Case 2. Impact Assessment in Clifton Park
(DRAFT – 9/21/02)

This case study is about a Traffic Impact Assessment for a proposed site development in Clifton Park, New York. The large parcel of land in question is south of Maxwell Drive along Clifton Park Boulevard (State Route 146). Like most impact assessments, the main question is this: in the “horizon year” for the analysis, what geometric improvements will be required to mitigate the impacts of the site development in conjunction with normal traffic growth. 

The Town of Clifton Park and New York State Department of Transportation (NYSDOT) both have roles to play in the decision-making. So does Saratoga County, the town’s citizens, the nearby landowners, and the developer. There are issues about how many intersections should be studied, what time periods should be examined, what goals and objectives should be used, what metrics should be employed, etc. 

To address these issues and others, the case study includes seven problems. They range in scope from a single intersection to a subarea network. Each one illustrates some aspect of the impact assessment. Each one also illustrates how various traffic analysis tools that are contained in the Highway Capacity Manual can be applied to assist traffic analysts, engineers, planners and decision-makers in making sound investment decisions regarding changes to a transportation system. 

The problems focus on the chapters of the HCM that deal with interrupted flow facilities, especially signalized intersections, arterials, freeway interchanges, and arterial weaving.  After studying this material, you should be able to: 
· Analyze the operation of signalized intersections, unsignalized intersections, and urban arterials using the HCM.

· Understand what input data are required and the assumptions that are commonly made regarding default values for the HCM procedures for these facilities.

· Know the appropriate kinds of analysis that should be undertaken for both existing facilities as well facilities or conditions in the future, including the scope of a facility that should be included in an analysis.

· Understand the limitations of the HCM procedures and when it is appropriate to use other models or computational tools.
· Know how to reasonably interpret the results from an HCM analysis and how these results can be used to support a particular decision regarding a change to a transportation system.
There are many ways to classify traffic analysis problems that are appropriate for analysis with the HCM.  The graphic below includes seven categories.  The kinds of problems that are addressed in this chapter, within these seven categories, are highlighted in the table below.
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Introduction

Clifton Park Boulevard (Route 146) is a major multi-lane arterial in Clifton Park, New York. It serves trips going to and from three major shopping centers, a local school district campus, and many commercial and residential areas. Route 146 also connects these areas to Interstate 87 (the Northway) for trips toward Albany and Montreal. 
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Route 146 is the “main street” for the town. Shopping centers on either side are the “downtown”. Route 146 is also a major link between Schenectady on the west and Mechanicville on the east. Figure 1 shows the section of Route 146 that is the focus of this case study.  
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Much vacant land south of intersection C (Maxell Road) is still available for development, as is evident in Figure 2. As that happens, traffic impacts will result. Geometric and operational changes will be needed. At a minimum, the northbound approach will have to be added at intersection C, but it’s likely there will be other improvements as well.

Let’s assume we have been tasked with determining what those geometric and operational changes should be. Effectively, we’re going to do a generic traffic impact study (TIA) for this corridor. As is common in TIA’s, we are going to focus on three conditions (the AM peak hour, the PM peak hour, and the peak hour of the generator, with the implicit assumption that the last is one of the former two) for existing and future conditions. Moreover, for the future conditions, we’re going to examine the network’s performance with and without the development. 
We are not going to present the entire TIA, but rather just portions of it. We’re going to use the TIA setting as a backdrop against which to illustrate use of the HCM analysis procedures. Consequently, we’re going to focus on specific intersections and conditions to illustrate specific types of analyses and issues. 









Getting Started
Scope.  To begin the case study, as with the traffic impact assessment, decisions have to be made about a variety of study issues. One is the “scope” of the analysis: that is, the intersections to include, the aspects of the freeway interchange, and the time periods. We also need to determine whom the stakeholders are, what issues they have, and how those issues translate into goals, objectives, and performance metrics for the study. You also need to decide who the audience is. These all affect other issues like the analyses to perform, their sequencing, the tools to use, and the data to collect. 
Let’s think about the scope first. How should the system be defined? What facilities should be involved? Clearly, we need to include intersection C. It is the main way that traffic enters and exits the site. But what about intersections further away? Often, you look at the amount of traffic contributed to the total intersecting traffic by the site-related traffic and include the intersection if the resulting percentage increase is above a given threshold. You also might decide based on whether a LOS change is likely. In the latter case, you’d have to do a performance assessment to decide yes or no. What we’ve decided is that intersections A through F should be included, as shown in Figure 1. When we get to the end of the analysis, we’ll reflect on whether that decision was “correct”.
The time periods to consider are a second important aspect of the scope. We’ve indicated that the AM peak, PM peak, and peak hour of the generator should all be considered. Sometimes it is important to look at the Saturday midday and the Friday peak hours as well (e.g. for a shopping center) or a collection of heavy use days during the year (e.g., for a sports facility). In the case of this particular system, it’s also important to study peak shopping days in November and December because the traffic volumes are significantly higher than average then. 
Next, let’s consider who the stakeholders are. The town is clearly one. The users are another. Other interested parties would be the county (Saratoga County), nearby property owners, the shopping center owners and tenants, and the school district. The school district is important because its main campus is just south of intersection A. When you’ve decided who all these groups are, the implication is that you need to consider the benefits and costs that accrue to each of these groups in every aspect of the case study.
Related to the stakeholders is the choice of audience. In this case, it is the town, with the caveat that the town would then forward your report to NYSDOT. Your audience could also be the system users or the adjacent landowners, if they request a presentation about your findings.
Goals and Objectives.  For purposes of the case study, we’re going to assume the goal is to mitigate negative impacts resulting from traffic related to the site and general background traffic growth. We have to separate the former from the latter to ensure that we know which impacts are due to general traffic growth and which are due to the site. The objectives are to identify the improvements in geometry needed and the operational changes required. The former is likely to be lane additions while the latter is likely to be changes in lane use designation and signal timing.
Related to the goals and objectives are metrics by which the system’s performance is measured. In many cases, they’re easy to identify. Delay is one that’s common. Another is level of service (LOS). (Sometimes delay implies level of service.) Others are total vehicle-hours of travel, total vehicle miles, air pollution outputs, and noise impacts. For this case study, we’ll focus on delays and queues.
What Analyses to Perform.  The next issue we mentioned was what analyses to perform. In this case study, you need to examine each intersection in each time period, but you also might want to do some specialized analyses, say for heavier-than-typical traffic conditions that arise during special times during the year. You might also want to do a system-level analysis to ensure that you have accounted for all the impacts that arise. We’ll try to answer these questions as the case study proceeds. 
Regarding the intersection-level analyses, for the entire TIA, at least 45 of them are involved. That’s based on six intersections (A, B, C, D, and G), three time periods (AM peak, PM peak, and Saturday midday), and three conditions (existing, future without, and future with). In addition, for the freeway interchange, you need to study at least seven locations: the terminus of the southbound-to-westbound off-ramp, the entrance to the southbound on ramp, the terminus of the northbound off ramp (signalized intersection F), the two ramp junctions on I-87 northbound, the ramp junction on I-87 southbound, and the eastbound weaving movement under the I-87 bridges between the southbound-to-eastbound off ramp and the eastbound-to-northbound on ramp. That means 63 more analyses: seven locations for three time periods and three conditions. 
As was said earlier, we’re not going to present all 108 analyses. Instead, we’re going to focus on specific problems that let us illustrate how to use the HCM. The problems we are going to consider are listed in Table 1. For each one, we’ve identified the situation that will be analyzed (e.g., the school complex entrance during the AM peak) and the learning objectives and analysis issues that will be highlighted by that problem. The learning objectives are numbered 1-18 and are grouped into three stages: setting up the problem (1-7), doing the analysis (8-11), and results interpretation (12-18). The issues break into scope (e.g., geographic boundaries, time periods), demands (e.g., demand vs. volume), geometrics, and signal control (e.g., critical movements). After we do all of the problems, we’ll extend what we’ve observed to speak more generally about conclusions and insights that would relate to the overall TIA. These insights are important if you are going to effectively communicate important findings to your audience and the other stakeholders. It also helps with sensitivity analysis and ensuring that the solutions are feasible.
Sequencing, Tools and Data.  Sequencing the analyses is another issue. We’re going to focus on the signalized intersections first, starting at Maxwell Drive (Intersection C), then working first west to Intersections B and A, and then east to Intersections D through G. This allows us to study the most affected intersection first, and then ones that are less affected because they are further away. We’ll consider the freeway interchange after we’re done with the signalized intersections, then an arterial segment consisting of intersections A to D, and finally, the entire system. 
Choosing the tools to use is another issue. You have to pick ones that strike a balance between the amount of effort they require and the amount of insight they provide. In this case study, we’re going to use three tools. The first is the HCM. We’ll use it for all of the intersection analyses and the location-specific analyses at the freeway interchange. The second is Transyt-7F. We’ll use it to do an arterial analysis of intersections A through D. It will help us ascertain what coordinated signal timings would work best for that set of signals. The third is CORSIM. We’ll use it to do a micro-simulation based analysis of the entire network. It will help us understand the interplay between the various facilities and add more detail, say in the context of weaving. 
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Since the main purpose of this guidebook is to illustrate how the HCM can be used to study traffic issues, we’ll use that tool wherever possible. We’ll also talk about where it isn’t applicable, explain why, and show you other tools that can be used. 
Insofar as data are concerned, we will need three types of inputs: 1) facility-related information (e.g., number of lanes, lane widths, lane configurations, saturation flow rates), 2) traffic-related information (e.g., vehicular and pedestrian volumes for all three conditions), and 3) operational information (e.g., signal timings). We’ll talk about the specific data required for each problem when that problem is presented. When we reach the system-wide level of analysis, since there are unsignalized intersections on either side of Route 146, we’ll also need behavioral information about the users such as critical gaps and move-up times. We also need to know how NYSDOT designs highway facilities and expectations it has for operational details (e.g., signal timings). There are some data items we won’t need even though they might be important in other settings. For example, we won’t need any information about on-street parking since none is allowed along any of the streets or highways. We also won’t need information about transit services since no bus routes pass through the study area. 
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Figure � SEQ Figure \* ARABIC �1110�. Route 146 in Clifton Park








This text needs to be overhauled and shortened, but it’s in the right place.
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Figure 3:  Turning Counts for the AM peak hour 
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Table 6.  Variations in Delay and LOS with Lane Utilization








Table � SEQ Table \* ARABIC �810�. Operational Analyses
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Table � SEQ Table \* ARABIC �79�. Critical Movement Analysis Results
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Table � SEQ Table \* ARABIC �68�. Results from Nine Planning Model Runs
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Figure � SEQ Figure \* ARABIC �2221�. Aerial photograph of the study areaof Route 146
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Figure 1:  The configuration of Moe Road and Route 146.
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Figure 2:  Signal phasing diagram





Friday - 6/21/02 - 10:05 am�
�
�
Intersection of Moe Road and Route 146�
�
�
�
�
�
�
 �
Phase 1�
Phase 2�
Phase 3�
�
Cycle 1�
9-3-1�
38-3-1�
20-3-1�
�
Cycle 2�
-�
30-3-1�
31-3-1�
�
Cycle 3�
7-3-1�
50-3-1�
33-3-1�
�
Cycle 4�
-�
50-3-1�
29-3-1�
�
Cycle 5�
12-3-1�
19-3-1�
34-3-1�
�
Cycle 6�
8-3-1�
49-3-1�
35-3-1�
�
*The time read as Green – Yellow – Red


Table 1:  Sample set of the intersection of Moe Road  andRoad and Route 146 intersection signal timings
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Figure 3:  Turning Counts for the AM peak hour 
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Table 3:  AM peak hour delays and levels of service
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Table 5. Levels of Service by movement and 15-m inute interval
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Table 6.  Variations in Delay and LOS with Lane Utilization
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Table 4. Delays by movement and 15-minute interval
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Figure 25:  Signal phasing diagram at Maxell Road





� EMBED Visio.Drawing.6  ���Figure 36:  Turning Counts for the AM peak hour 





� EMBED Visio.Drawing.6  ���Figure 47:  Turning Counts for the PM peak hour 
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Table 1:  AM peak hour volumes
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Table 3:  AM & PM peak hour delays and levels of service
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Table 2:  PM peak hour volumes





� EMBED Excel.Sheet.8  ��� Table 4:  Levels of service for the AM and PM peak hours and the corresponding 15-minute intervals 
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Figure 1:  The configuration of Clifton Country Road and Route 146.
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Figure 2:  Signal phasing diagram
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Figure 3:  Turning Counts for the AM peak hour 
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� EMBED Excel.Sheet.8  ��� Table 3:  Delay values for the AM, PM and Saturday peak hours 





� EMBED Excel.Sheet.8  ��� Table 2:  Levels of service for the AM, PM and Saturday peak hours 








� EMBED Excel.Sheet.8  ���Table 2:  AM peak hour volumes
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Table 5. Levels of Service by movement and 15-m inute interval




















Table � SEQ Table \* ARABIC �1�. Case Study Problems
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Figure � SEQ Figure \* ARABIC �36�. Typical Dual-Ring NEMA Phasing








Table � SEQ Table \* ARABIC �45�. Comparative Results from Three Datasets
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Table � SEQ Table \* ARABIC �23�. Problem 1a, Base Case
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Figure � SEQ Figure \* ARABIC �47�. Phasing at Maxwell Road








Table � SEQ Table \* ARABIC �34�. Effects of Variations in the Eastbound Arrival Type
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Table � SEQ Table \* ARABIC �56�. Effects of Skipped Phases
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Table � SEQ Table \* ARABIC �911�. Effects of Generated Traffic
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Figure � SEQ Figure \* ARABIC �58�. Delay Patterns among Scenarios
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Impact Assessment in Clifton Park
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		AM Peak Hour		Eastbound						Westbound						Southbound						Intersection Total

				Left		Through		Total		Through		Right		Total		Left		Right		Total

		7:00		27		145		172		138		34		172		65		15		80		424

		7:15		16		168		184		136		11		147		66		12		78		409

		7:30		10		189		199		175		18		193		85		19		104		496

		7:45		27		184		211		237		15		252		71		25		96		559

		8:00		33		221		254		275		26		301		85		23		108		663

		8:15		25		190		215		174		19		193		74		22		96		504

		8:30		39		209		248		198		24		222		60		16		76		546

		8:45		28		169		197		179		12		191		65		20		85		473

		Total		205		1475		1680		1512		159		1671		571		152		723		4074

		Peak Hour Factor		0.79		0.91				0.80		0.81				0.85		0.86
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		PM Peak Hour		Eastbound						Westbound						Southbound						Intersection Total

				Left		Through		Total		Through		Right		Total		Left		Right		Total

		16:00		42		227		269		226		36		262		63		37		100		631

		16:15		31		203		234		231		53		284		67		31		98		616

		16:30		45		226		271		234		53		287		70		51		121		679

		16:45		42		224		266		226		41		267		64		37		101		634

		17:00		56		225		281		239		69		308		88		49		137		726

		17:15		48		225		273		275		44		319		106		54		160		752

		17:30		51		215		266		250		53		303		74		33		107		676

		17:45		35		185		220		271		49		320		77		48		125		665

		Total		350		1730		2080		1952		398		2350		609		340		949		5379

		PHF		0.85		0.94				0.94		0.78				0.81		0.85
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				Eastbound								Westbound								Northbound								Southbound								Intersection Total

				Left		Through		Right		Total		Left		Through		Right		Total		Left		Through		Right		Total		Left		Through		Right		Total

		AM Peak		270		906		122		1298		5		899		198		1102		167		44		220		431		171		47		4		222		3053

		PM Peak		539		896		252		1687		31		928		367		1326		332		219		498		1049		465		158		15		638		4700

		Saturday		699		850		295		1844		40		761		342		1143		354		297		722		1373		440		257		21		718		5078
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				Eastbound								Westbound								Northbound								Southbound								Intersection Total

				Left		Through		Right		Total		Left		Through		Right		Total		Left		Through		Right		Total		Left		Through		Right		Total

		AM Peak		D		C		C		C		C		C		B		C		D		D		D		D		D		D				D		C

		PM Peak		E		E		C		E		E		D		C		D		D		E		D		E		E		C				E		E

		Saturday Peak		D		E		C		E		E		C		C		D		D		E		D		E		E		C				E		E
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				Eastbound								Westbound								Northbound								Southbound								Intersection Total

				Left		Through		Right		Total		Left		Through		Right		Total		Left		Through		Right		Total		Left		Through		Right		Total

		AM Peak		41.2		34.3		15.7		31		30		21.2		14.4		23.2		39.5		37.9		36.6		39.2		51.1		37.3				48		29.7

		PM Peak		57		65.4		30.8		55.6		67.2		43.5		28.2		51.6		52.4		62.9		46.2		55.8		72.4		32.3				61.5		55.1

		Saturday Peak		49.7		80		28.9		63.6		76.3		34		27.8		54.1		43.6		76.4		41.8		55.9		73.6		31.5				57.3		57.7
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				Eastbound						Westbound						Southbound						Intersection Total

				Left		Through		Total		Through		Right		Total		Left		Right		Total

		AM Peak		C		A		A		C				C		C		C		C		B

		7:30 Interval		B		A		A		B				B		B		B		B		B

		7:45 Interval		B		A		A		B				B		B		B		B		B

		8:00 Interval		B		A		A		B				B		B		B		B		B

		8:15 Interval		B		A		A		B				B		B		B		B		B

		8:30 Interval		B		A		A		B				B		B		B		B		B

		PM Peak		C		A		A		C				C		C		C		C		B

		16:45 Interval		B		A		A		B				B		B		B		B		B

		17:00 Interval		B		A		A		C				C		B		C		C		B

		17:15 Interval		B		A		A		C				C		C		C		C		B

		17:30 Interval		B		A		A		B				B		B		B		B		B

		17:45 Interval		B		A		A		C				C		C		C		C		B
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				Eastbound						Westbound						Southbound						Intersection Total

				Left		Through		Total		Through		Right		Total		Left		Right		Total

		AM LOS		C		A		A		C				C		C		C		C		B

		AM Delay		21.4		7.5		9.6		21.7				21.7		21.8		21.0		21.6		17.0

		PM LOS		C		A		A		C				C		C		C		C		B

		PM Delay		21.8		6.3		9.4		22.9				22.9		21.6		22.8		22.0		17.9
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				Eastbound								Westbound								Northbound								Southbound								Intersection Total

				Left		Through		Right		Total		Left		Through		Right		Total		Left		Through		Right		Total		Left		Through		Right		Total

		AM LOS		B		D				D		E		A				C		D						D		C						C		D

		AM Delay		14.3		45.5				45.5		64.6		8.9				28.5		53.6						53.6		23.4						23.4		40.2
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				Eastbound								Westbound								Northbound								Southbound								Intersection Total

				Left		Through		Right		Total		Left		Through		Right		Total		Left		Through		Right		Total		Left		Through		Right		Total

		7:00		0		110		14		124		12		128		0		140		3		0		6		9		0		0		0		0		273

		7:15		0		116		22		138		27		144		0		171		5		0		15		20		0		0		0		0		329

		7:30		0		117		40		157		41		160		1		202		8		0		11		19		1		0		0		1		379

		7:45		0		167		62		229		84		162		1		247		3		0		15		18		0		0		0		0		494

		8:00		0		164		105		269		92		114		5		211		26		1		47		74		0		1		1		2		556

		8:15		0		186		55		241		74		146		2		222		42		0		73		115		2		0		0		2		580

		8:30		0		162		48		210		39		87		8		134		22		0		36		58		1		0		1		2		404

		8:45		0		148		50		198		48		117		12		177		27		2		58		87		7		1		6		14		476

		Total		0		1170		396		1566		417		1058		29		1504		136		3		261		400		11		2		8		21		3491

		PHF		1.00		0.91		0.64				0.79		0.79		0.50				0.55		0.25		0.59				0.38		0.25		0.50






