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INTRODUCTION

This task examined the impacts of shifting construction schedules in response to
construction bans in Houston and Dallas with respect to emissions and delays during peak and
off-peak conditions. The task proposal identified QUEWZ-98, Queue and User Cost Evaluation
of Work Zones, to be selected as the modeling program to be used in performing this evaluation.
During the course of the evaluation, however, researchers identified several critical limitations
associated with the QUEWZ-98 model with respect to the emissions calculation algorithm. The
project staff proceeded by using QUEWZ-98 for delay calculations but to develop an alternate
method of modeling vehicular emissions. QUEWZ-98 directly calculated delays and road user
costs associated with work zones and quantified operational characteristics of traffic flow
through work zones. Traffic characteristics in the QUEWZ-98 output served as inputs to the
emissions model developed in this task. This model is referred to as the Emissions Workbook
and is based on Microsoft Excel® spreadsheets and Visual Basic macros.

Initially, the task sought to model actual construction projects in the Houston and Dallas
areas in order to compare the emissions and delays that would be generated as a result of
changing the construction schedule to accommodate construction bans in these cities. Due to
limited availability of traffic control plans for existing projects, researchers modeled an array of
general work zone scenarios to reflect a range of project and traffic condition intensity.
Variables in the scenarios included facility demand (low, medium, and high AADT, facility
cross-section (two to five lanes), number of lanes closed in work zone (one to four lanes), and
work zone schedules (seven different schedules modeled). Researchers modeled five alternate
work zone schedules in addition to the standard peak and off-peak direction schedules. The
alternate schedules included schedules to accommodate the Dallas construction ban, the Houston
construction ban, and overnight operations. The matrix created by these variables produced a
total of 161 scenarios. Table 1 presents the matrix of scenarios evaluated in this task.

The remainder of this report is divided into four major sections: QUEWZ-98 Analysis,
Emissions Workbook, Using the Results, and the Appendix. The QUEWZ-98 Analysis section
details the range of scenarios evaluated, assumptions used, and limitations of QUEWZ-98. The
Emissions Workbook section details the need for creating an alternate model for calculating
emissions, the procedures to use the Emissions Workbook model developed in this task, and
assumptions used in the calculations. The Using the Results section provides two examples of
how the results of this study could potentially be used. Finally, the Appendix section provides a
series of tables and graphs summarizing the results of the analyses of the 161 scenarios. These
tables and graphs can be utilized to examine the relative impact of various construction schedules
and lane closure plans for a facility with a given cross section and level of AADT.

QUEWZ-98 ANALYSIS

QUEWZ-98 is a microcomputer program developed to evaluate freeway work zone lane
closures. The program simulates traffic flows through a freeway segment with and without a
work zone in place. The user specifies the lane closure schedule and configuration, and the
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program outputs the resulting impact of the work zone with respect to road user costs, queues,
and emissions. QUEWZ-98 can also be used to identify lane closure schedules that minimize
work zone related delay. The model can analyze 24 consecutive hours of operation on
freeways/multi-lane divided highways with up to six lanes in each direction and work zones in
one or both directions.

QUEWZ-98 INPUT DATA

The input data required to set up a QUEWZ-98 simulation file include data on the lane
closure configuration and schedule, traffic volumes approaching the freeway segment, and
adjustments to model defaults.

Lane Closure Configuration

Lane closure configuration data include the number of directional roadways closed (one
or both directions), the total number of lanes in each direction, the number of lanes open in each
direction through the work zone, the length of the lane closure, and the capacity of the work
zone. The assumptions used in simulations created for this task include:

work zone on one side of the freeway only,

number of lanes in the freeway segment varied between two and five,
number of lanes closed in work zone varied between one and four lanes, and
length of work zone equal to one mile.

Lane Closure Schedule

Lane closure schedule data include the hours the lane closure begins and ends and the
hours work activity begins and ends. It was assumed in these simulations that lane closure and
work activity times coincided. Table 2 presents the seven construction schedules evaluated in
this task. Two base condition schedules simulated typical construction schedules, 09:00 — 17:00
when the work zone is located in the AM peak direction of flow, or 07:00 —15:00 when the work
zone is located in the AM off-peak direction of flow. These schedules are derived from current
practices which prohibit lane closures in the peak direction of travel during the peak period.
Peak and off-peak Dallas schedules simulated the impact of the proposed construction ban in
Dallas, which would ban heavy-duty diesel construction activity prior to 10:00. Peak and off-
peak Houston schedules simulate the impact of the proposed construction ban in Houston, which
would ban heavy-duty diesel construction activity prior to 12:00. The final construction
schedule simulated overnight work.

Traffic Volumes

The Texas Department of Transportation (TxDOT) provided researchers with 1999
Harris County freeway and interstate AADTs. Researchers ranked the AADTs from highest to
lowest and selected three levels of AADT to simulate roadways with low, medium, and high
traffic volumes. The 85™ percentile AADT represents high demand facilities and corresponds to
180,000 vehicles per day. The 50™ percentile AADT represents medium demand facilities and



Table 2. Construction Schedules Simulated in Evaluation.

Schedule Name Direction of Flow Lane Closure Schedule

Base AM Peak Direction 09:00-17:00
AM Off-Peak Direction 07:00 - 15:00

Dallas PM Peak Direction 10:00 — 15:00, 19:00 — 22:00
PM Off-Peak Direction 10:00 - 18:00

Houston PM Peak Direction 12:00 — 15:00, 19:00 — 24:00
PM Off-Peak Direction 12:00 — 20:00

Overnight Off-Peak Direction 21:00 — 05:00

corresponds to 110,000 vehicles per day. The 30" percentile AADT represents low demand
facilities and corresponds to 56,000 vehicles per day. QUEWZ-98 distributes the AADT value
for a 24-hour period using adjustment factors to account for rural/urban environment and day of
week (weekday, Saturday, or Sunday). These adjustment factors were computed at the time
QUEWZ-98 was developed based on automatic traffic recorder station data on interstate
highways in Texas in October 1985 (37 urban stations and 13 rural stations) (1).

Adjustments to Model Defaults
The final input values are user-specified alternatives to default values of:

e cost update factor,

e percent trucks,

e speed-volume-capacity relationships,
e work zone capacity,

e definition of excessive queuing, and
e emission rates.

All simulations used a cost update factor of 1.3. This factor converts road user costs to
year 2000 dollars (current year consumer price index [CPI] divided by year 1990 consumer price
index of 130.7). The default value in QUEWZ-98 for percentage of trucks in the traffic stream is
8 percent. The AADT data from TxDOT revealed an average percentage of trucks on Harris
County freeways and interstates of 7.9 percent, justifying the model default of 8 percent. The
default speed-volume-capacity relationships in QUEWZ-98 are based on the 1985 Highway
Capacity Manual. These default values were used in all simulations. The ideal capacity of a
work zone is assumed by QUEWZ-98 to be 1600 vehicles per hour per lane (vphpl). This
capacity reduced to 1515 vphpl when factoring in an adjustment for heavy vehicles and was used
in all simulations.

The definition of excessive queuing is an option in QUEWZ-98 to allow for the diversion
of vehicles within the simulation. Excessive queuing can be defined as a maximum queue length
in miles or a maximum delay in minutes. QUEWZ-98 uses the diversion algorithm to calculate
the diversion volume to avoid excessive queuing. The default value for the critical length of
queue is two miles, based on average ramp spacing of 0.4 miles, and a maximum of five ramps
being engulfed in the queue. These averages are based on diversion studies at temporary



freeway work zone lane closures on urban freeways with continuous frontage roads in Texas (1).
The diversion algorithm engaged in all simulations when a critical length of queue exceeded two
miles.

Analyses used the default pollutant emission rates contained in QUEWZ-98 for car and
truck hydrocarbon, nitrous oxide, and carbon monoxide. These values were estimated in the
summer of 1998 using data from San Antonio, Texas, and the emissions modeling program
Mobile Source Emission Factor Model (MOBILES5a) (2). See the Limitations of the QUEWZ-98
Model section for more information on emission calculations.

QUEWZ-98 OUTPUT DATA

A QUEWZ-98 output file consists of three to four pages of data depending on the
geometrics and/or traffic volumes in the scenario. Page one of the output file provides an echo
of some of the input data, as shown in Figure 1. These data include the number of lanes in the
section, number of lanes closed, length of work zone, normal and restricted capacities, AADT,
parameters used to calculate hourly volumes from the AADT (weekday and urban environment
adjustment factors engaged), scheduled hours of the work zone, and idle emission rates for
hydrocarbon HC, CO, and NOx.

The second page of the QUEWZ-98 output file contains the road user cost table shown in
Figure 2. Road user costs are shown on an hourly basis and totaled at the bottom of the table.
Road user costs are estimated for a work zone by taking the difference between road user costs
with and without the work zone in place. The road user cost includes a vehicle operating cost
component and a travel time cost component. The value of time assumed by QUEWZ-98, based
on 1990 dollars, is $12.64 per hour for passenger cars (average occupancy 1.3 persons per
vehicle) and $23.09 per hour for trucks (1). This value of time was updated to 2000 dollars using
a cost update factor of 1.3 (CPI year 2000 divided by CPI year 1990).

Total road user cost calculations include road user costs for diverting vehicles in the
event of vehicle diversion by the excessive queuing algorithm. The assumptions built into
QUEWZ-98 for vehicle diversion are:

o the length of the alternate route equals the length of the work zone plus the critical length
of queue,

e the travel time for diverting vehicles is equal to the time required for a vehicle at the end
of the queue to travel through the queue and work zone,

e diverting traffic maintains a uniform speed equal to the length of the alternative route
divided by the travel time, and

e trucks do not divert.

Page three of the output file, shown in Figure 3, provides a summary of hourly traffic
flow characteristics. Traffic conditions reported on an hourly basis include the approach volume,
work zone capacity, approach speed, work zone speed, and length of queue. This page provides
the majority of input data for the Emissions Workbook. Although QUEWZ-98 distributes



INPUT DATA SUMMARY: ROAD USER COST OUTPUT PAGE 1 OF 4
HDSL2CP1 .DAT QUEWZ-98
LANE CLOSURE CONFIGURATION:
TOTAL NUMBER OF LANES
INBOUND 5
OUTBOUND 5

NUMBER OF OPEN LANES

INBOUND 3
OUTBOUND 5
LENGTH OF WORK ZONE 1.00 MILES

INBOUND CAPACITY

NORMAL 10000. (VPH)
RESTRICTED 5400. (VPH)
WORKING HOURS 4545. (VPH)

TRAFFIC PARAMETERS:

PARAMETERS TO CALCULATE
HOURLY TRAFFIC VOLUMES

DAY OF WEEK MONDAY
MONTH OCTOBER
DISTRICT 99
LOCATION URBAN IN
AADT (THOUS.) 180.0
PERCENTAGE TRUCK 8.

SCHEDULE OF WORK ACTIVITY:
HOURS OF RESTRICTED CAPACITY
BEGINNING 10
ENDING 15

HOURS OF WORK ZONE ACTIVITY

BEGINNING 10
ENDING 15

IDLE HC CAR 34.9 (g/hr) 1IDLE HC TRUCK 12.6 (g/hr)

IDLE CO CAR 218.5 (g/hr) IDLE CO TRUCK 94.6 (g/hr)

IDLE NOX CAR 4.7 (g/hr) IDLE NOX TRUCK 53.1 (g/hr)

Figure 1. Input Echo - Page 1 of QUEWZ-98 Output File.



SUMMARY OF ADDITIONAL ROAD USER COSTS PAGE 2 OF 4
HD5L2CP1.DAT QUEWZ-98

ADDITIONAL ROAD USER COSTS ($)
HOUR INBOUND OUTBOUND TOTAL

NOTE: LANE CLOSURE ONLY IN INBOUND DIRECTION

Figure 2. Road User Costs - Page 2 of QUEWZ-98 Output File.



SUMMARY OF TRAFFIC CONDITIONS -- INBOUND DIRECTION PAGE 3 OF 4
HD5L2CP1.DAT QUEWZ-98

HOUR APPROACH CAPACITY APPROACH WORK ZONE QUEUE
VOLUME (VPH) SPEED SPEED LENGTH
(VPH) (MPH) (MPH) (MILES)

10-11 4820. 4545. 53. 30.
11-12 4923. 4545, 53. 30.
12-13 5004. 4545, 52. 30.
13-14 5076. 4545, 52. 30.
14-15 5204. 4545. 52. 30.
15-16 5639. 10000. 51. 45.

HNRR OO
OO mWwJaNn

NOTE: TRAFFIC DIVERSION IS PREDICTED, SEE SUMMARY OF TRAFFIC VOLUMES

Figure 3. Summary of Traffic Conditions - Page 3 of QUEWZ-98 Output File.



AADT over the full 24-hour period, the output reflects only data during the time period in which
the work zone is in place. This limited time period is due to the intended use of QUEWZ-98 to
determine the differences between delay and emissions when a work zone is and is not in place.
Since there is no differential delay or emissions during periods of time when the work zone is not
in place, QUEWZ-98 omits those data from the output file. The only exception is when a queue
exists at the end of the work zone schedule, in which case QUEWZ-98 will continue the
simulation until the queue is dissipated.

Page four of the QUEWZ-98 output file is shown in Figure 4. This page provides a table
summarizing hourly diversion volumes for time periods where the queue reaches the critical
queue length of two miles (queue length shown on page three of output file). A summary of
emissions calculations follows the diversion summary on page four of the output file.

LIMITATIONS OF THE QUEWZ-98 MODEL

The researchers identified a number of limitations with the QUEWZ-98 model during its
application in this task. To some extent the model was not designed to handle some of the
aspects of this evaluation. The primary limitations of the QUEWZ-98 model for this task
concern the emissions algorithm. QUEWZ-98 has an algorithm to estimate the number of
vehicles that would divert from a work zone facility once a critical length of queue or a critical
delay in queue is reached. While QUEWZ-98 includes the delays associated with diverting
vehicles in its road user cost algorithm, it ignores all emissions associated with diverting
vehicles. Thus, QUEWZ-98 would underestimate the emissions associated with work zones on
high-volume facilities or during high-volume time periods, where vehicular diversion would be
expected to occur.

In some of the scenarios, the work zone had enough impact to cause a reduction in
vehicle speeds but did not have a large enough impact to cause queue formation. As long as
there is no queue associated with a work zone, QUEWZ-98 ignores emissions of all vehicles
traveling through the work zone regardless of their speed. Thus, QUEWZ-98 underestimates HC
and CO, and overestimates NOx when vehicle speeds are reduced due to a work zone, but no
queue is formed.

The Dallas peak and Houston peak schedule scenarios modeled construction work zones
set up before a peak period, removed during the peak period, then reestablished after the peak
period. One limitation of QUEWZ-98 is that only a single work zone closure can be simulated
during a 24-hour period. In order to simulate two work zone closures during a 24-hour period,
two QUEWZ-98 files needed to be created. Each file contained 12 hours of volumes and one
work zone closure, i.e., creating two separate files did not double the 24-hour volume.
Combining the two output files then produced the results for those scenarios.

Volume data are entered in QUEWZ-98 for a 24-hour period beginning at 00:00 and
ending at 23:00. Simulating an overnight schedule such as 21:00 to 05:00 would either require
creating two files, one to contain the 21:00 to midnight portion and another to contain the
midnight to 05:00 portion, or simply shifting the volumes and corresponding times. Shifting the
volume data 20 hours (such that 20:00 corresponded with 00:00 in QUEWZ-98) allowed a single
file to be used.



SUMMARY OF TRAFFIC VOLUMES -- INBOUND DIRECTION PAGE 4 OF 4

HD5L2CP1.DAT QUEWZ-98
HOUR APPROACH VOLUME VOLUME
VOLUME REMAINING ON DIVERTING FROM
(VPH) FREEWAY (VPH) FREEWAY (VPH)
0- 1 890 890 0.
1- 2 600. 600 0.
2~ 3 512. 512 0.
3- 4 468 468 0.
4~ 5 683 683 0.
5- 6 1836 1836 0.
6- 7 6209 6209 0.
7- 8 8993. 8993 0.
8- 9 6629. 6629 0.
9-10 5161 5161 0.
10-11 4820 4820 0.
11-12 4923 4923 0.
12-13 5004 5004 0.
13-14 5076 4754 323
14-15 5204 4545 659
15-16 5639 5639 0
16-17 6093 6093 0
17-18 5868 5868 0
18-19 4435 4435 0
19-20 3221 3221 0
20-21 2341 2341 0
21-22 2049 2049 0
22-23 1709 1709 0
23-24 1183 1183 0

NOTE: THESE ESTIMATES ASSUME THAT TRAFFIC WILL DIVERT SUCH THAT
QUEUE LENGTHS NEVER EXCEED 2.00 MILES.

EXCESS EMISSIONS (DIFFERENCE)

HC (o[0] NOx

(Kgs) (Kgs) (Kgs)

Inbound 102.2 700.4 -73.0
Outbound 0.0 0.0 0.0

BASE EMISSIONS

HC (e{] NOx

(Kgs) (Kgs) (Kgs)

Inbound 89.4 515.8 187.1
Outbound 0.0 0.0 0.0

CONSTRUCTION RELATED EMISSIONS

HC CO NOx

(Kgs) (Kgs) (Kgs)

Inbound 191.6 1216.2 114.0
Outbound: 0.0 0.0 0.0

Figure 4. Diversion and Emissions Summary - Page 4 of QUEWZ-98 Output File.
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Another limitation of the QUEWZ-98 model concerns the inability to see a complete
echo of the coded input. Volumes are entered in QUEWZ-98 by entering an AADT value
(which is automatically distributed by QUEWZ-98) or by manually entering hourly data.
Applying the same directional and hourly distribution factors as QUEWZ-98 allowed researchers
to calculate the hourly volumes from the AADT. This had to be done for the overnight scenario
files where the hourly volumes needed to be shifted and for the Houston and Dallas peak
direction schedules where two files needed to be created (each with 12 hours of hourly volumes).
While the output file echoes the AADT used in the simulation, only those hourly volumes where
the work zone is present or residual queues exist are echoed. Although the manually entered
volumes could be verified on screen with the file open in QUEWZ-98, error checking manually
entered volumes would be easier if echoed in the output file.

EMISSIONS WORKBOOK

After reviewing the output from the QUEWZ-98 model, researchers determined that the
model did not fully describe the emissions generated from work zone lane closures. Results
identified two important limitations of the QUEWZ-98 emissions algorithm. The first limitation
is associated with diverting vehicles. QUEWZ-98 has an algorithm to estimate the number of
vehicles that would divert from a work zone facility once a critical length of queue or a critical
delay in queue is reached. QUEWZ-98 includes the delays associated with diverting vehicles in
its road user cost algorithm, however, it ignores all emissions associated with diverting vehicles.
Thus, QUEWZ-98 would underestimate the emissions associated with work zones on high-
volume facilities or during high-volume time periods, where vehicular diversion would be
expected to occur.

The second limitation is associated with conditions where a work zone has enough
impact to cause a reduction in vehicle speeds but does not have a large enough impact to cause
queue formation. As long as there is no queue associated with a work zone, QUEWZ-98 ignores
emissions of all vehicles traveling through the work zone regardless of their speed. Thus,
QUEWZ-98 underestimates VOC and CO, and overestimates NOx, when vehicle speeds are
reduced due to a work zone but no queue is formed.

PROCEDURE FOR USING THE EMISSIONS WORKBOOK

A separate model called the Emissions Workbook was developed to address the
limitations associated with the QUEWZ-98 emissions algorithm and more accurately quantify
emissions associated with construction work zones. The Emissions Workbook is a Microsoft
Excel workbook containing a number of spreadsheets and Visual Basic macros. The sheets
contained in the Emissions Workbook are the:

Instruction Sheet,

Paste Sheet,

QUEWZ-98 Intermediate Calculations Sheet,
Emission Calculations Sheet,

MOBILES5a Emissions Table Sheet,

11



e percent AADT table sheet, and
e graphics sheet.

Although QUEWZ-98 was not used directly to calculate vehicle emissions for the various
geometric and volume scenarios described in Table 1, it was used as a preprocessor to generate
input values for the Emissions Workbook. Traffic flow characteristics utilized from QUEWZ-98
output include approach volume, approach speed, work zone speed, queue length, and diverting
volumes. MOBILES5a freeway and arterial look-up tables provided the emission rates needed for
the Emissions Workbook (2).

The following sections describe the process used to calculate vehicle emissions and are
based on the sheets contained in the Emissions Workbook. The output files from the QUEWZ-
98 simulations serve as the input to the Emissions Workbook. In most cases, the entire output
file is cut and pasted into the paste sheet section. The rest of the calculations and graphs are
done automatically. Figure 5 shows the data flow from the QUEWZ-98 model and through the
series of spreadsheets in the workbook. This information serves as documentation of the logic
and assumptions used in the emissions calculations.

Instruction Sheet

This sheet gives general instructions on how to copy and paste information from the
QUEWZ-98 output file to the Emissions Workbook.

Paste Sheet

The output from the QUEWZ-98 model serves as input to the emissions calculations.
The paste sheet is the location where the QUEWZ-98 output is entered into the Emissions
Worksheet. For the majority of the scenarios evaluated (base peak, base off-peak, Dallas off-
peak, and Houston off-peak), the entire QUEWZ-98 output file can be cut and pasted into the
Emissions Workbook. The process is completed using the following steps:

1.  Open Microsoft Excel and then open the desired QUEWZ-98 output file.

2. Import the output from QUEWZ-98 into Excel and parse the file using the
delimited radio button and check the tab and space boxes. Click Next and then
Finish.

3.  Highlight the entire sheet (an easy way to do this is to start in cell Al and then
press the Shift, Ctrl, and End keys). Copy the selection by using Ctrl+C.

12
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4.  Open the Emissions Workbook, be sure the paste sheet is open, and insert the
copied section to cell Al.

Slightly modified procedures were used with the remaining scenarios to pull the
QUEWZ-98 output into the paste sheet; however, the calculations performed within the
Emissions Workbook are identical. The Dallas peak and Houston peak schedule scenarios
modeled construction work zones set up before a peak period, removed during the peak period,
then reestablished after the peak period. One limitation of QUEWZ-98 is that only a single work
zone closure can be simulated during a 24-hour period. In order to simulate two work zone
closures during a 24-hour period, two QUEWZ-98 files needed to be created. Each file
contained 12 hours of volumes and one work zone closure, i.e., creating two separate files did
not double the 24-hour volume. Combining the two halves of the output files then produced the
results for those scenarios.

The overnight scenarios also required a modified procedure. Another limitation of
QUEWZ-98 is that volume data are entered for a 24-hour period beginning at 00:00 and ending
at 23:00. Simulating an overnight schedule such as 21:00 to 05:00 would either require creating
two files, one to contain the 21:00 to 00:00 portion and another to contain the 00:00 to 05:00
portion, or simply shifting the corresponding volumes and times. Shifting the volume data by 20
hours such that 20:00 corresponded with 00:00 created a single file for each overnight scenario
in QUEWZ-98. Another limitation of QUEWZ-98 is that it does not echo the hourly volumes in
the output of scenarios where no queues form, resulting in a three page output rather than four
pages. As this was the case in all overnight scenarios due to low volumes, the hourly volumes
were entered manually into the intermediate calculations spreadsheet.

Hourly volumes were manually entered into cells Y5:Y29 of the intermediate
calculations sheet for the overnight scenario files. The user can open the QUEWZ-98 output
files as above, but before the information is copied, eight rows need to be inserted (start at row
38 and highlight to row 45, right click the mouse and insert the rows). The user can then follow
steps three and four as above. This procedure aligns the input file so that the worksheet will look
up the proper values.

The next types of data required in the paste sheet are vehicle speeds and queue lengths.
These two variables came from the QUEWZ-98 model. If QUEWZ-98 did not generate a speed
or a queue, it was assumed that the vehicles were traveling at free-flow speed and that no queue
was present (these are conditions where QUEWZ-98 does not echo data in the output file). Once
all the variables are determined, the rest of the procedure is fairly straightforward.

Once the QUEWZ-98 output is in the workbook, the program performs the emission
calculations. In addition to the tables generated by this workbook, a series of graphs is also
generated which serves as a means of quality control to check the output from the QUEWZ-98
model. The following sections document these steps.

14



QUEWZ-98 Intermediate Calculations

A lot of the problems in calculating the emissions come from the fact that the QUEWZ-
98 model does not report all the traffic volumes. If no delay is incurred during a time period,
then the traffic volume for that time period is not reported in the output. Much of the logic in the
workbook is checking to see if a number is present in the QUEWZ-98 output and, if not,
inserting a computed number or default number.

The QUEWZ-98 intermediate calculations sheet serves as a preprocessor to get the
correct volume and speed numbers from the QUEWZ-98 output. A lot of the assumptions on the
speed and volumes are contained in the next two sheets (QUEWZ-98 intermediate calculations
and emission calculations). Some of the information is pulled from the QUEWZ-98 output, the
user enters some, and some is calculated.

A series of colors is used to aid in the discussion and to allow the user to determine how
the data flow from one sheet to another. Yellow indicates cells for which the user must enter
information. The cells highlighted in blue are information pulled from the QUEWZ-98 output.
All calculated numbers are represented by green cells.

First, the user must enter information into the yellow cells. The length of the diversion is
entered in miles in cell E3 (3 miles). Next, the assumed free-flow speed of the vehicles on the
freeway (60 mph) is entered into cell 14. The last item the user must enter is the average speed
on the diversion route (20 mph), placed in cells N9:N32.

The information pulled from the QUEWZ-98 output is designated by the blue cells. In
some cases the QUEWZ-98 model did not output a fourth page “Summary of Traffic Volumes.”
In these cases the traffic volumes were regenerated using the same directional and hourly
distributions as QUEWZ-98. The AADT from the QUEWZ-98 output (paste sheet D29) is
multiplied by columns D and G from the percent AADT and directional distribution sheet. The
capacity of the facility is given in the QUEWZ-98 output, but is generated using the default lane
capacity based on the number of lanes if omitted in the output.

The QUEWZ-98 model provides all other information with the exception of the time
spent in the queue. This variable is calculated using the queue length and queue speed, which in
heavy queues was less than the work zone speed. Once the time in the queue is determined, it is
assumed that 5 percent of that time is spent at a complete stop. This figure is based on analysis
of congested peak hour travel time runs in the Houston area (1998 Houston/Galveston Area
Council [HGAC] Travel Time and Speed Survey) (3). This 5 percent stop time is significant
because the emission rates for stopped vehicles are substantially higher than those of slow
moving vehicles.

Emission Calculations Sheet
Calculating emissions required two different sets of emission look-up tables: a freeway

table and an arterial table. The following steps describe the emission calculation procedure. The
speed for a facility determines the emission rate that is looked up from the MOBILES5a emissions
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table. The traffic volume and length of the affected area are multiplied by this emission rate.
This scenario is complicated by different parts of the affected area having different speeds and
lengths. The illustration in Figure 6 will aid in the discussion. The approach is assumed to be
free-flowing traffic up to the queue zone (if present). The queue zone, as defined by the
QUEWZ-98 model, is based on the assumption that vehicles will start to divert if a queue two
miles long develops upstream of the work zone. Finally, the work zone is the area where the
lane closure and the construction occur. As shown in Figure 6, it is assumed that the diversion
route is equal to the length of the combined queue zone and the work zone. This is the same
assumption that the QUEWZ-98 model uses for the road user cost estimations.

Approach 2 miles Queue Zone I Work Zone 1 mile

Approach Diversion 3 miles

Figure 6. Illustration of Assumed Diversion Route Length.

Assumptions made when calculating the vehicle emissions on the freeway and on the
diversion route include:

e The diversion route is equal to the combined length of the work zone and queue zone.

e Vehicles will divert to an alternate route if a queue extends more than two miles.

e Vehicles on the diversion route will average 20 mph (based on Houston area arterial
travel time data).

e  Work zone speed is 30 mph (queue zone speeds may be considerably lower).

® Queue zone speeds vary based on the QUEWZ-98 mode] output.

e Traffic is assumed to be traveling at a free-flow speed of 60 mph if the QUEWZ-98
model provides no vehicle speed.

e Vehicles in the queue zone will be stopped 5 percent of the time based on a sample of
Houston area freeway segments (1998 HGAC Travel Time and Speed Survey).

MOBILE5a Emissions Table Sheet

This sheet contains the MOBILESa emission rates for eight different vehicle
classifications in the Houston area. These rates are provided for speeds from 3 mph to 65 mph
for summertime conditions. The idle emissions (g/hour) were calculated using a per hour
emission rate (multiplying the 3 mph rate by three). The pollutants modeled in the Emissions
Workbook include:

VOC Volatile Organic Compound (g/mile)
CO Carbon Monoxide (g/mile)
NOx Nitrous Oxide (g/mile)
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The vehicle types included in the emissions tables are:

LDGV Light-Duty Gas Vehicle
LDGT1 Light-Duty Gas Truck 1
LDGT2 Light-Duty Gas Truck 2
HDGV Heavy-Duty Gas Vehicle
LDDV , Light-Duty Diesel Vehicle
LDDT Light-Duty Diesel Truck
HDDV Heavy-Duty Diesel Vehicle
MC Motorcycle

The two sets of composite emission rate tables were created using HGAC vehicle miles
traveled (VMT) mix data for Houston area arterials and freeways. Table 3 presents the arterial
and freeway vehicle mixes used in the composite emission rate tables. The definitions for the
abbreviated vehicle types in the table are listed above.

Table 3. Percentage of Vehicles used in HGAC Emission Rate Tables.

LDGV LDGT1 LDGT2 | HDGV LDDV LDDT HDDV MC

HGAC 1997-1999

Arterial VMT Mix 69.857 16.9978 5.0277 2.1106 0.2028 0.2111 5.4932 0.100

HGAC 1997-1999

Freeway VMT Mix 74.3923 | 13.0695 3.9575 1.9477 0.2159 0.1623 6.1548 0.100

USING THE RESULTS

This section provides information on potential uses of task results. Researchers evaluated
the impact of construction projects with respect to road user costs, NOx, CO, and VOC. The
range of work zone scenarios in this evaluation simulated various lane closure configurations,
traffic demand, and work zone schedules. The number of lanes in the section of roadway varied
from two to five lanes. The number of lanes closed due to the work zone varied from one to four
lanes. Three levels of traffic demand were simulated using AADT data from Houston freeways
and interstates. Finally, the simulations incorporated seven different construction schedules.

The seven schedules can be grouped into three categories: schedules that encompass a
peak-direction peak-period (referred to as peak schedules), schedules that do not encompass a
peak-direction peak-period (referred to as off-peak schedules), and an overnight schedule. The
times associated with these seven construction schedules are presented in Table 1. Three peak
schedules evaluated included: base peak schedule (typical schedule without construction bans), a
Dallas peak schedule (construction delayed until 10:00), and a Houston peak schedule
(construction delayed until 12:00). Three off-peak schedules evaluated included: base off-peak
schedule (typical schedule without construction bans), a Dallas off-peak schedule (construction
delayed until 10:00), and a Houston off-peak schedule (construction delayed until 12:00).
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TABLES AND GRAPHS

The road user cost information was pulled from the original QUEWZ-98 output file (one
for each of the 161 scenarios) and the emissions information pulled from the Emissions
Workbook file. Consolidating this information into a large matrix table allowed researchers to
create a series of graphs for each geometric/volume scenario with a series of curves representing
the different road closure scenarios. These graphs provide the user a means of comparing the
impact of different road closure scenarios. The impact of schedule and number of lanes closed
are presented in road user cost, NOx, CO, and VOC graphs for the following scenarios:

three-lane section:
e low volume, and
e medium volume.

four-lane section:
o Jow volume, and
e medium volume.

five-lane section:

e low volume,

e medium volume, and
e high volume.

To illustrate the use of these graphs, refer to Figures 7-10. Figure 7 details the road user
costs associated with the seven different construction schedules and the number of lanes closed
in the work zone for a medium volume, four-lane section. In order to combine the data from
various scenarios (one of four lanes closed, two of four lanes closed, and three of four lanes
closed), volume per lane is used as the common x-axis. The AADT used in all medium volume
scenarios was 110,000 vehicles per day, which corresponds to 55,000 vehicles per day per
direction, assuming a 50/50 directional split.

The three data points on each trend line in Figure 7, moving from left to right, indicate
the associated road user cost for one of four lanes closed (corresponds to approximately 18,500
vehicles per day per lane [vpdpl]), two of four lanes closed (corresponds to approximately
27,500 vpdpl) and three of four lanes closed (corresponds to approximately 55,000 vpdpl). Thus,
the road user cost associated with closing one lane (first data point on trend line) on a medium
volume, four-lane section using the base off-peak schedule (top trend line) would be
approximately $31,000 per day. Similarly, the road user cost associated with closing two lanes
(second data point on trend line) on a medium volume, four-lane section using the Off-Peak Base
Schedule would be approximately $69,000 per day. Similarly, Figures 8, 9, and 10 show the
impacts of schedule and number of lanes closed for CO, VOC, and NOx respectively.

The Appendix contains the complete series of tables and graphs to document the results

of this task. No graphs are included for the scenarios involving a one-lane closure of a two- lane
section as they would only involve a single data point for each schedule. The results of these
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Road User Cost for Medium Volume Four-Lane Section
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Figure 7. Example of Road User Cost for Medium Volume Four-Lane Section.

VOC for Medium Volume Four-Lane Section
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Figure 8. Example of VOC for Medium Volume Four-Lane Section.
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NOx for Medium Volume Four-Lane Section
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Figure 9. Example of NOx for Medium Volume Four-Lane Section.
CO for Medium Volume Four-Lane Section
1,100,000
1,000,000
900,000
= 800,000 -
o
g 700,000
600,000 -
500,000
400,000

0 10,000 20,000 30,000 40,000 50,000 60,000
Volume/Lane (vpdpl)

—&— Off-Peak Base Schedule - Off-Peak Dallas Schedule  ~#&- Off-Peak Houston Schedule'
-3¢ Qvemnight Schedule —¥— Peak Base Schedule —&— Peak Dallas Schedule
Peak Houston Schedule

Figure 10. Example of CO for Medium Volume Four-Lane Section.
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scenarios are presented in Table A-1. The following sample problems are provided to show
potential uses of the results of this task.

SAMPLE PROBLEM 1 - IMPACT OF INCREASED PROJECT DURATION DUE TO
SCHEDULE SHIFT

The information derived in this project can be used to show the impacts of construction
shifts with respect to road user costs and emissions. Changes in these values occur as a result
from an increase or decrease of daily values as well as a lengthening of project duration due to
the schedule shift. Task 5 of this project evaluated the effect of various construction schedules
with respect to project duration (4). The results of this task that gathered data from contractors in
the Houston/Galveston area are shown in Table 4.

Table 4. Average Impacts in Project Duration Estimated by Houston Contractors.

Work Schedule Alternative Sample Hours Contragg:j:;imated
Delayed, Continuous Operation 12:00 to 20:00 5%
Partially Delayed, Continuous Operation 10:00 to 18:00 10%
Delayed, Non-Continuous Operation 1388 tg ;igg 19%
Continuous Nighttime Operation 21:00 to 05:00 12%

To demonstrate the impact of work schedule shifts with respect to road user costs and
emissions, the following sample project can be considered. Suppose a project is normally
scheduled to have a duration of three months. The project requires one lane in a three-lane
section to be closed for a one-mile work zone. The facility serves a medium level AADT. The
impacts of the alternative schedules are presented with respect to road user costs and NOx in
Tables 5 and 6, respectively. These tables use contractor estimates of project duration increases
and results of simulations from QUEWZ-98 and the Emissions Workbook. These increases (last
column) are solely due to project lengthening associated with each schedule and do not include
other costs that may be incurred with some of the schedules. For example, overnight schedules
may incur higher equipment costs to provide lighting and higher labor costs. Similarly the non-
continuous schedule requires more worker time to be spent setting up and taking down the work
zone, i.e., workers set up the work zone, remove it for the peak period, then reestablish it.

The results of this example show that the road user costs decrease as the construction

schedule is moved out of the peak period. However, this also increases vehicle speeds, which in
turn increase the NOx emissions generated by the respective work zone schedules.

21




Table 5. Estimated Impact of Increased Project Duration on Road User Cost.

Construction Schedule Percent Durati_on Days Daily Road Total Road Differential
Increase | of Project | Increased User Cost User Cost Cost

Base 0 60 0 $ 132,225 | $ 7,933,500 -

Delayed Continuous 5% 60 3 $ 73,345 | § 4,620,735 | $ (3,312,765)

Partial Delay 10% 60 6 $ 61,533 | § 4,061,178 | $ (3,872,322)

Non-Continuous 19% 60 114 5 11,268 | $ 804,535 | $§ (7,128,965)

Nighttime 12% 60 7.2 $ 161 | $ 10,819 | $ (7,922,681)

Table 6. Estimated Impact of Increased Project Duration on NOx Emissions.

Consctonsetegie | Eeet | Dowior T oy Dy NOx T ToulOx T Bl

Base 0 60 0 226 13,574 -
Delayed Continuous 5% 60 3 238 15,018 1,444
Partial Delay 10% 60 6 227 14,987 1,413
Non-Continuous 19% 60 114 231 16,472 2,898
Nighttime 12% 60 7.2 244 16,375 2,801

SAMPLE PROBLEM 2 - IMPACT OF SCHEDULE OR NUMBER OF LANES CLOSED
IN WORK ZONE

One application of the results of this project may be to make comparisons of the relative
impact of schedule alternatives or number of lanes closed in the work zone with respect to road
user cost and emissions. For this example, consider a project in Dallas involving a medium
volume, four-lane section roadway. Suppose the construction work will require two lanes of the
four-lane section to be closed for the work zone. Figure 7 can be utilized to determine the
approximate road user costs associated with each of the construction schedules. Figures 8
through 10 can be utilized to determine the impact on emissions. The results of the comparison
between several schedules (base, Dallas [construction delayed until 10:00], and overnight) are
summarized in Table 7. With respect to road user cost, the overnight schedule incurs the lowest
cost due to the low volumes associated with nighttime and early morning conditions, while the
Dallas and base schedules incur higher costs, as more vehicles are impacted by the work zone.

Table 7. Impact of Schedule on Daily Road User Cost and Emissions.

Measure Schedule

Base (Off-Peak) Dallas (Off-Peak) Overnight
Road User Cost ($/day) 170,805 69,189 175
CO (g/day) 725,485 638,235 579,216
VOC (g/day) 105,231 95,410 83,565
NOx (g/day) 227,074 234,519 269,565
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Task 6: Contribution of Vehicular Emissions Caused by
Reduction in Capacity during Roadway Construction

Emissions Tables and Graphs
Road User Cost Tables and Graphs
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