Name of Report or Proposal (if desired)


Evaluating Freight Mobility on a Regionwide Basis Using EMME/2 – Freight Action Strategy (FAST) Truck Model for Puget Sound Region

submitted for the

16th International EMME/2 User’s Group Conference

Albuquerque, New Mexico, March 18-20, 2002

submitted by

Arun R. Kuppam

Cambridge Systematics, Inc.

225 S. Rio Vista Street #3

Anaheim, California  92806

t  714 630 7573   f  714 630 7050

Affiliate Office:

1300 Clay Street, Suite 1010

Oakland, California  94612

t  510 873 8700   f  510 873 8701

E-mail:  akuppam@camsys.com

Maren L. Outwater

Cambridge Systematics, Inc.

3239 198th Place S.E.

Sammamish, Washington  98075

t  425 837 1450  f  425 837 1449

Affiliate Office:

1300 Clay Street, Suite 1010

Oakland, California  94612

t  510 873 8700  f  510 873 8701

E-mail:  moutwater@camsys.com

Evaluating Freight Mobility on a Regionwide Basis Using EMME/2 – Freight Action Strategy (FAST) Truck Model for Puget Sound Region

(
Abstract

The Freight Action Strategy (FAST) Truck forecasting model has been developed for the Washington State Department of Transportation (WSDOT) to provide an analytical basis for evaluating the benefits of transportation investments that impact the movement of goods throughout the four-county Puget Sound region in the state of Washington.  In this study a truck is defined based on relative weight classes and separates light, medium, and heavy trucks for analysis purposes.  The development of the truck model was based on using different forecasting methods for internal and external truck trips, because the fac​tors that influence these truck trips are very different.  In the case of the external trips, the Reebie TRANSEARCH database on commodity flow was used to capture all the external truck movements in and out of the region.  In the case of the internal trips, truck trips are affected primarily by employment growth factors within the region borders.  Several sources of truck travel surveys were used to establish trip rates and construct the internal truck trip tables.

The FASTruck forecasting model was developed using a base year of 1998 and a forecast year of 2020.  The truck model is developed to be consistent with the Puget Sound Regional Council’s (PSRC) travel demand model (for passenger travel) by using the same socioeconomic and network input data and similar software for implementation (EMME/2).  The truck model uses PSRC’s passenger travel demand model network, which has been refined to reflect truck priority routes and truck prohibitions.  Five alternate model runs were considered for the forecast year.

A multi-class assignment procedure was adopted to achieve an equilibrium assignment in which five classes of modes (single-occupancy vehicle (SOV), high-occupancy vehicle (HOV), light, medium, and heavy trucks) use the network differently.  The volume-delay functions were varied based on functional classification, as well as the mode of travel.  In addition to this, medium and heavy truck speeds were set lower than auto speeds on freeways.

In order to assess and evaluate alternative strategies for improving freight mobility for the region’s truck activity, a set of performance measures was established.  This includes ‘delay’ measured by the difference between congested vehicle hours and free-flow vehicle hours on a systemwide basis.  The second performance measure ‘accessibility’ is meas​ured in terms of lane miles of facilities.  ‘Safety’ related issues are captured in a separate performance measure where three primary types of accidents (fatalities, injury, and prop​erty damage) are assessed.  The fourth performance measure was ‘emissions’ by type, such as hydrocarbons and reactive organic gases, carbon monoxide, and nitrous oxide emissions.  The final performance measure is reliability, which measures the freeway vehicle hours of delay.

This study demonstrated the capabilities of EMME/2 in performing a complex multi-class assignment with class-specific volumes, and its integration with Intelligent Transportation System (ITS) Deployment Analysis System (IDAS) in evaluating various performance measures.  It also showed that the freight forecasting tool developed in this study can be used effectively in evaluating alternative strategies and projects focused to improve freight mobility on a regionwide basis.

Keywords:  Freight Mobility, Truck Model, Multi-class Assignment, Freight Forecasting, Performance Measures, IDAS.
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· Background

FAST is a corridor plan focused to identify projects that are designed to make local rail and road traffic better and maintain the state’s competitive edge.  FAST has succeeded in demonstrating benefits locally, regionally, statewide, and nationally – attracting local, regional, state, federal, and private funding when many other ready-to-go projects have not budged from blueprints.  It is proving to be a model for results-oriented planning based on broad-based partnerships, including government and business.  Yet FAST remains a glass half full, $200 million short of what is needed to complete a $470 million investment in all 15 Phase I projects.  FAST projects are a key to the freight component of Destination 2030, the region’s comprehensive long-range transportation plan.

Over the past decade, freight transportation has played a critical role in the regional eco​nomic growth and development in the United States.  Hence, there is an increasing urge for the integration of freight demand models in regionwide transportation planning proc​esses.  The FAST Corridor Phase II planning has funded the development of FASTruck forecasting model that has been developed to provide an analytical basis for evaluating the benefits of transportation investments that impact the movement of goods throughout the four-county Puget Sound region in the state of Washington.

(
Introduction

The primary objective of this study is to develop a freight forecasting model that will fore​cast truck trips by gross vehicle weight (GVW) type (light, medium, and heavy), so that different methods can be applied to each truck type.  This will also have the advantage that strategies can be evaluated based on how they affect different truck types.  It is also intended to evaluate the freight market segments in Puget Sound and identify the freight drivers and corresponding data that may be used to analyze these market segments.

Out of the several data sources that were explored for this study, two databases were pri​marily used to build the external truck trip tables:  1) the Reebie TRANSEARCH database on commodity flow and 2) the national Vehicle Inventory and Use Survey (VIUS).  The internal truck trip tables were constructed based on the Quick Response Freight Manual (QRFM) trip rates by employment category and truck type.

The remainder of this paper is organized as follows.  The next (or fifth) section provides a brief review of various data sources and their uses in this study.  The sixth section furnishes the building process of internal and external truck trip tables for this model.  The seventh sec​tion of the paper focuses on the development of the model and its forecasting capabilities using multi-class assignment techniques.  This section is followed by a description of vari​ous performance measures intended to evaluate different future year model alternatives.  This section also presents the results from various future model runs with regard to dif​ferent performance measures.  The alternative model runs are compared against the future baseline model and the impacts of various improvements within each alternative are assessed.  Finally, conclusions and implications of the findings for freight planning prac​tice are discussed in the final section of the paper.

(
Data Description

PSRC’s Current Travel Demand Model

The PSRC’s current passenger travel demand model, which is an EMME/2 model, is adopted for this study to analyze current and future freight transportation flows across the Puget Sound region.  The current travel demand model is a four-county model com​prising of 215 forecast analysis zones and 850 traffic analysis zones.   The base year of this model is 1998, and this was the most recent model while conducting this study.  There are four iterations of feedback loop between the trip assignment model and the trip distribu​tion model to equilibrate travel times between these models.  The highway travel time is the variable that is fed back into the trip distribution model following each of four itera​tions of the trip assignment model.  There is no separate feedback to the mode choice model, but this model is run during each of the four iterations of the feedback to trip dis​tribution and will, therefore, provide different results based on these updated highway travel times.  The initial assignment in each of the new base years and in each forecast year is based on the most recent highway network from a previous year. There are six model components within the travel demand forecasting models, representing what is com​monly called the four-step planning process.  The four-step process includes trip genera​tion, trip distribution, mode choice, and trip assignment.  The two additional steps in the PSRC travel demand forecasting process are the vehicle availability model and the time-of-day model.  However, for the development of the truck model, only three modeling steps are used – trip generation, trip distribution, and trip assignment – explained in more detail in the following sections.

Reebie TRANSEARCH Commodity Flow Data

The Reebie TRANSEARCH commodity flow data is used for the development of external truck trip tables as explained in the next section.  The TRANSEARCH commodity flow data is provided as a proprietary product of Reebie Associates, based on multiple public and private sources of information on national and international commodity flows by all travel modes.  Econometric models are also employed to project existing flows to a num​ber of future forecast years.  Reebie Associates tailors their data to each purchaser with respect to the zone system, commodity classification system and base and forecast years used.  The smallest geographic units for which data are provided are typically counties.  Outside a purchaser’s study area, the flows are typically aggregated to states or multi-state regions.  Flows are expressed in tons per year.  Information on flows is provided for both truck and non-truck modes; the modes used for flows by truck include truckload, less than truckload, and private carriers.  These distinctions are included primarily to reflect the various data sources used by Reebie Associates, although they are also useful in detailed models of truck trips involving terminal operations and local pick-up and distri​bution operations.

The TRANSEARCH data obtained by the Washington State Department of Transportation (WSDOT) has a base year of 1997, and a forecast year of 2020.  It is provided for 17 origins and destinations, representing seven counties in Washington state, including the four PSRC counties, five additional areas covering the remainder of the State of Washington, four multistate regions for the remaining contiguous states, and a final area consisting of all of Canada.  Commodity flows are provided for 37 Standard Transportation Commodity Classifications (STCCs).

The strengths of the TRANSEARCH data set are that it represents the best available esti​mate of flows by all commodities and all modes for all of North America.  It provides a reasonable estimate of long-distance truck trips that primarily involve heavy combination vehicles.  Its limitations for a regional study, such as FAST, are that it does not provide detailed information at the level of traffic analysis zones or information on local distribu​tion activities; in addition, it requires additional processing and supplemental data to con​vert annual tonnages to truck trips.  Also, the TRANSEARCH data does not include information on the many truck trips in a metropolitan region, which do not involve com​modity movements, such as the trips made by service vehicles.  Within a metropolitan region, the TRANSEARCH data set may represent as little as five to 10 percent of total commercial vehicle trips.

The Reebie tonnage by commodity is converted to truck trips by GVW category using payload factors, which are developed using the VIUS data.

Vehicle Inventory and Use Survey (VIUS)

VIUS, formerly known as the Truck Inventory and Use Survey (TIUS), is a sample survey of private and commercial trucks registered (or licensed) in the United States as of July 1st of the survey year.  It is used to measure the physical and operational characteristics of the nation’s truck population.  The latest VIUS data are for 1997.  VIUS excludes vehicles owned by federal, state, or local governments; ambulances; buses; motor homes; farm tractors; unpowered trailer units; and trucks reported to have been sold, junked, or wrecked prior to July 1st of the year preceding the survey.  The 1997 VIUS U.S. Summary contains comparative data for 1992 and 1997, and also contains 1997 data for trucks by truck type and truck miles by truck type.  This data contains microdata (unaggregated records for individual responses) for all 104,545 records in the 1997 VIUS.  Each record contains 202 data items that describe a truck’s physical and operational characteristics, as collected by the VIUS.  However, the VIUS does not collect data about a truck’s daily mileage or trip activity. Data collected by the VIUS include estimates for a truck’s annual miles for 1997 and lifetime miles.  Each record indicates the state in which the truck is registered, the state in which the truck is based, whether the home base is inside or outside a metropolitan statistical area (MSA), and the percent of mileage traveled in vari​ous distance ranges from the home base.

The VIUS data set does not provide information on individual trips, such as origins and destinations.  Instead, each record contains information on the home base for a vehicle and its typical operations over the year – the percentage of usage within five distance catego​ries from the home base (less than 50 miles, 50 to 100 miles, 100 to 200 miles, 200 to 500 miles, and greater than 500 miles) and the typical commodities carried.  Trucks are identified by gross vehicle weight and by type of usage (truckload or less than truckload shipments).  Their typical commodities are coded by two-digit STCC code.

At the national level, the VIUS data set provides a large sample that can be used to deter​mine average payloads by commodity, operating radius, by vehicle size, and by type of truck usage.  This information is useful for application to long trips (greater than 200 miles), since these are typically interstate movements.  For shorter trips beginning or ending in the PSRC region, average payloads can be estimated from only those vehicles based in Washington State, since few interstate trips will be included in these distance classes.  Because the VIUS data set does not provide origin and destination information, it cannot be used to provide the type of sample of truck trips required for truck model development in the PSRC region.  However, for our analyses, we used the payloads for the state of Washington, because most of the truck movements happen through the PSRC region.

(
Truck Trip Tables

There are three different types of trucking activity in the Puget Sound region that warrant different forecasting methodologies to best address the uniqueness of each type of activity.  These are:

1. Local delivery trucks;

2. Short-haul, long-haul trucks, and through trucks; and

3. Special generator trips, including short- and long-haul trips for transfer facilities and intermodal terminals (ports, airports, and rail yards).

Three truck types were defined to support the FASTruck model: light, medium, and heavy trucks.  While these definitions rely primarily on weight, these categories are also loosely correlated to other defining characteristics of trucks for other purposes.  The vali​dation data (truck counts) are provided only in terms of medium or heavy categories.  The origin-destination survey
 collected number of axles, number of tires, and truck/trailer types, but no weight class.  The QRFM uses truck/trailer type categories.  In order to cor​relate these various datasets, the following general categories of trucks have been identified:

· Light trucks are defined as four or more tires, two axles, and less than 8,000-pound gross vehicle weight;

· Medium trucks are defined as single-unit, six or more tires, two to three axles, and 8 to 28,000-pound gross vehicle weight; and

· Heavy trucks are defined as double or triple-unit, combinations, four or more axles, and greater than 28,000-pound gross vehicle weight.

In these definitions, the medium trucks are directly correlated to single-unit trucks col​lected in the WSDOT truck counts, and heavy trucks are directly correlated to double and triple-unit trucks in the counts.  The truck counts do not separate light trucks from pas​senger cars, so there is no truck count data available for validating the light trucks in this model.
   Light trucks have been included in this analysis primarily, so that all vehicles are represented in the traffic assignments.

Local trips that are internal to the four-county region (internal-internal (I‑I)) can be made by all types of trucks and varies by type and magnitude of employment within the region.  On the other hand, trips that are external to the region (external-internal (E‑I), internal-external (I‑E) and external-external (E‑E)) typically have longer distances and are gener​ated primarily by heavy trucks.

Local Delivery Trips

Local delivery trucks or I‑I truck trips are estimated based on the QRFM truck trip rates by employment category as shown in Table 1.  It also provides trip rates for smaller trucks (four-tire vehicles) that provide a trip rate for households as well.  Given the increase in e‑commerce and local deliveries to households, this additional truck trip rate is also 


Table 1.
Production and Attraction Truck Trip Rate Analysis by Truck Type
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considered in addition to employment-based trip rates.  The computed truck productions and attractions by truck type are then calibrated based on adjustment factors to reflect the observed truck activity in the region.

Trip distribution of these trips are developed using a traditional gravity model method.  This method uses a function of travel time, cost and distance to determine the minimum path for each truck trip.  The truck trip length frequency distributions are compared to the Eastern Washington Intermodal Transportation Study (EWITS) data for the Puget Sound region.  The gravity model functions are then calibrated to produce reasonable trip length distributions.

Short-Haul, Long-Haul, and Through Trips

Short-haul, long-haul, and through trips are developed using commodity flow data from Reebie to assess the commodity flows between the four counties in the region and from the four-county region to all external locations.  These data are refined in two areas:

1. The external regions are aggregated to provide logical flows on major facilities into and out of the region.

2. The internal destinations are allocated to traffic analysis zones to allow for traffic assignment of these truck trips.  These allocations are based on associating industry groups (using STCC) with employment categories (based on Standard Industrial Classifications (SIC)).  The Heavy-Duty Truck Model and VMT Estimation project for SCAG is one example of where this has been done before.
Commodity flows are then converted to truck trips using commodity-specific average truck payloads for short-haul, long-haul, and through trucks developed from data in the 1997 VIUS for the state of Washington.  This procedure also includes converting annual commodity flow data to daily truck trips by using a factor of 264 days.  Additional stratifi​cation to identify time of day issues will be considered as part of the approach in future efforts.

In all, three external trip tables comprising of heavy-truck trips are produced, namely, I‑E, E‑I, and E‑E.  These trip tables are then added to the heavy-truck trip table from the I‑I trip generation explained in the previous section.

Special Generator Trips

Special truck trip generators are developed for those facilities that cannot be adequately modeled with the above methods.  The following special generators are included in the heavy-truck trip generation procedure:

· Ports of Seattle and Tacoma;

· SeaTac Airport;

· Rail yards, such as in south Seattle, the BN yard, and the Argo yard; and

· Garbage transfer facilities, such as Rabanco in south Seattle and Everett and the UP Argo Yard.

Data for these special generators were derived from various existing data sources, including the PSRC reports, the Port of Seattle Access Duwamish Study, and the Port of Tacoma Tideflats Study.  The trucks coming out of and going into these facilities are typically heavy trucks, and are included in the heavy-truck trip tables.

(
Trip Assignment

Overall, three truck trip tables, namely, light, medium, and heavy are developed to be assigned to the network separately.  Before the assignment procedure, these trip tables are converted to passenger car equivalents (PCE), so that drive alone and carpool modes can also be assigned simultaneously using a multi-class assignment procedure.  The PCE fac​tors used for light, medium, and heavy trucks are 1.5, 2.0, and 2.5, respectively.  The drive alone and carpool vehicle trip tables are developed as part of the passenger travel demand model.  So in all, five classes of vehicles are assigned to the network corresponding to daily base year model.

Before running the assignment, a truck priority network is developed as a layer on the highway network.  The truck priority system is intended to reflect the common perception of truck drivers in terms of travel time and cost when using the region’s transportation system.  Five classes or priority levels are identified:  1)  highest priority, 2) medium pri​ority, 3) lowest priority, 4) prohibited routes, and 5) remaining roadways.  The highest-priority roadways are typically the busy freeway and expressway corridors by which most of the medium and heavy trucks pass through the region.  The medium- and lowest-priority roadways are some of the state highways and major arterials, and the prohibited routes are those highway segments on which medium and heavy trucks are not allowed.

The volume-delay functions, which are link specific, are defined in such a way that the priority of trucks choosing a highway segment is reflected or taken into consideration.  The links specific to the highest-priority levels are treated as freeways and the volume-delay function is as shown below:

Fd1 = ul2 * (1 + 0.15 * (0.08 * volau / (lanes * ul1)) ^ 4)

The volume-delay functions for medium and lowest priority level network links are defined below:

Medium priority:

Fd2 = ul2 * (1 + 0.15 * (0.08 * volau / (lanes * ul1)) ^ 10)

Lowest priority:

Fd3 = ul2 * (1 + 0.15 * (0.08 * volau / (lanes * ul1)) ^ 15)

Where ul2 is the free-flow travel time and ul1 is the lane capacity.

The steeper volume-delay curves for medium- and lower-priority truck routes tend to deviate trucks from these routes if they are congested.  For the remaining roadways, the volume-delay functions are defined based on the facility type of the link.

The physical characteristics of medium and heavy trucks are significantly different from other highway modes of travel that they are subjected to different, but lower traffic flow parameters, such as speed, visibility, design speed limits on freeways, lane switching abil​ity, and turning capabilities on freeways and on-ramps.  Hence, as a part of the multi-class assignment procedure, medium- and heavy-truck congested travel times are penalized by 20 percent on freeways.  This is accomplished by running the assignment twice.  First, running the assignment in such a way that class-specific volumes are stored in different extra attributes and the order of assigning traffic is drive alone; carpool; and light, medium, and heavy trucks.  Second, the congested travel times of medium and heavy trucks on freeways from the previous assignment are stored in an extra attribute to use it as an attribute containing fixed-link costs in the second assignment.  A weight factor of 0.20 (or 20 percent) is used for fixed-cost attribute for medium and heavy truck classes.  By this way, an extra 20 percent is added to the medium- and heavy-truck travel times on freeway links to reflect lower speeds than autos and light trucks.

Model Validation

The FASTruck Model was validated across four criteria to ensure that the model provided reasonable results for different purposes.  The truck volumes are generally smaller than for passenger models, so percent differences in volumes can be higher than are generally expected in passenger models when the absolute differences are reasonable.  General rules of thumb for validating models across different criteria are that summary statistics fall within +/-10 percent when comparing observed volumes to model volumes.  A summary of the model validation results are as follows:

· Model volumes by truck type compared to truck counts are well within acceptable ranges of accuracy and were used to develop adjustment factors needed for the trip generation rates.  Light trucks are not included in this validation analysis, because there were no light truck counts available.  Average daily traffic comparisons are pro​vided to ensure that the combined truck and passenger traffic assignment is producing reasonable results.

· Model volumes by functional class compared to truck counts are also well within the 10 percent target by functional class.  FHWA targets
 for passenger models are +/‑7 percent for freeways, +/‑10 percent for major arterials, +/‑15 percent for minor arte​rials, and +/‑25 percent for collectors.  There were no truck counts available for minor arterials and collectors.

· Model validation by traffic count source reflects that the truck model typically over-estimates locations, where specific truck counts were collected for studies (such as those collected by Heffron Transportation and Transystems and under-estimates loca​tions where truck counts were part of the overall vehicle classification process (such as those collected by the DOT).  These differences are not significant, but could be reviewed in the future when additional counts become available.

· Average volumes along each route had validation targets of either +/‑3 percent difference in percent trucks or +/‑500 trucks per day, whichever is lower.  Given these criteria, there were 25 state routes that met the target out of a total of 33 state routes, for a total of 76 percent of individual routes meeting these targets.  Some passenger models use a 75 percent target for individual link locations that meet the validation criteria, and this model would meet that goal.

(
Evaluation of Performance Measures

In order to determine the relative effectiveness of different strategies and projects in improving system performance, five key performance attributes of the truck-freight sys​tem are identified that focus on regional planning goals and objectives: 1) delay, 2) accessibility, 3) safety, 4) environmental impacts, and 5) reliability-based performance measures.  All, but safety and environmental impacts, are not measured by EMME/2.  Hence, we integrated IDAS with EMME/2 to compute safety and emissions of various classes of modes.

This section summarizes the performance measures for 1998 baseline, 2020 future baseline, five 2020 alternate model runs, and one ‘no build’ model.  The performance measures for 1998 baseline are for information only, whereas the 2020 future baseline performance measures are used for comparison with that of the five 2020 alternate model runs and a 2020 ‘no build’ model run.  Hence, the 1998 model will not be used in the comparisons of the alternative model runs, because it is too difficult to separate the growth-related impacts from the transportation investment-related impacts.  The 2020 ‘no build’ model is also included in the results of comparison just for informative purposes.
Model Run Information

In all, five alternate 2020 model runs were considered for this study.  These were defined to reflect freight mobility strategies, rather than actual projects.  To that end, prototype projects were identified that achieved specific freight mobility goals.  The following identi​fies the characteristics of the five alternate model runs:

· The first model run (Alternative #1) was with regard to the ‘operational’ improvements of facilities, such as upgrading arterials to freeways, interchange improvements, and capacity improvements for trucks.

· The second model run (Alternative #2) was more ‘infrastructure’ related like adding general purpose lanes, truck only lanes, freeways, and so on.

· The third and fourth model runs (Alternatives #3 & #4) involved adding ‘truck only lanes’ along the I‑405 and I‑5 corridors, respectively, from Lynwood to Tukwila.

· The fifth model run (Alternative #5) was to see the impacts of ‘changes in land use’ for the 2020 future baseline scenario.

In addition to these five alternate model runs, another model run called ‘no build’ was also performed.  This model run was intended to capture the freight mobility in the year 2020, with no improvements made to the 1998 network.

Delay

Delay is measured by the difference between congested vehicle hours and free-flow vehi​cle hours on a systemwide basis.  This performance measure is also captured by com​puting delay in travel time on eight specific routes considered strategic for truck mobility.

The comparison of systemwide delay hours between 2020 future baseline scenario, 2020 future no-build, and the five alternate model runs is presented in Figure 1.

· In general, there is a decline in the vehicle hours of delay for autos and trucks due to the increased capacity in Model Runs 1 through 4.

· Alternative 2 shows the greatest decline in vehicle hours of delay for all the modes of travel, with the greatest decrease in delay for medium and heavy trucks.  This is most likely due to the added truck-only lane on SR 167.  The truck-only lane on I‑405 in Alternative 3 also showed decreases in delay hours for trucks, but are not as signifi​cant as in Alternative 2.

· In Alternative 4, where a truck-only lane is added on either side of I‑5 corridor, the vehicle hours of delay for light trucks increase by about six percent, while the delay for medium and heavy trucks decrease significantly.  This is because there is more con​gestion on I‑5 to begin with and the increased capacity for trucks on I‑5 is attracting more truck traffic on to it.  Also, light trucks are delivery or pick-up trucks, which travel extensively on non-freeways where little or no improvements are made.

· In Alternative 5, shifting of land uses in the 2020 future baseline scenario made very little impact in terms of total vehicle hours of delay, but shifted vehicle hours of delay from trucks to autos.
Figure 1.
Percentage Change in Vehicle Hours from 2020 Future Baseline
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· Overall, it is found that adding truck-only capacity can provide benefit to all vehicles, but adds more benefit to trucks, as expected, than alternatives aimed at adding general purpose capacity.  Medium and heavy trucks benefit from capacity improvements on freeways more than light trucks, since they use the freeway system more than light trucks do.
Table 2 presents the travel times on eight specific routes for 1998 and 2020 future baseline model runs.  In each case, the delay increases from 1998 to 2020; in some cases, by a sig​nificant amount (153 percent for the I‑90/SR 18 to Bremerton travel time).  This means that the future baseline does not adequately address congestion for trucks with current proj​ects.  These increases are also greater for longer distances, indicating that congestion is increasing in all corridors rather than in isolated corridors.

Figure 2 presents the travel time comparisons for each alternative and the 2020 future baseline scenario.  The following summarizes these results:

· Overall, it is found that improvements in Alternatives 1 and 3 mitigate congestion of truck traffic to a greater degree than the other alternatives in the selected corridors.

· However, the truck model predicts an increase in delay for the case of Route G that traverses through the freeways I‑5, I‑405, and SR 167.  In every alternative, there is more truck traffic being attracted on to these facilities due to improvements and/or 


Table 2.
Travel Times for Trucks (1998 and 2020 Baseline)

Route
1998
2020
Delay
Percent Change


Congested
Free-Flow
Congested
Free-Flow
1998
2020


A
60.60
43.37
69.51
42.83
17.23
26.68
55%

B
26.71
23.96
28.28
23.23
2.75
5.05
84%

C
67.16
49.36
77.80
49.52
17.80
28.28
59%

D
112.50
77.98
163.60
76.23
34.52
87.37
153%

E
104.30
61.58
127.10
61.67
42.72
65.43
53%

G
29.79
22.73
31.82
22.73
7.06
9.09
29%

J
66.58
34.29
85.38
34.29
32.29
51.09
58%

K
84.48
48.76
104.1
48.76
35.72
55.34
55%

Note:
The following describes the travel time routes chosen for this analysis:  A – I-90/SR 18 Interchange to I‑5/Port of Tacoma Road Interchange; B – I‑90/SR 18 Interchange to Royal Brougham Way/First Avenue S; C – I‑90/SR 18 Interchange to SR 529/Marine View Drive; D – I‑90/SR 18 Interchange to Bremerton Naval Shipyard; E – I‑5/SR 2 Interchange to I‑5/SR 16 Interchange; F – Same as Route E, not used; G – Royal Brougham Way/First Avenue intersection to SR 181/SR 516 intersection in Kent via I‑5, I‑405 (new extension included in Run #2), and SR 167; H – Same as Route G, not used; I – Same as Route G, not used; J – I‑405/8th Street Interchange to I‑5/Port of Tacoma Road Interchange; and K – I‑405/I‑5 Interchange (Lynwood) to I‑5/Port of Tacoma Road Interchange.

Figure 2.
Percent Change in Travel Times for Selected Origins and Destinations
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changes in land use and this causes the delay hours to be higher than that of 2020 future baseline scenario on this route.  While this fact may seem counter-intuitive (add improvements to the system and incur higher delay hours), the absolute difference in travel times for this route is very low (one to four minutes) and the improvements allow more trucks to be served.

· In Alternative 2, the percent change in delay on Route E is positive, indicating more congestion of truck traffic on this specific route.  The plausible reasons for this is that conversion of the HOV lanes on I‑5 to general-purpose lanes attracts more vehicles of all types to this corridor.  It is also noted that systemwide improvements to facilities make only a marginal difference in travel times on this route, because it is a very long route.

Accessibility

One of the measures for accessibility is lane miles of facilities that are identified as truck routes.  We have included three categories of truck routes in the FASTrucks model:  1) high, 2) medium, and 3) low priority.  From the 1998 to the 2020 future baseline model, there is a total increase in lane miles of 12 percent.  In the highest priority truck corridors, there is an increase of 17 percent; and, in the medium priority truck corridors, there is an increase of 16 percent.  This indicates that the majority of transportation investments (almost two-thirds) are serving the priority truck routes.  The number of truck lane miles added is shown in Figure 3.

· In Model Runs 1 through 4, there is an increase of high-priority truck corridors as a result of addition of freeway lane miles and truck-only lane miles.

· In Model Runs 1 and 2, there is an increase of medium-priority truck corridors as well due to the improvements made to some of the arterials and state highways.

· Model Run 5 has the same number of lane miles as that of 2020 future baseline as this run involved only shifting of land uses.  Similarly, no-build scenario has the same number of lane miles as that of 1998 baseline scenario.

Safety

Figure 4 presents the number of accidents by type for cars and trucks.  On average, acci​dents increase 36 percent over the forecast year time period, with autos and light and medium trucks increasing at approximately the same rate.  Both heavy trucks and high-occupancy vehicles (HOVs) increase at rates much higher than the average, probably because of an increase in accidents on freeways due to increased congestion on these facilities.

Figure 3.
Number of Truck Lane Miles added to the 2020 Future Baseline


[image: image4.wmf]0

10

20

30

40

50

60

70

80

1=Highest Priority

2=Medium Priority

3=Lowest Priority

5=Remaining Roadways

Truck Network Category

Truck Lane Miles Added

Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5


Figure 4.
Change in Total Number of Accidents from 2020 Future Baseline
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· The alternate model runs made little or no impact on the number of fatalities for each and every market sector.

· In Model Runs 1, 2, and 4, the number of injury-related accidents increases by a slight margin when compared to that of 2020 future baseline scenario.  This is due to the increase in the number of lane miles, which induces more vehicle miles traveled (VMT), and, hence, causes more accidents.

· Similarly, the number of property damage only (PDO) type of accidents also increase in Model Runs 1, 2, and 4 due to an increase in VMT.

· In Model Run 3, there is a small decrease in the injury-related accidents, which can be attributed to a lesser increase in lane miles when compared to Model Runs 1, 2, and 4.  This result further corroborates the benefits of improving the I‑405 corridor from Lynwood to Tukwila.

· On similar lines, the number of PDO accidents in Model Run 3 also declined by a small percentage, because the truck-only lanes along I‑405 corridor isolated most of the truck traffic from the main stream.

· As observed before, there is little impact on the number of accidents as well when the land uses are shifted around.

Environmental Impacts

Table 3 presents emissions by type.  Hydrocarbons (HC) and reactive organic gas (ROG) emissions increase very little over time (two percent), while carbon monoxide (CO) and nitrous oxide (NOx) emissions increase approximately 15 percent over the forecast time period.  In the case of HC, ROG, and CO, the medium-duty trucks increase more than light or heavy and, in the case of NOX emissions, heavy trucks increase more than light or medium.

· Overall, it is observed that there is a decline in the amount of emissions of every type in each of the alternate model runs.  This is consistent with the percentage change in delay documented earlier in this report.  On a systemwide basis, it is found that con​gestion decreases causing an increase in speeds, which, in turn, drives emissions to drop.

· At a disaggregate level, HC, ROG, and CO emissions increase in Model Run 4 for light trucks, which is pretty consistent with the percentage change in delay.  This is because the I‑5 corridor is a major truck corridor running from north to south across the Puget Sound Region, and, hence, is always congested.

Table 3.
Emissions by Type and Vehicle Class (1998 and 2020 Baseline, and Alternative Model Runs)


Auto
Light Trucks
Medium Trucks
Heavy Trucks
Total Vehicles

Hydrocarbon and Reactive Organic Gases Emissions (tons)

1998 Baseline
118.97
19.84
5.06
3.49
147.37

2020 Baseline
128.55
23.30
5.99
3.89
161.74

2020 Model # 1
126.11
22.48
5.78
3.80
158.17

2020 Model # 2
126.51
22.76
5.78
3.77
158.82

2020 Model # 3
126.18
22.65
5.91
3.83
158.56

2020 Model # 4
126.18
23.74
5.91
3.82
159.65

2020 Model # 5
127.81
23.18
6.01
3.93
160.93

1998 No Build
187.43
34.66
9.22
5.91
237.21

Carbon Monoxide Emissions (tons)

1998 Baseline
712.92
128.17
32.64
24.75
898.49

2020 Baseline
953.32
183.69
47.16
31.39
1,215.55

2020 Model # 1
935.99
174.77
45.24
31.83
1,187.82

2020 Model # 2
931.64
177.29
45.37
30.36
1,184.67

2020 Model # 3
929.28
177.81
46.42
30.85
1,184.35

2020 Model # 4
928.28
184.22
46.30
30.74
1,189.54

2020 Model # 5
947.66
182.86
47.32
31.64
1,209.49

1998 No Build
1,143.79
227.47
60.27
42.75
1,474.28

Nitrous Oxide Emissions (tons)

1998 Baseline
150.02
30.67
7.57
6.27
194.54

2020 Baseline
172.73
35.47
8.82
7.54
224.57

2020 Model # 1
172.41
35.15
8.77
7.86
224.19

2020 Model # 2
172.06
35.27
8.77
7.49
223.59

2020 Model # 3
171.99
34.88
8.75
7.48
223.09

2020 Model # 4
171.71
35.38
8.78
7.49
223.37

2020 Model # 5
172.11
35.38
8.89
7.61
223.99

1998 No build
206.05
43.18
11.02
9.33
269.58

The addition of truck only lanes benefits the medium and heavy trucks as these trucks are mostly traveling long distances on major freeways and truck-only lanes.  On the other hand, light trucks are mostly pick-up/delivery kind of trucks, which also travel on non-freeways to a large extent, and, hence, probably get congested at the access/egress points on the major truck corridors.

· There is an increase in NOx emissions for autos and HOVs, because the speeds are considerably improved in the alternate model runs due to reduced congestion; and NOx emissions are always higher at higher speeds.

· A small impact on emissions is observed for Model Run 5 due to shifting of land uses and is consistent with the percentage change in delay.

Reliability

The reliability performance measure identified for forecasting purposes was the freeway vehicle hours by vehicle class.  This measure would indicate that, as delay on the freeway increases, the overall reliability of the system would tend to decrease.  Since this summary is for freeways only, all vehicle classes are impacted by about the same proportion.  Figure 5 presents the freeway vehicle hours by vehicle class for each alternative.

Figure 5.
Percentage Change in Delay on Freeways from 2020 Future Baseline
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· Overall, the reliability of the system increases as the total percentage change in delay on freeways improves significantly across all the alternate model runs.

· The performance of HOVs on freeways in Model Runs 1, 2, and 4 deteriorates, because an increase in capacity for trucks attracts lot of truck traffic on to the freeways, forcing HOVs out of the mainstream to the HOV-only lanes and causing significant amount of congestion.

· The percentage change in delay on freeways for light trucks in Model Run 4, which involves addition of a truck only lane on either side of I‑5, increases significantly.  The probable reasons are that I‑5 is a busy truck corridor, and, hence, addition of truck-only lanes attracts a significant portion of truck traffic running along the corridor.  In the process, this causes a significant amount of delay of trucks at the access and egress points on the I‑5 truck corridor.  This phenomenon mostly affects light trucks as they, by nature of their functionality, enter and exit the I‑5 corridor more number of times than medium and heavy trucks.

· A small decline in the performance of medium and heavy trucks on freeways is also discerned in Model Runs 2 and 3.  This is attributable to the increase in lane miles, especially truck-only lane miles, which creates more opportunities for truck traffic on the major truck corridors like I‑5, I‑405, SR 167, and SR 520.  This further seems to be leading the performance of medium and heavy trucks to a decline by a small amount.

· The performance of all modes on freeways improves in Model Run 5, which is just due to shifting of land uses.

(
Conclusions

The FASTruck Forecasting Model produces reasonable estimates of truck traffic for select locations in the Puget Sound region.  The basis for the model is sound, but it is recom​mended that the number of count locations available for validation be expanded before forecasts are used to evaluate projects.  Some truck counts for light trucks would be neces​sary before these estimates are used in evaluation.  Light trucks were included in this evaluation primarily to ensure that all trucks were represented and that congestion levels were accurate.

The evaluation of five forecast year scenarios and a future baseline, as well as a future no-build, produced reasonable and generally expected results.  There were some surprises, primarily in areas where the results prompted further thinking regarding the expecta​tions.  The forecasts were completed primarily as a test of the reliability and accuracy of the tool for future analysis of freight mobility projects.  As such, the projects tested were primarily prototypes of expected freight mobility strategies, rather than being actual freight projects that are being considered for implementation.  The results of the evaluation of the performance measures indicated that the tool can be useful to evaluate freight projects and that priorities for these freight projects can be reasonably set based on the results, recognizing the limitations of the model imposed by the limited truck counts available for model validation.

(
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Data

		Delay

		Percent Change		Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-14%		-15%		-3%		-2%		-14%		Run #1 to 2020 Base

		Alternative #2		-6%		-5%		3%		3%		-5%		Run #2 to 2020 Base

		Alternative #3		-14%		-5%		2%		0%		-10%		Run #3 to 2020 Base

		Alternative #4		-12%		16%		0%		-1%		-3%		Run #4 to 2020 Base

		Alternative #5		-5%		-5%		-15%		-10%		-5%		Run #5 to 2020 Base

		No Build		11%		13%		37%		43%		13%		NO BUILD to 2020 Base

		Travel Times for Trucks

				A		B		C		D		E		G		J		K

		Alternative #1		-12%		-24%		-14%		-29%		-0%		38%		-10%		-2%

		Alternative #2		-13%		-30%		1%		-0%		5%		40%		-9%		6%

		Alternative #3		-12%		-15%		-14%		-1%		-0%		17%		-15%		-1%

		Alternative #4		-5%		-9%		-4%		1%		-1%		32%		-10%		-3%

		Alternative #5		5%		-10%		-5%		7%		-4%		15%		2%		-5%

		No Build		72%		23%		28%		39%		30%		145%		24%		27%

		Accessibility

		2020 Base		2,111		3,500		1,655		5,844

		Run #1 to 2020 Base		2,178		3,543		1,655		5,845

		Run #2 to 2020 Base		2,163		3,516		1,655		5,848

		Run #3 to 2020 Base		2,162		3,500		1,655		5,844

		Run #4 to 2020 Base		2,167		3,500		1,655		5,844

		Run #5 to 2020 Base		2,111		3,500		1,655		5,844

		NO BUILD to 2020 Base		1,804		3,029		1,505		5,320

				1=Highest Priority		2=Medium Priority		3=Lowest Priority		5=Remaining Roadways

		Alternative #1		67		43		0		1

		Alternative #2		52		16		0		4

		Alternative #3		51		0		0		0

		Alternative #4		56		0		0		0

		Alternative #5		0		0		0		0

		No Build		-307		-471		-150		-524

		Safety

				auto+hov		hov		light		medium		heavy		total

		2020 Base		241.0575980172		16.9170283303		52.2062960789		10.6091290712		8.5703747403		312.4433979075		257.9746263474

		Run #1 to 2020 Base		242.1359252855		16.8843132183		51.8918106481		10.8095347844		8.7031312417		313.5404019598		259.0202385038

		Run #2 to 2020 Base		241.278880924		16.9241222143		52.3060062528		10.6904102154		8.6099041607		312.8852015529		258.2030031383

		Run #3 to 2020 Base		241.223960977		16.9184842817		51.795211114		10.5449887216		8.5667556189		312.1309164315		258.1424452588

		Run #4 to 2020 Base		240.7999997996		16.951950606		52.5798591971		10.5781758111		8.5406597871		312.4986945949		257.7519504055

		Run #5 to 2020 Base		241.3977428153		17.0126990452		52.2580190375		10.3050874602		8.4983697981		312.4592191111		258.4104418606

		NO BUILD to 2020 Base		240.4198152535		16.1367826276		52.8808425143		11.1635617577		8.8320362214		313.2962557469		256.556597881

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		1.08		-0.31		0.20		0.13		1.10

		Alternative #2		0.22		0.10		0.08		0.04		0.44

		Alternative #3		0.17		-0.41		-0.06		-0.00		-0.31

		Alternative #4		-0.26		0.37		-0.03		-0.03		0.06

		Alternative #5		0.34		0.05		-0.30		-0.07		0.02

		No Build		-0.64		0.67		0.55		0.26		0.85

		Environmental Impacts

				auto+hov		hov		light		medium		heavy		total

		2020		1254.60		73.47		242.46		61.97		42.82		1601.86		1328.07

		9001		1234.51		73.53		232.40		59.79		43.48		1570.18		1308.04

		9002		1230.22		73.21		235.31		59.93		41.62		1567.08		1303.43

		9003		1227.45		72.35		235.33		61.08		42.15		1566.00		1299.79

		9004		1226.17		73.00		243.35		60.99		42.05		1572.56		1299.18

		9005		1247.59		73.16		241.42		62.23		43.17		1594.41		1320.74

		No Build		1537.27		95.86		305.32		80.50		58.00		1981.08		1633.12

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-20.09		-10.06		-2.19		0.66		-31.68

		Alternative #2		-4.29		2.92		0.14		-1.87		-3.10

		Alternative #3		-2.77		0.01		1.15		0.53		-1.07

		Alternative #4		-1.28		8.02		-0.08		-0.10		6.56

		Alternative #5		21.41		-1.92		1.24		1.12		21.85

		No Build		289.68		63.89		18.27		14.83		386.67

		Reliability

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-14%		-15%		-3%		-2%		-14%

		Alternative #2		-6%		-5%		3%		3%		-5%

		Alternative #3		-14%		-5%		2%		0%		-10%

		Alternative #4		-12%		16%		0%		-1%		-3%

		Alternative #5		-5%		-5%		-15%		-10%		-5%

		No Build		11%		13%		37%		43%		13%

		Summary of Performance Measures

				Delay		Travel Times		Accessibility		Safety		Environmental Impacts		Reliability

		Infrastructure

		Operations

		I-405 Truck Lane

		I-5 Truck Lane

		Land Use

		No Build





Charts

		





Charts

		Auto		Auto		Auto		Auto		Auto

		Light Trucks		Light Trucks		Light Trucks		Light Trucks		Light Trucks

		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks

		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks

		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Alternative

Percent Change in Delay Hours from 2020 Baseline

Change in Vehicle Hours by Vehicle Type

-0.1387833924

-0.0593316284

-0.1379801943

-0.1173989689

-0.0504732987

-0.1510141746

-0.0513098147

-0.0478620858

0.1606553447

-0.0461764195

-0.0314355655

0.0284437593

0.0233386487

0.0042529935

-0.1500378001

-0.0239110031

0.0254264218

0.0013877521

-0.0145609493

-0.1017293864

-0.1365619525

-0.0525969383

-0.1046557419

-0.033126489

-0.0535593811



Sheet3

		A		A		A		A		A

		B		B		B		B		B

		C		C		C		C		C

		D		D		D		D		D

		E		E		E		E		E

		G		G		G		G		G

		J		J		J		J		J

		K		K		K		K		K



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Alternative

Percent Change in Travel Time

Percent Change in Travel Time for Selected Origins/Destinations

-0.1173163418

-0.1278110945

-0.1210644678

-0.0502248876

0.0476011994

-0.2415841584

-0.300990099

-0.1504950495

-0.0930693069

-0.097029703

-0.1421499293

0.0084865629

-0.137553041

-0.0449080622

-0.0523338048

-0.2852009881

-0.0044913541

-0.0056141927

0.014596901

0.0718616663

-0.0015283509

0.0534922818

-0.0039737124

-0.013449488

-0.0382087727

0.3817381738

0.398239824

0.1650165017

0.3234323432

0.1529152915

-0.1049128988

-0.0916030534

-0.1462125661

-0.1021726365

0.0154629086

-0.018070112

0.0596313697

-0.0137332851

-0.0321647994

-0.0469822913



		1=Highest Priority		1=Highest Priority		1=Highest Priority		1=Highest Priority		1=Highest Priority

		2=Medium Priority		2=Medium Priority		2=Medium Priority		2=Medium Priority		2=Medium Priority

		3=Lowest Priority		3=Lowest Priority		3=Lowest Priority		3=Lowest Priority		3=Lowest Priority

		5=Remaining Roadways		5=Remaining Roadways		5=Remaining Roadways		5=Remaining Roadways		5=Remaining Roadways



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Truck Network Category

Truck Lane Miles Added

Truck Lane Miles Added

67

52

51

56

0

43

16

0

0

0

0

0

0

0

0

1

4

0

0

0



		Auto		Auto		Auto		Auto		Auto
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		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks

		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks
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Data

		Delay

		Percent Change		Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-10%		-1%		-7%		-11%		-7%		Run #1 to 2020 Base

		Alternative #2		-10%		-6%		-19%		-22%		-10%		Run #2 to 2020 Base

		Alternative #3		-10%		-4%		-4%		-8%		-8%		Run #3 to 2020 Base

		Alternative #4		-14%		6%		-19%		-23%		-10%		Run #4 to 2020 Base

		Alternative #5		1%		1%		-1%		-2%		1%		Run #5 to 2020 Base

		No Build		43%		48%		58%		54%		46%		NO BUILD to 2020 Base

		Travel Times for Trucks

				A		B		C		D		E		G		J		K

		Alternative #1		-12%		-24%		-14%		-29%		-0%		38%		-10%		-2%

		Alternative #2		-13%		-30%		1%		-0%		5%		40%		-9%		6%

		Alternative #3		-12%		-15%		-14%		-1%		-0%		17%		-15%		-1%

		Alternative #4		-5%		-9%		-4%		1%		-1%		32%		-10%		-3%

		Alternative #5		5%		-10%		-5%		7%		-4%		15%		2%		-5%

		No Build		72%		23%		28%		39%		30%		145%		24%		27%

		Accessibility

		2020 Base		2,111		3,500		1,655		5,844

		Run #1 to 2020 Base		2,178		3,543		1,655		5,845

		Run #2 to 2020 Base		2,163		3,516		1,655		5,848

		Run #3 to 2020 Base		2,162		3,500		1,655		5,844

		Run #4 to 2020 Base		2,167		3,500		1,655		5,844

		Run #5 to 2020 Base		2,111		3,500		1,655		5,844

		NO BUILD to 2020 Base		1,804		3,029		1,505		5,320

				1=Highest Priority		2=Medium Priority		3=Lowest Priority		5=Remaining Roadways

		Alternative #1		67		43		0		1

		Alternative #2		52		16		0		4

		Alternative #3		51		0		0		0

		Alternative #4		56		0		0		0

		Alternative #5		0		0		0		0

		No Build		-307		-471		-150		-524

		Safety

				auto+hov		hov		light		medium		heavy		total

		2020 Base		241.0575980172		16.9170283303		52.2062960789		10.6091290712		8.5703747403		312.4433979075		257.9746263474

		Run #1 to 2020 Base		242.1359252855		16.8843132183		51.8918106481		10.8095347844		8.7031312417		313.5404019598		259.0202385038

		Run #2 to 2020 Base		241.278880924		16.9241222143		52.3060062528		10.6904102154		8.6099041607		312.8852015529		258.2030031383

		Run #3 to 2020 Base		241.223960977		16.9184842817		51.795211114		10.5449887216		8.5667556189		312.1309164315		258.1424452588

		Run #4 to 2020 Base		240.7999997996		16.951950606		52.5798591971		10.5781758111		8.5406597871		312.4986945949		257.7519504055

		Run #5 to 2020 Base		241.3977428153		17.0126990452		52.2580190375		10.3050874602		8.4983697981		312.4592191111		258.4104418606

		NO BUILD to 2020 Base		240.4198152535		16.1367826276		52.8808425143		11.1635617577		8.8320362214		313.2962557469		256.556597881

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		1.08		-0.31		0.20		0.13		1.10

		Alternative #2		0.22		0.10		0.08		0.04		0.44

		Alternative #3		0.17		-0.41		-0.06		-0.00		-0.31

		Alternative #4		-0.26		0.37		-0.03		-0.03		0.06

		Alternative #5		0.34		0.05		-0.30		-0.07		0.02

		No Build		-0.64		0.67		0.55		0.26		0.85

		Environmental Impacts

				auto+hov		hov		light		medium		heavy		total

		2020		1254.60		73.47		242.46		61.97		42.82		1601.86		1328.07

		9001		1234.51		73.53		232.40		59.79		43.48		1570.18		1308.04

		9002		1230.22		73.21		235.31		59.93		41.62		1567.08		1303.43

		9003		1227.45		72.35		235.33		61.08		42.15		1566.00		1299.79

		9004		1226.17		73.00		243.35		60.99		42.05		1572.56		1299.18

		9005		1247.59		73.16		241.42		62.23		43.17		1594.41		1320.74

		No Build		1537.27		95.86		305.32		80.50		58.00		1981.08		1633.12

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-20.09		-10.06		-2.19		0.66		-31.68

		Alternative #2		-4.29		2.92		0.14		-1.87		-3.10

		Alternative #3		-2.77		0.01		1.15		0.53		-1.07

		Alternative #4		-1.28		8.02		-0.08		-0.10		6.56

		Alternative #5		21.41		-1.92		1.24		1.12		21.85

		No Build		289.68		63.89		18.27		14.83		386.67

		Reliability

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-14%		-15%		-3%		-2%		-14%

		Alternative #2		-6%		-5%		3%		3%		-5%

		Alternative #3		-14%		-5%		2%		0%		-10%

		Alternative #4		-12%		16%		0%		-1%		-3%

		Alternative #5		-5%		-5%		-15%		-10%		-5%

		No Build		11%		13%		37%		43%		13%

		Summary of Performance Measures
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		Operations
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Data

		Delay

		Percent Change		Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-14%		-15%		-3%		-2%		-14%		Run #1 to 2020 Base

		Alternative #2		-6%		-5%		3%		3%		-5%		Run #2 to 2020 Base

		Alternative #3		-14%		-5%		2%		0%		-10%		Run #3 to 2020 Base

		Alternative #4		-12%		16%		0%		-1%		-3%		Run #4 to 2020 Base

		Alternative #5		-5%		-5%		-15%		-10%		-5%		Run #5 to 2020 Base

		No Build		11%		13%		37%		43%		13%		NO BUILD to 2020 Base

		Travel Times for Trucks

				A		B		C		D		E		G		J		K

		Alternative #1		-12%		-24%		-14%		-29%		-0%		38%		-10%		-2%

		Alternative #2		-13%		-30%		1%		-0%		5%		40%		-9%		6%

		Alternative #3		-12%		-15%		-14%		-1%		-0%		17%		-15%		-1%

		Alternative #4		-5%		-9%		-4%		1%		-1%		32%		-10%		-3%

		Alternative #5		5%		-10%		-5%		7%		-4%		15%		2%		-5%

		No Build		72%		23%		28%		39%		30%		145%		24%		27%

		Accessibility

		2020 Base		2,111		3,500		1,655		5,844

		Run #1 to 2020 Base		2,178		3,543		1,655		5,845

		Run #2 to 2020 Base		2,163		3,516		1,655		5,848

		Run #3 to 2020 Base		2,162		3,500		1,655		5,844

		Run #4 to 2020 Base		2,167		3,500		1,655		5,844

		Run #5 to 2020 Base		2,111		3,500		1,655		5,844

		NO BUILD to 2020 Base		1,804		3,029		1,505		5,320

				1=Highest Priority		2=Medium Priority		3=Lowest Priority		5=Remaining Roadways

		Alternative #1		67		43		0		1

		Alternative #2		52		16		0		4

		Alternative #3		51		0		0		0

		Alternative #4		56		0		0		0

		Alternative #5		0		0		0		0

		No Build		-307		-471		-150		-524

		Safety

				auto+hov		hov		light		medium		heavy		total

		2020 Base		241.0575980172		16.9170283303		52.2062960789		10.6091290712		8.5703747403		312.4433979075		257.9746263474

		Run #1 to 2020 Base		242.1359252855		16.8843132183		51.8918106481		10.8095347844		8.7031312417		313.5404019598		259.0202385038

		Run #2 to 2020 Base		241.278880924		16.9241222143		52.3060062528		10.6904102154		8.6099041607		312.8852015529		258.2030031383

		Run #3 to 2020 Base		241.223960977		16.9184842817		51.795211114		10.5449887216		8.5667556189		312.1309164315		258.1424452588

		Run #4 to 2020 Base		240.7999997996		16.951950606		52.5798591971		10.5781758111		8.5406597871		312.4986945949		257.7519504055

		Run #5 to 2020 Base		241.3977428153		17.0126990452		52.2580190375		10.3050874602		8.4983697981		312.4592191111		258.4104418606

		NO BUILD to 2020 Base		240.4198152535		16.1367826276		52.8808425143		11.1635617577		8.8320362214		313.2962557469		256.556597881

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		1.08		-0.31		0.20		0.13		1.10

		Alternative #2		0.22		0.10		0.08		0.04		0.44

		Alternative #3		0.17		-0.41		-0.06		-0.00		-0.31

		Alternative #4		-0.26		0.37		-0.03		-0.03		0.06

		Alternative #5		0.34		0.05		-0.30		-0.07		0.02

		No Build		-0.64		0.67		0.55		0.26		0.85

		Environmental Impacts

				auto+hov		hov		light		medium		heavy		total

		2020		1254.60		73.47		242.46		61.97		42.82		1601.86		1328.07

		9001		1234.51		73.53		232.40		59.79		43.48		1570.18		1308.04

		9002		1230.22		73.21		235.31		59.93		41.62		1567.08		1303.43

		9003		1227.45		72.35		235.33		61.08		42.15		1566.00		1299.79

		9004		1226.17		73.00		243.35		60.99		42.05		1572.56		1299.18

		9005		1247.59		73.16		241.42		62.23		43.17		1594.41		1320.74

		No Build		1537.27		95.86		305.32		80.50		58.00		1981.08		1633.12

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-20.09		-10.06		-2.19		0.66		-31.68

		Alternative #2		-4.29		2.92		0.14		-1.87		-3.10

		Alternative #3		-2.77		0.01		1.15		0.53		-1.07

		Alternative #4		-1.28		8.02		-0.08		-0.10		6.56

		Alternative #5		21.41		-1.92		1.24		1.12		21.85

		No Build		289.68		63.89		18.27		14.83		386.67

		Reliability

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-14%		-15%		-3%		-2%		-14%

		Alternative #2		-6%		-5%		3%		3%		-5%

		Alternative #3		-14%		-5%		2%		0%		-10%

		Alternative #4		-12%		16%		0%		-1%		-3%

		Alternative #5		-5%		-5%		-15%		-10%		-5%

		No Build		11%		13%		37%		43%		13%

		Summary of Performance Measures

				Delay		Travel Times		Accessibility		Safety		Environmental Impacts		Reliability

		Infrastructure

		Operations

		I-405 Truck Lane

		I-5 Truck Lane

		Land Use

		No Build





Charts

		





Charts

		Auto		Auto		Auto		Auto		Auto

		Light Trucks		Light Trucks		Light Trucks		Light Trucks		Light Trucks

		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks

		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks

		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles
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Alternative #2

Alternative #3

Alternative #4

Alternative #5

Alternative

Percent Change in Delay Hours from 2020 Baseline

Change in Vehicle Hours by Vehicle Type

-0.1387833924

-0.0593316284

-0.1379801943

-0.1173989689

-0.0504732987

-0.1510141746

-0.0513098147

-0.0478620858

0.1606553447

-0.0461764195

-0.0314355655

0.0284437593

0.0233386487

0.0042529935

-0.1500378001

-0.0239110031

0.0254264218

0.0013877521

-0.0145609493

-0.1017293864

-0.1365619525

-0.0525969383

-0.1046557419

-0.033126489

-0.0535593811
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Alternative #1

Alternative #2

Alternative #3
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Alternative #5

Alternative

Percent Change in Travel Time

Percent Change in Travel Time for Selected Origins/Destinations

-0.1173163418

-0.1278110945

-0.1210644678

-0.0502248876

0.0476011994

-0.2415841584

-0.300990099

-0.1504950495

-0.0930693069

-0.097029703

-0.1421499293

0.0084865629

-0.137553041

-0.0449080622

-0.0523338048

-0.2852009881

-0.0044913541

-0.0056141927

0.014596901

0.0718616663

-0.0015283509

0.0534922818

-0.0039737124

-0.013449488

-0.0382087727

0.3817381738

0.398239824

0.1650165017

0.3234323432

0.1529152915

-0.1049128988

-0.0916030534

-0.1462125661

-0.1021726365

0.0154629086

-0.018070112

0.0596313697

-0.0137332851

-0.0321647994

-0.0469822913



		1=Highest Priority		1=Highest Priority		1=Highest Priority		1=Highest Priority		1=Highest Priority

		2=Medium Priority		2=Medium Priority		2=Medium Priority		2=Medium Priority		2=Medium Priority

		3=Lowest Priority		3=Lowest Priority		3=Lowest Priority		3=Lowest Priority		3=Lowest Priority

		5=Remaining Roadways		5=Remaining Roadways		5=Remaining Roadways		5=Remaining Roadways		5=Remaining Roadways



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Truck Network Category

Truck Lane Miles Added

Truck Lane Miles Added
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0
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		Auto		Auto		Auto		Auto		Auto

		Light Trucks		Light Trucks		Light Trucks		Light Trucks		Light Trucks

		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks

		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks

		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Vehicle Type

Change in Total Accidents

Change in Total Accidents by Vehicle Type

1.0783272684
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-0.3144854307

0.0997101739
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		Auto		Auto		Auto		Auto		Auto

		Light Trucks		Light Trucks		Light Trucks		Light Trucks		Light Trucks

		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks

		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks

		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Vehicle Type

Change in Emissions (tons)

Total Emissions by Vehicle Type

-20.0937886238

-4.2920455933

-2.7694802284

-1.2753577232

21.4132943153

-10.0635166168

2.9166812897

0.0135097504

8.0172176361

-1.9208488464

-2.1882920265

0.1413927078

1.1495528221

-0.0823922157

1.2355489731

0.6645131111

-1.8670618534

0.5317742825

-0.1040012836

1.1230368614

-31.681084156

-3.1010334492

-1.0746433735

6.5554664135

21.8510313034



		Auto		Auto		Auto		Auto		Auto

		Light Trucks		Light Trucks		Light Trucks		Light Trucks		Light Trucks

		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks

		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks

		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Alternative

Percent Change in Delay Hours from 2020 Baseline

Change in Freeway Vehicle Hours by Vehicle Type

-0.1387833924

-0.0593316284

-0.1379801943
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		Auto		Auto		Auto		Auto		Auto

		Light Trucks		Light Trucks		Light Trucks		Light Trucks		Light Trucks

		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks

		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks

		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Vehicle Type

Change in Total Accidents

1.0783272684

0.2212829068

0.1663629599

-0.2575982176
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-0.3144854307

0.0997101739

-0.4110849649

0.3735631183

0.0517229587

0.2004057132

0.0812811442

-0.0641403496

-0.0309532601

-0.304041611

0.1327565014

0.0395294204

-0.0036191214

-0.0297149532

-0.0720049422

1.0970040523

0.4418036453

-0.312481476

0.0552966874

0.0158212036



Data

		Delay

		Percent Change		Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-14%		-15%		-3%		-2%		-14%		Run #1 to 2020 Base

		Alternative #2		-6%		-5%		3%		3%		-5%		Run #2 to 2020 Base

		Alternative #3		-14%		-5%		2%		0%		-10%		Run #3 to 2020 Base

		Alternative #4		-12%		16%		0%		-1%		-3%		Run #4 to 2020 Base

		Alternative #5		-5%		-5%		-15%		-10%		-5%		Run #5 to 2020 Base

		No Build		11%		13%		37%		43%		13%		NO BUILD to 2020 Base

		Travel Times for Trucks

				A		B		C		D		E		G		J		K

		Alternative #1		-12%		-24%		-14%		-29%		-0%		38%		-10%		-2%

		Alternative #2		-13%		-30%		1%		-0%		5%		40%		-9%		6%

		Alternative #3		-12%		-15%		-14%		-1%		-0%		17%		-15%		-1%

		Alternative #4		-5%		-9%		-4%		1%		-1%		32%		-10%		-3%

		Alternative #5		5%		-10%		-5%		7%		-4%		15%		2%		-5%

		No Build		72%		23%		28%		39%		30%		145%		24%		27%

		Accessibility

		2020 Base		2,111		3,500		1,655		5,844

		Run #1 to 2020 Base		2,178		3,543		1,655		5,845

		Run #2 to 2020 Base		2,163		3,516		1,655		5,848

		Run #3 to 2020 Base		2,162		3,500		1,655		5,844

		Run #4 to 2020 Base		2,167		3,500		1,655		5,844

		Run #5 to 2020 Base		2,111		3,500		1,655		5,844

		NO BUILD to 2020 Base		1,804		3,029		1,505		5,320

				1=Highest Priority		2=Medium Priority		3=Lowest Priority		5=Remaining Roadways

		Alternative #1		67		43		0		1

		Alternative #2		52		16		0		4

		Alternative #3		51		0		0		0

		Alternative #4		56		0		0		0

		Alternative #5		0		0		0		0

		No Build		-307		-471		-150		-524

		Safety

				auto+hov		hov		light		medium		heavy		total

		2020 Base		241.0575980172		16.9170283303		52.2062960789		10.6091290712		8.5703747403		312.4433979075		257.9746263474

		Run #1 to 2020 Base		242.1359252855		16.8843132183		51.8918106481		10.8095347844		8.7031312417		313.5404019598		259.0202385038

		Run #2 to 2020 Base		241.278880924		16.9241222143		52.3060062528		10.6904102154		8.6099041607		312.8852015529		258.2030031383

		Run #3 to 2020 Base		241.223960977		16.9184842817		51.795211114		10.5449887216		8.5667556189		312.1309164315		258.1424452588

		Run #4 to 2020 Base		240.7999997996		16.951950606		52.5798591971		10.5781758111		8.5406597871		312.4986945949		257.7519504055

		Run #5 to 2020 Base		241.3977428153		17.0126990452		52.2580190375		10.3050874602		8.4983697981		312.4592191111		258.4104418606

		NO BUILD to 2020 Base		240.4198152535		16.1367826276		52.8808425143		11.1635617577		8.8320362214		313.2962557469		256.556597881

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		1.08		-0.31		0.20		0.13		1.10

		Alternative #2		0.22		0.10		0.08		0.04		0.44

		Alternative #3		0.17		-0.41		-0.06		-0.00		-0.31

		Alternative #4		-0.26		0.37		-0.03		-0.03		0.06

		Alternative #5		0.34		0.05		-0.30		-0.07		0.02

		No Build		-0.64		0.67		0.55		0.26		0.85

		Environmental Impacts

				auto+hov		hov		light		medium		heavy		total

		2020		1254.60		73.47		242.46		61.97		42.82		1601.86		1328.07

		9001		1234.51		73.53		232.40		59.79		43.48		1570.18		1308.04

		9002		1230.22		73.21		235.31		59.93		41.62		1567.08		1303.43

		9003		1227.45		72.35		235.33		61.08		42.15		1566.00		1299.79

		9004		1226.17		73.00		243.35		60.99		42.05		1572.56		1299.18

		9005		1247.59		73.16		241.42		62.23		43.17		1594.41		1320.74

		No Build		1537.27		95.86		305.32		80.50		58.00		1981.08		1633.12

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-20.09		-10.06		-2.19		0.66		-31.68

		Alternative #2		-4.29		2.92		0.14		-1.87		-3.10

		Alternative #3		-2.77		0.01		1.15		0.53		-1.07

		Alternative #4		-1.28		8.02		-0.08		-0.10		6.56

		Alternative #5		21.41		-1.92		1.24		1.12		21.85

		No Build		289.68		63.89		18.27		14.83		386.67

		Reliability

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-14%		-15%		-3%		-2%		-14%

		Alternative #2		-6%		-5%		3%		3%		-5%

		Alternative #3		-14%		-5%		2%		0%		-10%

		Alternative #4		-12%		16%		0%		-1%		-3%

		Alternative #5		-5%		-5%		-15%		-10%		-5%

		No Build		11%		13%		37%		43%		13%

		Summary of Performance Measures

				Delay		Travel Times		Accessibility		Safety		Environmental Impacts		Reliability

		Infrastructure

		Operations

		I-405 Truck Lane

		I-5 Truck Lane

		Land Use

		No Build
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Charts
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		Light Trucks		Light Trucks		Light Trucks		Light Trucks		Light Trucks

		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks

		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks

		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles
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-0.0535593811



Sheet3

		A		A		A		A		A

		B		B		B		B		B

		C		C		C		C		C

		D		D		D		D		D

		E		E		E		E		E

		G		G		G		G		G

		J		J		J		J		J

		K		K		K		K		K



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Alternative

Percent Change in Travel Time

Percent Change in Travel Time for Selected Origins/Destinations

-0.1173163418

-0.1278110945

-0.1210644678

-0.0502248876

0.0476011994

-0.2415841584
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-0.0056141927

0.014596901

0.0718616663

-0.0015283509

0.0534922818

-0.0039737124

-0.013449488

-0.0382087727

0.3817381738

0.398239824

0.1650165017

0.3234323432

0.1529152915

-0.1049128988

-0.0916030534

-0.1462125661

-0.1021726365

0.0154629086

-0.018070112

0.0596313697

-0.0137332851

-0.0321647994

-0.0469822913



		1=Highest Priority		1=Highest Priority		1=Highest Priority		1=Highest Priority		1=Highest Priority

		2=Medium Priority		2=Medium Priority		2=Medium Priority		2=Medium Priority		2=Medium Priority

		3=Lowest Priority		3=Lowest Priority		3=Lowest Priority		3=Lowest Priority		3=Lowest Priority

		5=Remaining Roadways		5=Remaining Roadways		5=Remaining Roadways		5=Remaining Roadways		5=Remaining Roadways



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Truck Network Category

Truck Lane Miles Added

Truck Lane Miles Added

67

52

51

56

0

43

16

0

0

0

0

0

0

0

0

1

4

0

0

0



		Auto		Auto		Auto		Auto		Auto

		Light Trucks		Light Trucks		Light Trucks		Light Trucks		Light Trucks

		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks

		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks

		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Vehicle Type

Change in Total Accidents

Change in Total Accidents by Vehicle Type

1.0783272684

0.2212829068

0.1663629599

-0.2575982176

0.3401447982

-0.3144854307

0.0997101739

-0.4110849649

0.3735631183

0.0517229587

0.2004057132

0.0812811442

-0.0641403496

-0.0309532601

-0.304041611

0.1327565014

0.0395294204

-0.0036191214

-0.0297149532

-0.0720049422

1.0970040523

0.4418036453

-0.312481476

0.0552966874

0.0158212036



		Auto		Auto		Auto		Auto		Auto

		Light Trucks		Light Trucks		Light Trucks		Light Trucks		Light Trucks

		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks

		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks

		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Vehicle Type

Change in Emissions (tons)

Total Emissions by Vehicle Type

-20.0937886238

-4.2920455933

-2.7694802284

-1.2753577232

21.4132943153

-10.0635166168

2.9166812897

0.0135097504

8.0172176361

-1.9208488464

-2.1882920265

0.1413927078

1.1495528221

-0.0823922157

1.2355489731

0.6645131111

-1.8670618534

0.5317742825

-0.1040012836

1.1230368614

-31.681084156

-3.1010334492

-1.0746433735

6.5554664135

21.8510313034



		Auto		Auto		Auto		Auto		Auto

		Light Trucks		Light Trucks		Light Trucks		Light Trucks		Light Trucks

		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks

		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks

		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Alternative

Percent Change in Delay Hours from 2020 Baseline

Change in Freeway Vehicle Hours by Vehicle Type

-0.1387833924

-0.0593316284

-0.1379801943

-0.1173989689

-0.0504732987

-0.1510141746

-0.0513098147

-0.0478620858

0.1606553447

-0.0461764195

-0.0314355655

0.0284437593

0.0233386487

0.0042529935

-0.1500378001

-0.0239110031

0.0254264218

0.0013877521

-0.0145609493

-0.1017293864

-0.1365619525

-0.0525969383

-0.1046557419

-0.033126489

-0.0535593811



		






_1077706592.xls
Chart6

		Auto		Auto		Auto		Auto		Auto

		Light Trucks		Light Trucks		Light Trucks		Light Trucks		Light Trucks

		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks		Medium Trucks

		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks		Heavy Trucks

		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles		Total Vehicles



Alternative #1

Alternative #2

Alternative #3

Alternative #4

Alternative #5

Vehicle Type

Percent Change in Delay Hours from 2020 Baseline

-0.1387833924

-0.0593316284

-0.1379801943

-0.1173989689

-0.0504732987

-0.1510141746

-0.0513098147

-0.0478620858

0.1606553447

-0.0461764195

-0.0314355655

0.0284437593

0.0233386487

0.0042529935

-0.1500378001

-0.0239110031

0.0254264218

0.0013877521

-0.0145609493

-0.1017293864

-0.1365619525

-0.0525969383

-0.1046557419

-0.033126489

-0.0535593811



Data

		Delay

		Percent Change		Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-14%		-15%		-3%		-2%		-14%		Run #1 to 2020 Base

		Alternative #2		-6%		-5%		3%		3%		-5%		Run #2 to 2020 Base

		Alternative #3		-14%		-5%		2%		0%		-10%		Run #3 to 2020 Base

		Alternative #4		-12%		16%		0%		-1%		-3%		Run #4 to 2020 Base

		Alternative #5		-5%		-5%		-15%		-10%		-5%		Run #5 to 2020 Base

		No Build		11%		13%		37%		43%		13%		NO BUILD to 2020 Base

		Travel Times for Trucks

				A		B		C		D		E		G		J		K

		Alternative #1		-12%		-24%		-14%		-29%		-0%		38%		-10%		-2%

		Alternative #2		-13%		-30%		1%		-0%		5%		40%		-9%		6%
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		Alternative #4		-5%		-9%		-4%		1%		-1%		32%		-10%		-3%

		Alternative #5		5%		-10%		-5%		7%		-4%		15%		2%		-5%

		No Build		72%		23%		28%		39%		30%		145%		24%		27%

		Accessibility

		2020 Base		2,111		3,500		1,655		5,844

		Run #1 to 2020 Base		2,178		3,543		1,655		5,845

		Run #2 to 2020 Base		2,163		3,516		1,655		5,848

		Run #3 to 2020 Base		2,162		3,500		1,655		5,844

		Run #4 to 2020 Base		2,167		3,500		1,655		5,844

		Run #5 to 2020 Base		2,111		3,500		1,655		5,844

		NO BUILD to 2020 Base		1,804		3,029		1,505		5,320

				1=Highest Priority		2=Medium Priority		3=Lowest Priority		5=Remaining Roadways

		Alternative #1		67		43		0		1

		Alternative #2		52		16		0		4

		Alternative #3		51		0		0		0

		Alternative #4		56		0		0		0

		Alternative #5		0		0		0		0

		No Build		-307		-471		-150		-524

		Safety

				auto+hov		hov		light		medium		heavy		total

		2020 Base		241.0575980172		16.9170283303		52.2062960789		10.6091290712		8.5703747403		312.4433979075		257.9746263474

		Run #1 to 2020 Base		242.1359252855		16.8843132183		51.8918106481		10.8095347844		8.7031312417		313.5404019598		259.0202385038

		Run #2 to 2020 Base		241.278880924		16.9241222143		52.3060062528		10.6904102154		8.6099041607		312.8852015529		258.2030031383

		Run #3 to 2020 Base		241.223960977		16.9184842817		51.795211114		10.5449887216		8.5667556189		312.1309164315		258.1424452588

		Run #4 to 2020 Base		240.7999997996		16.951950606		52.5798591971		10.5781758111		8.5406597871		312.4986945949		257.7519504055
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		NO BUILD to 2020 Base		240.4198152535		16.1367826276		52.8808425143		11.1635617577		8.8320362214		313.2962557469		256.556597881
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		Alternative #1		1.08		-0.31		0.20		0.13		1.10
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		Alternative #4		-0.26		0.37		-0.03		-0.03		0.06

		Alternative #5		0.34		0.05		-0.30		-0.07		0.02

		No Build		-0.64		0.67		0.55		0.26		0.85

		Environmental Impacts

				auto+hov		hov		light		medium		heavy		total

		2020		1254.60		73.47		242.46		61.97		42.82		1601.86		1328.07

		9001		1234.51		73.53		232.40		59.79		43.48		1570.18		1308.04

		9002		1230.22		73.21		235.31		59.93		41.62		1567.08		1303.43

		9003		1227.45		72.35		235.33		61.08		42.15		1566.00		1299.79

		9004		1226.17		73.00		243.35		60.99		42.05		1572.56		1299.18

		9005		1247.59		73.16		241.42		62.23		43.17		1594.41		1320.74

		No Build		1537.27		95.86		305.32		80.50		58.00		1981.08		1633.12

				Auto		Light Trucks		Medium Trucks		Heavy Trucks		Total Vehicles

		Alternative #1		-20.09		-10.06		-2.19		0.66		-31.68

		Alternative #2		-4.29		2.92		0.14		-1.87		-3.10

		Alternative #3		-2.77		0.01		1.15		0.53		-1.07

		Alternative #4		-1.28		8.02		-0.08		-0.10		6.56

		Alternative #5		21.41		-1.92		1.24		1.12		21.85

		No Build		289.68		63.89		18.27		14.83		386.67
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		No Build		11%		13%		37%		43%		13%
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Production and Attraction Truck Trip Rate Analysis by Truck Type
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Ag/Farm/Fish







14,207







        







 







0.7111







        







 







0.0889







        







 







0.2366







        







 







10-14







Mining
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Construction







73,339
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20-29







Food, Wood, Paper Products







68,383
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Metal, Plastics, Equipment
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TCU  







84,768







        







 







0.6009







        







 







0.2079







        







 







0.1075
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Wholesale







93,358







        







 







0.6009







        







 







0.2552







        







 







0.1337







        







 







52-59







Retail Trade







266,602







      







 







0.5688







        







 







0.1637







        







 







0.0463







        







 







60-89







Office and Services







527,833







      







 







0.2799







        







 







0.0434







        







 







0.0044







        







 







91-97







Education and Govt







274,736







      







 







0.2799







        







 







0.0297







        







 







0.0068







        







 







Households







1,212,290







   







 







0.1608







        







 







0.0358







        







 







0.0031







        







 







TOTAL EMP







1,587,438







   







 







SIC







PSRC







Codes







Employment Category







Employment







Light







Medium







Heavy







1-9







Ag/Farm/Fish







14,207







        







 







1.1451







        







 







0.1432







        







 







0.3810







        







 







10-14







Mining







822







             







 







57.9063







      







 







7.2406







        







 







27.7287







      







 







15-19







Construction







73,339







        







 







0.5081







        







 







0.0713







        







 







0.0611







        







 







20-29







Manufacturing







251,773







      







 







0.4188







        







 







0.0598







        







 







0.1855







        







 







40-49







TCU  







84,768







        







 







0.8283







        







 







0.1183







        







 







0.1314







        







 







50-51







Wholesale







93,358







        







 







0.2178







        







 







0.0754







        







 







0.0389
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Retail Trade







266,602







      







 







0.0675







        







 







0.0287







        







 







0.0150







        







 







60-89







Office and Services







527,833







      







 







0.2868







        







 







0.0825







        







 







0.0233







        







 







91-97







Education and Govt







274,736







      







 







0.0596







        







 







0.0092







        







 







0.0009







        







 







-







         







 







Households







1,212,290







   







 







0.3481







        







 







0.0369







        







 







0.0085







        







 







TOTAL







1,587,438







   







 







892,389







      







 







189,779







      







 







87,456
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Recommended Production Rates












