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1.0  INTRODUCTION & BACKGROUND 

Greenman-Pedersen, Inc. (GPI) was retained by the Town of Ancram to perform a traffic 

study at the intersection of County Road 7 (CR 7) and NY Route 82 (NY-82) in the town of 

Ancram, NY. As pictured in the Project Location map below, the intersection of CR 7 and 

NY-82 is the town center in Ancram. It is located within the Town’s Historic District and is 

adjacent to the Ancram Fire House, a War Memorial, the Simons General Store building, 

and several residential buildings.  

Figure 1: Project Location Map 

There is a desire by the Town to improve operations and safety at this skewed intersection 

with limited sight distance.  The goal of this study is to assess existing traffic conditions, 

document the operational and safety needs of the intersection, and develop 

recommendations for potential intersection improvements. 
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2.0  EXISTING CONDITIONS 

2.1  ROADWAY DESCRIPTION 

The intersection of NY Route 82 and CR 7 is a four-legged intersection with flashing beacon 

traffic control.  The beacon flashes yellow (approach with caution) for NY-82 and Red (Stop) 

for CR 7.  The intersection is highly skewed with the angle between the NY-82 and CR 7 

approaches being 30 to 45 degrees, opposed to the 90-degree perpendicular approaches 

of a traditional intersection.  NY Route 82 approaches from the east and west, and curves at 

a radius of approximately 250 degrees at the intersection, making the skew of the CR 7 

even more pronounced and causing some northbound drivers to think that the CR 7 

movement to NY-82 is the through movement, which it is not.  The southbound CR 7 

approach has a steep downgrade and has severely limited sight distance.  All approaches 

are single lane entering the intersection and all lanes are 11’ wide. Paved shoulders vary in 

width but are generally 2’-4’ wide. Speed limits are posted at 35 mph for all roadways and 

there are speed feedback signs along NY Route 82 that appear to effectively calm the travel 

speeds of vehicles approaching the intersection. 

The intersection has a triangular island with a historic war memorial and all property 

surrounding the intersection are on the historic registry.  The intersection is also adjacent to 

the Ancram fire department, who’s paved area is routinely used by turning trucks that can’t 

make the turn from eastbound NY-82 to southbound CR 7 because of the intersection 

skew.  The inability of trucks to make right turn movements at this intersection combined 

with the severely limited sight distance on the southbound approach are significant safety 

concerns the Town would like to address. 

2.2  RIGHT-OF-WAY REVIEW 

Right-of-way/Property line information was obtained through available tax map data.  This 

data was overlayed on aerial photography to graphically depict the right-of-way limits 

surrounding the intersection.  These lines were considered during our assessment of 

alternatives.  Right of way lines are detailed on Figure E-1 in Appendix E. 

2.3  DATA COLLECTION 

A field review was conducted on Tuesday July 23rd and Thursday July 25th, 2024. During this 

field review, various data was collected including traffic counts, sight distances, existing 

roadway geometry, traffic speeds, and traffic observations. In addition to the field review, 

count cameras were installed, from which 12-hour traffic movement counts were obtained. 

Additional traffic and safety observations were made through the traffic count process.  

Speed measurements were performed along NY Route 82 as part of the radar speed study 

performed and the 85th percentile speeds were determined to be 35 mph on the eastbound 

approach and 34 mph on the westbound approach.  
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2.4  SIGHT DISTANCE EVALUATION 

When considering sight distance, 

two criteria were reviewed. These 

criteria are as defined in 

AASHTO’s “A policy on Geometric 

Design of Highways and Streets”. 

First is stopping sight distance. 

This is the distance required for a 

vehicle to make a safe stop if an 

obstruction is observed along 

their path.  This criterion is the 

most critical and if not met poses 

a significant safety concern.  The 

other criteria reviewed is 

Intersection Sight Distance.  The 

intersection sight distance is the 

distance required for a vehicle 

stopped on a side street to enter 

the mainline roadway safely 

without need for oncoming 

traffic to slow down to 

accommodate them.  Although it 

is recommended to meet this 

criteria, a sight distance shorter 

than the recommended 

intersection sight distance does 

not necessarily pose a significant 

safety concern if stopping sight distance requirements are met. 

The available sight distance on the on the southbound (CR 7) approach is limited to 125’ 

looking west (right) by brush and hillside.  Clearing the roadside vegetation within the 

right-of-way would improve that slightly to about 160 feet, but this still falls short of the 

250’ required for a safe stopping distance for vehicles along Route 82. Looking left, to the 

east, there is a blind spot due to the hillside from 125’ to about 300’ from the intersection 

where sight distance is limited, otherwise sight distance would extend beyond 1000’. 

Table 1 summarizes the available sight distance.  Also shown in this table are stopping sight 

distance requirements and intersection sight distance guidelines.  These criteria values are 

based on information found in AASHTO's A Policy on Geometric Design of Highways and 

Streets, 7th Edition and the NYSDOT's Highway Design Manual. Criteria shown is based on 

the measured 85th percentile speed of NY Route 82. 

Figure 2: Sight Distance Looking East from CR7 

Figure 3: Sight Distance Looking West from CR7 
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TABLE 1 - SIGHT DISTANCE SUMMARY 

 

2.5  CRASH HISTORY 

Crash data for the most recent 5-year period available was obtained from NYSDOT through 

their CLEAR System.  This data covered the period from December 31, 2018, through 

December 31, 2023.  The data was compiled, crash rates were calculated, and crash types 

and crash severity were reviewed. 

There was a total of 4 crashes found at the intersection through the CLEAR System with all 

four crashes being property damage only. 

• Crash 1 was caused by unsafe speed and impaired driving where a vehicle drove 

through several signs and a building before stopping. 

• Crash 2 occurred when vehicle 2 traveling westbound, attempting to make a left turn 

onto CR 7, failing to give right of way to vehicle 1 traveling eastbound on NY Route 82. 

During the turn vehicle 2 attempted to return to lane causing the head on crash. 

• Crash 3 occurred when the trailer of vehicle 1 struck vehicle 2 when vehicle 1 was 

attempting to make a left turn from EB NY Route 82 onto CR 7 northbound. Vehicle 2 

was waiting at the STOP sign on the north approach when struck. 

• Crash 4 occurred when the trailer of vehicle 1, traveling westbound on NY Route 82 and 

attempted to make a right turn onto CR 7, got caught on hillside and signs. 

It should be noted that although there were just a few crashes at the intersection, field and 

video observations showed a high frequency of near misses at the intersection. There was 

one observation of a passenger exiting a vehicle to guide the driver through the 

intersection and/or ensure it was safe to cross. Instances of users getting confused and 

making unsafe or erratic maneuvers was also observed. 

The severely limited sight distance, even without a significant crash history, is a safety 

concern that needs to be addressed. Additionally, turn radii for right turn vehicles are a 

concern because of the intersection skew. See Appendix B for Crash History Data details. 

Location

Side Street

Turn 

Movement

Direction

Available 

Sight 

Distance

Design 

Speed 

(mph)

Required 

Stopping 

Sight 

Distance

Intersection 

Sight Distance

Guidelines

Right Turn Looking Left (West) 875' 35 250' 335'

Looking Left (West) 875' 35 250' 390'

Looking Right (East) 450' 35 250' 390'

Right Turn Looking Left (East)* 1,000'+** 35 250' 335'

Looking Left (East)* 1,000'+** 35 250' 390'

Looking Right (West) 125' (160')* 35 250' 390'

Northbound CR 7 

at NY Route 82 Left Turn

Southbound CR 7 

at NY Route 82 Left Turn

* Sight distance can be increased to about 160' if ground level vegetation is cleared at the intersection.

** This location has a blindspot from 125' to about 300' from the intersection because of a hilly terrain 



CR 7 AND NY ROUTE 82 INTERSECTION EVALUATION STUDY | Town of Ancram, New York 

 

Final Report  

October 2024 

GPI# ALB-2400106.00 p a g e  5   

2.6  EXISTING TRAFFIC VOLUMES 

Turn movement traffic counts were 

conducted over a 12-hour period on 

July 24th, 2024. Turn movement data 

collected between hours of 7:00-

9:00 AM and 4:00-6:00 PM were 

used in order to determine the AM 

and PM peak hour traffic volumes 

for capacity analysis and the 

remaining hours were utilized in 

traffic signal warrant analysis.  The 

peak hour traffic volumes are 

depicted in Figure 4.  

Larger scale volume diagrams and 

count data sheets are included in 

the Appendix A. 

3.0  HISTORIC AREAS REVIEW 

The intersection is located at the center of the Ancram Hamlet Historic District which 

contains historic structures, parks, and monuments in the Ancram area. Included in the 

district is an island on the west side of the intersection between the connector road and the 

northbound CR 7 approach. This island contains a granite monument and cast-iron cannon 

that are listed on the National Register of Historic Places (NRHP). The island also contains 

small shrubs and a flagpole. The Simons General Store building is also listed on the NRHP 

and abuts up to the west side of the connector road. The building limits sight distance for 

the connector road.  

It should be noted that if areas in the historic district are to be disturbed, including altering 

the war memorial island, a process involving several steps will be required to gain State 

Historic Preservation Office (SHPO) approval.  This process will generally include the 

following steps: 

• Development and submission of Section 106 documentation 

• Development and submission of Finding Documentation 

• Development and submission of MOA documentation 

• Development and submission of 4(f) documentation 

The Available Historic Registry records for this area are included in Appendix E, along with a 

map showing the historic properties next to the intersection.  

XX (XX) = AM (PM) Volume 

 Figure 4: Peak Hour Traffic Volumes                                   
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4.0  OPERATING CONDITIONS 

4.1  CAPACITY ANALYSIS DESCRIPTION 

The operating conditions of transportation facilities are evaluated based on the relationship 

of existing or projected traffic volumes to the theoretical capacity of the highway facility, 

which can be equated to a level of service (LOS) based on the delay experienced by each 

vehicle. Level of service ranges from LOS A to LOS F and the delay thresholds that define 

various levels of service can be found in the Highway Capacity Manual, (HCM), published by 

the Transportation Research Board.   In general, "A" represents the best operating condition 

with unrestricted flow and little or no delay per vehicle, and "F" represents the worst, with 

congested conditions, long delays and poor traffic operations.  LOS C or better is generally 

desirable, but LOS D for signalized locations and LOS E for unsignalized are generally 

acceptable during peak periods as long as the volume to capacity ratio (v/c) is below 1.0. 

Table 2 below presents the LOS criteria for both signalized and unsignalized intersections.   

TABLE 2 
LEVEL OF SERVICE CRITERIA 

LOS 
Signalized Intersection 

Delay Per Vehicle (sec.) 

Unsignalized Intersection 

Delay Per Vehicle (sec.) 

A < 10.0 < 10.0 

B > 10.0 and < 20.0 > 10.0 and < 15.0 

C > 20.0 and < 35.0 >15.0 and <25.0 

D > 35.0 and < 55.0 > 25.0 and < 35.0 

E > 55.0 and < 80.0 > 35.0 and < 50.0 

F > 80.0 > 50.0 

 

4.2  RESULTS OF CAPACITY ANALYSIS 

Analysis was conducted at the NY Route 82 and CR 7 intersection for the existing condition 

and potential future improvement conditions.  The general improvement options 

considered for this analysis included both an all-way stop alternative and a split intersection 

alternative (where the northbound and southbound county road approaches would be 

separated). 

The AM and PM peak hour traffic operations at the intersection for the three analysis 

conditions are summarized in Table 3 and computation worksheets for each of the analyses 

are provided in Appendix D. 
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TABLE 3 
LEVEL OF SERVICE SUMMARY 

Alternative Movement AM Peak Hour PM Peak Hour 

Existing Condition Northbound 

Southbound 

Eastbound Left* 

Westbound Left* 

B (10.2) 

B (10.5) 

A (7.4) 

A (7.4) 

B (10.4) 

B (10.4) 

A (7.4) 

A (7.5) 

All-Way Stop Alternative Northbound 

Southbound  

Eastbound 

Westbound 

A (7.6) 

A (7.8) 

A (7.8) 

A (7.9) 

A (7.7) 

A (7.6) 

A (7.8) 

A (7.9) 

Split Intersection 

Alternative 

Northbound 

Southbound 

Eastbound Left* 

Westbound Left* 

A (8.4) 

A (9.3) 

A (7.6) 

A (7.5) 

A (8.4) 

A (9.2) 

A (7.6) 

A (7.5) 

                  * HCM Two-way stop control (TWSC) methodology assumes uncontrolled through and right turn movements  

                          have a theoretical delay of zero, so only mainline left turn movement and side street delays are shown in the  

                          table for these type intersections. 

Based on the analysis, Existing levels of service are LOS B on the CR 7 approaches in the 

existing peak hour conditions, but could improve to LOS A if an all-way stop or split 

intersection were to be implemented.  However, it should be noted that LOS A and LOS B 

are both well within acceptable levels of operation and there does not appear to be a traffic 

capacity issue at this intersection under any of the conditions. 

4.3  TRAFFIC SIGNAL/ALL-WAY STOP WARRANT ANALYSIS 

Existing conditions were reviewed at the intersection to determine the need for 

signalization or all-way stop control.  These warrant analyses were based on criteria detailed 

in the Manual on Uniform Traffic Control Devices (MUTCD, 11th Edition, 2023). 

For the traffic signal warrant,  the primary warrants reviewed included:  

• Warrant 1 – 8-Hour Vehicular Volume 

• Warrant 2 – 4-Hour Vehicular Volume 

• Warrant 3 – Peak Hour Volume 

• Warrant 7 – Crash Experience 

There are five additional warranting conditions that could justify traffic signalization at a 

particular location. These warrants cover conditions from high pedestrian traffic and school 

zones, to safety and traffic flow needs, but none of those conditions apply at the project 

intersection and were considered not applicable. 

It should be noted that the criteria states, if a studied intersection is located where the 

critical speed of the major street traffic is greater than 40 mph, or is in a built-up area of an 

isolated community with population less than 10,000, the warranting criteria is reduced to 

70% of the standard warranting thresholds. 
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It should also be noted that satisfaction of one or more signal warrants shall not in itself 

require the installation of a traffic signal. Before a signal installation can be justified, an 

engineering study should be done to show that signalization will improve overall safety 

and/or operations of the intersection. 

A review of the hourly traffic volumes between 7:00 AM and 7:00 PM show that none of the 

volume-based warrants (Warrants 1, 2, 3) were satisfied for even a single hour of the day, as 

the traffic volumes are too low.  Warrant 7 (crash experience) is not satisfied either, as none 

of the crash criteria were met.  The signal warrant analysis was reviewed for both full criteria 

and 70% criteria and neither were satisfied for this location. 

In addition to the signal warrants, all-way stop warrants were reviewed for the intersection, 

but based on the existing traffic volumes, the intersection does not meet the volume criteria 

necessary for all-way stop traffic control either.  

It should be noted though, that there is a provision in MUTCD all-way stop criteria that 

states:  

“All-way stop control may be installed at an intersection where an engineering study 

indicates that sight distance on the minor-road approaches controlled by a STOP sign 

is not adequate for a vehicle to turn onto of cross the major (uncontrolled) road.”  

Given the severely limited sight distance for the southbound approach, this criterion would 

apply and would justify the installation of all-way stop control at the intersection.  This, 

however, is subject to NYSDOT approval as NY Route 82 is owned and maintained by them. 

See Appendix C for warrant analysis worksheets and criteria. 
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5.0  ALTERNATIVE CONSIDERATION 

Based on the intersection evaluation, there are several key issues impacting safety and 

operations at the CR7 and NY Route 82 intersection.  These include: 

1. Significantly limited sight distance looking to the right from the southbound 

approach. 

2. A blind spot in the sight distance looking left from the southbound approach. 

3. Significantly limited sight distance from the northbound slip ramp looking left. 

4. The severely skewed alignment of the northbound CR 7 approach, which accesses 

NY Route 82 along a curve in the road, confuses drivers into thinking they can go 

straight onto Route 82 without yielding. 

5. Skewed alignment of both the northern and southern CR7 approaches makes it 

difficult to perform right turn movements from NY Route 82 in both directions. 

Options considered to address these issues are discussed below. 

5.1  OPTION 1: SOUTHERN APPROACH RESTRIPING 

The northbound CR 7 approach enters 

the intersection at a flat skew making 

drivers think they have the right-of-way, 

even though there is flashing red light 

stop control.  This alternative proposed 

to restripe the approach to provide a 

sharper angle entering the intersection.  

The new striping with a more noticeable 

stop bar location should significantly 

reduce this confusion for drivers.   

Along with this striping improvement, it 

is proposed that the slip ramp to the west 

of the main intersection be converted to one-way southbound through the use of striping 

and signing.  By doing so, it eliminates the sight distance issue for northbound traffic 

looking left at that location and it allows a better turning radii for right turn vehicles. 

This is a fairly low cost option, which can be constructed as a road maintenance activity for 

under $10,000, and it will significantly reduce safety concerns on the south side of the 

intersection. 

5.2  OPTION 2: SOUTHERN APPROACH REALIGNMENT 

To square-up the intersection even more than described above, the triangle island could be 

cut back and the northbound approach could be shifted west (see sketch on next page).  As 

with option 1, the slip ramp would once again be converted to one-way southbound to 

Option 1: Southern Approach Striping Improvements 
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eliminate the sight distance concern for 

that ramp.  It was considered to remove 

the slip ramp entirely, but given the 

angle from eastbound Route 82 to 

southbound CR7, trucks could not 

sufficiently make the movement 

without utilizing the slip ramp. 

This alternative should not be 

implemented on its own though, as it 

creates a problematic alignment 

between the CR7 approaches on either 

side of the intersection.  As such, it should 

only be constructed if the northern approach is relocated (as will be discussed later in this 

section). 

Another concern is that this option requires a significant change to the triangle island which 

is called out specifically in the historic registry.  As such, this option will require significant 

coordination to gain approval from the State’s Historic Preservation office. 

To implement this option, it would cost about $70,000 to construct, with an additional 

$30,000 being required for design and inspection (Concept level overall cost estimate 

$100,000). 

5.3  OPTION 3: NORTHERN APPROACH STAIR RELOCATION 

A significant concern is the sight 

distance limitations for the northern 

(southbound) approach.  This option 

proposes to relocate the stairs going to 

a private residence to allow for the 

placement of a retaining wall and 

“cutting back” of the hill on the 

northwest corner of the intersection. 

This option provides better sight 

distance to the west than simply 

removing vegetation on that corner, 

but it is estimated that only 200 feet of 

sight distance would be achieved, which is 

still short of the 250’ minimum stopping sight distance requirements.  Additionally, this 

improvement does not address the blind spot in sight distance looking east. 

To implement this option, it would cost about $70,000 to construct, with an additional 

$30,000 being required for design and inspection ($100,000 overall)  

Option 2: Southern Approach Realignment 

Option 3: Northern Approach Stair Relocation 
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5.4  OPTION 4: NORTHERN APPROACH REALIGNMENT 

Because of the roadway curvature along 

NY Route 82, sight distance from the 

southbound approach is limited and 

desirable sight distances cannot be 

achieved without removing active 

residential properties within the Town’s 

Historic district, which is not a feasible 

option.  However, there is a nearly 

condemned and vacant property on the 

northeast corner of the intersection that 

could be acquired to pull the 

southbound CR 7 approach further east 

and increase sight distance.  Two 

options were considered under this 

concept.  Option 4A relocates the 

roadway approach by approximately 75 

feet and requires only the property 

acquisition of the corner lot, and Option 

4B relocates the roadway approach by 

approximately 125’ and requires the 

acquisition of the corner lot and the 

vacant parcel (remains of old foundation 

only) adjacent to it. 

For Option 4A, the sight distance blind 

spot to the east can be eliminated and 

the radii can be constructed to 

accommodate truck and recreational 

vehicles, but because of the roadway 

curvature to the west, sight distance in 

that direction doesn’t improve much 

more than what would be provided with 

removal of existing vegetation. 

For Option 4B, the blind spot is removed, the radii would be able to accommodate trucks 

and recreational vehicles and sight distance to the east would be improved to about 200 

feet.  However, this still falls short of the minimum stopping sight distance requirement of 

250 feet, so under this option an intersection ahead warning sign with 30 mph advisory 

speed should be installed in advance of the intersection.  The 200 feet of available sight 

distance would meet stopping sight distance requirements for 30 mph. 

Option 4B: Northern Approach Realignment B 

Option 4A: Northern Approach Realignment A 
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It should be noted that the existing sight distance limitations would be greatly improved 

under this option, and with the intersection split into two 3-legged intersection, any 

remaining sight distance limitations would only apply to 13 or fewer left turn vehicles per 

hour, instead of over 50 vehicles per hour, because through vehicles are eliminated. 

For design, right-of-way costs, construction and inspection, it is estimated that Option 4A 

would cost approximately $900,000 and Option 4B would cost approximately $1,000,000. 

5.5  OPTION 5: ROUNDABOUT 

This option considers the 

installation of a single-lane 

roundabout at this location.  A 

roundabout would eliminate all 

the safety issues identified at this 

location and would provide 

excellent level of service, 

however, it has significant 

impacts to the historic area and 

firehouse operations, it would 

require extensive right-of-way 

takings , and given the grades in 

the area, it would be extremely 

difficult to construct.  

Additionally, the cost to construct a 

roundabout at this location would be at least $2.5M, given the issues and right-of-way 

needed. 

While it is felt a roundabout would be the best solution to improve safety at this location, 

the impacts and questionable constructability makes this option problematic. 

5.6  OPTION 6: ALL-WAY STOP CONTROL 

Currently there is a flashing beacon that flashes red for CR 7 approaches and yellow for NY 

Route 82 approaches.  Although this intersection does not meet volume requirements for 

either a traffic signal or all-way stop, there is a provision in the Manual on Uniform Traffic 

Control Devices (as mentioned previously) that addresses the installation of an all-way stop 

in cases with poor sight distance.   

As there is no feasible option that would improve sight distance to meet even the minimum 

stopping sight distance requirements, replacement of the existing flashing beacon and 

installtion of an all-way stop flashing beacon with advance warning signs in warranted.  This 

would not address the turning radii problem for right turning trucks and recreational 

vehicles, but it would eliminate the concerns of sight distance and driver confusion. 

Option 5: Single-Lane Roundabout 
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A complete replacement of the existing flashing beacon system, to include poles 

foundations, signal heads and controller, would cost approximately $60,000.  If the existing 

equipment were to be reused and only signal heads replaced, this improvement would cost 

approximately $10,000.  The key to this alternative is placement of advanced warning signs, 

to ensure all approaching vehicles are aware of the stop condition.  Additionally, under this 

alternative, the slip ramp to the west of the intersection should still be converted to one-

way only (southbound) and the striping improvements on the northbound approach, as 

discussed under option 1, should be implemented. 

It should be noted that a traffic control change along a state highway would require 

coordination and approval with NYSDOT and they will have final say on approval of this 

improvement. 

5.7  ALTERNATIVE SUMMARY 

The table below summarizes the various options reviewed and their benefits. 

TABLE 4 – SUMMARY OF OPTIONS 
 

 

 

Option 

 

 

 

Cost 

 

No 

Historical 

Impacts 

Improved 

Sight 

Distance 

(West) 

 

Improved 

Blind Spot 

(East) 

Improved 

Slip Ramp 

Sight 

Distance 

 

Reduced 

Driver 

Confusion 

Improved 

Turning 

Radius to 

the North 

1 $10k Yes No No Yes Some No 

2 $100k No No No Yes Yes No 

3 $100k No Some No No No No 

4A $900k No No Yes No No Yes 

4B $1M No Some Yes No No Yes 

5 $2.5M No Yes Yes Yes Yes Yes 

6 $10k-$60k Yes Yes Yes Yes Yes No 

As the table shows, no option satisfies all the needs of the intersection.  Truck and 

Recreation vehicles right turning improvements to the north can only be achieved by 

acquiring property and reconstructing the northern CR 7 approach.  However, even with 

pulling this approach as far east as possible sight distance requirements still cannot be 

achieved without lowering speeds.  A single-lane roundabout would be the best option for 

safety and operations and would address the most issues, but the costs and impacts are 

significant, and it may not even be feasible to construct because of the grades.  Based on 

the findings, the following improvement alternatives are recommended: 

Alternative 1: All-Way Stop (preferred & lowest cost alternative, but subject to NYSDOT 

approval of all-way stop traffic control) 

➢ Replace existing flashing beacon with an All-way Stop (red for all approaches) 

flashing beacon and install stop signs on all approaches, as discussed for Option 6. 

➢ Install “Stop Ahead Warning Signs in advance of the intersection on all approaches. 
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➢ Install signing and striping improvements on the northbound approach to 

reestablish stop bar and centerline striping, and on the slip ramp to convert it to 

one-way traffic southbound only, as shown in Option 1. 

➢ Additionally, though not listed as one of the options above, if the northeast property 

could be obtained, a right turn slip ramp could be constructed to improve turning 

movements, and could be implemented with the recommendations above.  The 

property and slip ramp construction would likely cost about $325,000 though. 

See Figure F-1 in Appendix F for a concept sketch of this alternative.   

Total cost for this Alternative would be approximately $75,000 without the optional 

westbound to northbound slip ramp, and approximately $400,000 with it.  This Alternative 

could probably be implemented for as little as $25,000 if existing flashing beacon 

equipment could be salvaged, but not knowing the age or condition of the equipment full 

replacement is recommended. 

Alternative 2: Split Intersection (Secondary and more costly alternative that could be 

constructed if NYSDOT does not allow all-way stop traffic control) 

➢ Remove existing flashing beacon. 

➢ Reconstruct southbound approach as far east as possible, as shown in Option 4B.  

➢ Add “Intersection Ahead” warning sight with advisory speed of 30 mph in advance of 

the intersection for eastbound traffic. 

➢ Reconstruct the northbound approach to better square it up, and provide signing 

and striping to convert slip ramp to one-way southbound, as shown in Option 2 

➢ Construct retaining wall and redirect stairs on northwest corner to maximize sight 

distance, as shown in Option 3   

See Figure F-2 in Appendix F for a concept sketch of this alternative.  

Total cost for this Alternative would be approximately $1,200,000. 

It should be noted for all cost estimates given that they are based on a general 

understanding of the improvement requirements, knowledge of current construction costs 

and engineering judgement.  Many factors, such as right-of-way costs, unexpected issues 

concerning the terrain, price increases in construction materials and prolonged 

coordination with SHPO or NYSDOT in order to gain approval, can all impact cost.  

Estimates above are based on our current understanding and are subject to change. 
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6.0  FINDINGS & RECOMMENDATIONS 

GPI conducted an extensive study of traffic operations and safety for the NY Route 82 and 

County Route 7 (CR 7) intersection in  Ancram, New York.   The findings and 

recommendations of this study are as follows: 

➢ There are sight distance issues at this intersection that make it hazardous to traverse 

for CR 7 traffic.  The southbound approach has only 125’ of sight distance to the 

right (just half of the required stopping sight distance for vehicles on NY Route 82) 

and there is a blind spot in sight disance looking to the left from that approach.  

There is also severely limited sight distance northbound on the slip ramp, where a 

driver can barely see 50’ down the roadway to the west past the adjacent building. 

➢ Speeds along NY Route 82 approaching the intersection are in-line with the 35 mph 

speed limit.  The 85th percentile speeds are 35 mph and 33.7 mph for eastbound and 

westbound respectively. 

➢ Traffic Volumes are fairly low at this intersection, with generally less than 100 

vehicles per approach in the peak traffic hours. 

➢ Crash history is not significant, with only 4 reportable crashes, and all being property 

damage only with no injuries.  However, field observations revealed that there are 

close calls and near misses every hour.  The skew of the side street approaches 

combined with the limited sight distance and poor turning radii cause driver 

confusion and it is likely that many driver’s that would normally traffic along CR 7 are 

taking alternative routes to avoid this intersection. 

➢ Capacity Analysis was performed for the intersection and it was found that all the 

traffic movements operate at LOS B or better in the existing condition.  If the 

intersection were modified for all-way stop control or to split the northbound and 

southbound approaches to form two intersections, all movements would improve to 

LOS A.  In all cases, level of service and capacity are well within acceptable levels. 

➢ Warrant analyses were performed for the intersection.  It was determined that a 

traffic signal is not warranted at this intersection, and that traffic volumes are not 

sufficient enough to meet all-way stop warranting criteria.  However, there is a 

provision in the all-way stop warranting criteria that addressed sight distance, and 

given the sight distance limitations for the southbound approach, all-way stop traffic 

control is justified for this location. 

➢ Terrain and intersection configuration are problemmatic at this intersection.  The 

severely skewed CR 7 approaches make it so northbound drivers sometime 

misinterpret the traffic control and fail to yield the right-of-way, and the intersection 

radii are too tight for heavy vehicles and recreational vehicles to adequately make 

right turn movements without crossing into the opposing lane of traffic. 
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➢ The NY Route 82 and CR 7 intersection is located in the heart of the Ancram Historic 

district and all properties adjacent to the intersection are on the historic registry, to 

include the triangle island with war memorial located betweenthe main intersection 

and slip ramp to the west.  Any geometric changes at the intersection will require 

extensive coordination with SHPO to gain approval and minimize the impacts to the 

historic area. 

➢ Several options were considered to improve safety and operations at the 

intersection.  These options included various signing & striping improvements, 

approach realignments and even the possible construction of a roundabout.  

Ultimately, two alternatives, that utilized many of the options considered, were 

selcted for consideration.  Both are subject to NYSDOT and SHPO approval, and may 

require significant coordination with these agencies to gain that approval, but both 

alternatives provide signficant safety benefits compared to the existing conditions.  

These alternatives include the following and concept sketches for each are located in 

Appendix F: 

o Alternative 1: All-Way Stop – this is the preferred & lowest cost alternative 

that features a replacement of the existing flashing beacon with an all-way 

stop beacon and signing and striping improvements at, and in advance of, the 

intersection.  In the base configuration, this alternative addresses all identified 

issues except for the turn radius on the northeast corner, but if the nearly 

condemned building property on that corner is acquired and a right turn slip 

ramp is constructed, that issue could also be addressed.  It is estimated that 

this alternative would cost approximately $75,000 to implement without the 

new slip ramp and $400,000 if the slip ramp were included. NYSDOT and 

SHPO approval will need to be coordinated prior to implementation. 

o Alternative 2: Split Intersection – This is a secondary alternative that should 

only be progressed if the all-way stop alternative is not approved by NYSDOT.  

This Alternative is more costly and will require extensive coordination with 

SHPO to minimize historic district impacts. This alternative splits the CR 7 

approaches, moving the northern approach as far east as possible and 

squaring up the southern approach.  It also requires relocation of the stairs on 

the northwest corner and other signing and striping improvements around 

the intersection.  The estimated cost to implement this alternative is 

$1,200,000, and it would require NYSDOT approval prior to design. 

With implementation of one of these two alternatives, most, if not all, the issues identified 

in this study will be addressed, and safety and operation at the NY Route 82 and CR 7 

intersection will be improved. 
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APPENDIX A 

Traffic Volume and Field Data   
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Greenman-Pedersen, Inc.

80 Wolf Rd, Suite 600

Albany, NY 12205

(518) 453-9431

GPI Project No.:

Location: Count Date:

Start          

Time
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes

7:00 AM 0 0 5 0 0 0 11 8 5 0 0 1 2 1 0 0 1 6 4 0

7:15 AM 0 3 10 0 0 0 6 10 0 0 0 2 3 2 0 0 2 10 2 0

7:30 AM 0 2 5 1 0 0 5 11 1 0 0 2 5 2 0 0 1 8 2 0

7:45 AM 0 1 8 4 0 0 4 7 1 0 0 1 6 6 0 0 2 7 0 0

8:00 AM 0 4 10 2 0 0 5 15 0 0 0 3 6 2 0 0 2 8 2 0

8:15 AM 0 0 3 1 0 0 2 8 2 0 0 1 3 4 0 0 2 10 0 0

8:30 AM 0 2 16 2 0 0 3 13 2 0 0 1 6 5 1 0 4 16 2 0

8:45 AM 0 0 6 3 0 0 8 11 1 0 0 5 11 11 0 0 1 5 8 0

9:00 AM 0 5 9 5 0 0 6 5 2 0 0 5 14 10 0 0 0 4 10 0

9:15 AM 0 6 8 1 0 0 9 6 4 0 0 4 6 5 1 0 2 6 0 0

9:30 AM 0 2 6 2 0 0 4 10 2 0 0 5 3 1 0 2 2 9 10 0

9:45 AM 0 2 6 2 0 0 2 11 3 0 0 3 4 6 0 0 1 8 2 0

10:00 AM 0 2 7 2 0 0 0 9 1 0 0 2 6 5 0 0 1 7 7 0

10:15 AM 0 1 7 3 0 0 4 12 3 0 0 0 6 3 0 0 4 7 1 0

10:30 AM 0 1 6 1 0 0 3 10 4 0 0 4 11 3 0 0 5 8 4 0

10:45 AM 0 2 8 4 0 0 3 5 2 0 0 0 3 8 0 0 2 9 2 0

11:00 AM 0 3 6 0 0 0 4 11 1 0 0 0 6 7 0 0 4 12 2 0

11:15 AM 0 1 2 1 0 0 7 8 2 0 0 2 7 2 0 0 1 5 2 0

11:30 AM 0 2 6 4 0 0 3 9 0 0 0 3 4 2 0 0 3 17 2 0

11:45 AM 0 2 3 1 0 0 6 13 0 0 0 2 10 5 0 0 3 9 2 0

12:00 PM 0 0 9 3 0 0 8 11 2 1 0 4 8 7 0 0 3 6 8 0

12:15 PM 0 1 6 2 0 0 2 11 1 0 0 3 6 3 0 0 2 10 6 0

12:30 PM 0 2 8 0 0 0 3 14 1 1 0 1 9 3 0 0 1 10 10 0

12:45 PM 0 1 12 2 0 0 8 13 0 0 0 5 12 7 0 0 2 16 8 0

1:00 PM 0 3 11 3 0 0 8 10 3 0 0 5 10 10 0 0 1 11 5 0

1:15 PM 0 0 3 5 0 0 9 11 2 0 0 5 3 4 0 0 1 16 4 0

1:30 PM 0 3 5 1 0 0 3 10 1 0 0 1 2 5 2 0 2 11 0 0

1:45 PM 0 0 6 2 0 0 4 14 2 0 0 5 12 7 0 0 0 19 6 0

2:00 PM 0 0 4 5 0 0 2 11 1 0 0 2 5 3 0 0 0 15 6 0

2:15 PM 0 2 4 5 0 0 3 12 1 0 0 5 7 2 0 0 2 12 9 0

2:30 PM 0 5 10 4 0 0 6 15 1 0 0 7 8 1 0 0 3 10 13 0

2:45 PM 0 2 4 4 0 0 0 11 3 0 0 1 7 1 0 0 4 16 1 0

3:00 PM 0 2 5 3 0 0 8 16 10 0 0 2 10 4 0 0 3 10 1 0

3:15 PM 0 2 7 3 0 0 2 21 3 0 0 3 8 4 0 0 1 18 9 0

3:30 PM 0 1 8 5 0 0 3 9 1 0 0 4 5 7 0 0 3 20 3 0

3:45 PM 0 1 9 2 0 0 4 19 2 0 0 2 8 6 0 0 1 17 11 0

4:00 PM 0 0 12 5 0 0 0 10 0 0 0 4 6 3 0 0 2 13 0 0

4:15 PM 0 1 9 2 0 0 5 9 2 0 0 8 10 3 0 0 3 14 2 0

4:30 PM 0 1 19 6 0 0 11 16 4 0 0 2 10 3 0 0 4 15 3 0

4:45 PM 0 3 10 4 0 0 1 7 3 0 0 4 10 1 0 0 2 9 0 0

5:00 PM 0 1 6 1 0 0 2 14 4 0 0 1 15 5 0 0 1 19 6 0

5:15 PM 0 1 10 0 0 0 1 6 0 0 0 1 9 6 0 0 7 11 6 0

5:30 PM 0 0 9 1 0 0 1 13 2 0 0 5 11 2 0 0 2 7 12 0

5:45 PM 0 3 6 0 0 0 2 6 6 0 0 1 11 7 0 0 2 11 1 0

6:00 PM 0 1 3 1 0 0 1 11 2 0 0 2 6 3 0 0 2 11 0 0

6:15 PM 0 3 5 2 0 0 3 9 1 0 0 1 3 3 0 0 2 20 4 0

6:30 PM 0 4 4 1 0 0 5 5 2 0 0 0 4 0 0 0 1 8 4 0

6:45 PM 0 4 3 1 0 0 0 6 2 0 0 0 4 2 0 0 1 8 0 0

Intersection: NYS - 82 at County Route 7 2400106.00

Town of Ancram, New York 7/24/2024

Total Traffic - Cars & Heavy Vehicles (Combined)
County Route 7 NYS - 82 County Route 7 NYS - 82

Southbound Westbound Northbound Eastbound

Page 1 of 2



Greenman-Pedersen, Inc.

80 Wolf Rd, Suite 600

Albany, NY 12205

(518) 453-9431

GPI Project No.:

Location: Count Date:

Intersection: NYS - 82 at County Route 7 2400106.00

Town of Ancram, New York 7/24/2024

U Turns Left Turns
Straight 

Through

Right 

Turns

Peds/ 

Bikes
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes

AM Peak Hour: to

8:30 AM 0 2 16 2 0 0 3 13 2 0 0 1 6 5 1 0 4 16 2 0

8:45 AM 0 0 6 3 0 0 8 11 1 0 0 5 11 11 0 0 1 5 8 0

9:00 AM 0 5 9 5 0 0 6 5 2 0 0 5 14 10 0 0 0 4 10 0

9:15 AM 0 6 8 1 0 0 9 6 4 0 0 4 6 5 1 0 2 6 0 0

Total Volume 0 13 39 11 0 0 26 35 9 0 0 15 37 31 2 0 7 31 20 0

276

No. of Trucks 0 1 3 1 0 0 2 4 0 0 0 0 3 4 0 0 1 6 0 0

Truck % 0.0% 7.7% 7.7% 9.1% 0.0% 7.7% 11.4% 0.0% 0.0% 0.0% 8.1% 12.9% 0 0.0% 14.3% 19.4% 0.0%

9.1%

PHF 0.00 0.54 0.61 0.55 0.00 0.72 0.67 0.56 0.00 0.00 0.75 0.66 0.70 0.50 0.00 0.44 0.48 0.50 0.00

0.92

U Turns Left Turns
Straight 

Through

Right 

Turns

Peds/ 

Bikes
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes

Mid-Day Peak Hour: to

12:30 PM 0 2 8 0 0 0 3 14 1 1 0 1 9 3 0 0 1 10 10 0

12:45 PM 0 1 12 2 0 0 8 13 0 0 0 5 12 7 0 0 2 16 8 0

1:00 PM 0 3 11 3 0 0 8 10 3 0 0 5 10 10 0 0 1 11 5 0

1:15 PM 0 0 3 5 0 0 9 11 2 0 0 5 3 4 0 0 1 16 4 0

Total Volume 0 6 34 10 0 0 28 48 6 1 0 16 34 24 0 0 5 53 27 0

292

No. of Trucks 0 0 1 2 0 0 0 7 0 0 0 0 1 0 0 0 0 2 0 0

Truck % 0.0% 0.0% 2.9% 20.0% 0.0% 0.0% 14.6% 0.0% 0 0.0% 0.0% 2.9% 0.0% 0.0% 0.0% 3.8% 0.0%

4.5%

PHF 0.00 0.50 0.71 0.50 0.00 0.78 0.86 0.50 0.25 0.00 0.80 0.71 0.60 0.00 0.00 0.63 0.83 0.68 0.00

0.85

U Turns Left Turns
Straight 

Through

Right 

Turns

Peds/ 

Bikes
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes
U Turns Left Turns

Straight 

Through

Right 

Turns

Peds/ 

Bikes

PM Peak Hour: to

3:00 PM 0 2 5 3 0 0 8 16 10 0 0 2 10 4 0 0 3 10 1 0

3:15 PM 0 2 7 3 0 0 2 21 3 0 0 3 8 4 0 0 1 18 9 0

3:30 PM 0 1 8 5 0 0 3 9 1 0 0 4 5 7 0 0 3 20 3 0

3:45 PM 0 1 9 2 0 0 4 19 2 0 0 2 8 6 0 0 1 17 11 0

Total Volume 0 6 29 13 0 0 17 65 16 0 0 11 31 21 0 0 8 65 24 0

306

No. of Trucks 0 0 1 0 0 0 1 5 0 0 0 0 3 0 0 0 0 5 0 0

Truck % 0.0% 0.0% 3.4% 0.0% 0.0% 5.9% 7.7% 0.0% 0.0% 0.0% 9.7% 0.0% 0.0% 0.0% 7.7% 0.0%

4.9%

PHF 0.00 0.75 0.81 0.65 0.00 0.53 0.77 0.40 0.00 0.00 0.69 0.78 0.75 0.00 0.00 0.67 0.81 0.55 0.00

0.93

Southbound Westbound Northbound Eastbound

8:30 AM 9:30 AM

Peak Hour Traffic Volumes (Combined)
County Route 7 NYS - 82 County Route 7 NYS - 82

0.79 0.88 0.73 0.66

County Route 7 NYS - 82 County Route 7 NYS - 82

63 70 85 58

7.9% 8.6% 8.4% 12.1%

50 83 74 85

6.0% 8.5% 1.4% 2.4%

Southbound Westbound Northbound Eastbound

12:30 PM 1:30 PM

Southbound Westbound Northbound Eastbound

3:00 PM 4:00 PM

0.74 0.94 0.74 0.82

County Route 7 NYS - 82 County Route 7 NYS - 82

0.86 0.72 0.98 0.84

48 98 63 97

2.1% 6.1% 4.8% 5.2%
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Date: 7/23/2024 Date: 7/23/2024

Time: 11:15 AM Time: 11:15 AM

Trial Speed* Trial Speed*

1 25 1 25

2 35 2 30

3 28 3 30

4 32 4 29 EB WB

5 22 5 30 35.0 33.7

6 20 6 32

7 30 7 25 Location Map

8 25 8 34

9 25 9 33

10 32 10 28

11 38 11 36

12 35 12 24

13 36 13 26

14 32 14 28

15 35 15 28

16 35 16 32

17 30 17 32

18 28 18 26

19 30 19 32

20 24 20 29

21 32 21 27

22 33 22 34

23 26 23 36

24 29 24 33

25 25 25 22

26 24 26 26

27 30 27 25

28 23 28 34

29 32 29 31

30 24 30 31

Avg. 29.2 Avg. 29.6

NYS Route 82 - Speed Study

Eastbound Westbound

85th Percentile Speeds

* - Denotes speed measured at proposed access location with vehicles traveling under free flow conditions, in MPH

NYS Route 82 at

County Route  7

Ancram, New York

Posted Speed Limit: 35 MPH
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APPENDIX B 

Crash History Data   



TOWN OF

TIME 

PERIOD:

FROM:                   

             

12/31/2018

TO:                   

             

12/31/2023

Light Conditions:
1. Daylight

2. Dawn

3. Dusk

4. Dark Road Lighted

5. Dark Road Unlighted

Roadway Character:
1. Straight & Level

2. Straight & Grade

3. Straight & Hillcrest

4. Curve & Level

5. Curve & Grade

6. Curve & Hillcrest

Roadway Surface 

Condition:
1. Dry

2. Wet

3. Muddy

4. Snow/Ice

5. Slush

10. Other

60

ACCIDENT 

No.
DATE TIME

DIRECTION TYPE¹ CASE

NO.

1 07/18/20 3:22 1 PDO 5 1 1 1 EAST 14 38487864

2 08/12/21 7:57 2 PDO 1 2 1 1 SE / NW 1 39000323

3 08/26/22 11:00 2 PDO 1 2 1 1 NORTH/SOUTH 1 39491659

4 09/09/22 12:49 1 PDO 1 3 1 1 NORTH 14 39524869

UNSAFE SPEED FIXED OBJECT

TURNING IMPROPER

FAILURE TO YIELD RIGHT OF WAY

TURNING IMPROPER

HEAD ON

LEFT TURN

FIXED OBJECT

AT INTERSECTION WITH/OR BETWEEN:

Ancram
CR 7

N
o

. 
o

f 
V

E
H

IC
L

E
S

S
E

V
E

R
IT

Y

ENVIRONMENTAL:

Use Codes from MV 104 (shown at right) for these 

categories

Weather:
1. Clear

2. Cloudy

3. Rain

4. Snow

5. Sleet/Hail/Freezing Rain

6. Fog/Smog/Smoke

10. Other

APPARENT CONTRIBUTING

FACTORS

¹Use Codes from MV 104 Police Report

DESCRIPTION

COUNTY: Columbia P.I.N.:

ROUTE NO. OR STREET NAME:

SR 82

No. OF MONTHS:

L
IG
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APPENDIX C 

Warrant Analysis Worksheets   



Project: Condition: 

Location: Date: 

Major Street: Lanes: 1 Critical Approach Speed: 35 mph

Minor Street: Lanes: 1

Volume Level Criteria

1.   Is the critical speed of major street traffic greater than 40 mph?

2.   Is the intersection in a built-up area of an isolated community with population less than 10,000?

If either Question 1 or Question 2 is answered "Yes", then use the 70% volume level. Criteria used: 

WARRANT 1 - EIGHT HOUR VEHICULAR VOLUME Warrant 1 Satisfied:   NO

Warrant 1 is satisfied if EITHER Condition A OR Condition B is 100% satisfied.

Warrant 1 is also satisfied if BOTH Condition A AND Condition B are satisfied to the 80% volume level.

0 0 0

Minimum Volume Criteria: 350 105 280 84 525 53 420 42 Condition Condition 80% for

Start Major St. Minor St. Major St. Minor St. Major St. Minor St. Major St. Minor St. Major St. Minor St. 1A 1B Both

Time Volume
1

Volume
2

100% 100% 80% 80% 100% 100% 80% 80% Satisfied Satisfied Satisfied

12:00 AM - - - - - - - - - - -

1:00 AM - - - - - - - - - - -

2:00 AM - - - - - - - - - - -

3:00 AM - - - - - - - - - - -

4:00 AM - - - - - - - - - - -

5:00 AM - - - - - - - - - - -

6:00 AM - - - - - - - - - - -

7:00 AM 114 39 - - - - - - - - - - -

8:00 AM 130 59 - - - - - X - X - - -

9:00 AM 120 67 - - - - - X - X - - -

10:00 AM 113 51 - - - - - - - X - - -

11:00 AM 126 50 - - - - - - - X - - -

12:00 PM 158 68 - - - - - X - X - - -

1:00 PM 153 71 - - - - - X - X - - -

2:00 PM 157 49 - - - - - - - X - - -

3:00 PM 195 63 - - - - - X - X - - -

4:00 PM 135 72 - - - - - X - X - - -

5:00 PM 142 74 - - - - - X - X - - -

6:00 PM 108 32 - - - - - - - - - - -

7:00 PM - - - - - - - - - - -

8:00 PM - - - - - - - - - - -

9:00 PM - - - - - - - - - - -

10:00 PM - - - - - - - - - - -

11:00 PM - - - - - - - - - - -

  1
 Major Street Volume is the total combined volume of both mainline approaches.

  2
 Minor Street volumes is the highest single side street approach volume.

WARRANT 2 - FOUR HOUR VEHICULAR VOLUME Warrant 2 Satisfied:   NO

Warrant is satisfied if four (4) or more hours satisfy the volume requirements

depicted on the four hour warranting graph (see page 2). No. of Points Above Criteria Curve:    0

WARRANT 3 - PEAK HOUR VEHICULAR VOLUME Warrant 3 Satisfied:   NO

Warrant is satisfied if any hour satisfy the volume requirements depicted on the

peak hour warranting graph (see page 3), and ALL three of the following requirement are met. No. of Points Above Criteria Curve:    0

1.   Total stopped time delay on Minor Street equals or exceeds 4 VHD (single lane) or 5 VHD (two lanes): N/A VHD Max. -

2.   Volume on Minor Street equals or exceeds 100 vehicles (single lane) or 150 vehicles (two lanes): -

3.   Total intersection volume serviced during the hour equals or exceeds 650 veh. (3-leg) or 800 veh. (4-leg or more): -

TRAFFIC SIGNAL WARRANT SUMMARY

Existing Condition

July 24th, 2024

Condition 1A - Minimum Vehicular Volume

( X indicates that criteria is met for specified condition)

Condition 1B - Interuption of Continuous Traffic

( X indicates that criteria is met for specified condition)

Total Satisfied Hours (8 required)

State Route 82

County Route 7

Ancram Intersection Study

Town of Ancram

70%

No

Yes



Project: Condition: 

Location: Date: 

Major Street: Lanes: 1 Critical Approach Speed: 35 mph

Minor Street: Lanes: 1

TRAFFIC SIGNAL WARRANT SUMMARY

Existing Condition

July 24th, 2024

State Route 82

County Route 7

Ancram Intersection Study

Town of Ancram

WARRANT 7 - CRASH EXPERIENCE Warrant 7 Satisfied:   NO

1. Maximum number of angle
3
 and pedestrian crashes in a one year period: 0

2. Maximum number of fatal-and-injury angle and pedestrian crashes in a one year period: 0

3. Maximum number of angle and pedestrian crashes in a three year period: 0

4. Maximum number of fatal-and-injury angle and pedestrian crashes in a three year period: 0

Warrant 7 is satisfied if ANY of the following criteria are met:

1. Are there more than 4 angle crashes in a one year period: No

2. Are there more than 3 fatal-and-injury crashes in a one year period: No

3. Are there more than 4 crashes in a three year period: No

4. Are there more than 4 fatal-and-injury crashes in a three year period: No

AND ANY of the following criteria are also met:

1. Are the VPH for BOTH 80% columns of Condition 1A satisfied for each of any 8 hrs: No

2. Are the VPH for BOTH 80% columns of Condition 1B satisfied for each of any 8 hrs: No

3 
Angle crashes include all crashes that occur at an angle and involve one or

  more vehicles on the major street and one or more vehicles on the minor street.
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Figure 4C-2. Warrant 2, Four-Hour Vehicular Volume (70% Factor)
(COMMUNITY LESS THAN 10,000 POPULATION OR ABOVE 70 km/h (40 mph) ON MAJOR STREET)

One Lane Both Major &
Minor

Two or More Lanes & One
Lane

Two or More Lanes Both
Major and Minor
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Figure 4C-4. Warrant 3, Peak Hour (70% Factor)
(COMMUNITY LESS THAN 10,000 POPULATION OR ABOVE 70 km/h (40 mph) ON MAJOR STREET)

One Lane Both Major & Minor

Two or More Lanes & One
Lane

Two or More Lanes Both
Major and Minor



Project: Ancram Intersection Study Condition: 

Location: Date: 

Major Street:         State Route 82 Critical Approach Speed: 35 mph

Minor Street: County Route 7

Speed Level Criteria

  Is the critical speed of major street traffic greater than 40 mph? No

  If "Yes", then use 70% minimum volume criteria for Condition B. Criteria used: 100%

WARRANT - ALL WAY STOP Warrant Satisfied:   NO

  Warrant is satisfied if EITHER Condition A OR Condition B is satisfied 100%.

  Warrant is also satisfied if BOTH Condition A AND Condition B are satisfied 80%*.

* 70% percent volumes are excluded from this condition.

  Condition A - Accidents

    Condition A is satisifed 100% if the number of correctable crashes
1
 in a 12 month is at least 5 crashes.

    Number of correctable crashes in a 12 month period: 1 crash(es)

  Condition B - Volume

    Condition B is satisifed if the minimum volume criteria is met 100% for BOTH the major and minor streets, AND

    the average delay to the minor-street vehicular traffic during the highest hour is at least 30 s/veh.

    Average highest hour delay of minor-street vehicular traffic: 3.8  s/veh

0 0

300 200 240 160 Condition B Condition B

Start Major St. Minor St. Major St. Minor St. Major St. Minor St. Satisified Satisified

Time Volume
2

Volume
3

100% 100% 80% 80% 100% 80%

12:00 AM - - - - - -

1:00 AM - - - - - -

2:00 AM - - - - - -

3:00 AM - - - - - -

4:00 AM - - - - - -

5:00 AM - - - - - -

6:00 AM - - - - - -

7:00 AM 114 72 - - - - - -

8:00 AM 130 108 - - - - - -

9:00 AM 120 121 - - - - - -

10:00 AM 113 95 - - - - - -

11:00 AM 126 81 - - - - - -

12:00 PM 158 114 - - - - - -

1:00 PM 153 113 - - - - - -

2:00 PM 157 98 - - - - - -

3:00 PM 195 111 - - - - - -

4:00 PM 135 136 - - - - - -

5:00 PM 142 112 - - - - - -

6:00 PM 108 60 - - - - - -

7:00 PM - - - - - -

8:00 PM - - - - - -

9:00 PM - - - - - -

10:00 PM - - - - - -

11:00 PM - - - - - -

  1
 Correctable crashes include right-turn, left turn and right-angle collisions.

  2
 Major Street Volume is the total combined volume of BOTH major approaches.

  3
 Minor Street Volume is the combined vehicular, pedestrian, and bicylce volumes of BOTH minor approaches.

(X indicates that criteria is met)

Minimum Volume Criteria: 

ALL WAY STOP WARRANT SUMMARY

Existing Condition

Ancram , NY July 24, 2024

Condition B - Volume Total Satisfied Hours (8 required)



Excerpts from Manual on Uniform Traffic Control Devices: 

 

 

 

 

 



CR 7 AND NY ROUTE 82 INTERSECTION EVALUATION STUDY | Town of Ancram, New York 

 

  

   

 

 

 

 

 

 

 

 

 

APPENDIX D 

Capacity Analysis Output Sheets 

 

 

 

 

  



HCM 6th TWSC
1: CR-7 & SR-82 AM Peak Hour Existing Conditions

Ancram CR7/SR82 Intersection Study Synchro 11 Report
GPI Page 1

Intersection
Int Delay, s/veh 6.3

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Vol, veh/h 7 31 24 26 35 9 15 37 31 13 39 11
Future Vol, veh/h 7 31 24 26 35 9 15 37 31 13 39 11
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop Stop Stop Stop
RT Channelized - - None - - None - - None - - None
Storage Length - - - - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 14 19 2 8 11 2 2 8 13 8 8 9
Mvmt Flow 8 34 26 28 38 10 16 40 34 14 42 12
 

Major/Minor Major1 Major2 Minor1 Minor2
Conflicting Flow All 48 0 0 60 0 0 189 167 47 199 175 43
          Stage 1 - - - - - - 63 63 - 99 99 -
          Stage 2 - - - - - - 126 104 - 100 76 -
Critical Hdwy 4.24 - - 4.18 - - 7.12 6.58 6.33 7.18 6.58 6.29
Critical Hdwy Stg 1 - - - - - - 6.12 5.58 - 6.18 5.58 -
Critical Hdwy Stg 2 - - - - - - 6.12 5.58 - 6.18 5.58 -
Follow-up Hdwy 2.326 - - 2.272 - - 3.518 4.072 3.417 3.572 4.072 3.381
Pot Cap-1 Maneuver 1485 - - 1506 - - 771 715 992 747 708 1008
          Stage 1 - - - - - - 948 831 - 893 802 -
          Stage 2 - - - - - - 878 798 - 892 820 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1485 - - 1506 - - 712 697 992 677 690 1008
Mov Cap-2 Maneuver - - - - - - 712 697 - 677 690 -
          Stage 1 - - - - - - 942 826 - 888 787 -
          Stage 2 - - - - - - 805 783 - 815 815 -
 

Approach EB WB NB SB
HCM Control Delay, s 0.8 2.8 10.2 10.5
HCM LOS B B
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 787 1485 - - 1506 - - 727
HCM Lane V/C Ratio 0.115 0.005 - - 0.019 - - 0.094
HCM Control Delay (s) 10.2 7.4 0 - 7.4 0 - 10.5
HCM Lane LOS B A A - A A - B
HCM 95th %tile Q(veh) 0.4 0 - - 0.1 - - 0.3



HCM 6th TWSC
1: CR-7 & SR-82 PM Peak Hour Existing Conditions

Ancram CR7/SR82 Intersection Study Synchro 11 Report
GPI Page 1

Intersection
Int Delay, s/veh 4.4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Vol, veh/h 8 65 25 17 65 16 11 31 21 6 29 13
Future Vol, veh/h 8 65 25 17 65 16 11 31 21 6 29 13
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop Stop Stop Stop
RT Channelized - - None - - None - - None - - None
Storage Length - - - - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 93 93 93 93 93 93 93 93 93 93 93 93
Heavy Vehicles, % 2 8 2 6 8 2 2 10 2 2 3 2
Mvmt Flow 9 70 27 18 70 17 12 33 23 6 31 14
 

Major/Minor Major1 Major2 Minor1 Minor2
Conflicting Flow All 87 0 0 97 0 0 239 225 84 245 230 79
          Stage 1 - - - - - - 102 102 - 115 115 -
          Stage 2 - - - - - - 137 123 - 130 115 -
Critical Hdwy 4.12 - - 4.16 - - 7.12 6.6 6.22 7.12 6.53 6.22
Critical Hdwy Stg 1 - - - - - - 6.12 5.6 - 6.12 5.53 -
Critical Hdwy Stg 2 - - - - - - 6.12 5.6 - 6.12 5.53 -
Follow-up Hdwy 2.218 - - 2.254 - - 3.518 4.09 3.318 3.518 4.027 3.318
Pot Cap-1 Maneuver 1509 - - 1472 - - 715 660 975 709 668 981
          Stage 1 - - - - - - 904 795 - 890 798 -
          Stage 2 - - - - - - 866 779 - 874 798 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1509 - - 1472 - - 669 647 975 656 655 981
Mov Cap-2 Maneuver - - - - - - 669 647 - 656 655 -
          Stage 1 - - - - - - 899 790 - 885 788 -
          Stage 2 - - - - - - 809 769 - 813 793 -
 

Approach EB WB NB SB
HCM Control Delay, s 0.6 1.3 10.4 10.4
HCM LOS B B
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 733 1509 - - 1472 - - 720
HCM Lane V/C Ratio 0.092 0.006 - - 0.012 - - 0.072
HCM Control Delay (s) 10.4 7.4 0 - 7.5 0 - 10.4
HCM Lane LOS B A A - A A - B
HCM 95th %tile Q(veh) 0.3 0 - - 0 - - 0.2



HCM 6th AWSC
1: CR-7 & SR-82 AM Peak Hour All-Way Stop Condition

Ancram CR7/SR82 Intersection Study Synchro 11 Report
GPI Page 1

Intersection
Intersection Delay, s/veh 7.8
Intersection LOS A

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Vol, veh/h 7 31 24 26 35 9 15 37 31 13 39 11
Future Vol, veh/h 7 31 24 26 35 9 15 37 31 13 39 11
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Heavy Vehicles, % 14 19 2 8 11 2 2 8 13 8 8 9
Mvmt Flow 8 34 26 28 38 10 16 40 34 14 42 12
Number of Lanes 0 1 0 0 1 0 0 1 0 0 1 0

Approach EB WB NB SB
Opposing Approach WB EB SB NB
Opposing Lanes 1 1 1 1
Conflicting Approach Left SB NB EB WB
Conflicting Lanes Left 1 1 1 1
Conflicting Approach Right NB SB WB EB
Conflicting Lanes Right 1 1 1 1
HCM Control Delay 7.8 7.9 7.6 7.8
HCM LOS A A A A
        

Lane NBLn1 EBLn1 WBLn1 SBLn1
Vol Left, % 18% 11% 37% 21%
Vol Thru, % 45% 50% 50% 62%
Vol Right, % 37% 39% 13% 17%
Sign Control Stop Stop Stop Stop
Traffic Vol by Lane 83 62 70 63
LT Vol 15 7 26 13
Through Vol 37 31 35 39
RT Vol 31 24 9 11
Lane Flow Rate 90 67 76 68
Geometry Grp 1 1 1 1
Degree of Util (X) 0.104 0.082 0.095 0.084
Departure Headway (Hd) 4.152 4.366 4.472 4.397
Convergence, Y/N Yes Yes Yes Yes
Cap 866 823 807 818
Service Time 2.164 2.379 2.472 2.41
HCM Lane V/C Ratio 0.104 0.081 0.094 0.083
HCM Control Delay 7.6 7.8 7.9 7.8
HCM Lane LOS A A A A
HCM 95th-tile Q 0.3 0.3 0.3 0.3



HCM 6th AWSC
1: CR-7 & SR-82 PM Peak Hour All-Way Stop Condition

Ancram CR7/SR82 Intersection Study Synchro 11 Report
GPI Page 1

Intersection
Intersection Delay, s/veh 7.8
Intersection LOS A

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Vol, veh/h 8 65 25 17 65 16 11 31 21 6 29 13
Future Vol, veh/h 8 65 25 17 65 16 11 31 21 6 29 13
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Heavy Vehicles, % 2 8 2 6 8 2 2 10 2 2 3 2
Mvmt Flow 9 70 27 18 70 17 12 33 23 6 31 14
Number of Lanes 0 1 0 0 1 0 0 1 0 0 1 0

Approach EB WB NB SB
Opposing Approach WB EB SB NB
Opposing Lanes 1 1 1 1
Conflicting Approach Left SB NB EB WB
Conflicting Lanes Left 1 1 1 1
Conflicting Approach Right NB SB WB EB
Conflicting Lanes Right 1 1 1 1
HCM Control Delay 7.8 7.9 7.7 7.6
HCM LOS A A A A
        

Lane NBLn1 EBLn1 WBLn1 SBLn1
Vol Left, % 17% 8% 17% 12%
Vol Thru, % 49% 66% 66% 60%
Vol Right, % 33% 26% 16% 27%
Sign Control Stop Stop Stop Stop
Traffic Vol by Lane 63 98 98 48
LT Vol 11 8 17 6
Through Vol 31 65 65 29
RT Vol 21 25 16 13
Lane Flow Rate 68 105 105 52
Geometry Grp 1 1 1 1
Degree of Util (X) 0.081 0.12 0.124 0.062
Departure Headway (Hd) 4.293 4.086 4.228 4.339
Convergence, Y/N Yes Yes Yes Yes
Cap 839 862 835 830
Service Time 2.295 2.185 2.324 2.341
HCM Lane V/C Ratio 0.081 0.122 0.126 0.063
HCM Control Delay 7.7 7.8 7.9 7.6
HCM Lane LOS A A A A
HCM 95th-tile Q 0.3 0.4 0.4 0.2



HCM 6th TWSC
1: CR-7 South & SR-82 AM Peak Hour Split Intersection

Ancram CR7/SR82 Intersection Study Synchro 11 Report
GPI Page 1

Intersection
Int Delay, s/veh 4.6

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Traffic Vol, veh/h 38 24 65 46 11 68
Future Vol, veh/h 38 24 65 46 11 68
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - Stop
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 19 2 8 11 2 13
Mvmt Flow 41 26 71 50 12 74
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 67 0 246 54
          Stage 1 - - - - 54 -
          Stage 2 - - - - 192 -
Critical Hdwy - - 4.18 - 6.42 6.33
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy - - 2.272 - 3.518 3.417
Pot Cap-1 Maneuver - - 1497 - 742 983
          Stage 1 - - - - 969 -
          Stage 2 - - - - 841 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1497 - 706 983
Mov Cap-2 Maneuver - - - - 706 -
          Stage 1 - - - - 969 -
          Stage 2 - - - - 800 -
 

Approach EB WB NB
HCM Control Delay, s 0 4.4 8.4
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 1142 - - 1497 -
HCM Lane V/C Ratio 0.075 - - 0.047 -
HCM Control Delay (s) 8.4 - - 7.5 0
HCM Lane LOS A - - A A
HCM 95th %tile Q(veh) 0.2 - - 0.1 -



HCM 6th TWSC
6: SR-82 & CR-7 North AM Peak Hour Split Intersection

Ancram CR7/SR82 Intersection Study Synchro 11 Report
GPI Page 2

Intersection
Int Delay, s/veh 3.8

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 44 62 61 9 13 50
Future Vol, veh/h 44 62 61 9 13 50
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 14 19 10 2 8 9
Mvmt Flow 48 67 66 10 14 54
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 76 0 - 0 234 71
          Stage 1 - - - - 71 -
          Stage 2 - - - - 163 -
Critical Hdwy 4.24 - - - 6.48 6.29
Critical Hdwy Stg 1 - - - - 5.48 -
Critical Hdwy Stg 2 - - - - 5.48 -
Follow-up Hdwy 2.326 - - - 3.572 3.381
Pot Cap-1 Maneuver 1450 - - - 741 972
          Stage 1 - - - - 937 -
          Stage 2 - - - - 852 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1450 - - - 716 972
Mov Cap-2 Maneuver - - - - 716 -
          Stage 1 - - - - 905 -
          Stage 2 - - - - 852 -
 

Approach EB WB SB
HCM Control Delay, s 3.1 0 9.3
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1450 - - - 905
HCM Lane V/C Ratio 0.033 - - - 0.076
HCM Control Delay (s) 7.6 0 - - 9.3
HCM Lane LOS A A - - A
HCM 95th %tile Q(veh) 0.1 - - - 0.2



HCM 6th TWSC
1: CR-7 South & SR-82 PM Peak Hour Split Intersection

Ancram CR7/SR82 Intersection Study Synchro 11 Report
GPI Page 1

Intersection
Int Delay, s/veh 3

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Traffic Vol, veh/h 73 25 46 78 9 52
Future Vol, veh/h 73 25 46 78 9 52
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - Stop
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 8 2 6 8 2 2
Mvmt Flow 78 27 49 84 10 56
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 105 0 274 92
          Stage 1 - - - - 92 -
          Stage 2 - - - - 182 -
Critical Hdwy - - 4.16 - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy - - 2.254 - 3.518 3.318
Pot Cap-1 Maneuver - - 1462 - 716 965
          Stage 1 - - - - 932 -
          Stage 2 - - - - 849 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1462 - 691 965
Mov Cap-2 Maneuver - - - - 691 -
          Stage 1 - - - - 932 -
          Stage 2 - - - - 819 -
 

Approach EB WB NB
HCM Control Delay, s 0 2.8 8.4
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 1132 - - 1462 -
HCM Lane V/C Ratio 0.058 - - 0.034 -
HCM Control Delay (s) 8.4 - - 7.5 0
HCM Lane LOS A - - A A
HCM 95th %tile Q(veh) 0.2 - - 0.1 -



HCM 6th TWSC
6: SR-82 & CR-7 North PM Peak Hour Split Intersection

Ancram CR7/SR82 Intersection Study Synchro 11 Report
GPI Page 2

Intersection
Int Delay, s/veh 2.7

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 39 86 82 16 6 42
Future Vol, veh/h 39 86 82 16 6 42
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 8 8 8 8 2 2
Mvmt Flow 42 92 88 17 6 45
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 105 0 - 0 273 97
          Stage 1 - - - - 97 -
          Stage 2 - - - - 176 -
Critical Hdwy 4.18 - - - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy 2.272 - - - 3.518 3.318
Pot Cap-1 Maneuver 1450 - - - 716 959
          Stage 1 - - - - 927 -
          Stage 2 - - - - 855 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1450 - - - 694 959
Mov Cap-2 Maneuver - - - - 694 -
          Stage 1 - - - - 898 -
          Stage 2 - - - - 855 -
 

Approach EB WB SB
HCM Control Delay, s 2.4 0 9.2
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1450 - - - 915
HCM Lane V/C Ratio 0.029 - - - 0.056
HCM Control Delay (s) 7.6 0 - - 9.2
HCM Lane LOS A A - - A
HCM 95th %tile Q(veh) 0.1 - - - 0.2



CR 7 AND NY ROUTE 82 INTERSECTION EVALUATION STUDY | Town of Ancram, New York 

 

  

   

 

 

 

 

 

 

 

 

 

APPENDIX E 

Historic Registry Records   



CR 7 AND NY ROUTE 82 INTERSECTION EVALUATION STUDY | Town of Ancram, New York 

 

  

   

 

 

 

 

 

 

 

 

 

APPENDIX F 

Improvement Concept Sketches   
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