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SECTION 1 – EXECUTIVE SUMMARY 

 

1.0 Project Description 

Toll Brothers, Inc. proposes to construct Hilltop Village at Wappinger, a 225-unit Senior 

Housing Development with primary access to All Angels Hill Road (CR 94) in the Town 

of Wappinger, Dutchess County, New York (see Figure 1).  Access to and from the site 

will be provided via a new road utilizing an existing driveway entrance that serves 

Flavormatic Industries, Inc. – an existing commercial site adjacent to the Project - and is 

located opposite Hilltop Drive.  An emergency access will be provided via Shamrock 

Road, accessible from Old Hopewell Road.  The location and layout of the project is 

shown in the Proposed Site Plan, prepared by Povall Engineering, PLLC, a site/civil 

engineering firm retained by Toll Brothers.  Their Site Plan is included in this study in 

Appendix A. 

 

1.1 Purpose 

TRC Engineers, Inc. (TRC) has been retained by Povall Engineering, PLLC to analyze 

the traffic impact associated with the project and to identify necessary roadway 

improvements, if required, to mitigate any adverse impact.  In a supplemental analysis, 

TRC has evaluated the potential impacts assuming the implementation of proposed – but 

not yet scheduled - future improvements to the adjacent County road system.  

Information regarding those improvements was provided by the County’s Traffic 

Engineer.  Improvements along Meyers Corners Road (CR 93) were identified in the CR 

93 Corridor Study, prepared by Wilbur Smith Associates for the Poughkeepsie-Dutchess 

County Transportation Council.  The improvements along Old Hopewell Road (CR 28) 

were identified in the CR 28 Corridor Study; they are part of a Federal-Aid Project 

scheduled for inclusion in a 2014 Transportation Improvement Plan (TIP).  It should be 

noted that the TIP is only the first step in processing a transportation related 

improvement; there are no construction plans for those improvements and it is not certain 

when (or if) they will be implemented.  Therefore, the supplemental analysis has been 

added in order to provide the Town with a “broad-brush” estimate of potential future 

traffic conditions once those proposed future roadway improvements are completed.  For 
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analysis purposes, a Design Year of 2015 has been utilized for the proposed Hilltop 

Village development. 

 

1.2 Findings 

Based on field observations and the detailed analysis undertaken during the preparation 

of this Traffic Impact Study, the following findings are presented: 

 The site will be provided very good regional and local access due to its proximity to 

State Routes 376 and 82, and to County Routes 94, 28, 93, and 104.   

 Based on conservative projections, it is anticipated that the senior housing 

development will generate approximately 17 entering vehicles and 32 exiting 

vehicles during the weekday AM Peak Hour and 37 entering vehicles and 24 exiting 

vehicles during the PM Peak Hour. 

 Access to/from the proposed Project will be provided via a Town Road (the 

conversion of an existing driveway) with a full-movement unsignalized intersection 

at All Angels Hill Road.  The existing driveway is currently providing access to 

Flavormatic Industries.  An emergency access will be provided via Shamrock Road, 

accessible from Old Hopewell Road. 

 A conservative annual growth factor of 2% was applied to the existing traffic 

volumes, to account for traffic associated with background growth as well as traffic 

associated with any other unknown potential nearby developments.   

 Level of Service analyses were performed for the key study locations for the 

Existing, 2015 No-Build (without the Project) and 2015 Build conditions (with the 

Project).  Table 1 summarizes the results of the capacity analyses conducted for each 

intersection included in this study.  Average delay, expressed in seconds per vehicle, 

is listed below each Level of Service. Detailed Level of Service summaries for each 

intersection are provided in Section 4 of this Report: 
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TABLE 1 

OVERALL LEVEL OF SERVICE SUMMARY TABLE 

Intersection 
Existing 2015 No-Build 2015 Build 

AM PM AM PM AM PM 
New York State Route 376 &  
New Hackensack Road (CR 104) 

D D D D D D 
35.8 38.9 37.2 43.0 37.2 43.1 

All Angels Hill Road (CR 94) &  
New Hackensack Road (CR 104) 

D E D E D E 
52.0 61.8 54.3 67.4 54.4 68.1 

All Angels Hill Road (CR 94) &  
Widmer Road 

b b b b b b 
12.0 13.7 12.5 14.7 12.6 15.0 

All Angels Hill Road (CR 94) &  
Myers Corners Road (CR 93) 

C C C C C C 
25.8 29.3 27.9 32.6 28.2 33.1 

Myers Corners Road (CR 93) &  
Kent Road 

d d d d d d 
25.1 25.1 30.5 30.6 30.9 31.1 

All Angels Hill Road (CR 94) &  
Kent Road/Cider Mill Loop 

c b c c c c 
15.1 14.3 16.7 15.3 17.0 15.6 

All Angels Hill Road (CR 94) &  
Hilltop Drive/Site Driveway 

b b b c b c 
11.5 14.6 12.0 15.7 14.6 16.3 

All Angels Hill Road (CR 94) &  
Pye Lane 

b c c c c c 
14.7 15.4 15.6 16.4 16.0 17.0 

All Angels Hill Road (CR 94) &  
Brown Road 

b c c c c d 
14.0 20.3 15.3 24.6 15.8 26.3 

All Angels Hill Road (CR 94) &  
Old Hopewell Road (CR 28) 

C C C D C D 
21.3 27.2 25.2 40.1 27.0 43.9 

Old Hopewell Road (CR 28) & 
 Balfour Drive 

b c c c c c 
14.8 21.0 15.8 23.3 15.9 23.4 

Old Hopewell Road (CR 28) & 
 Cedar Hill Road 

c c c d c d 
16.4 23.2 18.4 28.4 18.5 28.7 

All Angels Hill Road (CR 94) &  
State Route 82 

A B B C B C 

9.9 14.3 10.1 27.1 10.3 29.7 
     Notes: *Levels of Service for Signalized intersections are represented by upper case letters  with 

average delay in seconds provided below, and is provided for the overall intersection. 
 *Levels of Service for Unsignalized intersections are represented by lower case letters with 
average delay in seconds provided below, and is provided for the worst-case minor street 
approach. 

 

1.3 Conclusions 

Based on the analysis contained in this report, it is the considered professional opinion of 

TRC Engineers that the traffic generated by the proposed Project will have a negligible 

impact on operating conditions at the key study intersections as seen by the minimal 

changes in delay and Levels of Service from the 2015 No-Build to the 2015 Build condition.  

Therefore, no mitigation is necessary at these intersections. 
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SECTION 2 – SITE DEVELOPMENT ALTERNATIVES 

 

The total site consists of approximately 150 acres and is currently zoned for Conservation Office 

Park (COP) and Single-Family Residences (R-40).  It should be noted that if there was to be a 

development built under the existing zoning criteria, it would generate a significant amount of 

traffic in the vicinity of the site.  Povall Engineering has established an alternative “as-of-right” 

development that would be possible for the site based on the zoning of the property.  There were 

three variations of the as-of-right development – conventional, average density and conservation – 

but each produced the same building areas and therefore the same trip generation.  Using the base 

building type and areas, TRC prepared a trip generation analyses to determine the number of trips 

that would be generated by the land use components of any one of the alternative development 

variations.   

 

The following Table summarizes a comparison of the number of trips that would be generated by 

the site assuming that it is developed based on land uses allowed under existing zoning vs. site 

development based on the proposed zoning.   

 

TABLE 2 

TRIP GENERATION COMPARISON - AS-OF-RIGHT VS. PROPOSED ZONING 
Hilltop Village - Town of Wappinger, New York 

Development 
Scenario 

Land Use (Code) Size Unit Peak AM Hour Peak PM Hour 
Enter Exit Total Enter Exit Total

GENERATED TRIPS(1) AS-OF-RIGHT USES 

Conventional, 
Average Density 
or Conservation 

General Office Space (710) 530,000 SF 627 85 712 114 558 672 
Warehousing (150) 42,000 SF 40 11 51 9 25 34 

Single-Family Housing (210) 13 DU 5 14 19 11 6 17 

  TOTAL         782     723 

GENERATED TRIPS(1) PROPOSED USE 

 Proposed 
Senior Adult Housing 

Detached (251) 
225 DU 17 32 49 37 24 61 

 TOTAL         49     61 
 (1) Generated trips based on rates and information contained in the Institute of Transportation Engineers' (ITE) 
publication "Trip Generation" (Eighth Edition). 
 

As illustrated in the table above, the proposed Hilltop Village at Wappinger Senior Housing 

Development will generate significantly less traffic to the Town and surrounding roadways and 
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communities than would the as-of-right alternatives.   
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SECTION 3– TRAFFIC CONDITIONS AND PROJECTIONS 

 

3.0 Study Methodology 

TRC Engineers, Inc. (TRC) has analyzed the traffic impact associated with building a 

225-unit senior housing development on All Angels Hill Road (CR 94) in the Town of 

Wappinger using the generally accepted, industry standard traffic engineering techniques.  

In a supplemental analysis, TRC has evaluated the potential impacts assuming the 

implementation of future roadway and intersection improvements as provided by the 

County Traffic Engineer. 

 

Background traffic volumes were collected by representatives of TRC in the vicinity of 

the proposed Project at key intersections as required in the Scoping Document.  The 

existing traffic counts were projected to the year 2015 utilizing a growth rate of two 

percent (2.0%) compounded annually, as recommended by the Dutchess County Planning 

Department.  If available, traffic to be generated by other planned or on-going 

developments in the same study area also was to be included in the background growth.  

It should be noted that the Town’s Planning Consultant, Frederick P. Clark Associates, 

(FPC), has confirmed that there is one development that is expected to be either approved 

or under construction that would generate additional traffic in the same vicinity and time 

frame as that associated with the proposed Hilltop Village Development. 

 

The combination of existing and background traffic resulted in the 2015 No-Build traffic 

volumes.  Next, the site-generated traffic for the proposed Project was added to the 2015 

No-Build traffic volumes, resulting in the 2015 Build traffic volumes.  TRC conducted 

detailed capacity and Level of Service analyses of the key study location to identify 

operational characteristics of the Peak Hour traffic demand and, if poor Levels of Service 

were identified, mitigation was proposed.  This impact was quantified based on a 

comparison of Peak Hour traffic – 2015 No-Build to 2015 Build conditions. 
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3.1 Description of Roadway Network in the Vicinity of Project Site 

Roadways adjacent to or in the vicinity of the site include State Route 376, State Route 82, 

New Hackensack Road (CR 104), All Angels Hill Road (CR 94), Myers Corners Road (CR 

93), Old Hopewell Road (CR 28), Widmer Road, Kent Road, Cider Mill Loop, Hilltop 

Drive, the access to Flavormatic Industries (Proposed Site Access), Pye Lane, Brown Road, 

Balfour Drive, and Cedar Hill Road.  The following is a description of those roadways: 

 

New York State Route 376 (NY 376) – New York State Route 376 is under the jurisdiction 

of the New York State Department of Transportation.  NY 376 is approximately 14 miles 

in length and is located entirely within Dutchess County, New York.  NY 376 travels 

north/south through the towns of East Fishkill, Wappinger, and Poughkeepsie.  The 

northern terminus is at the intersection of US 44/NY 55 in Arlington, a hamlet in the 

town of Poughkeepsie, and the southern terminus is at the intersection of NY 52 in East 

Fishkill. In the vicinity of the site, NY 376 has a north-south alignment, one travel lane in 

each direction and a speed limit of 40 miles per hour (mph).   

 

New York State Route 82 (NY 82) – New York State Route 82 is under the jurisdiction of 

the New York State Department of Transportation.  NY 82 is approximately 60 miles in 

length and is located in Dutchess and Columbia Counties.  The northern terminus is at the 

intersection of NY 9H in Livingston, and the southern terminus is at the intersection of 

NY 52 in Fishkill. In the vicinity of the site, NY 82 has a northeast-southwest alignment, 

one travel lane in each direction and a speed limit of 45 mph.   

 

New Hackensack Road (Dutchess County Road CR 104) – New Hackensack Road (CR 104) 

is under the jurisdiction of Dutchess County.  County Road 104 is approximately 3 miles in 

length and originates at US Route 9 and continues northeast to NY 376/CR 94 in the Town 

of Wappinger.  In the vicinity of the site, New Hackensack Road has an east-west alignment 

and a posted speed limit of 40 mph.   

 

All Angels Hill Road (CR 94) - All Angels Hill Road (CR 94) is under the jurisdiction of 

Dutchess County.  All Angels Hill Road is approximately 5 miles in length and travels 
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north/south through localities known as Swartoutville, Myers Corner, and New 

Hackensack in the Town on Wappinger.  The northern terminus is at the intersection of 

NY 376 and the southern terminus is at the intersection of NY 82. In the vicinity of the 

site, All Angels Hill Road has a north-south alignment, one travel lane in each direction 

and a speed limit of 40 mph.   

 

Meyers Corners Road (CR 93) – Meyers Corners Road is under the jurisdiction of 

Dutchess County.  On its western end, CR 93 intersects Route 9D and extends eastward 

as Middlebush Road to US Route 9.  East of Route 9, CR 93 is known as Myers Corners 

Road, continuing through its intersection with All Angels Hill Road (CR 94), coming to 

an end at NY 376.  In the vicinity of the site, Meyers Corners Road has an east-west 

alignment, one travel lane in each direction and a posted speed limit of 40 mph to the 

west of All Angels Hill Road and 35 mph to the east of All Angels Hill Road.   

 

Old Hopewell Road (CR 28) - Old Hopewell Road is under the jurisdiction of Dutchess 

County.  Beginning on its western end at the New Hamburg railroad station (Metro North 

Hudson Line), CR 28 – as New Hamburg Road travels east through the hamlets of New 

Hamburg and Hughsonville to its intersection with Route 9D.  CR 28 continues west as 

Old Hopewell Road intersecting Route 9 and CR 94, coming to its eastern end at Route 

82.  In the vicinity of the site, Old Hopewell Road has an east-west alignment, one travel 

lane in each direction and a posted speed limit of 40 mph.   

 

Widmer Road – Widmer Road is under the jurisdiction of the Town of Wappinger.  The 

western end of Widmer Road is at New Hackensack Road (CR 104), and it continues 

northeast to All Angels Hill Road (CR 94) in the Town of Wappinger.  In the vicinity of the 

site, Widmer Road generally has an east-west alignment, one travel lane in each direction, 

and a posted speed limit of 40 mph.   

 

Kent Road – Kent Road is approximately one mile in length and is under the jurisdiction of 

the Town of Wappinger.  The northern end of Kent Road is at Myers Corners Road (CR 93), 

and it continues south and east to All Angels Hill Road (CR 94) in the Town of Wappinger.  
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In the vicinity of Meyers Corners Road, Kent Road has a north-south alignment, one travel 

lane in each direction, and a posted speed limit of 30 mph.  In the vicinity of All Angels Hill 

Road (CR 94), Kent Road has an east-west alignment, one travel lane in each direction, a 

posted speed limit of 30 mph, and is aligned opposite Cider Mill Loop.   

 

Cider Mill Loop – Cider Mill Loop is approximately ½ mile in length and is under the 

jurisdiction of the Town of Wappinger.  Cider Mill Loop begins and ends at All Angels Hill 

Road (CR 94) in the Town of Wappinger.  This roadway provides access to a residential 

community.  Cider Mill Loop has an east-west alignment, one travel lane in each direction 

and a posted speed limit of 30 mph.  

 

Hilltop Drive – Hilltop Drive is approximately ½ mile in length and is under the jurisdiction 

of the Town of Wappinger.  Hilltop Drive is aligned opposite the Flavormatic Industries 

driveway at All Angels Hill Road (CR 94) and travels west through a residential 

neighborhood.  It ends at Pye Lane in the Town of Wappinger.  Hilltop Drive has an east-

west alignment, one travel lane in each direction, and a posted speed limit of 30 mph.   

 

Proposed Site Access (Flavormatic Industries Driveway) – The driveway that serves 

Flavormatic Industries is approximately ¼ mile in length and is privately owned.  That 

driveway is aligned opposite Hilltop Drive at All Angels Hill Road (CR 94) and has one 

travel lane in each direction.  This driveway will be rebuilt to Town standards and will 

become a Town Road.  It will serve as part of the primary access to the project site. 

 

Pye Lane – Pye Lane is approximately one mile in length and is under the jurisdiction of the 

Town of Wappinger.  The western end of Pye Lane is at All Angels Hill Road (CR 94) and 

it continues east to Montfort Road in the Town of Wappinger.  This roadway provides 

access to/from a large number of residential homes and neighborhoods.  In the vicinity of 

the site, Pye Lane has an east-west alignment, one travel lane in each direction, and a posted 

speed limit of 30 mph.   
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Brown Road – Brown Road is approximately 1¼ mile in length and is under the jurisdiction 

of the Town of Wappinger.  The western end of Brown Road is at All Angels Hill Road (CR 

94) and it continues east to Lake Walton Road in the Town of East Fishkill.  This roadway 

accommodates local traffic and provides access to/from residential homes and 

neighborhoods.  In the vicinity of the site, Brown Road has an east-west alignment, one 

travel lane in each direction, and a posted speed limit of 30 mph.   

 

Balfour Drive – Balfour Drive is under the jurisdiction of the Town of Wappinger.  Balfour 

Drive originates at Old Hopewell Road (CR 28) and continues north through a residential 

community in the Town of Wappinger.  This roadway accommodates local traffic and 

provides access to/from residential homes and neighborhoods.  Balfour Drive is aligned 

opposite Meadowood Lane.  Balfour Drive has a north-south alignment, one travel lane in 

each direction, and a posted speed limit of 30 mph.   

 

Cedar Hill Road – Cedar Hill Road is under the jurisdiction of the Town of Wappinger.  

Cedar Hill Road originates at Old Hopewell Road (CR 28) and continues south providing 

access to/from residential homes in the Town of Wappinger.  Cedar Hill Road has a north-

south alignment, one travel lane in each direction, and a posted speed limit of 30 mph.   

 

Figure 2 illustrates the posted speed limits, full paved width, and shoulder widths along the 

roadways.  Pavement of the roadway network is in generally good condition.  There is no 

on-street parking permitted along NY 376, All Angels Hill Road, New Hackensack Road, 

Widmer Road, Myers Corners Road, Brown Road, Old Hopewell Road, and NY 82, in 

vicinity of the study area.  There are signs posted within the study area restricting parking on 

public highways between midnight and 8 AM from November 1st to April 1st.   

 

3.2 Study Locations 

Based on a review of the existing roadway network, traffic operating conditions and existing 

traffic volumes, and as required by the Scoping Document, the following study locations 

were identified. 

1. State Route 376 and New Hackensack Road (CR 104)  
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2. All Angels Hill Road (CR 94) and New Hackensack Road (CR 104) 

3. All Angels Hill Road (CR 94) and Widmer Road 

4. All Angels Hill Road (CR 94) and Myers Corners Road (CR 93) 

5. Myers Corners Road (CR 93) and Kent Road 

6. All Angels Hill Road (CR 94) and Kent Road/Cider Mill Loop 

7. All Angels Hill Road (CR 94) and Hilltop Drive/Site Access Road 

8. All Angels Hill Road (CR 94) and Pye Lane 

9. All Angels Hill Road (CR 94) and Brown Road 

10. All Angels Hill Road (CR 94) and Old Hopewell Road (CR 28) 

11. Old Hopewell Road (CR 28) and Balfour Drive 

12. Old Hopewell Road (CR 28) and Cedar Hill Road 

13. All Angels Hill Road (CR 94) and State Route 82 

 

Figure 3 illustrates the study locations and the traffic control devices used at the various 

study locations.  Appendix B contains the Traffic Signal Timing Permits that were obtained 

from either the State or County.  Appendix C contains the signal timings as observed in the 

field by a TRC representative.   

 

3.3 Existing Traffic Volumes 

Background traffic volumes were collected by representatives of TRC on the adjacent 

roadways at the key study locations.  TRC conducted manual turning movement counts 

on Tuesday, May 11, 2010, Thursday, February 10, 2011 and Tuesday, February 22, 

2011.  The counts were recorded in 15-minute intervals during AM and PM peak periods 

– weekdays in the morning from 6:30 to 9:30 AM and in the late afternoon/early evening 

from 3:30 to 6:30 PM.  In addition to the manual traffic counts, field measurements were 

made to determine roadway geometry, lane widths, traffic control and signal 

phasing/timings, etc.  The manual traffic count data is contained in Appendix D.   

 

In analyzing the traffic impact on the adjacent roadway network associated with the 

proposed Project, it is essential to determine those hours during which the Project would 

have its greatest impact.  In general, the Project’s land uses will generate their highest 
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volumes during the AM and PM Peak Weekday Hours.  Therefore, these peak periods 

were analyzed.  Based on the hourly volumes distilled from the recent traffic counts, the 

Peak Hours were determined to be as follows: 

 AM Peak Hour – 7:30 to 8:30 AM 

 PM Peak Hour – 4:30 to 5:30 PM  

 

During these hours, the combination of existing traffic along the roadways adjacent to the 

site and traffic to be generated by the proposed project will generally be at the highest for 

the day.  The Existing traffic volumes for the Peak AM Hour and Peak PM Hour of the 

Adjacent Street are illustrated in Figure 4. 

 

3.4 2015 No-Build Traffic Volumes and Other Area Developments 

 For analysis purposes, 2015 was used as the year in which the Project would be built and 

occupied.  To account for general background traffic growth, the existing traffic volumes 

were increased to reflect probable conditions in 2015 by applying a standard growth rate of 

2% per year compounded annually, as suggested by the Dutchess County Planning 

Department.  Accounting for background traffic growth simply acknowledges the fact that 

the study area, and generally the Town and region, will grow in certain aspects that will 

contribute to increased traffic activity. 

 

TRC contacted the Town of Wappinger’s Planning Consultant, Frederick P. Clark 

Associates (FPCA), to determine if there were any proposed developments in the vicinity 

of the Project, and if their associated traffic should be included in the 2015 projected 

volumes.  FPCA identified one proposed development; the Cerebral Palsy Community 

Residence Development.  This development consists of a one story 13,543 square-foot 

building that would accommodate 14 residential units, 1 live-in caretaker unit, and 20 

parking spaces.  This development is to be located along Myers Corners Road between 

Kent Road and Schnabl Court.  Based on the nature of this land use, it is anticipated that 

this special residential development would not generate a significant amount of peak hour 

traffic; the minimal amount of traffic that is generated would be accounted for in the 

background traffic growth.   
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 The 2015 No-Build traffic volumes are shown in Figure 5 for the Peak AM and Peak PM 

analysis periods. 

 

3.5 Project-Generated Traffic Volumes 

The purpose of this Traffic Study was to identify the impact of the proposed development 

on the adjacent roadway network.  Having established traffic conditions in 2015 without 

completion of the development (i.e., the 2015 No-Build conditions), the next step was to 

determine the hourly traffic volumes to be generated by the development.   

 

The Site Plan for the Hilltop Village at Wappinger, prepared by Povall Engineering, 

illustrates a total of 132 detached senior housing units and 93 attached senior housing 

units.  The site-generated traffic volumes for the proposed Hilltop Village at Wappinger 

residential development were based on the Institute of Transportation Engineers’ (ITE) 

publication titled, “Trip Generation”, Eighth Edition.   

 

Site-generated traffic volumes were computed based on the combined total of 225 

detached senior housing units by applying the formulas developed by ITE for Land Use 

Code 251, “Senior Adult Housing-Detached”.  The single land use type was chosen since 

it results in slightly higher volumes when compared to Land Use Code 252, “Senior 

Adult Housing-Attached” and therefore, calculating the site-generated trips for all units 

based on this Code provides a more conservative analysis.  It is anticipated that the site 

will generate approximately 17 entering vehicles and 32 exiting vehicles during the 

weekday AM Peak Hour and 37 entering vehicles and 24 exiting vehicles during the 

weekday PM Peak Hour.   

 

The trip generation characteristics of the Project are summarized in Table 3 below. 
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TABLE 3 

PROJECT GENERATED TRAFFIC VOLUMES 

Land Use 
ITE 
Code Size 

Peak Hour 

AM PM 

Enter Exit Enter Exit 

Senior Adult Housing-Detached 251 225 dwelling units 17 32 37 24 

  

3.6 Assignment of Site-Generated Traffic 

The arrival and departure trip distributions for the site were determined based on the existing 

roadway traffic patterns exhibited on the adjacent roadway network, and as exemplified by 

the recent turning movement counts.  Figures 6 and 7 illustrate the arrival and departure 

distribution patterns applied to traffic estimated to be generated by the Project site for the 

AM and PM Peak Hours.   

 

3.7 2015 Build Traffic Volumes 

The Project generated traffic volumes illustrated in Table 3 for the Senior Adult Housing use 

were distributed to the roadway system in accordance with the arrival and departure 

distributions discussed in Section 3.6.  The resulting Project-generated traffic volumes for 

the peak hours are illustrated in Figure 8.  The Project-generated traffic volumes were then 

combined with the 2015 No-Build traffic volumes resulting in the 2015 Build traffic 

volumes.  The 2015 Build traffic volumes are shown in Figure 9.  Level of Service and 

Capacity analyses for the 2015 Build traffic volumes were computed to determine the 

intersections’ ability to operate under future conditions. 
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SECTION 4 – LEVEL OF SERVICE ANALYSIS 

 

4.0 Description 

The Transportation Research Board – a nationally recognized transportation resource agency - 

described the generally accepted capacity analysis methodology in their 2000 Highway Capacity 

Manual.  In general, the term "Level of Service" is used to describe a "qualitative" measure of 

capacity based on certain "quantitative" calculations related to physical conditions, traffic volume 

demand and type of traffic control.  The definition of Level of Service as presented in the 2000 

Highway Capacity Manual is contained in Appendix E of this Report and is briefly described 

below. 

 

Levels of Service are determined by measuring or calculating the average delay 
time for vehicles traveling along a roadway or through intersections.  Delay can be 
caused by a variety of conditions, such as traffic control devices (stop signs and 
traffic signals), parking maneuvers adjacent to travel lanes and, at times, high 
volumes of traffic.  Short delays are indicative of very good travel conditions, while 
very long delays generally reflect conditions considered to be unacceptable to most 
drivers.   

 

The 2000 Highway Capacity Manual provides a method of reporting average delay by establishing 

a rating system that assigns a range of delay times to a graduated series of service levels.  There are 

six service levels labeled “A” through “F”, with levels A, B, C and D generally representative of 

delay times acceptable to most drivers under typical travel conditions.  Levels E and F reflect the 

higher delay time ranges and can be regarded as approximations of the limits of acceptable delay, 

especially if found to occur over long periods of time.  However, for short time periods, such as the 

busiest 15 minutes just after 5:00 PM, at an exit driveway from an office building, longer delays are 

expected and generally considered acceptable. 

 

The ability of the roadway network to accommodate the projected traffic volume demand was 

measured by examining the ability of key intersections to accommodate such demand.  Level of 

Service analyses were performed for the key study locations using Synchro Studio 7.0 Software 

developed by TrafficWare.  This software implements the methods of the 2000 Highway 

Capacity Manual to evaluate signalized and unsignalized intersection capacity analyses.  Year 
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2011 Existing, 2015 No Build and 2015 Build analyses were undertaken for the AM and PM 

Peak Hours.  The analysis worksheets for this intersection are contained in Appendix F.  

Appendix G contains detailed capacity analysis result tables that identify the v/c ratio, delay and 

Level of Service for all lane groups and movements.  Figure 10 illustrates the Existing, 2015 No-

Build, and Build overall Levels of Service at each study location.  The following sections 

provide the intersection and analysis details. 

 

4.1 Location 1 – New York State Route 376 & New Hackensack Road (CR 104) 

4.1.1 Existing Geometry 

The intersection of the New York State Route 376 (NY 376) and New 

Hackensack Road (CR 104) is a three-legged, signalized intersection.  NY 376 

forms the northbound and southbound approaches and New Hackensack Road 

(CR 104) forms the eastbound approach.  The northbound approach consists of a 

left-turn and a through lane and the southbound approach consists of a through 

lane.  The eastbound approach consists of a shared left-turn/right-turn lane.  It 

should be noted that the signal timing and phasing for this intersection is grouped 

with the adjacent intersection to the west, that of All Angels Hill Road (CR 94) 

and New Hackensack Road (CR 104), due to their proximity.  The following 

diagram illustrates the lane configuration at this intersection.  
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4.1.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of State Route 376 and New 

Hackensack Road (CR 104) for the Existing, 2015 No-Build, and 2015 Build traffic 

volumes.  The results of these analyses are shown in the following table:   

 

TABLE 4 
SIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 

NEW HACKENSACK ROAD (CR 104) & NYS ROUTE 376 

PEAK AM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

NEW HACKENSACK ROAD (CR 104) 

EB L/R 10.9 B 11.6 B 11.8 B 0.2 

NYS ROUTE 376 
NB L 87.6 F 94.1 F 94.2 F 0.1 

  T 39.3 D 39.7 D 39.6 D -0.1 
  OVERALL 57.2 E 59.9 E 59.9 E - 

SB T 57.3 E 57.6 E 57.5 E -0.1 

INTERSECTION 35.8 D 37.2 D 37.2 D - 

PEAK PM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

New Hackensack Road 
 

(CR 104) 

All Angels Hill  
Road (CR 94) 

N 

NY-376 
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NEW HACKENSACK ROAD (CR 104) 

EB L/R 17.3 B 21.9 C 22.3 C 0.4 

NYS ROUTE 376 
NB L 99.2 F 111.1 F 111.3 F 0.2 

  T 37.6 D 37.8 D 37.7 D -0.1 
  OVERALL 64.9 E 70.2 E 70.3 E 0.1 

SB T 59.6 E 60.3 E 60.0 E -0.3 

INTERSECTION 38.9 D 43.0 D 43.1 D 0.1 

 

  As can be seen in the above Table, lengthy delays will be experienced on the 

northbound and southbound NY 376 approaches with or without the proposed 

Project during the Peak AM and PM Hours.  This is attributed to the relative long 

cycle length necessary to accommodate the phasing and timing of the two 

combined intersections: NY 376 and New Hackensack Road, and All Angels Hill 

Road and New Hackensack Road.  Although the longer cycle length is necessary 

to increase intersection capacity and allow the two adjacent intersections to 

operate jointly, it also decreases the ratio of effective green time to cycle length 

for certain movements and therefore increases the delay times of those 

movements.   

 

It should be noted that the change in No Build to Build delay time for any individual 

movement does not increase more than one second.  As shown in the Table below, 

the highest percentage increase in traffic volumes from the projected 2015 No-

Build Traffic Volumes due to the site generated traffic at this intersection, during 

either the Peak AM or Peak PM Hour is less than half of 1.0%. 

 

TABLE 5 
NO-BUILD AND BUILD TRAFFIC VOLUME COMPARISON AT 

NEW HACKENSACK ROAD (CR 104) & NEW YORK STATE ROUTE 376 (NY 376) 
  AM Peak Hour Traffic Volume PM Peak Hour Traffic Volumes 
2015 No-Build 1080 1305 
2015 Build 1085 1309 

Net Increase 5 4 

Percentage 0.46% 0.31% 

 
  This volume increase does not significantly impact this intersection; therefore, the 
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project related impact may be characterized as minimal and in fact much less than 

that of the No-Build traffic volumes.  No improvements are proposed for this 

intersection in order to mitigate project-related impacts.  It should be noted that 

these Levels of Service reflect conditions during the peak hours, representing a 

worst-case scenario when traffic volumes are greatest.  At all other non-Peak 

Hour times this intersection will operate at better-quality Levels of Service.   
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4.2 Location 2 - All Angels Hill Road (CR 94) & New Hackensack Road (CR 104) 

4.2.1 Existing Geometry 

The intersection of the All Angels Hill Road (CR 93) and New Hackensack Road 

(CR 104) is a four-legged, signalized intersection.  All Angels Hill Road (CR 93) 

forms the northbound and southbound approaches and New Hackensack Road 

(CR 104) forms the eastbound and westbound approaches.  The northbound 

approach consists of a shared left-turn/right-turn lane and the southbound 

approach consists of a through lane and a right-turn lane.  The eastbound 

approach consists of a shared through/right-turn lane and the westbound approach 

consists of a shared left-turn/through lane.  It should be noted that the signal 

timing and phasing for this intersection is grouped with the adjacent intersection 

to the east, the intersection of NY 376 and New Hackensack Road (CR 104), due 

to the proximity of the two intersections.  The following diagram illustrates the 

lane configuration at this intersection. 

 

 

 

 

New Hackensack Road 
 

(CR 104) 

All Angels Hill  
Road (CR 94) 

N 

NY-376 
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4.2.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of All Angels Hill Road (CR 

94) and New Hackensack Road (CR 104) for the Existing, 2015 No-Build, and 2015 

Build traffic volumes.  The results of these analyses are shown in the following 

Table: 

 

TABLE 6 

SIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
ALL ANGELS HILL ROAD (CR 94) & NEW HACKENSACK ROAD (CR 104) 

PEAK AM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

NEW HACKENSACK ROAD (CR 104) 
EB T/R 52.8 D 54.4 D 54.5 D 0.1 

WB L/T 18.5 B 22.2 C 22.2 C - 

ALL ANGELS HILL ROAD (CR 94) 
NB L/R 47.2 D 48.0 D 48.1 D 0.1 
SB T 69.7 E 73.7 E 73.9 E 0.2 
  R 58.6 E 59.4 E 59.3 E -0.1 

  OVERALL 65.7 E 68.6 E 68.7 E 0.1 

INTERSECTION 52.0 D 54.3 D 54.4 D 0.1 

PEAK PM HOUR 

APPROACH EXISTING NO BUILD BUILD
NO BUILD-BUILD 
DELAY CHANGE

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

NEW HACKENSACK ROAD (CR 104) 
EB T/R 72.6 E 83.3 F 83.5 F 0.2 

WB L/T 24.5 C 27.5 C 27.9 C 0.4 

ALL ANGELS HILL ROAD (CR 94) 
NB L/R 49.1 D 50.6 D 50.8 D 0.2 
SB T 80.6 F 87.9 F 89.7 F 1.8 
  R 58 E 58.4 E 58.3 E -0.1 
  OVERALL 73.2 E 78.2 E 79.6 E 1.4 

INTERSECTION 61.8 E 67.4 E 68.1 E 0.7 

 

  As can be seen in the above Table, lengthy delays will be experienced on the 

eastbound and southbound approaches with or without the proposed project 

during the Peak AM and PM Hours.  This is attributed to the relative long cycle 

length necessary to accommodate the phasing and timing of the two combined 
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intersections.  Although the longer cycle length is necessary to increase 

intersection capacity and allow the two adjacent intersections to operate jointly, it 

also decreases the ratio of effective green time to cycle length for certain 

movements and therefore increases the delay times of those movements.   

 

It should be noted that the change in No Build to Build delay time for any individual 

movement does not increase more than two seconds.  As shown in the Table below, 

the highest percentage increase in traffic volumes from the projected 2015 No-

Build Traffic Volumes due to the site generated traffic at this intersection, during 

either the Peak AM or Peak PM Hour is less than 1.0%. 

 

TABLE 7 
NO-BUILD AND BUILD TRAFFIC VOLUME COMPARISON AT 

ALL ANGELS HILL ROAD (CR 94) & NEW HACKENSACK ROAD (CR 104) 
  AM Peak Hour Traffic Volume PM Peak Hour Traffic Volumes 
2015 No-Build 1143 1444 
2015 Build 1151 1454 

Net Increase 8 10 

Percentage 0.70% 0.69% 

 
  This volume increase does not significantly impact this intersection; therefore, the 

project related impact may be characterized as minimal and much less than that of 

the No-Build traffic volumes.  No improvements are proposed for this intersection 

in order to mitigate project-related impacts.  It should be noted that these Levels 

of Service reflect conditions during the peak hours, representing a worst-case 

scenario when traffic volumes are greatest.  At all other non-Peak Hour times this 

intersection will operate at better-quality Levels of Service.  
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4.3 Location 3 - All Angels Hill Road (CR 94) & Widmer Road  

4.3.1 Existing Geometry 

The intersection of All Angels Hill Road (CR 94) and Widmer Road is a three-

legged, stop sign controlled intersection.  All Angels Hill Road (CR 94) forms the 

northbound and southbound approaches to this intersection and feature free 

flowing traffic.  Widmer Road forms the eastbound approach of this intersection 

and is currently controlled by a stop sign.  The All Angels Hill Road northbound 

approach has a left-turn lane and a through lane, the All Angels Hill Road 

southbound approach to this intersection has a shared through/right-turn lane.  

The Widmer Road eastbound approach has to this intersection has a left-turn lane 

and a right-turn lane.  The following diagram illustrates the lane configuration at 

this intersection. 

 

 

 

4.3.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of All Angels Hill Road (CR 

94) and Widmer Road for the Existing, 2015 No-Build, and 2015 Build traffic 

volumes.  The results of these analyses are shown in the following Table: 

Widmer Road

N 

All Angels Hill 
Road (CR 94)
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TABLE 8 

UNSIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
ALL ANGELS HILL ROAD (CR 94) & WIDMER ROAD 

PEAK AM HOUR 

APPROACH
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

WIDMER ROAD 

EB L 12.0 b 12.5 b 12.6 b 0.1 

ALL ANGELS HILL ROAD (CR 94)  

NB L 3.2 a 3.2 a 3.2 a - 

PEAK PM HOUR 

APPROACH
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

WIDMER ROAD 

EB L 13.7 b 14.7 b 15.0 b 0.3 

ALL ANGELS HILL ROAD (CR 94)  

NB L 3.1 a 3.2 a 3.2 a - 

 

As illustrated in the Table above, this intersection will continue to operate at 

acceptable levels with or without the project during each peak hour.  The traffic 

associated with the project will not have an adverse impact on this intersection as 

the overall Levels of Service will remain the same between the No-Build and 

Build conditions during both the AM and PM Peak Hours.  Therefore, no 

improvements are proposed for this intersection in order to mitigate project-

related impacts.   
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4.4 Location 4 - All Angels Hill Road (CR 94) & Myers Corners Road (CR 93) 

4.4.1 Existing Geometry 

The intersection of the All Angels Hill Road (CR 94) and Myers Corners Road 

(CR 93) is a four-legged, signalized intersection.  All Angels Hill Road (CR 94) 

forms the northbound and southbound approaches and Myers Corners Road (CR 

93) forms the eastbound and westbound approaches.  The northbound approach 

consists of an exclusive left-turn lane and a shared through/right-turn lane and the 

southbound approach consist of a left-turn lane, a through lane and a right-turn 

lane.  The eastbound and westbound approaches each consists of a left-turn lane 

and a shared through/right-turn lane.  The following diagram illustrates the lane 

configuration at this intersection. 

 

 

 

 

4.4.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of All Angels Hill Road (CR 

94) and Myers Corners Road (CR 93) for the Existing, 2015 No-Build, and 2015 

Build traffic volumes.  The results of these analyses are shown in the following 

Table: 

 

N 

All Angels Hill 
Road (CR 94) 

Myers Corners Road 
(CR 93) 
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TABLE 9 

SIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
ALL ANGELS HILL ROAD (CR 94) & MEYERS CORNERS ROAD (CR 93) 

PEAK AM HOUR  

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD
DELAY CHANGE

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

MEYERS CORNERS ROAD (CR 93) 
EB L 14.3 B 15.5 B 15.7 B 0.2 

  T/R 19.9 B 20.7 C 21.0 C 0.3 
  OVERALL 18.1 B 19.0 B 19.3 B 0.3 

WB L 19.2 B 19.8 B 20.0 B 0.2 
  T/R 29.9 C 31.9 C 32.2 C 0.3 

  OVERALL 29.0 C 30.9 C 31.2 C 0.3 

ALL ANGELS HILL ROAD (CR 94)  
NB L 19.0 B 20.6 C 20.5 C -0.1 

  T/R 31.1 C 34.8 C 35.1 D 0.3 
  OVERALL 27.6 C 30.7 C 30.9 C 0.2 

SB L 23.3 C 25.2 C 25.3 C 0.1 
  T 30.8 C 33.5 C 33.8 C 0.3 
  R 27.5 C 29.4 C 29.4 C - 
  OVERALL 28.2 C 30.5 C 30.7 C 0.2 

INTERSECTION 25.8 C 27.9 C 28.2 C 0.3 

PEAK PM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD
DELAY CHANGE

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

MEYERS CORNERS ROAD (CR 93) 
EB L 18.0 B 20.5 C 21.2 C 0.7 

  T/R 26.4 C 29.9 C 32.9 C 3.0 
  OVERALL 24.1 C 27.3 C 29.7 C 2.4 

WB L 23.6 C 25.5 C 25.2 C -0.3 
  T/R 34.7 C 39.7 D 41.0 D 1.3 
  OVERALL 34.0 C 39.0 D 40.0 D 1.0 

ALL ANGELS HILL ROAD (CR 94)  
NB L 24.2 C 25.6 C 24.9 C -0.7 

  T/R 40.8 D 45.4 D 44.1 D -1.3 
  OVERALL 37.7 D 41.6 D 40.5 D -1.1 

SB L 21.5 C 24.1 C 23.3 C -0.8 
  T 29.1 C 30.9 C 30.4 C -0.5 
  R 25.6 C 26.9 C 26.3 C -0.6 

  OVERALL 26.0 C 27.9 C 27.3 C -0.6 

INTERSECTION 29.3 C 32.6 C 33.1 C 0.5 
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As illustrated in the Table above, this intersection will continue to operate at 

acceptable levels with or without the project during each peak hour.  The traffic 

associated with the project will not have an adverse impact on this intersection as 

the overall Levels of Service will remain the same between the No-Build and 

Build conditions during both the AM and PM Peak Hours.  Therefore, no 

improvements are proposed for this intersection in order to mitigate project-

related impacts.   

 

4.5 Location 5 - Myers Corners Road (CR 93) & Kent Road 

4.5.1 Existing Geometry 

The intersection of Myers Corners Road (CR 93) and Kent Road is a three-legged, 

stop sign controlled intersection.  Kent Road forms the northbound approach to 

this intersection and is currently controlled by a stop sign.  Myers Corners Road 

(CR 93) forms the eastbound and westbound approaches of this intersection and 

feature free flowing traffic.  The Kent Road northbound approach has a shared 

left-turn/right-turn lane.  The Myers Corners Road eastbound approach of this 

intersection has a shared through/right-turn lane and the westbound approach has 

a shared left-turn/through lane.  The following diagram illustrates the lane 

configuration at this intersection. 

 

 

 

 

Myers Corners Road  
(CR 93)

Kent Road 

N 
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4.5.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of Myers Corners Road (CR 

93) and Kent Road for the Existing, 2015 No-Build, and 2015 Build traffic volumes.  

The results of these analyses are shown in the following Table: 

 

TABLE 10 

UNSIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
MEYERS CORNERS ROAD (CR 93) & KENT ROAD 

PEAK AM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

MEYERS CORNERS ROAD (CR 93)  
EB T/R 0.0 a 0.0 a 0.0 a - 

WB L/T 0.2 a 0.3 a 0.3 a - 

KENT ROAD 

NB L/R 25.1 d 30.5 d 30.9 d 0.4 

PEAK PM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

MEYERS CORNERS ROAD (CR 93)  
EB T/R 0.0 a 0.0 a 0.0 a - 

WB L/T 0.6 a 0.7 a 0.7 a - 

KENT ROAD 

NB L/R 25.1 d 30.6 d 31.1 d 0.5 

 

As illustrated in the Table above, this intersection will continue to operate at 

acceptable levels with or without the project during each peak hour.  The traffic 

associated with the project will not have an adverse impact on this intersection as 

the overall Levels of Service will remain the same between the No-Build and 

Build conditions during both the AM and PM Peak Hours.  Therefore, no 

improvements are proposed for this intersection in order to mitigate project-

related impacts. 

 

Note that this intersection was the subject of a County sponsored study and was 

identified as a candidate for future improvements.  Those improvements are 
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discussed in more detail in Section 6 of this Study. 

 

4.6 Location 6 - All Angels Hill Road (CR 94) & Kent Road/Cider Mill Loop 

4.6.1 Existing Geometry 

The intersection of the All Angels Hill Road (CR 94) and Kent Road/Cider Mill 

Loop is a four-legged, two-way stop controlled intersection.  All Angels Hill Road 

(CR 94) forms the northbound and southbound approaches and feature free-

flowing conditions.  Kent Road forms the eastbound approach, and Cider Mill 

Loop forms the westbound approach.  The eastbound and westbound approaches 

are stop-controlled.  All approaches of this intersection have one lane and allow 

full movement.  The following diagram illustrates the lane configuration at this 

intersection. 

 

 

 

4.6.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of All Angels Hill Road (CR 

94) and Kent Road/Cider Mill Loop for the Existing, 2015 No-Build, and 2015 

Build traffic volumes.  The results of these analyses are shown in the following 

Table: 

Kent Road

N 

All Angels Hill 
Road (CR 94)

Cider Mill Loop 
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TABLE 11 

UNSIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
ALL ANGELS HILL ROAD (CR 94) & KENT ROAD/CIDER MILL LOOP 

PEAK AM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

KENT ROAD 

EB L/T/R 13.1 b 14.2 b 14.5 b 0.3 

CIDER MILL LOOP 

WB L/T/R 15.1 c 16.7 c 17.0 c 0.3 

ALL ANGELS HILL ROAD (CR 94)  
NB L/T/R 1.2 a 1.2 a 1.2 a - 

SB L/T/R 0.0 a 0.0 a 0.0 a - 

PEAK PM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

KENT ROAD 

EB L/T/R 12.9 b 13.9 b 14.2 b 0.3 

CIDER MILL LOOP 

WB L/T/R 14.3 b 15.3 c 15.6 c 0.3 

ALL ANGELS HILL ROAD (CR 94)  
NB L/T/R 1.7 a 1.8 a 1.9 a 0.1 

SB L/T/R 0.2 a 0.2 a 0.2 a - 

 

As illustrated in the Table above, this intersection will continue to operate at 

acceptable levels with or without the project during each peak hour.  The traffic 

associated with the project will not have an adverse impact on this intersection as 

the overall Levels of Service will remain the same between the No-Build and 

Build conditions during both the AM and PM Peak Hours.  Therefore, no 

improvements are proposed for this intersection in order to mitigate project-

related impacts. 

 

4.7 Location 7 - All Angels Hill Road (CR 94) & Hilltop Drive/Site Driveway 

4.7.1 Existing Geometry 

The intersection of the All Angels Hill Road (CR 94) and Hilltop Drive/Site 

Driveway is a four-legged, two-way stop controlled intersection.  All Angels Hill 



Hilltop Village at Wappinger  Traffic Impact Study 
Town of Wappinger, Dutchess County, New York   
 
 

TRC Engineers, Inc.   Page 32 
Job No. 176817  January 25, 2012 

Road (CR 94) forms the northbound and southbound approaches and feature free-

flowing conditions.  The Site Driveway forms the eastbound approach, and Hilltop 

Drive forms the westbound approach.  The eastbound and westbound approaches 

are stop-controlled.  All approaches to this intersection have one lane and allow 

full movement.  It should be noted that the eastbound approach will serve as the 

primary access point to the proposed site.  The following diagram illustrates the 

lane configuration at this intersection. 

 

 

 

4.7.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of All Angels Hill Road (CR 

94) and Hilltop Drive/Site Driveway for the Existing, 2015 No-Build, and 2015 

Build traffic volumes.  The results of these analyses are shown in the following 

Table: 

 

 

 

 

 

Flavormatic/ 
Site Access 

N 

All Angels Hill 
Road (CR 94) 

Hilltop Drive 
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TABLE 12 

UNSIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
ALL ANGELS HILL ROAD (CR 94) & SITE DRIVEWAY/HILLTOP DRIVE 

PEAK AM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

SITE DRIVEWAY 

EB L/T/R 0.0 a 0.0 a 14.6 b 14.6 

HILLTOP DRIVE 

WB L/T/R 11.5 b 12.0 b 12.3 b 0.3 

ALL ANGELS HILL ROAD (CR 94)  
NB L/T/R 0.1 a 0.1 a 0.4 a 0.3 

SB L/T/R 0.2 a 0.2 a 0.2 a - 

PEAK PM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

SITE DRIVEWAY 

EB L/T/R 14.6 b 15.7 c 16.3 c 0.6 

HILLTOP DRIVE 

WB L/T/R 11.6 b 12.2 b 12.4 b 0.2 

ALL ANGELS HILL ROAD (CR 94)  
NB L/T/R 0.0 a 0.0 a 0.6 a 0.6 

SB L/T/R 0.4 a 0.4 a 0.4 a - 

 

As illustrated in the Table above, this intersection will continue to operate at 

acceptable levels with or without the project during each peak hour.  The traffic 

associated with the project will not have an adverse impact on this intersection as 

the overall Levels of Service will remain the same between the No-Build and 

Build conditions during both the AM and PM Peak Hours.  Therefore, no 

improvements are proposed for this intersection in order to mitigate project-

related impacts.   
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4.8 Location 8 - All Angels Hill Road (CR 94) & Pye Lane 

4.8.1 Existing Geometry 

The existing intersection of All Angels Hill Road (CR 94) and Pye Lane is a three-

legged, unsignalized, stop-controlled intersection.  All Angels Hill Road (CR 94) 

forms the northbound and southbound approaches to this intersection and feature 

free-flowing conditions.  Pye Lane forms the westbound leg of this intersection.  

The northbound approach of All Angels Hill Road consists of a shared 

through/right-turn lane and the southbound approach consists of a shared left-

turn/through lane.  The westbound approach of Pye Lane is stop controlled and 

allows only left-turn and right-turn movements from a single lane.   The following 

diagram illustrates the lane configuration at this intersection. 

 

 

 

4.8.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of All Angels Hill Road (CR 

94) and Pye Lane for the Existing, 2015 No-Build, and 2015 Build traffic volumes.  

The results of these analyses are shown in the following Table: 

 

 

 

Pye Lane 

All Angels Hill 
Road (CR 94)

N 
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TABLE 13 

UNSIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
ALL ANGELS HILL ROAD (CR 94) & PYE LANE 

PEAK AM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

PYE LANE 

WB L/R 14.7 b 15.6 c 16.0 c 0.4 

ALL ANGELS HILL ROAD (CR 94)  
NB T/R 0.0 a 0.0 a 0.0 a - 

SB L/T 0.5 a 0.5 a 0.5 a - 

PEAK PM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

PYE LANE 

WB L/R 15.4 c 16.4 c 17.0 c 0.6 

ALL ANGELS HILL ROAD (CR 94)  
NB T/R 0.0 a 0.0 a 0.0 a - 

SB L/T 0.5 a 0.5 a 0.5 a - 

 

As illustrated in the Table above, this intersection will continue to operate at 

acceptable levels with or without the project during each peak hour.  The traffic 

associated with the project will not have an adverse impact on this intersection as 

the overall Levels of Service will remain the same between the No-Build and 

Build conditions during both the AM and PM Peak Hours.  Therefore, no 

improvements are proposed for this intersection in order to mitigate project-

related impacts.   
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4.9 Location 9 - All Angels Hill Road (CR 94) & Brown Road 

4.9.1 Existing Geometry 

The existing intersection of All Angels Hill Road (CR 94) and Brown Road is a 

three-legged, unsignalized, stop-controlled intersection.  All Angels Hill Road (CR 

94) forms the northbound and southbound approaches to this intersection and 

feature free-flowing conditions.  Brown Road forms the westbound leg of this 

intersection and is under stop control.  The northbound approach of All Angels 

Hill Road consists of a shared through/right-turn lane and the southbound 

approach consists of a shared left-turn/through lane.  The westbound approach of 

Brown Road allows only left-turn and right-turn movements.  The following 

diagram illustrates the lane configuration at this intersection. 

 

 

 

4.9.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of All Angels Hill Road (CR 

94) and Brown Road for the Existing, 2015 No-Build, and 2015 Build traffic 

volumes.  The results of these analyses are shown in the following Table: 

 

 

 

 

Brown Road 

All Angels Hill 
Road (CR 94) 
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TABLE 14 

UNSIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
ALL ANGELS HILL ROAD (CR 94) & BROWN ROAD 

PEAK AM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

BROWN ROAD 

WB L/R 14.0 b 15.3 c 15.8 c 0.5 

ALL ANGELS HILL ROAD (CR 94)  
NB T/R 0.0 a 0.0 a 0.0 a - 

SB L/T 0.4 a 0.5 a 0.5 a - 

PEAK PM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

BROWN ROAD 

WB L/R 20.3 c 24.6 c 26.3 d 1.7 

ALL ANGELS HILL ROAD (CR 94)  
NB T/R 0.0 a 0.0 a 0.0 a - 

SB L/T 1.7 a 1.8 a 1.8 a - 

 

As illustrated in the Table above, this intersection will continue to operate at 

acceptable Levels of Service with or without the project during the Peak AM and 

PM Hours.  However, a Level of Service change at this intersection is noted due 

to an increase in delay on the westbound approach during the Peak PM Hour.   

 

As defined by the 2000 Highway Capacity Manual an intersection with a Level of 

Service “c” has an average control delay of 15.1 to 25.0 seconds per vehicle and 

is described as operating with average delays on minor turning movements. The 

analysis of the 2015 No-Build condition during the Peak PM Hour yields a Level 

of Service “c” with a delay time of 24.6 seconds per vehicle.  The analysis of the 

2015 Build condition during the Peak PM Hour yields a Level of Service “d” with 

a delay time of 26.3 seconds per vehicle. The delay time for the Build condition 

would increase from the No-Build condition by 1.7 seconds per vehicle.  In the 

Build condition, which incorporates the addition of project-generated traffic, the 

delay time just exceeds the upper limit of the Level of Service “c” by 1.3 seconds 
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per vehicle.  By comparison, the impact of the Build traffic volumes may be 

characterized as minimal and much less than that of the No-Build traffic volumes.  

As shown in the Table below, the highest percentage increase in traffic volumes 

from the projected 2015 No-Build Traffic Volumes due to the site generated 

traffic at this intersection, during either the Peak AM or Peak PM Hour, is less 

than 4.0%. 

 

TABLE 15 
NO-BUILD AND BUILD TRAFFIC VOLUME COMPARISON AT 

ALL ANGELS HILL ROAD (CR 94) & BROWN ROAD 

  
AM Peak Hour 
Traffic Volume 

PM Peak Hour 
Traffic Volumes 

2015 No-Build 829 1050 
2015 Build 860 1086 

Net Increase 31 36 

Percentage 3.74% 3.43% 

 
This minimal volume increase does not significantly impact this intersection and 

therefore, no improvements are proposed for this intersection in order to mitigate 

project-related impacts.   
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4.10 Location 10 - All Angels Hill Road (CR 94) & Old Hopewell Road (CR 28) 

4.10.1 Existing Geometry 

The intersection of the All Angels Hill Road (CR 94) and Old Hopewell Road (CR 

28) is a four-legged, signalized intersection.  All Angels Hill Road (CR 94) forms 

the northbound and southbound approaches; Old Hopewell Road (CR 28) forms 

the eastbound and westbound approaches.  All approaches of this intersection 

have one lane and allow full movement.  The following diagram illustrates the 

lane configuration at this intersection. 

 

 

4.10.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of All Angels Hill Road (CR 

94) and Old Hopewell Road (CR 28) for the Existing, 2015 No-Build, and 2015 

Build traffic volumes.  The results of these analyses are shown in the following 

Table: 

Old Hopewell Road 
(CR 28) 

N 

All Angels Hill 
Road (CR 94) 
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TABLE 16 

SIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
ALL ANGELS HILL ROAD (CR 94) & OLD HOPEWELL ROAD (CR 28) 

PEAK AM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

OLD HOPEWELL ROAD (CR 28) 
EB L/T/R 19.2 B 20.7 C 20.9 C 0.2 

WB L/T/R 17.3 B 18.1 B 18.2 B 0.1 

ALL ANGELS HILL ROAD (CR 94)  
NB L/T/R 15.6 B 16.1 B 16.3 B 0.2 

SB L/T/R 28.8 C 38.4 D 43.3 D 4.9 

INTERSECTION 21.3 C 25.2 C 27.0 C 1.8 

PEAK PM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

OLD HOPEWELL ROAD (CR 28) 
EB L/T/R 34.6 C 66.3 E 77.6 E 11.3 

WB L/T/R 31.8 C 44.4 D 46.8 D 2.4 

ALL ANGELS HILL ROAD (CR 94)  
NB L/T/R 18.1 B 19.3 B 19.5 B 0.2 

SB L/T/R 18.7 B 20.6 C 21.7 C 1.1 

INTERSECTION 27.2 C 40.1 D 43.9 D 3.8 

 

As illustrated in the Table above, this intersection will continue to operate at 

acceptable overall levels with or without the project during each peak hour.  The 

traffic associated with the project will not have an adverse impact on this 

intersection as the overall Levels of Service will remain the same between the No-

Build and Build conditions during both the AM and PM Peak Hours.  Therefore, 

no improvements are proposed for this intersection in order to mitigate project-

related impacts.  Note that this intersection was the subject of a County sponsored 

study and was identified as a candidate for future improvements.  Those 

improvements and the resulting future Levels of Service are discussed in more 

detail in Section 6 of this Study. 
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4.11 Location 11 - Old Hopewell Road (CR 28) & Balfour Drive/Meadowood Lane 

4.11.1 Existing Geometry 

The intersection of the Old Hopewell Road (CR 28) and Balfour 

Drive/Meadowood Lane is a four-legged, two-way stop controlled intersection.  

Meadowood Lane forms the northbound approach, Balfour Drive forms the 

southbound approach, and Old Hopewell Road (CR 28) forms the eastbound and 

westbound approaches.  The northbound and southbound approaches are stop-

controlled.  All approaches of this intersection have one lane and allow full 

movement.  The following diagram illustrates the lane configuration at this 

intersection. 

 

 

 

4.11.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of Old Hopewell Road (CR 

28) and Balfour Drive for the Existing, 2015 No-Build, and 2015 Build traffic 

volumes.  The results of these analyses are shown in the following Table: 
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TABLE 17 

UNSIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
OLD HOPEWELL ROAD (CR 28) & MEADOWOOD LANE/BALFOUR DRIVE 

PEAK AM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

OLD HOPEWELL ROAD (CR 28)  
EB L/T/R 0.2 a 0.2 a 0.2 a - 

WB L/T/R 0.1 a 0.1 a 0.1 a - 

MEADOWOOD LANE 

NB L/T/R 11.0 b 11.2 b 11.3 b 0.1 

BALFOUR DRIVE 

SB L/T/R 14.8 b 15.8 c 15.9 c 0.1 

PEAK PM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

OLD HOPEWELL ROAD (CR 28)  
EB L/T/R 0.5 a 0.5 a 0.5 a - 

WB L/T/R 0.1 a 0.1 a 0.1 a - 

MEADOWOOD LANE 

NB L/T/R 20.2 c 22.3 c 22.4 c 0.1 

BALFOUR DRIVE 

SB L/T/R 21.0 c 23.3 c 23.4 c 0.1 

 

As illustrated in the Table above, this intersection will continue to operate at 

acceptable levels with or without the project during each peak hour.  The traffic 

associated with the project will not have an adverse impact on this intersection as 

the overall Levels of Service will remain the same between the No-Build and 

Build conditions during both the AM and PM Peak Hours.  Therefore, no 

improvements are proposed for this intersection in order to mitigate project-

related impacts.   
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4.12 Location 12 - Old Hopewell Road (CR 28) & Cedar Hill Road 

4.12.1 Existing Geometry 

The intersection of Old Hopewell Road (CR 28) and Cedar Hill Road is a three-

legged, stop sign controlled intersection.  Cedar Hill Road forms the northbound 

approach to this intersection and is currently controlled by a stop sign.  Old 

Hopewell Road (CR 28) forms the eastbound and westbound approaches of this 

intersection and feature free flowing traffic.  Cedar Hill Road northbound 

approach has a shared left-turn/right-turn lane.  The Old Hopewell Road eastbound 

approach of this intersection has a shared through/right-turn lane and the 

westbound approach has a shared left-turn/through lane.  The following diagram 

illustrates the lane configuration at this intersection. 

 

 

 

4.12.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of Old Hopewell Road (CR 

28) and Cedar Hill Road for the Existing, 2015 No-Build, and 2015 Build traffic 

volumes.  The results of these analyses are shown in the following Table: 
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TABLE 18 

UNSIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
OLD HOPEWELL ROAD (CR 28) & CEDAR HILL ROAD 

PEAK AM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

OLD HOPEWELL ROAD (CR 28)  
EB T/R 0.0 a 0.0 a 0.0 a - 

WB L/T 0.2 a 0.3 a 0.3 a - 

CEDAR HILL ROAD 

NB L/R 16.4 c 18.4 c 18.5 c 0.1 

PEAK PM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD 
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

OLD HOPEWELL ROAD (CR 28)  
EB T/R 0.0 a 0.0 a 0.0 a - 

WB L/T 0.2 a 0.2 a 0.2 a - 

CEDAR HILL ROAD 

NB L/R 23.2 c 28.4 d 28.7 d 0.3 

 

As illustrated in the Table above, this intersection will continue to operate at 

acceptable levels with or without the project during each peak hour.  The traffic 

associated with the project will not have an adverse impact on this intersection as 

the overall Levels of Service will remain the same between the No-Build and 

Build conditions during both the AM and PM Peak Hours.  Therefore, no 

improvements are proposed for this intersection in order to mitigate project-

related impacts.  Note that this intersection was the subject of a County sponsored 

study and was identified as a candidate for future improvements.  Those 

improvements and the resulting future Levels of Service are discussed in more 

detail in Section 6 of this Study. 
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4.13 Location 13 - All Angels Hill Road (CR 94) & New York State Route 82 (NY-82) 

4.13.1 Existing Geometry 

The intersection of the All Angels Hill Road (CR 94) and New York State Route 82 

(NY 82) is a three-legged, signalized intersection.  All Angels Hill Road forms the 

southbound approach to this intersection.  New York State Route 82 forms the 

eastbound and westbound approaches of this intersection.  The All Angels Hill 

Road southbound approach has a shared left-turn/right-turn lane.  The NY 82 

eastbound approach of this intersection has a shared left-turn/through lane and the 

westbound approach has a shared through/right-turn lane.  The following diagram 

illustrates the lane configuration at this intersection. 

 

 

 

4.13.2 Capacity Analysis and Level of Service Results 

Capacity analyses were conducted for the intersection of All Angels Hill Road (CR 

94) and State Route 82 for the Existing, 2015 No-Build, and 2015 Build traffic 

volumes.  The results of these analyses are shown in the following Table: 
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TABLE 19 

SIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
ALL ANGELS HILL ROAD (CR 94) & NYS ROUTE 82 

PEAK AM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

ALL ANGELS HILL ROAD (CR 94)  

EB L/R 13.3 B 18.3 B 19.0 B 0.7 

NYS ROUTE 82  
NB L/T 9.1 A 8.8 A 9.0 A 0.2 

SB T/R 7.2 A 6.5 A 6.5 A - 

INTERSECTION 9.3 A 10.1 B 10.3 B 0.2 

PEAK PM HOUR 

APPROACH 
EXISTING NO BUILD BUILD 

NO BUILD-BUILD
DELAY CHANGE 

DELAY LOS DELAY LOS DELAY LOS ∆ DELAY 

ALL ANGELS HILL ROAD (CR 94)  

EB L/R 32.1 C 32.5 C 32.6 C 0.1 

NYS ROUTE 82  
NB L/T 15.3 B 38.6 D 43.4 D 4.8 

SB T/R 3.7 A 3.9 A 3.9 A - 

INTERSECTION 14.3 B 27.1 C 29.7 C 2.6 

 

As illustrated in the Table above, this intersection will continue to operate at 

acceptable levels with or without the project during each peak hour.  The traffic 

associated with the project will not have an adverse impact on this intersection as 

the overall Levels of Service will remain the same between the No-Build and 

Build conditions during both the AM and PM Peak Hours.  Therefore, no 

improvements are proposed for this intersection in order to mitigate project-

related impacts.   
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4.14 Overall Level of Service Summary 

 

The Levels of Service summarized in the Tables in Section 4 of this report reflect 

conditions during peak hours, representing a worst-case scenario when combined 

background and site generated traffic volumes are at their highest levels.  At all other 

non-peak times, all studied intersections will operate at better Levels of Service.  In 

reviewing those Tables, it is noted that most of the intersections (10 out of 13) currently 

operate with relatively short delay times, and will continue to operate as well even with 

the addition of future traffic volumes.  Three intersections currently operate at slightly 

worse Levels of Service, but will not be adversely impacted by site generated traffic. 

 

Given the analyses results reported above, it is the considered professional opinion of 

TRC Engineers that since the traffic impacts associated with the completion of the 

Hilltop Village at Wappinger Senior Housing Development will have no significant 

impacts on the operating conditions of the adjacent roadways and intersection during the 

Peak Hours, no improvements to the roadways and intersections in the study area are 

needed in order to mitigate project-related impacts.  In fact, the impacts of the Build 

traffic volumes would be less than that of the traffic increases associated with the future 

No-Build condition during these limited time frames.   
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SECTION 5 – QUEUE LENGTH EVALUATION 

 

In addition to Level of Service analysis, evaluating queue lengths is another approach to measure 

traffic performance at a signalized intersection. A queue, as noted by the 2000 Highway Capacity 

Manual (HCM), forms when demand exceeds capacity at an approach to a signalized intersection 

at the start of an effective green period.  Queue lengths are dependent on arrival patterns, service 

patterns, and system capacity.  Queue analysis assumes a constant arrival rate and a “first in, first 

out” approach.  The service pattern is dependent on the phase of the traffic signal.  When a leg of 

an intersection has a red phase the service rate is zero – meaning that no cars are being serviced.  

When a green phase is presented and a queue exists, the service rate equals the saturation flow 

rate.  However, if a queue does not exist the service rate is equal to the arrival flow rate – 

meaning that vehicles will be serviced as they approach the intersection.    

 

Queue lengths can be estimated for planning purposes.  However, in real-life situations arrival 

rates and services rates are constantly changing.  Queuing is caused by service areas, such as toll 

booths or work zones, congestion or the arrival of vehicles on an approach during a red phase 

which prevents some vehicles from clearing the intersection during the next available green 

phase.   

  

For the subject Project, the methodology to compute the queue length was based on the Institute 

of Transportation Engineers’ (ITE) publication titled, “Transportation and Traffic Engineering 

Handbook”, Second Edition.  The methodology entails determining the maximum probable 

queue length approximated by the larger result of two formulas: 

 

1) n = qR  

2) n = q(R/2 + d) 

 

In these formulas, n represents the average queue length (number of vehicles), q represents 

approach flow (veh/sec), R represents amount of red time (sec) and d represents average 

individual delay.  Input parameters include vehicle volume, cycle length of signal, g/c ratio and 

delay time.  
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Queue analyses were conducted to identify the traffic impacts associated with the project and 

ensure that adequate storage capacity will be provided by the existing geometry.  Appendix H 

contains storage lengths, if available, and queue lengths for all lane groups and movements under 

Existing, No-Build, and Build conditions.  Queuing analyses were conducted for signalized study 

intersections with exclusive turning movements for the 2015 Build conditions during the AM 

and PM Peak Hours of the Adjacent Street.  The results of the analyses for the critical turning 

movements are outlined in the following Table: 

 

TABLE 20 

COMPARISON OF NO-BUILD AND BUILD MAXIMUM QUEUE LENGTHS 

Roadway 

Storage Lane 
Max Queue Length 

AM Peak Hour PM Peak Hour 

Movement 
Length 
(feet) 

No-Build Build No-Build Build 
(feet) (feet) (feet) (feet) 

RT 376/CR 94 EB Left 250 275 275 350 350 
CR 94/CR 104 SB Right 200 250 250 250 250 
CR 94/CR 93 EB Left 300 75 75 125 125 
  WB Left 100 25 25 25 25 
  NB Left 200 75 75 75 75 
 SB Left 200 50 50 125 125 
  SB Right 200 175 175 175 175 

 

The No-Build and Build maximum queue lengths were compared and the results of this 

comparison were examined to determine if the traffic generated by the proposed Project would 

have a significant impact on the queue lengths.  The Table above shows that Project generated 

traffic would not change the calculated maximum queue lengths at key signalized intersections 

where there are exclusive storage lanes for turning traffic. 
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SECTION 6 – SUPPLEMENTAL ANALYSIS 

 

6.0 Purpose 

In the following supplemental analysis, TRC has evaluated the potential traffic impacts 

assuming the implementation of proposed future improvements as outlined by the County 

Traffic Engineer.  Improvements along Meyers Corners Road (CR 93) were suggested in 

the CR 93 Corridor Study, prepared by Wilbur Smith Associates for the Poughkeepsie-

Dutchess County Transportation Council, and the improvements along Old Hopewell 

Road (CR 28) were identified in the CR 28 Corridor Study.   

 

It should be noted that the funding and timeline of the CR 93 improvements have not 

been established and there are no formal plans for the implementation of these potential 

short and long range improvements.  The improvements along CR 28 are Federal-Aid 

Projects scheduled for implementation in 2014.  TRC did not analyze the improvements 

along CR 93 due to the uncertainty of their implementation, as indicated by the County 

Engineer.  However, at a time more immediate to the implementation of these 

improvements the County or other developers will provide further analysis regarding the 

impact of these improvements.  Therefore, this supplemental analysis of only key CR 28 

intersections has been added in order to provide the Town with a “broad-brush” estimate 

of likely potential future traffic conditions assuming implementation of the proposed 

future roadway improvements.  For analysis purposes, a Design Year of 2015 has been 

utilized for the proposed Hilltop Village development. 

 

6.1 Programmed Roadway Improvements 

Based on information provided by the County Traffic Engineer and recent corridor 

studies there are several roadway improvements under consideration that are intended to 

benefit traffic conditions on roadways in the study area.  The following is a brief 

summary of improvements being considered: 
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CR 93 Corridor Study 

 At the intersection of All Angels Hill Road (CR 94) and Myers Corners Road (CR 

93) it is proposed that this signalized intersection be converted to a roundabout.  The 

Myers Corners Road (CR 93) eastbound approach and the All Angels Hill Road (CR 

94) northbound approach would consist of 2 lanes.  In addition, the westbound and 

southbound right-turning traffic would have a yield-controlled slip lane to bypass the 

roundabout. 

 As a short-term improvement, at the intersection of Myers Corners Road (CR 93) 

and Kent Road it is proposed that Kent Road be re-striped/widened to accommodate 

an exclusive left-turn lane and a shared through/right turn lane.  As a long-term 

solution, it is also proposed that a nearby southbound approach (Quakers Road) be 

realigned opposite Kent Road, thus creating a 4-legged intersection and Myers 

Corners Road (CR 93) eastbound would be re-striped/widened to accommodate an 

exclusive left-turn lane and a shared through/right turn lane.  In addition to the 

realignments, it is also proposed that this new intersection be signal controlled.   

 

CR 28 Corridor Study 

 At the intersection of Old Hopewell Road (CR 28) and All Angels Hill Road 

(CR 94) it is proposed that left-turn lanes be added to all legs of the intersection, 

the northbound approach would be realigned to accommodate a higher design 

speed, and that a fully-actuated traffic signal will be installed.  It should be noted 

that additional improvements will be made to the linear section of CR 28.  These 

improvements include pavement rehabilitation, the addition of paved 4-foot 

shoulders, consistent lane widths of 12 feet, a consistent clear zone of 4 feet, and 

the reduction of vertical curves to improve stopping sight distance.  

 At the intersection of Old Hopewell Road (CR 28) and Cedar Hill Road it is 

proposed that Old Hopewell Road (CR 28) be widened to accommodate an 

exclusive westbound left-turn lane.  In addition, it is proposed that the 

operational control at this intersection be changed from stop-controlled to semi-

actuated signalization.   
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6.2 Capacity Analysis and Level of Service Results 

The same capacity analysis methodology used for the proposed development program 

was applied in the Supplemental Analysis, but now accounting for the described 

geometric and operational improvements.  The detailed analysis worksheets are contained 

in Appendix D. 

 

6.2.1 All Angels Hill Road (CR 94) & Old Hopewell Road (CR 28)  

The following diagram illustrates the lane configuration at this intersection with 

the above-noted future improvements. 

 

 

 

Capacity analyses were conducted for the intersection of All Angels Hill Road (CR 

94) and Old Hopewell Road (CR 28) for the 2015 Build traffic volumes with and 

without the proposed future improvements.  The results of these analyses are shown 

in the following Table: 

 

N 

All Angels Hill 
Road (CR 94)

Old Hopewell Road 
(CR 28) 
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TABLE 21 

SIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 

ALL ANGELS HILL ROAD (CR 94) & OLD HOPEWELL ROAD (CR 28) 

PEAK AM HOUR 

APPROACH 

BUILD 
WITHOUT IMPROVEMENTS 

BUILD 
WITH IMPROVEMENTS 

DELAY LOS DELAY LOS 

OLD HOPEWELL ROAD (CR 28) 

EB L/T/R 20.9 C   

 L   8.8 A 

  T/R   11.5 B 

  OVERALL 20.9 C 11.1 B 

WB L/T/R 18.2 B   

 L   8.0 A 

 T/R   12.5 B 

 OVERALL 18.2 B 12.4 B 

ALL ANGELS HILL ROAD (CR 94)  

NB L/T/R 16.3 B   

 L   8.3 A 

 T/R   9.0 A 

 OVERALL 16.3 B 8.9 A 

SB L/T/R 43.3 D   

 L   12.0 B 

 T/R   10.1 B 

 OVERALL 43.3 D 10.9 B 

INTERSECTION 27.0 C 11.0 B 

PEAK PM HOUR 

APPROACH 

BUILD 
WITHOUT IMPROVEMENTS 

BUILD 
WITH IMPROVEMENTS 

DELAY LOS DELAY LOS 

OLD HOPEWELL ROAD (CR 28) 

EB L/T/R 77.6 E   

 L   12.4 B 

  T/R   9.0 A 

  OVERALL 77.6 E 9.8 A 

WB L/T/R 46.8 D   

 L   7.1 A 

 T/R   18.0 B 

 OVERALL 46.8 D 17.7 B 

ALL ANGELS HILL ROAD (CR 94)  

NB L/T/R 19.5 B   

 L   13.2 B 

 T/R   18.7 B 

 OVERALL 19.5 B 18.1 B 

SB L/T/R 21.7 C   

 L   15.1 B 

 T/R   16.0 B 

 OVERALL 21.7 C 15.8 B 

INTERSECTION 43.9 D 15.5 B 
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As illustrated in the Table above, this intersection will operate at significantly 

better Levels of Service assuming the implementation of the proposed future 

improvements.   

 

6.2.2 Old Hopewell Road (CR 28) & Cedar Hill Road 

The following diagram illustrates the lane configuration at this intersection with 

the above-noted future improvements. 

 

 

 

 

Capacity analyses were conducted for the intersection of Old Hopewell Road (CR 

28) and Cedar Hill Road for the 2015 Build traffic volumes with and without the 

proposed future improvements.  The results of these analyses are shown in the 

following Table: 

 

 

 

 

 

 

 

Old Hopewell Road 
(CR 28)

Cedar Hill 
Road 

N 
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TABLE 22 

SIGNALIZED INTERSECTION LEVEL OF SERVICE SUMMARY TABLE 
OLD HOPEWELL ROAD (CR 28) & CEDAR HILL ROAD 

PEAK AM HOUR 

APPROACH 

BUILD 
WITHOUT IMPROVEMENTS

BUILD 
WITH IMPROVEMENTS

DELAY LOS DELAY LOS 

OLD HOPEWELL ROAD (CR 28)  
EB T/R 0.0 a 4.0 A 

WB L/T 0.3 a   

 L   2.6 A 

 T   4.3 A 

 OVERALL 0.3 a 4.3 A 

CEDAR HILL ROAD 

NB L/R 18.5 c 18.6 B 

INTERSECTION   5.4 A 

PEAK PM HOUR 

APPROACH 

BUILD 
WITHOUT IMPROVEMENTS

BUILD 
WITH IMPROVEMENTS

DELAY LOS DELAY LOS 

OLD HOPEWELL ROAD (CR 28)  
EB T/R 0.0 a 4.8 A 

WB L/T 0.2 a   

 L   2.4 A 

 T   4.6 A 

 OVERALL 0.2 a 4.6 A 

CEDAR HILL ROAD 

NB L/R 28.7 d 20.0 C 

INTERSECTION   5.6 A 

 

As illustrated in the Table above, this intersection will operate at significantly 

better Levels of Service assuming the implementation of the proposed future 

improvements.   
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SECTION 7 – ACCESS SIGHT DISTANCE ANALYSIS 

 

Sight Distance Analyses were performed for the proposed site driveway utilizing the sight 

distance criteria as established by the Dutchess County Department of Public Works (DCDPW) 

and the American Association of State Highway and Transportation Officials (AASHTO).  

TRC’s sight distance analyses are described and summarized below. 

 

A driver’s ability to see ahead is of the utmost importance in the safe and efficient operation of a 

vehicle on a roadway.  Vehicular conflicts at an intersection can be greatly reduced through the 

provision of proper sight distances.  Two Types of sight distance are considered when 

constructing a new intersection: intersection sight distance and stopping sight distance.   

 

Two aspects of Intersection Sight Distance (ISD) are taken into consideration to avoid conflicts 

at an intersection.  The first aspect of intersection sight distance is the distance desired to allow 

drivers on the mainline to perceive the presence of potentially conflicting vehicles entering or 

crossing the roadway from the minor approach.  This distance should permit sufficient time for 

the driver to either stop or adjust their speed to avoid colliding in the intersection.  The second 

aspect of intersection sight distance allows drivers of stopped vehicles a sufficient view of the 

intersecting roadway to decide when to enter or to cross the intersecting roadway.    The ISD is a 

recommended distance and is considered “desirable”. 

 

Stopping Sight Distance (SSD) allows the driver of the vehicle traveling at or near the posted 

speed limit to stop before reaching a stationary object.  The stopping sight distance takes into 

account the brake reaction distance – the distance traversed by the vehicle from the instant the 

driver sights an object necessitating a stop to the instant the brakes are applied – and the braking 

distance – the distance needed to stop the vehicle from the instant the brake application begins.  

The SSD is the minimum distance needed to avoid conflicts and is considered “required”. 

 

There are four key sight distance sightlines that are considered in an intersection’s design as 

illustrated in Figure 11.  These four key sightlines are described as follows: 
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Sightline 1 – The distance for a vehicle performing a left-turn maneuver exiting the 

Driveway looking to the right for approaching vehicles. 

Sightline 2 – The distance for a vehicle performing a left- or right-turn maneuver exiting 

the Driveway looking to the left for approaching vehicles. 

Sightline 3 – The stopping (rear end) sight distance for a vehicle on the main roadway 

turning left into the Driveway to be seen by a vehicle approaching from the same 

direction or the stopping sight distance for a vehicle on the main roadway traveling in the 

far lane to see a vehicle turning left exiting the Driveway.   

Sightline 4 – The sight distance for a vehicle on the main roadway turning left into the 

Driveway, looking at vehicles approaching from the opposite direction. 

 

According to the applied standards, the desirable setback distance from the edge of the traveled 

way or pavement is 14.5 feet when measuring for sightline distances.  The posted speed limit 

along All Angels Hill Road is 40 mph.  TRC conducted a Speed Study on Monday, November 

12, 2011 of vehicles traveling northbound and southbound along All Angels Hill Road in the 

vicinity of the site driveway.  Based on the data collected, the observed 85th percentile 

operational speed is 49 mph.  The desirable and required sightline intersection sight distances 

were determined based on the 85th percentile operational speed along All Angels Hill Road 

utilizing 50 mph while the stopping sight distance was based upon the posted speed limit.  The 

following Table illustrates the provided and desirable/required sightline distances at the site 

driveway. 

 

TABLE 23 

SIGHTLINE DISTANCES (FEET) 
INTERSECTION OF ALL ANGELS HILL ROAD (CR 94) & SITE ACCESS 

Stop Line Sight Distances (SLSD) 
(Type: ISD) 

Sightline 1 
Provided 340’ 
Desirable 553’ 

Stop Line Sight Distances (SLSD) 
(Type: ISD) 

Sightline 2 
Provided 390’ 
Desirable 553’ 

Stopping Sight Distance (SSD) 
(Type: SSD) 

Sightline 3 
Provided 880’ 
Required 305’ 

Turning Sight Distance (TSD) 
(Type: SSD) 

Sightline 4 
Provided 815’ 
Required 325’ 
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As illustrated in the table above, the provided SSDs exceed the required distances.   However the 

sight distances available for vehicles exiting the driveway are less than the desirable values 

because currently they are obstructed by vegetation along the edge of the roadway.  These sight 

line distances could be dramatically improved by the clearing of the vegetation.  It should be 

noted that this vegetation is located along frontage of lots included in the proposed Project and 

therefore would be cleared as part of this development.  Maintaining clear zones along the 

roadway both north and south of the access drive would allow the sight distance requirements to 

be exceeded, and those values are illustrated in Figure 12. 
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SECTION 8 – ACCIDENT ANALYSIS 

 

8.0 Methodology 

A key method of evaluating the suitability of the adjacent roadway network to carry existing and 

projected traffic flows safely is to examine its accident history.  TRC obtained accident records 

for the adjacent roadway network in order to identify any chronic safety issues, evaluate 

conditions that may have contributed to such issues and formulate possible improvements that 

could increase levels of safety.  Figure 13 illustrates the study area.  Copies of the 2008 – 2010 

accident reports are contained in Appendix I. 

 

Accident data for each of the study intersections was obtained from the New York State 

Department of Transportation (NYSDOT) Records Access Office.  TRC obtained accident 

reports for the most recent complete three years (i.e. 2008 – 2010) at and within a reasonable 

distance (±500 feet - approximately ±0.1 miles) of the study intersections.  In addition, TRC 

requested accident reports for the roadway links between study intersections.  It should be noted 

that no accident reports for the roadway links between study intersections were received.  Figure 

14 illustrates the total number of yearly accidents at each study location.   

 

As illustrated in Figure 14, the number of accidents in the area has remained generally consistent 

over the three-year period.  The highest concentrations of accidents within the study area have 

occurred at the following intersections: 

 All Angels Hill Road (CR 94) and Old Hopewell Road (CR 28) 

 All Angels Hill Road (CR 94) and Myers Corners Road (CR 93) 

 All Angels Hill Road (CR 94) and New Hackensack Road (CR 104) 

 All Angels Hill Road (CR 94) and New York State Route 82 (NY 82) 

 

It is noted that the frequency of accidents at these locations is not considered unusual for similar 

suburban intersections with signal control and the levels of Average Daily Traffic.   

 

Having obtained the relevant accident reports, the next step was to compare the accident history 

for this study area to Average State Accident Rates for similar roadways and intersections in 
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New York as published on the New York State Department of Transportation’s (NYSDOT) 

website.  These Accident Rates are based upon the number of annual accidents per Million 

Entering Vehicles (MEV) of that intersection.  The Accident Rates are then categorized based on 

the cross-section geometry of the roadway. 

 

The accident rate is based on the following equation: Rate = A/MEV, where A is the number of 

accidents and MEV is the number of vehicles (in millions) entering the intersection in the same 

time frame.  MEV was calculated by multiplying the ADT in vehicles per day by 1,095 days.  

The recorded accidents were then divided by this MEV yielding the accident rate.  Utilizing the 

Accident Reports obtained as well as the Automatic Traffic Recorder (ATR) information from 

NYSDOT a comparison can be made between the recent accident history and the Statewide 

Averages.  The following Table shows the comparison of the intersection accident rate and the 

Average Rural State Accident Rates for the intersection based on the existing geometric 

configuration.   

 

TABLE 24 

ACCIDENT RATE COMPARISON 

Intersection Years 
Number of 
Accidents 

Average Daily 
Traffic (vehicles) 

Intersection 
Accident 

Rate 

NYSDOT 
Average Accident 

Rate* 
All Angels Hill Road (CR 94) & 
Old Hopewell Road (CR 28) 

3 18 17,258 0.95 0.43 

All Angels Hill Road (CR 94) & 
Myers Corners Road (CR 93) 

3 6 20,542 0.27 0.43 

All Angels Hill Road (CR 94) & 
New Hackensack Road (CR 104) 

3 8 14,213 0.51 0.43 

All Angels Hill Road (CR 94) & 
New York State Route 82 (NY-82) 

3 10 13,887 0.66 0.20 

*Rates are for “rural” locations.  The State also provides rates for “urban” conditions, which account for higher 
traffic volumes, significant levels of pedestrian and transit activity, and on-street parking.  Such “urban” conditions 
are not exhibited by these study locations.   
 

8.1 Results 

The accidents on these sections of All Angels Hill Road, Myers Corners Road, New Hackensack 

Road, New York State Route 82, and Old Hopewell Road were mainly property damage only 

accidents.  There were no fatal accidents at any of the intersections and a limited number of 

accidents involved injuries.  There was one accident involving a pedestrian at the intersection of 

All Angels Hill Road and New Hackensack Road and one accident involving bicyclists at the 
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intersection of Myers Corners Road and Kent Road.  However due to the infrequency and 

different location of occurrence of these accidents it can be concluded that there is no particular 

pattern or apparent factor that contributed to these accidents.   

 

Based upon the review of the accident data, it can be concluded that the intersection of All 

Angels Hill Road and Myers Corners Road is a relatively safe location.  The intersections of All 

Angels Hill Road and Old Hopewell Road, New Hackensack Road, and New York State Route 

82 have rates higher than the statewide averages.  However, upon review of the detailed accident 

reports, it has been determined that the types and frequencies of accidents at those signalized 

intersections are relatively typical, and do not represent significant safety deficiencies.  Although 

the Project will add traffic to roadways within the study area, the addition of traffic at the higher 

accident frequency intersections noted above will be minimal – less than a 2% increase – spread 

throughout the Peak Hour.   

 

TABLE NO. 25 
PROJECT GENERATED TRAFFIC VOLUME INCREASE & PERCENT INCREASE 

Intersection 
AM Peak Hour PM Peak Hour  

Net Increase % Increase Net Increase % Increase 
All Angels Hill Road (CR 94) & 
Old Hopewell Road (CR 28) 

26 1.82% 33 1.86% 

All Angels Hill Road (CR 94)  & 
New Hackensack Road (CR 104) 

8 0.70% 10 0.69% 

All Angels Hill Road (CR 94)  & 
New York State Route 82 (NY-82) 

12 1.08% 15 1.02% 

 

Therefore, it can be further concluded that the projected amount of traffic to be generated by the 

Project will not significantly impact the accident history at the key study locations. 
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SECTION 9 – CONSTRUCTION TRAFFIC EVALUATION 

 

Construction related traffic will arrive to and depart from the site using All Angels Hill Road.  

Construction traffic typically has two components; first, there will be heavy equipment used for 

various building operations such as excavation and fill work as well as the large trucks delivering 

materials to the site, and second, the vehicles driven by the construction crews. 

 

Given the extent and type of building and site construction planned for the proposed Hilltop 

Village at Wappinger Senior Housing Development, heavy equipment will be brought up to the 

site once at the beginning of its associated phase, left on-site for the duration of that work then 

removed from the site when its phase is completed.  Building material will be brought to the site 

in large truck-loads thereby limiting the number of trips along All Angels Hill Road.  The 

number and types of vehicles would vary depending on the construction phase – cement trucks 

during the laying of concrete foundations, flatbed trucks carrying assorted material for walls, 

flooring and roofing, dump trucks loaded with asphalt during paving operations etc.  These 

activities do represent an increase in truck trips over that currently traveling on All Angels Hill 

Road; however, the impact on the adjacent community will be temporary – when construction is 

completed, heavy truck activity will return to pre-construction levels. 

 

The number of workers on-site also will vary depending on the type of work underway.  Many 

workers will carpool and some building trades will send a number of workers to the site in a 

single van or equipment truck.  For the site infrastructure portion, it is estimated that there would 

be eight to ten workers per day.  There will be approximately three deliveries per day during this 

period.  There will be more construction workers during the home construction phase.   

 

For all construction phases, work hours will conform to all applicable local ordinances.  Typical 

construction hours for work and deliveries will eb from 7:00 AM through 6:00 PM, Monday 

through Friday and from 8:00 AM through 5:00 PM on Saturday.   
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 SECTION 10 – OTHER ACCESS CONSIDERATIONS 

 

The purpose of this section is to analyze the impacts of the proposed Project providing access to 

the site via two full-movement driveways.  The first proposed driveway would be located along 

All Angels Hill Road, as previously mentioned, and the additional driveway would be located 

along Shamrock Road and accessible via Old Hopewell Road.  This scenario assumes that the 

emergency access would be used as a primary access.  The Shamrock Road access would be 

gated and accessible only to residents residing at the proposed Project.  The purpose of gating 

this access is to prevent traffic from cutting through the site when traveling to/from Old 

Hopewell Road and All Angels Hill Road.   

 

All project traffic volumes have been based upon the previously developed traffic volumes in 

Section 3.5, with adjustment made for the arrival and departure distribution patterns to allow 

site-generated traffic from the south to access the site via the Shamrock Road access.  Capacity 

analyses were conducted at the impacted intersections to identify potential traffic impacts 

associated with the addition of the Shamrock Access.  The analyses were performed for the Build 

condition utilizing Synchro Studio 7.0 developed by TrafficWare.   

 

It is the opinion of TRC that the minor distribution adjustments due to the Shamrock Road access 

would not be deemed significant and that the impacted intersections would operate at similar 

Levels of Service to the Build Levels of Services identified in Section 4.   
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SECTION 11 – CONCLUSIONS 

 

Based upon the analysis undertaken in association with this Traffic Impact Study, it is the 

considered professional opinion of TRC Engineer that the traffic impacts associated with the 

completion of the Hilltop Village at Wappinger Senior Housing Development will have no 

significant impacts on the operating conditions of the adjacent roadways and intersection during 

the Peak Hours.  The impacts of the Build traffic volumes would in fact be much less than that of 

the No-Build traffic volumes during these limited time frames.  These Levels of Service reflect 

conditions during peak hours representing a worst-case scenario when traffic volumes are 

greatest; at all other non-Peak Hour times all intersection will operate at better Levels of Service.  

Therefore, no improvements are proposed for the intersections in the study area in order to 

mitigate project-related impacts.   

 

Respectfully submitted, 

 

TRC Engineers 

 

 

Stephan A. Maffia, P.E. 

Project Manager 

 

 

Samira C. Fowler 

Engineer 
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