2 2 47 68 70

#39 23:30 - 23:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 18 3 2 2 3 3 2 2 2 2 2 2 2 2 47 68 70

#40 23:45 - 0:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 44 4 2 3 3 2 2 2 2 2 2 2 2 47 68 70

#41 0:00 - 0:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 68 7 3 3 2 2 2 2 2 2 2 2 47 69 70

#42 0:15 - 0:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 58 6 4 2 2 2 2 2 2 2 47 69 70

#43 0:30 - 0:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 68 7 3 2 2 2 2 2 47 69 70

#44 0:45 - 1:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 62 6 2 2 2 2 47 69 70

#45 1:00 - 1:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 44 3 2 2 2 47 69 70

#46 1:15 - 1:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 7 2 2 2 47 69 70

#47 1:30 - 1:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 44 4 2 2 47 69 70

#48 1:45 - 2:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 68 7 2 47 69 70

#49 2:00 - 2:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 67 12 64 69 65

#50 2:15 - 2:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#51 2:30 - 2:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#52 2:45 - 3:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#53 3:00 - 3:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#54 3:15 - 3:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#55 3:30 - 3:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#56 3:45 - 4:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#57 4:00 - 4:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#58 4:15 - 4:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#59 4:30 - 4:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#60 4:45 - 5:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#61 5:00 - 5:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 68 70

#62 5:15 - 5:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 68 70

#63 5:30 - 5:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#64 5:45 - 6:00 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70
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#1  14:00 - 14:15 70 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 70 70 70 69 70 65 69 69 70 65 65 70 69 70 63 62 61 62

#2  14:15 - 14:30 69 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 60 60 60

#3  14:30 - 14:45 69 65 65 69 63 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 57 60 57

#4  14:45 - 15:00 69 65 65 69 62 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 64 70 68 70 62 55 59 55

#5  15:00 - 15:15 68 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 38 58 53 58

#6  15:15 - 15:30 67 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 21 58 48 58

#7  15:30 - 15:45 66 65 65 68 62 61 61 67 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 13 58 43 58

#8  15:45 - 16:00 66 65 65 68 62 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 69 68 70 8 58 39 58

#9  16:00 - 16:15 65 65 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 57 33 14 7 58 35 58

#10 16:15 - 16:30 64 64 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 46 27 20 17 20 14 12 7 58 32 58

#11 16:30 - 16:45 64 64 65 66 61 61 61 67 69 61 70 61 68 61 70 64 69 70 48 33 19 11 9 11 10 11 13 21 15 15 7 58 29 58

#12 16:45 - 17:00 64 64 65 66 61 60 60 67 69 61 70 61 68 61 55 32 23 11 8 9 8 9 10 13 12 13 15 21 15 15 7 58 27 58

#13 17:00 - 17:15 64 64 65 66 61 60 60 67 69 61 69 37 28 12 9 9 8 7 7 11 9 9 10 13 12 13 15 22 15 15 7 58 25 58

#14 17:15 - 17:30 66 65 65 67 62 61 61 66 52 16 10 7 11 10 10 12 10 9 10 14 10 11 11 16 12 11 15 22 15 15 7 58 24 58

#15 17:30 - 17:45 67 65 65 69 54 54 44 44 21 12 13 9 12 10 11 12 8 7 7 10 10 9 10 15 12 13 15 21 16 15 7 58 24 58

#16 17:45 - 18:00 68 65 65 68 45 35 20 20 12 9 11 8 12 9 11 12 11 11 8 11 10 10 11 14 12 13 15 21 16 15 7 58 25 58

#17 18:00 - 18:15 69 65 65 68 49 43 20 20 14 10 12 9 12 10 10 10 7 8 8 14 11 10 11 15 12 12 15 22 16 15 7 58 26 58

#18 18:15 - 18:30 70 65 65 69 63 63 51 51 18 9 10 7 11 11 10 11 9 8 8 12 10 11 12 16 13 14 16 21 17 15 7 58 27 58

#19 18:30 - 18:45 70 65 65 69 63 63 63 68 69 16 11 9 12 11 13 13 11 9 8 14 11 11 11 15 13 15 16 22 16 15 7 58 29 58

#20 18:45 - 19:00 70 65 65 69 64 64 64 68 70 56 41 39 46 15 11 11 11 10 9 13 12 10 12 16 14 13 17 22 16 15 7 58 32 58

#21 19:00 - 19:15 70 65 65 69 64 64 64 68 70 65 70 65 69 58 37 23 12 10 9 15 12 11 11 16 15 16 13 21 16 16 7 58 37 58

#22 19:15 - 19:30 70 65 65 69 64 64 64 68 70 65 70 65 69 65 70 66 70 63 31 24 19 13 12 17 14 13 14 22 17 16 7 58 43 58

#23 19:30 - 19:45 70 65 65 69 64 64 64 68 70 65 70 65 69 65 70 66 70 70 70 69 70 66 69 43 30 26 21 25 16 16 7 58 51 58

#24 19:45 - 20:00 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 37 28 7 58 65 58

#25 20:00 - 20:15 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 3 47 43 70

#26 20:15 - 20:30 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 2 47 64 70

#27 20:30 - 20:45 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 11 2 47 65 70

#28 20:45 - 21:00 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 16 2 2 47 65 70

#29 21:00 - 21:15 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 47 3 2 2 47 65 70

#30 21:15 - 21:30 70 65 65 69 65 64 64 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 13 2 2 2 47 65 70

#31 21:30 - 21:45 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 8 2 2 2 47 66 70

#32 21:45 - 22:00 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 7 2 2 2 47 66 70

#33 22:00 - 22:15 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 7 2 2 2 47 66 70

#34 22:15 - 22:30 70 65 65 69 65 65 65 68 70 68 70 68 69 68 70 66 70 70 70 69 70 66 69 69 70 66 66 9 2 2 2 47 67 70

#35 22:30 - 22:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 14 2 2 2 47 67 70

#36 22:45 - 23:00 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 45 3 2 2 47 67 70

#37 23:00 - 23:15 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 8 2 2 47 68 70

#38 23:15 - 23:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 66 6 2 47 68 70

#39 23:30 - 23:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 2 47 68 70

#40 23:45 - 0:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 3 47 68 70

#41 0:00 - 0:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 21 70 69 70

#42 0:15 - 0:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#43 0:30 - 0:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#44 0:45 - 1:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#45 1:00 - 1:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#46 1:15 - 1:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#47 1:30 - 1:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#48 1:45 - 2:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#49 2:00 - 2:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#50 2:15 - 2:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#51 2:30 - 2:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#52 2:45 - 3:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#53 3:00 - 3:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#54 3:15 - 3:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#55 3:30 - 3:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#56 3:45 - 4:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#57 4:00 - 4:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#58 4:15 - 4:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#59 4:30 - 4:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#60 4:45 - 5:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#61 5:00 - 5:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 68 70

#62 5:15 - 5:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 68 70

#63 5:30 - 5:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#64 5:45 - 6:00 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70
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#1  14:00 - 14:15 70 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 70 70 70 69 70 65 69 69 70 65 65 70 69 70 63 62 61 62

#2  14:15 - 14:30 69 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 60 60 60

#3  14:30 - 14:45 69 65 65 69 63 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 57 60 57

#4  14:45 - 15:00 69 65 65 69 62 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 64 70 68 70 62 55 59 55

#5  15:00 - 15:15 68 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 38 58 53 58

#6  15:15 - 15:30 67 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 21 58 48 58

#7  15:30 - 15:45 66 65 65 68 62 61 61 67 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 13 58 43 58

#8  15:45 - 16:00 66 65 65 68 62 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 69 68 70 8 58 39 58

#9  16:00 - 16:15 65 65 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 57 33 14 7 58 35 58

#10 16:15 - 16:30 64 64 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 46 27 20 17 20 14 12 7 58 32 58

#11 16:30 - 16:45 64 64 65 66 61 61 61 67 69 61 70 61 68 61 70 64 69 70 48 33 19 11 9 11 10 11 13 21 15 15 7 58 29 58

#12 16:45 - 17:00 64 64 65 66 61 60 60 67 69 61 70 61 68 61 55 32 23 11 8 9 8 9 10 13 12 13 15 21 15 15 7 58 27 58

#13 17:00 - 17:15 64 64 65 66 61 60 60 67 69 61 69 37 28 12 9 9 8 7 7 11 9 9 10 13 12 13 15 22 15 15 7 58 25 58

#14 17:15 - 17:30 66 65 65 67 62 61 61 66 52 16 10 7 11 10 10 12 10 9 10 14 10 11 11 16 12 11 15 22 15 15 7 58 24 58

#15 17:30 - 17:45 67 65 65 69 54 54 44 44 21 12 13 9 12 10 11 12 8 7 7 10 10 9 10 15 12 13 15 21 16 15 7 58 24 58

#16 17:45 - 18:00 68 65 65 68 45 35 20 20 12 9 11 8 12 9 11 12 11 11 8 11 10 10 11 14 12 13 15 21 16 15 7 58 25 58

#17 18:00 - 18:15 69 65 65 68 49 43 20 20 14 10 12 9 12 10 10 10 7 8 8 14 11 10 11 15 12 12 15 22 16 15 7 58 26 58

#18 18:15 - 18:30 70 65 65 69 63 63 51 51 18 9 10 7 11 11 10 11 9 8 8 12 10 11 12 16 13 14 16 21 17 15 7 58 27 58

#19 18:30 - 18:45 70 65 65 69 63 63 63 68 69 16 11 9 12 11 13 13 11 9 8 14 11 11 11 15 13 15 16 22 16 15 7 58 29 58

#20 18:45 - 19:00 70 65 65 69 64 64 64 68 70 56 41 39 46 15 11 11 11 10 9 13 12 10 12 16 14 13 17 22 16 15 7 58 32 58

#21 19:00 - 19:15 70 65 65 69 64 64 64 68 70 65 70 65 69 58 37 23 12 10 9 15 12 11 11 16 15 16 13 21 16 16 7 58 37 58

#22 19:15 - 19:30 70 65 65 69 64 64 64 68 70 65 70 65 69 65 70 66 70 63 31 24 19 13 12 17 14 13 14 22 17 16 7 58 43 58

#23 19:30 - 19:45 70 65 65 69 64 64 64 68 70 65 70 65 69 65 70 66 70 70 70 69 70 66 69 43 30 26 21 25 16 16 7 58 51 58

#24 19:45 - 20:00 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 37 28 7 58 65 58

#25 20:00 - 20:15 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 18 58 70 58

#26 20:15 - 20:30 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#27 20:30 - 20:45 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#28 20:45 - 21:00 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#29 21:00 - 21:15 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 16 46 65 70

#30 21:15 - 21:30 70 65 65 69 65 64 64 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 8 47 65 70

#31 21:30 - 21:45 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 6 47 66 70

#32 21:45 - 22:00 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 5 47 66 70

#33 22:00 - 22:15 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 5 47 66 70

#34 22:15 - 22:30 70 65 65 69 65 65 65 68 70 68 70 68 69 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 6 47 67 70

#35 22:30 - 22:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 7 47 67 70

#36 22:45 - 23:00 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 13 47 67 70

#37 23:00 - 23:15 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 50 50 68 70

#38 23:15 - 23:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 50 68 70

#39 23:30 - 23:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 68 70

#40 23:45 - 0:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 68 70

#41 0:00 - 0:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 69 70

#42 0:15 - 0:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 69 70

#43 0:30 - 0:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 69 70

#44 0:45 - 1:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 69 70

#45 1:00 - 1:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#46 1:15 - 1:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#47 1:30 - 1:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#48 1:45 - 2:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#49 2:00 - 2:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#50 2:15 - 2:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#51 2:30 - 2:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#52 2:45 - 3:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#53 3:00 - 3:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#54 3:15 - 3:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#55 3:30 - 3:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#56 3:45 - 4:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#57 4:00 - 4:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#58 4:15 - 4:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#59 4:30 - 4:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#60 4:45 - 5:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#61 5:00 - 5:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 68 70

#62 5:15 - 5:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 68 70

#63 5:30 - 5:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#64 5:45 - 6:00 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70
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#1  14:00 - 14:15 70 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 70 70 70 69 70 65 69 69 70 65 65 70 69 70 63 62 61 62

#2  14:15 - 14:30 69 65 65 69 63 63 63 68 69 63 70 63 69 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 60 60 60

#3  14:30 - 14:45 69 65 65 69 63 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 65 70 68 70 63 57 60 57

#4  14:45 - 15:00 69 65 65 69 62 62 62 68 69 63 70 63 68 63 70 65 69 70 70 68 70 65 69 68 70 65 64 70 68 70 62 55 59 55

#5  15:00 - 15:15 68 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 38 58 53 58

#6  15:15 - 15:30 67 65 65 69 62 62 62 68 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 21 58 48 58

#7  15:30 - 15:45 66 65 65 68 62 61 61 67 69 62 70 62 68 62 70 64 69 70 70 68 70 64 69 68 70 64 64 70 68 70 13 58 43 58

#8  15:45 - 16:00 66 65 65 68 62 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 69 68 70 8 58 39 58

#9  16:00 - 16:15 65 65 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 68 70 64 64 57 33 14 7 58 35 58

#10 16:15 - 16:30 64 64 65 67 61 61 61 67 69 61 70 61 68 61 70 64 69 70 70 68 70 64 69 46 27 20 17 20 14 12 7 58 32 58

#11 16:30 - 16:45 64 64 65 66 61 61 61 67 69 61 70 61 68 61 70 64 69 70 48 33 19 11 9 11 10 11 13 21 15 15 7 58 29 58

#12 16:45 - 17:00 64 64 65 66 61 60 60 67 69 61 70 61 68 61 55 32 23 11 8 9 8 9 10 13 12 13 15 21 15 15 7 58 27 58

#13 17:00 - 17:15 64 64 65 66 61 60 60 67 69 61 69 37 28 12 9 9 8 7 7 11 9 9 10 13 12 13 15 22 15 15 7 58 25 58

#14 17:15 - 17:30 66 65 65 67 62 61 61 66 52 16 10 7 11 10 10 12 10 9 10 14 10 11 11 16 12 11 15 22 15 15 7 58 24 58

#15 17:30 - 17:45 67 65 65 69 54 54 44 44 21 12 13 9 12 10 11 12 8 7 7 10 10 9 10 15 12 13 15 21 16 15 7 58 24 58

#16 17:45 - 18:00 68 65 65 68 45 35 20 20 12 9 11 8 12 9 11 12 11 11 8 11 10 10 11 14 12 13 15 21 16 15 7 58 25 58

#17 18:00 - 18:15 69 65 65 68 49 43 20 20 14 10 12 9 12 10 10 10 7 8 8 14 11 10 11 15 12 12 15 22 16 15 7 58 26 58

#18 18:15 - 18:30 70 65 65 69 63 63 51 51 18 9 10 7 11 11 10 11 9 8 8 12 10 11 12 16 13 14 16 21 17 15 7 58 27 58

#19 18:30 - 18:45 70 65 65 69 63 63 63 68 69 16 11 9 12 11 13 13 11 9 8 14 11 11 11 15 13 15 16 22 16 15 7 58 29 58

#20 18:45 - 19:00 70 65 65 69 64 64 64 68 70 56 41 39 46 15 11 11 11 10 9 13 12 10 12 16 14 13 17 22 16 15 7 58 32 58

#21 19:00 - 19:15 70 65 65 69 64 64 64 68 70 65 70 65 69 58 37 23 12 10 9 15 12 11 11 16 15 16 13 21 16 16 7 58 37 58

#22 19:15 - 19:30 70 65 65 69 64 64 64 68 70 65 70 65 69 65 70 66 70 63 31 24 19 13 12 17 14 13 14 22 17 16 7 58 43 58

#23 19:30 - 19:45 70 65 65 69 64 64 64 68 70 65 70 65 69 65 70 66 70 70 70 69 70 66 69 43 30 26 21 25 16 16 7 58 51 58

#24 19:45 - 20:00 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 37 28 7 58 65 58

#25 20:00 - 20:15 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 18 58 70 58

#26 20:15 - 20:30 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#27 20:30 - 20:45 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#28 20:45 - 21:00 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#29 21:00 - 21:15 70 65 65 69 64 64 64 68 70 66 70 66 69 66 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#30 21:15 - 21:30 70 65 65 69 65 64 64 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 66 70 65 70

#31 21:30 - 21:45 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70

#32 21:45 - 22:00 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70

#33 22:00 - 22:15 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 48 66 70

#34 22:15 - 22:30 70 65 65 69 65 65 65 68 70 68 70 68 69 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 49 67 70

#35 22:30 - 22:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 50 67 70

#36 22:45 - 23:00 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 50 67 70

#37 23:00 - 23:15 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 50 68 70

#38 23:15 - 23:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 50 68 70

#39 23:30 - 23:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 68 70

#40 23:45 - 0:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 68 70

#41 0:00 - 0:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 69 70

#42 0:15 - 0:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 69 70

#43 0:30 - 0:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 69 70

#44 0:45 - 1:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 69 70

#45 1:00 - 1:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 69 70

#46 1:15 - 1:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 69 70

#47 1:30 - 1:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 69 70

#48 1:45 - 2:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 50 69 70

#49 2:00 - 2:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#50 2:15 - 2:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#51 2:30 - 2:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#52 2:45 - 3:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#53 3:00 - 3:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#54 3:15 - 3:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#55 3:30 - 3:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#56 3:45 - 4:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#57 4:00 - 4:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#58 4:15 - 4:30 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#59 4:30 - 4:45 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#60 4:45 - 5:00 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 69 70

#61 5:00 - 5:15 70 65 65 69 65 65 65 69 70 69 70 69 70 69 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 69 70 68 70

#62 5:15 - 5:30 70 65 65 69 65 65 65 69 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 68 70

#63 5:30 - 5:45 70 65 65 69 65 65 65 68 70 68 70 68 70 68 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 68 70 67 70

#64 5:45 - 6:00 70 65 65 69 65 65 65 68 70 67 70 67 69 67 70 66 70 70 70 69 70 66 69 69 70 66 66 70 69 70 67 70 66 70

Base Case  
– No Work Zone 

5PM Lane Closure 6PM Lane Closure 7PM Lane Closure 

8PM Lane Closure 9PM Lane Closure 10PM Lane Closure 



Conclusion 

• FREEVAL-WZ Tool allows for planning-level assessment of freeway 
work zone impacts 

• FREEVAL originally developed through NCHRP 03-115 for HCM6th 
Edition Testing 

• FREEVAL-WZ planning and work zone customization through 
support and coordination with NCDOT 

• Method is consistent with HCM 6th Edition, but inputs have been 
customized to support planning-level applications 

• Tool and method support a range of work zone analysis use cases 
• More cost efficient analysis approach than microsimulation, while 

still providing queuing analysis over time and space 
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Questions and Comments?  

• Bastian Schroeder 
– Principal Engineer 
– Kittelson and Associates, Inc. 
– bschroeder@kittelson.com 
– 919.345.4412 

 

• Behzad Aghdashi 
– Research Associate 
– ITRE at N.C. State University 
– Behzad_aghdashi@ncsu.edu 
– 919.515.8580 
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DELIVERING IN-VEHICLE MESSAGES IN 
TEMPORARY WORK ZONES 



Why SmartWorkzones ? 

Not in Work Zone In Work Zone Total 

32,952 609 33,561 

 
Year 

Work Zone 
Total Fatalities 

Occupational 
Fatalities 

2012 609 130 

2011 587 122 

2010 576 106 

2009 680 116 

2008 720 101 

2007 831 106 

2006 1,004 139 

Source: Fatality Analysis Reporting 
System (FARS) - Final, NHTSA 

•Work zones are estimated to constitute about 
10% of overall congestion which translates into 
annual fuel loss of over $700 million.1The total 
amount of wasted fuel in the 439 urban areas was 
approximately 1.9 billion gallons in 2010. (2011 
Urban Mobility Report  

SAVARI INC. 2 

http://www.ops.fhwa.dot.gov/wz/resources/facts_stats/delay.htm#fn1
http://www.fhwa.dot.gov/exit.cfm?link=http://d2dtl5nnlpfr0r.cloudfront.net/tti.tamu.edu/documents/mobility-report-2011-wappx.pdf
http://www.fhwa.dot.gov/exit.cfm?link=http://d2dtl5nnlpfr0r.cloudfront.net/tti.tamu.edu/documents/mobility-report-2011-wappx.pdf


SmartWorkzone – What is it? 
 - A DSRC based system that can enable efficient transmission of Traveler 
Information Messages upstream of the work zone to notify drivers approaching 
the area. 

 - A system that can also collect probe vehicle data to compute parameters such 
as travel time through a road segment, average speed, estimated length of 
queue/ starting line of congestion. 

 - Fully compatible with existing DSRC standards. 

 - An end to end system that contains components that range from message 
provision to message consumption. 

SAVARI INC. 3 



DSRC – Dedicated Short Range 
Communication 
 DSRC (Dedicated Short Range Communications) is a two-way short- to- medium-range wireless communications 
capability that permits very high data transmission critical in communications-based active safety applications. 

Designated licensed bandwidth: For secure, reliable communications to take place. It is primarily allocated for vehicle 
safety applications by FCC Report and Order FCC 03-324. 

Fast Network Acquisition: Active safety applications require the immediate establishment of communication and 
frequent updates. 

Low Latency: Active safety applications must recognize each other and transmit messages to each other in milliseconds 
without delay. 

High Reliability when Required: Active safety applications require a high level of link reliability. DSRC works in high 
vehicle speed mobility conditions and delivers performance immune to extreme weather conditions (e.g. rain, fog, snow, 
etc.). 

Priority for Safety Applications: Safety applications on DSRC are given priority over non-safety applications. 

Interoperability: DSRC ensures interoperability, which is the key to successful deployment of active safety applications, 
using widely accepted standards. It supports both V2V and V2I communications. 

Security and Privacy: DSRC provides safety message authentication and privacy. 
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System Components- 
SmartWorkzone 

SAVARI INC. 5 

Cloud 
Computation 

Engine 

DSRC 

Roadside Unit On-board Unit 

Smartphone 



Cloud Computation Engine 
 Maintains a list of all deployed Roadside Units at work zones. 

 Maintains a copy of the latest Traveler Information Message for each work zone. 

 Receives Probe Vehicle Data(PVD) from RSEs. 

 Filters PVDs and computes travel time for each work zone. 

 Encodes new Traveler Information Message (TIM) with updated travel times. 

 Pushes new TIM to appropriate RSE. 

 Enables monitoring of work zone performance by agencies and work zone operators. 

 Scalable cloud based solution with support of additional applications. 

SAVARI INC. 6 



RoadSide Unit (RSU) 
 Deployed at the work zone. 

 Broadcasts Traveler Information Messages (TIM) over DSRC. 

 Broadcasts WAVE Service Announcements (WSA) over DSRC. 

 Listens for incoming Probe Vehicle Data (PVD) over DSRC. 

 Pushes incoming Probe Vehicle Data to the Cloud Computation Engine over the cellular network 
or fiber backhaul. 

 Receives updated Traveler Information Message from the Cloud Computation Engine and 
broadcasts over DSRC. 

SAVARI INC. 7 



On-board Unit (OBU) 
 Receives Traveler Information Message from deployed RSE OR from another vehicle that 
supports message hopping. 

 Decodes the TIM and determines if the message is relevant.  

 Relevant messages are passed to the Driver Display Unit (HMI). 

 Collects PVDs based on a distance threshold. 

 Transmits the PVDs to the deployed RSE when in range and upon reception of WSAs. 

 Participates in message hopping if configured. 

SAVARI INC. 8 



Message Hopping 

9 

End of work 
zone 

Varying Starting Location 
of Congestion 

Desired Region 

RSU 

Start of Work 
 Zone 

Range of RSU 



Use Case – Varying Terrain 

SAVARI INC. 10 

 9 vehicles used to test the system. 
 The work zone setup was 2 miles 

long. 
 Message was successfully hopped 

from the RSE to the last car ( green 
triangle). 

 Typical RSE range without hopping 
maxes out at 1000m on a level 
terrain. 



Testing in Duluth, MN 

SAVARI INC. 11 



Use Case 2 – Travel Time Estimation 

SAVARI INC. 12 

 Terrain is relatively flat. 
 The range of message delivery in this 

case increased by about 600m. 
 This was with just one vehicle hopping. 



Use Case 3 – Work Zone Notifications 

SAVARI INC. 13 



Use Case 3 – Work Zone Notifications 

SAVARI INC. 14 



Driver Display Unit (HMI) 

SAVARI INC. 15 



Driver Display Unit (HMI) 
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Current Status 
 System prototype designed and implemented. 

 Full scale demonstration completed. 

 Increasing interest in the solution from CV pilots as well as other DOTs. 

SAVARI INC. 17 



Q&A / Feedback 
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Moving FHWA Work Zone Driver 
Model towards Practical Application  

A work zone add-on for microsimulation tools 

U.S. Department of Transportation 
Research and Innovative Technology Administration 
John A. Volpe National Transportation Systems Center 

Volpe, The National Transportation Systems Center 
U.S. Department of Transportation 
Federal Highway Administration 
Turner Fairbank Highway Research Center 
Saxton Transportation Operations Laboratory 

Turner Fairbank Highway Research Center (TFHRC) 
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Problem 
 Work zones can have significant operational 

impacts. 
 

 The number of freeway work zones in the 
US is projected to increase. 

 DOTs need accurate tools that can accurately predict work 
zone impacts.  
• FHWA identified microscopic models as having the potential to 

better predict work zone operational impacts.1 

 
 Most microsimulation tools are not designed to simulate 

driver behavior through work zones. 
 Therefore, they cannot be used to accurately predict work zone 

impacts (such as queue, delay, etc). 

1 FHWA Traffic Analysis Toolbox 

http://ops.fhwa.dot.gov/trafficanalysistools/
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Project Overview 
Project Goal: 

Create a work zone software to interface with existing 
microsimulation software tools, that enables them to accurately 
simulate car-following behavior through freeway work zones 

 

Project Purpose: 
To provide engineers and planners at State/local DOTs and 
consulting firms with a tool that can better predict the operational 
impacts of freeway work zones 
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Project Overview 
Project Objectives: 
 Identify & review the most prevalently used microsimulation tools 
 Process FHWA Living Laboratory Work Zone Driving Data 
 Calibrate and validate the work zone driver behavior algorithms  
 Using an instrumented vehicle & data from MassDOT, collect work zone 

driver behavior data in freeway work zones in MA 
 Create a Work Zone Software to interface microsimulation tools 
 Interface the Work Zone Software with one (1) of the microsimulation tools  
 Demonstrate capabilities of the Work Zone Software by interfacing with a 

microsimulation software tool 
 Create a User’s Guide 
 Conduct R&D in a manner that fosters T2 

https://www.fhwa.dot.gov/publications/publicroads/13marapr/04.cfm
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Project Overview 

Timeline for Project:  
 1. Kick-Off Project:   August 27th & 28th, 2015 

 2. Review Microsimulation Software Tools:   January 2016 

 3a. Process TFHRC LL Data:   May 2016 

 3b. Data Collection in MA Work Zones:  October 2016 

 4a. Calibrate and Validate Algorithms:   November 2016 

 4b. Create Work Zone Software:   October 2016 

 5. Demonstrate the Work Zone Software using VISSIM:    May 2017 

 6. Create a User’s Guide:    October 2017 
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Background: Car-Following 

Wiedemann 74 Car-Following Model (used in VISSIM)1 

1 PTV-AG, VISSIM 5.10 User Manual. 2008 
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Background: FHWA Work Zone Model 

Multidimensional Car-Following Model1  
1  Lochrane (2015).  “A New Multidimensional Psycho-Physical Framework for Modeling Car-

Following in a Freeway Work Zone” 

http://etd.fcla.edu/CF/CFE0005521/LOCHRANE_Dissertation_Final_Edits.pdf
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Background: FHWA Work Zone Model 

Multidimensional Psycho-Physical Car-
Following Framework1 

Modified Field Theory2 

1  Lochrane (2015).  “A New Multidimensional Psycho-Physical Framework for Modeling Car-Following in 
a Freeway Work Zone” 

2  Berthaume (2015).  "Microscopic Modeling of Driver Behavior Based on Modifying Field Theory for 
Work Zone Application" 

 

http://etd.fcla.edu/CF/CFE0005521/LOCHRANE_Dissertation_Final_Edits.pdf
http://scholarworks.umass.edu/cgi/viewcontent.cgi?article=1328&context=dissertations_2
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Background: TFHRC Living Laboratory 
Work Zone Data 

 Macroscopic data, collected & reported 
per lane, per 15 minute interval  

 Includes: volume, occupancy, 85th 
percentile speeds, & average gap 

 

 Car-following data, collected at 40Hz 
for every vehicle & reported at 10 Hz 
for each run.  

 Includes: relative distance, velocity, 
accel/decel, etc. 

 

Instrumented Road 
Vehicle (IRV) 

Remote Traffic Microwave 
Sensor (RTMS) Units 
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3a. Process Work Zone Data 
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3a. Process Work Zone Data (cont.) 
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3a. Process Work Zone Data (cont.) 
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3a. Processed Driver Books 
62 Processed Driver Books will be published to the Research Data 
Exchange (RDE), along with a Metadata document, a version of the 
processing tool we developed, and a short report describing how we 
processed the radar data. 
 
 
 
 
 
 
 
 
 
 
 
 

Each booklet contains four tabs: 
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3a. Processed Driver Books (cont.) 

1. Car Following Instances.  
Information about each 
car-following instance, 
taken from the Car-
Following Identification 
Template. 
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3a. Processed Driver Books (cont.) 

2. Radar Data.  Processed 10 Hz car-
following data 
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3a. Processed Driver Books (cont.) 

3. ΔV/ΔX Plots.  Relative 
distance (ΔX) [m] vs. 
relative velocity (ΔV) [m/s] 
for each car-following 
instance.   
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3a. Processed Driver Books (cont.) 

4. ΔV/ΔT Plots. Relative 
velocity (ΔV) [m/s] over time 
(ΔT) [hh:mm:ss.s] for each 
car-following instance.   
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3b. Collect Data in MA 

• Will collect car-following data in Massachusetts work zones 
using the IRV 

• Will identify and classify car-following instances. 
• Will use the fields from the VA study + additional fields 

(such as road weather, peak vs. off-peak, rural vs. urban 
freeways, etc.) 

• Working with MassDOT to supplement data with macroscopic 
data (such as traffic counts, where available) and geometric 
data for work zones (where available). 
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4a. Calibrate Model… 

70 2
20 25 m/s
10 5

5 10
3.5 Fv,pc 5
1.5 1

-3.5 0.5
-1.5 0.5

0.5

Vehicle Attributes
5 m/s2 max a

9.8 m/s2 max d

0.1 s
30 m

Model Parameters
time step (s):

Starting value for ΔX =

Max Accel
Max Decel

Threshold 

Vdes
Fdes

Npc
Cx,pc

Fproximity

Cv,pc

Cdes
Framework Variables MFT Variables (accel & decel)

PRT_Vi

PRT_ΔX
PRT_ΔV

Perception-
Reaction Times

Gmax
Gmin

Gc
Gs

Vs@gmax
Vs@gmin
Va@gmax
Va@gmin
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4a. …Validate Model 
Aggregate field data for each driving condition & compare 
calibrated model (left) in Excel to field data (right).   

Use Microscopic Performance Measures 

35 m 1
15 m 25  (+/- 2) m/s
10 m 5

7 m 17.5

1.5 m/s2 Fv,pc 20
0.75 m/s3 0.3

-1.5 m/s4 0.2

-0.75 m/s5 0.2
6 sec to imp 0

-2 m/s2 5

0.9 sec
25

1
Vehicle Attributes

2.5 m/s2

2.5 m/s2

5 m/s2

0.1 s
30 mStarting value for ΔX =

Cchmbl

Max Accel
Max Desired Decel

Emergency Decel
Model Parameters

time step (s):

Fchmbl
Cchmbl2

Δx/Δv threshold Threshold 
Δx/Δv decel value

Fgap
Cgap
Tsafe

Vs@gmin

Perception-
Reaction Times

PRT_ΔV

Va@gmax PRT_ΔX
Va@gmin PRT_Vi

Gc Fproximity Npc
Gs Cx,pc

Vs@gmax Cv,pc

Framework Variables MFT Variables (accel & decel)
Gmax Fdes Cdes
Gmin Vdes

70 m 0.75
20 m 25  (+/- 2) m/s
10 m 5

5 m 15

1.5 m/s2 Fv,pc 10
0.75 m/s3 0.5

-1.5 m/s4 0.25

-0.75 m/s5 0.35
7 sec to imp 0

-2 m/s2 5
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15
10
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2.5 m/s2

2.5 m/s2

5 m/s2

0.1 s
30 m

Model Parameters
time step (s):

Starting value for ΔX =

Fchmbl
Cchmbl

Cchmbl2

Max Accel
Max Desired Decel

Emergency Decel

Δx/Δv threshold Threshold 
Δx/Δv decel value

Fgap
Cgap
Tsafe

Vs@gmin

Perception-
Reaction Times

PRT_ΔV

Va@gmax PRT_ΔX
Va@gmin PRT_Vi

Gc Fproximity Npc
Gs Cx,pc

Vs@gmax Cv,pc

Framework Variables MFT Variables (accel & decel)
Gmax Fdes Cdes
Gmin Vdes
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4b. Create Work Zone Software 

* The Driver Software Platform 
includes placeholders for Road 
Weather, CV/AV, and other 
driving conditions and/or 
specialized vehicles. 

 



22 

4b. Create WZ Software (cont.) 

* SUMO and VISSIM are used as examples.   
* Alternative interfaces can be designed for each software, and/or the FHWA Driver Model Software could be directly incorporated  

GUI Developed in: 
MATLAB 

 
Final Version: 
A Stand-Alone 

Executable in C# 
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5. Demonstrate WZ Software in a 
Microsimulation Package 
 Interface Work Zone Software with a microsimulation 

software package using a DLL interface 

 Construct three networks using the software package: 
1. A straight work zone segment 
2. I-395 in VA (work zones from 2013) 
3. I-91 in Springfield, MA (work zones from 2016) 

 For each network, compare: 
 

 Field vs. Microsim Software vs. Microsim Software w/ WZ Add-On 
 

Use Macroscopic Performance Measures (such as capacity, 
queue length, total delay, and average travel speed) 
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6. Create a User’s Guide 

 Define the type of data you’ll need to calibrate your 
models 

 Explain how to process this data 
o How to use data processing tools 

 Explain how to calibrate the Work Zone model 

 Explain how to use Work Zone Software 
o How to install the software 

o How to use the GUI 

o Documents describing software architecture (for those who wish 
to modify it) 

 Explain how to use Work Zone Software w/ VISSIM 
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Expert Panel 

Volunteer Expert Panelists provide feedback on research 
approach and products. 

Panelists include representation from three groups: 
 End Users [engineers and planners at State/Local DOTs, MPOs, and 

private engineering consultancies] 
 Technical Experts in Microscopic Modeling [professors, 

researchers, and FHWA staff] 
 Microsimulation Software Companies [software engineers and 

market analysts] 
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Thank you 

For more information, please contact: 
 
 
Andrew Berthaume, Ph.D. 
Project Lead – USDOT/Volpe Center 
Ofc: (617)-494-3159 
Andrew.Berthaume@dot.gov 

 
 

Chris Melson 
Project Lead – Turner Fairbank Highway 

Research Center  
Christopher.Melson@dot.gov   

Taylor Lochrane, Ph.D. 
Turner Fairbank Highway Research Center  
Taylor.Lochrane@dot.gov  

 

mailto:Andrew.Berthaume@dot.gov
mailto:Christopher.Melson@dot.gov
mailto:Taylor.Lochrane@dot.gov
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