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EXECUTIVE SUMMARY 
 
This “Lake Sunapee Access Site Route 104 / Birch Grove Road Intersection Analysis” report was 
originally submitted January 24th, 2005 to NHF&G and subsequently reviewed by the New Hampshire 
Department of Transportation (NHDOT). The comments from NHDOT have been addressed in this 
updated and expanded version of the original report. 
 
The New Hampshire Fish and Game Department (NHF&G) is seeking to develop an Access Site consisting 
of a new boat ramp and parking for approximately 43 vehicles (31 trailered vehicles) on the “Wild Goose” 
parcel at Sunapee Lake, Newbury, NH. Access to the proposed facility will be via Birch Grove Road, a 
Class 5 town-maintained road that essentially forms a large jug-handle (northern and southern 
intersections) with Route 103. FST has been retained by the New Hampshire Fish and Game Department to 
perform an engineering evaluation of the intersections. The existing geometry and grading of both north 
and south Birch Grove Road intersection approaches provide severe physical constraints to certain turning 
movements. The existing vertical geometry of Route 103 consists of a crest vertical curve that limits sight 
distance to that which is appropriate for travel at 50mph, equal to the posted speed. The analysis 
documented herein has lead FST to make the following recommendations: 
 

1. Consider reducing the posted speed limit on Route 103 by 5mph-10mph to increase the margin of 
safety between traveled speeds and roadway design speed. 

2. It is recommended that the “Open House” concept for the northern intersection improvements 
(shifting guardrail, relocating/adding signs, minor realignment and pavement shimming (Fig. 1); 
first presented at 2002 Open House) be developed. This concept offers improved sight lines, 
shallower approach grades and greater available sight distance than the “45 Degree” or “60 
Degree” options investigated for compliance with the NHDOT Driveway Permit criteria. A traffic 
operations analysis of the existing condition and build-condition shows acceptable levels of 
service C or better (Appendix B). Limiting construction within the NHDOT R.O.W. could 
eliminate the need to obtain an NHDOT Driveway Permit. 

3. It is recommended that Route 103 widening for shoulder bypass or left turn lane options not be 
pursued due to lack of warrants (traffic or sight distance) at this time. 

4. FST’s sight distance analysis shows that safety enhancements could be realized through the 
implementation of early warning traffic control devices located on Route 103 between the north 
and south intersections and/or at the northern intersection with Birch Grove Road. Several devices 
have been investigated to date and the best solution or combination thereof should be a matter of 
further review and discussion. 

 
GEOMETRIC IMPROVEMENT OPTIONS INVESTIGATED 
 
Route 103 
The following options were developed to the conceptual plan level for analysis due to public comments 
presented during the July 2002, public Open House:  
 

Left Turn Lane 
Conceptual-level plans were developed for a 120’ long dedicated left turn lane. This option would 
store southbound Route 103 vehicles “waiting” (for a gap in northbound traffic) to turn left into 
Birch Grove Road, allowing through-traffic to pass uninterrupted. 
 
Bypass Shoulder 
Conceptual-level plans were developed for a shoulder bypass which is essentially a shoulder 
widening per NHDOT driveway guidelines. This widened shoulder would allow southbound 103 
through traffic to maneuver around vehicles waiting to turn into Birch Grove Road. This option 
was suggested by NHDOT as an alternative to the left turn lane. 
 

The traffic analysis performed as part of this study (Appendix B) indicates acceptable levels of service for 
traffic operations after the construction of the “Open House” concept (which does not include Route 103 
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widening). Since an increase in vehicle queues on Route 103 is not expected, and the analysis documented 
herein does not support concerns of rear-ending due to inadequate sight distances, the above-mentioned 
alterations to Route 103 are not being proposed as part of this project. 
 
Birch Grove Road Approach  
Several factors have contributed to the investigations of improvements to Birch Grove Road at it’s northern 
intersection with Route 103. From the earliest stages of this project, there was consensus between NHF&G, 
NHDOT and FST personnel that the northern intersection would be better suited for improvements than the 
southern. The approach angles are similar at both locations, but the grade differentials between Route 103 
and Birch Grove Road are more significant at the southern intersection. Additionally, the southern 
intersection has steeper existing approach grades. Finally, it would not be practical to make improvements 
to the southern intersection that would allow a right turn out; therefore vehicles seeking to head northbound 
on Route 103 would still have to exit Birch Grove Road from the northern intersection. For these reasons, 
“improvement” options investigated have been focused on the northern Birch Grove Road intersection 
approach. The three main northern intersection configuration/alignment options investigated are described 
as follows: 

 
“Open House” Concept 
In July 2002, a public “Open House” session was held at Mt. Sunapee where an intersection 
improvement concept was presented. The “Open House” concept (as it is referred to herein) 
involves re-aligning guardrail and relocating signs that present sight-line obstructions, minor 
realignment and pavement shimming within NHDOT R.O.W (Fig. 1 and Fig. 16).  

Signage would be provided at the Access Site driveway, Birch Grove Road and Route 103 
conveying the following proposed vehicular movement restrictions: 
1. All exiting Access Site traffic will be prohibited from making a Left turn out of the 

Access Site driveway onto Birch Grove Road;  
2. All traffic will be prohibited from making a Left turn out of Birch Grove Road’s northern 

intersection with Route 103;  
3. All traffic leaving the Access Site for southbound 103 will be required to use the “State 

Park” rotary to reverse direction (local residential and Davis Cabins traffic will not be 
prohibited from using the southern intersection to access southbound 103). 

4. All Route 103 southbound traffic will be prohibited from making a left turn into the 
southern intersection of Birch Grove Road 

5. All Route 103 northbound traffic will be prohibited from making a right turn into the 
northern intersection of Birch Grove Road.  

6. All traffic will be prohibited from making a Right turn out of Birch Grove Road’s 
southern intersection. 

 
Many of the recommendations in the “Open House” concept are based on suggestions offered by 
Mr. Stephen W. Gray (then District 2 Engineer) in an April 18, 1995 letter, and by Alan Hanscom 
(current District 2 Engineer) during a June 19, 2002 field visit. 
 
45 Degree Approach 
Realign Birch Grove Road to form 45 degree angle with Route 103 while regrading, re-profiling 
and providing necessary retaining walls (Fig. 2). This option was investigated as recommended by 
the NHDOT District Engineer. 
 
60 Degree Approach 
Realign Birch Grove Road to form 60 degree angle with Route 103 while regrading, re-profiling 
and providing necessary retaining walls (Fig. 3). This option was investigated as recommended by 
the NHDOT District Engineer (after review of the 45 degree concept) to bring the intersection 
closer to compliance with minimum horizontal approach angle specified in the New Hampshire 
Department of Transportation (NHDOT) Driveway Permit criteria (hereinafter referred to as the 
Driveway Permit). 

 
The three options listed above represent concepts with increasing levels of impact and construction cost.  
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It is most important to note that with each step closer to meeting the minimum horizontal approach angle 
specified in the Driveway Permit criteria (60 degrees), the intersection approach grade increases, the length 
of the “level” (less than 6%) approach platform at the “top” of Birch Grove Road decreases, and the 
available sight distance measured on Route 103 (for northbound vehicles) decreases (Fig. 4). This is 
primarily due to the required “move” of the intersection southward (uphill) to accommodate the geometry 
change without adversely effecting adjacent private property. It can be argued that the closer the approach 
angle to 90 degrees, the more difficult it would be for a vehicle towing a boat to exit Birch Grove Road and 
turn/accelerate safely into the flow of traffic on Route 103. A matrix has been developed to allow 
comparison of various criteria for each intersection option (Fig. 4).  
 
Of the three options reviewed, the “Open House” concept maximizes available sight distance and the length 
of the “level” approach platform (grade less than 6%) at the “top” of Birch Grove Road (see profile Fig. 
16). In contrast to the 45 and 60 degree options (which would require approach grades in excess of 10% to 
provide suitable approach platform), the “Open House” concept does not increase the existing Birch Grove 
approach grade (see profile Fig. 16). The “Open House” concept also provides horizontal geometry more 
conducive to allowing vehicles with boat trailers to turn/accelerate onto 103 northbound. Additional safety 
improvements could be realized through the implementation of traffic control devices not currently part of 
the concept. Options include an intersection blinking yellow light, advanced warning signage and/or loop 
actuated warning flashers. Consideration of such measures is recommended by the American Association 
of State Highway and Transportation Officials (AASHTO) under circumstances directly applicable to this 
project. More information is provided in the “Traffic Analysis” and “Sight Distance” sections of this 
document. 
 

Acceleration Lane 
An acceleration lane was investigated in lieu of the previously mentioned re-alignment options. 
The required lengths of acceleration and taper lanes (per Driveway Permit) could not be provided 
between Birch Grove Road (northern intersection) and the next intersection to the north. 
Consequently, this option will not be pursued at this time. 

 
TRAFFIC ANALYSIS 
 
Signals 
In response to public concerns presented during the July 2002 Open House a variety of signal options were 
investigated for the Birch Grove and Route 103 intersection. The various options reviewed are summarized 
in the following paragraphs. A signal warrant analysis for the “Full Signals” option is included in Appendix 
A. 
 

Full Signals 
Existing traffic data collected in 1995 was projected to Design Year 2005. FST, in coordination 
with NHF&G, developed projections for build-condition Access Site generated traffic. The 
opening of the Access Site will increase seasonal, recreational traffic volumes. The resulting 
increase is not expected to warrant signals an/or a turning lane (Appendix A) or adversely impact 
Route 103 operations (Appendix B). 
 
Intersection Blinking Yellow 
The intent of providing a blinking yellow light at the intersection is to draw the attention of 
northbound 103 vehicles to the Birch Grove Road intersection, increasing alertness and potentially 
reducing potential reaction times. This type of signal could be used with advanced warning 
signage. A common problem with this approach is that the devices often become familiar to 
regular travelers, losing their effectiveness over time. 
 
Advanced Warning Flasher 
The use of advanced signage equipped with a blinker could be effective in reducing the impact of 
geometric sight distance constrictions in the project area. The sign could be located between the 
south and north intersections (to be seen by NB vehicles before they crest the hill) indicating that 
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vehicles were “entering ahead when blinking”. The blinker would only be activated by loops 
located on the Birch Grove intersection approach. Route 103 users seeing the blinker would 
realize that the situation is real-time and the warning should be heeded. Most drivers would be 
ready to apply the breaks as they crest the hill, if they had not already decelerated. This has the 
potential to drastically reduce reaction time and is consistent with AASHTO recommendations 
when Decision Sight Distance and/or Intersection Sight Distances cannot be provided. The 
flashing yellow at the intersection itself could be added to appropriately draw the attention of the 
northbound vehicles. 
 

Traffic Operations & Level of Service 
In response to recent comments from the New Hampshire Department of Transportation (NHDOT) FST 
has expanded the scope of this intersection report to include additional traffic operations analysis. Existing 
traffic counts and studies were compiled. Site generated traffic volumes were developed in coordination 
with NHF&G (Appendix B). The configuration and traffic movement restrictions for the “Open House” 
concept were used as the basis for the build-condition. Traffic operations at the intersections of Route 103 
with Birch Grove Road were evaluated under the existing condition and build-condition.  The analysis was 
conducted for a typical summer Sunday, during both the peak hours of the site generated traffic and 
existing intersection traffic.  The traffic generated by the Lake Sunapee Access will result in a small 
increase in delay and no increase in the vehicle queues on Route 103.  Additionally, all of the approaches to 
the intersections will operate at acceptable levels of service C or better (see Appendix B for complete 
technical memo and analysis results). 
 
DRIVEWAY PERMIT 
We understand that a  NHDOT Driveway Permit is required for "...all alterations to existing driveways... to 
and from a State maintained highway”. The addition of boat/trailer traffic to and from the Access Site to 
Birch Grove Road does not (in and of itself) require alterations to the existing Birch Grove Road/103 
intersection based on traffic data analysis, special vehicle characteristics or other universally accepted 
engineering design practices or guidelines. The previously mentioned 45 and 60 degree Birch Grove Road 
(northern intersection) approach options (Fig. 2 & 3) were investigated as requested by the NHDOT 
District Engineer to meet the minimum approach angle requirements in the Driveway Permit’s Typical 
Design Standards. These options do not appear to improve user safety at this site. Regarding the Typical 
Design Standards (source minimum approach angle requirement), the Driveway Policy indicates that 
“…designs must be adapted to reflect specific circumstances. Requirements of site or safety may dictate 
different solutions…”.  
 
The previously mentioned “Open House” concept involves proposed work that would be performed within 
the NHDOT Route 103 R.O.W. and therefore may not constitute a driveway as defined. 
 
POSTED SPEED LIMIT 
Using a profile generated from an instrument field survey of Route 103, the available sight distance 
between a Northbound 103 vehicle and the northern Birch Grove Road intersection measures 457 ft. 
(measured with AutoCAD in accordance with procedures outlined in AASHTO p. 129 with 3.5’ eye height, 
2’ object height; Fig. 6). Using the current (AASHTO p. 110-115) design standards (including breaking 
distance formula considering the negative effects of Route 103’s 3.8% downgrade) the required stopping 
sight distance (SSD) for a 50mph design is 453’; for 51mph the required SSD is 467’ (Fig. 5). Recent 
comments from NHDOT have indicated that considering the negative effects of the downgrade at the 
intersection is overly-conservative. When the downgrade at the intersection is not considered (assumed 
flat), the required stopping sight distance for a 50 mph design speed is 425’. It is clear that the existing 
vertical geometry of Route 103 is acceptable for a design speed of 50mph per current design standards 
Route 103 is currently posted for 50 mph through the project area. Per AASHTO, a “…general rule of 
thumb is to set the design speed equal to 5-10 mph higher than the posted speed limit. In some constrained 
situations a design speed equal to the posted speed limit may be acceptable”. Per this “rule of thumb”, a 
roadway with a design speed of 50mph could reasonably have a posted speed limit of 40mph-45mph.  
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The 85th percentile speed of traffic in the project area per the 1995 Pernaw Traffic Data Summary was 58 
mph and the median speed (50th percentile) was 53 mph, both of which actually exceed the roadway design 
speed. A contributing factor to the excessive speeds may be the Route 103 horizontal alignment geometry 
in the project area. The long horizontal tangent approach sections and  2000’ radius curve between the 
North and South intersections allows vehicles to travel comfortably at speeds that are unsafe given the sight 
distance limitations imposed by the corresponding vertical geometry. According to guidance in the Manual 
on Uniform Traffic Control Devices (MUTCD), “when a speed limit is to be posted, it should be the 85th-
percentile speed of free-flowing traffic.”  However, the MUTCD also states that other factors may be 
considered when establishing the speed limit including road characteristics, shoulder condition, grade, 
alignment, and sight distance.  In any case, the posted speed limit should never exceed the roadway’s 
design speed (as it would on Route 103 in the Project area if set = to the 85th percentile speed). Current 
SSD calculations indicate that the vertical curve can be safely traversed at 50mph. Clearly, there is a 
significant safety issue with allowing vehicles to travel at such a premium to the roadway’s design speed. If 
the speed limit were reduced to 40-45mph, a typical buffer would be created between posted speed and 
design speed. Drivers that had no reservations with traveling 8mph over the speed limit (when posted speed 
= 50mph) may be less likely to drive at a premium of 13mph to 18mph (when posted speed = 40mph or 45 
mph) over the speed limit. With added enforcement and support from the Town, lower vehicle speeds could 
result, adding a buffer of safety in the roadway stopping sight distance. 
 
It is our understanding that the Town of Newbury supports a speed limit reduction and has previously 
submitted a request to the NHDOT District Engineer. It is understood that the posted speed limits do not 
generally get reduced below the 85th percentile free flow speed. However, the 85th percentile free flow 
speed does not generally exceed the roadway design speed the degree evident on Route 103. In this case, 
the 85th percentile speed should not be the basis for determining the posted speed, or the design speed for 
improvements to this corridor. Geometry and safety dictate a 50mph design speed with consideration given 
to a 40mph-45mph posted speed limit. It should be noted that while Route 103 is posted for 50mph in the 
general project area, sections to the south and north are posted for a lower speed. 
 
 
SIGHT DISTANCE 
The standard engineering highway design guide used to perform sight distance calculations is “A Policy on 
Geometric Design of Highways and Streets”, Fourth Edition, 2001 by the American Association of State 
Highway and Transportation Officials (AASHTO). Additionally, the latest edition of NHDOT’s Highway 
Design Manual governs the design of this project, and often references AASHTO for discussion of design 
criteria. 
 
Stopping Sight Distance (SSD) The required SSD of 453’ was calculated for a 50mph design speed 
with a conservative formula that includes the “negative” effects of  the increasing Route 103 downgrade 
approaching the northern Birch Grove Road intersection. (vs. 425’ when grade is not considered) per 
AASHTO p. 114 eq. 3-3 (Fig. 5). The more conservative calculation was included due to the local concerns 
regarding the grade, expressed during the 2002 Open House. Recent comments from NHDOT indicate that 
the use of the modified calculation is overly-conservative and un-necessary since much of the deceleration 
would occur prior to reaching the indicated downgrade.  
 
Unless otherwise indicated, the available stopping sight distance referred to throughout this document is the 
roadway distance (measured graphically on plans per AASHTO p. 129) between NB 103 vehicles (on a 
vertical curve) and an “object” in the road at the northern Birch Grove Road intersection (on a vertical 
tangent). Since the intersection is on the vertical tangent, the graphical method of sight distance 
measurement on profiles was preferred to the utilization of charts and formulas for evaluating vertical 
curves. It should be noted that a measurement on the vertical curve itself yields an available sight distance 
of approximately 436’ (Fig. 7); suitable for stopping at 50mph when the down-gradient is not considered a 
factor. The measured available stopping sight distance at the intersection for the 60 degree option is 445’ 
(Fig. 9) which is also suitable for stopping at 50mph when the down-gradient is not considered a factor (but 
less than the minimum per grade-adjusted calculations). As mentioned, the application of the downgrade to 
the calculations could be considered overly-conservative; however this does not change the fact that the 
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available sight distance decreases with the increase in approach angle. Profiles showing the measured 
available sight distance for the existing condition and each proposed alteration option have been attached 
(Figs. 6-9). 
 
Decision Sight Distance (DSD) Special circumstances warrant designers to seek decision sight 
distances (which exceed SSD), including situations where, according to AASHTO “…there is a likelihood 
for error in either information reception, decision-making, or control actions.  Examples of critical locations 
where … it is desirable to provide decision sight distance include interchange and intersection locations 
where unusual or unexpected maneuvers are required, changes in cross section such as toll plazas and lane 
drops, and areas of concentrated demand where there is apt to be “visual noise” from competing sources of 
information…”.  
 
The suggested DSD values (for 50mph design speed) are 465’ for “Maneuver A” (stop on rural road) and 
750’ for “Maneuver C” (speed/path/direction change on rural road). AASHTO states: “If it is not practical 
to provide decision sight distance because of horizontal or vertical curvature or if relocation of decision 
points is not practical, special attention should be given to the use of suitable traffic control devices for 
providing advance warning of the conditions that are likely to be encountered”. FST has investigated the 
use of traffic control devices to provide advanced warning to Northbound 103 vehicles. Additional 
information is provided in the “Signals” section of this report.  
 
The project intersection is not an example of the type of location where decision sight distances are 
typically sought. The recommended values were reviewed and documented as described above, but 
providing DSD is not considered a Project requirement at this time. 
 
Intersection Sight Distance (ISD) Intersection sight distance is provided to allow stopped vehicles 
a sufficient view of the intersecting highway to decide when to enter the intersecting highway.  The 
recommended values for ISD exceed the lengths required for SSD, however AASHTO states that “…if the 
available sight distance for an entering or crossing vehicle is at least equal to the appropriate stopping sight 
distance (425’) for the major road, then drivers have sufficient sight distance to anticipate an avoid 
collisions.” Assuming a 50mph design speed the recommended ISD for a right turn (from stop) from the 
minor road (AASHTO “Case B2”) is as follows: 480’ if the turning vehicle is a passenger vehicle and 620’ 
if the turning vehicle is a single-unit truck (SU).  
 

“Open House” Concept Sight Lines and Profiles: 
Fig. 10 and 11 show intersection sight line and profile required to provide the ISD of 620’.  Note 
that more than 1’ of cut would be required to modify the existing vertical curvature of Route 103; 
additionally the sight line could be obstructed by southbound traffic due to Route 103’s horizontal 
curvature.  Further, due to the horizontal curvature of Route 103 the existing guardrail becomes a 
sight obstruction as NB 103 vehicles approach. This situation is most critical when NB vehicles 
are located approximately 280’ south of intersection. A stopped vehicle could find their view of 
103 obstructed by the existing guardrail and enter the path of an oncoming vehicle when 
insufficient SSD (280’+/-) is available. As a result, at least 70’ +/- of the existing guardrail 
(beginning at the intersection) on the easterly side of Route 103 must be shifted back roughly 2’. 
The need to shift the guardrail was first identified in a letter by Mr. Stephen W. Gray (then District 
2 Engineer) in April 1995. A field visit attended by FST and Alan Hanscom (current District 2 
Engineer) in 2002 confirmed the condition, resulting in a proposed guardrail shift being indicated 
on the “Open House” concept. 
 
Fig. 12 and 13 show intersection sight line and profile required to provide the ISD of 480’.  As 
mentioned above, the existing guardrail must be shifted as it can be a sight obstruction. Results 
indicate that the “Open House” concept provides adequate ISD when the entering vehicle is a 
passenger vehicle. 
 
Fig. 14 and 15 show intersection sight line and profile required to provide the ISD equaling the 
SSD (425’) required for the major road.  As mentioned above, the existing guardrail becomes a 
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sight obstruction and approximately 70’ must be shifted to ensure that the available ISD is at least 
equal to the SSD for the major road. 

 
It is not practical to provide the minimum recommended ISD for an SU design vehicle (620’) due to the 
existing geometric limitations (both horizontal and vertical) of Route 103. The recommended minimum 
ISD values exceed the required SSD values and are considered desirable to enhance the operation of the 
intersection. Failure to provide a recommended ISD due to geometric restrictions requires additional 
deceleration by mainline vehicles to accommodate entering vehicles; it does not represent a safety issue. 
Per AASHTO, “When the minimum recommended sight distance for a right-turn maneuver cannot be 
provided… consideration should be given to installing regulator speed signing or other traffic control 
devices on the major-road approaches”. As previously mentioned, traffic control devices have been 
researched and additional information is provided in the “Traffic Analysis” section of this report.  
 

 
CONCLUSION 
An engineering investigation of potential options for addressing public safety concerns at the Birch Grove 
Road and Route 103 intersection has led FST to the following recommendations: 
 
 The posted speed of Route 103 in the project area currently equals the roadway design speed. The 85th 
percentile speed (58mph) of free flowing traffic in the same segment exceeds the roadway design speed. 
Consideration should be given to reducing the posted speed limit by 5mph-10mph. This action (combined 
with Town support and additional enforcement) could result in the reduction in the 85th percentile speed, 
thereby improving driver safety. 
 
It is clear that an increase of the approach angle of Birch Grove Road’s northern intersection to 60 degrees 
(as shown in the Driveway Policy’s “illustrative typical designs”) decreases safety at this site by reducing 
the sight distance. Additionally because the intersection is moved southward (uphill) to make the geometry 
change without substantial impacting private property, the approach grade must get steeper than the 
existing 7.37% “acceptable” grade. The “Open House” concept is recommended because it offers improved 
sight lines (with the shifting of guardrail), along with more available sight distance (than the 45 or 60 
degree options) and maintains the existing approach grade while limiting construction within the NHDOT 
R.O.W. 
 
The analysis shows widening Route 103 for the shoulder bypass or left turn lane option is not warranted 
and therefore should not be pursued at this time. FST believes that safety enhancements could be realized 
through the implementation of early warning traffic control devices located on Route 103 between the north 
and south intersections and/or at the northern intersection with Birch Grove Road. In addition, proposed 
signage restricting vehicular movements in the project area (as previously described) is an important part of 
the recommended safety improvements. Discussions should continue on the subject of traffic control 
devices to find the best combination thereof. 
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 Fay, Spofford & Thorndike 
 

M E M O R A N D U M 
 
 
To:  Kevin Gagne 
 
From: Elizabeth Roberts 
 
Date: July 20, 2004 
 
Subject: Signal Warrant Analysis and Traffic Control for Sunapee Lake Boat Access 
  

 
I did a quick synopsis of the traffic signal warrants based on available data.  I reviewed 
the traffic data prepared by Stephen G. Pernaw & Company in July 1995. I also reviewed 
historic traffic count data from the New Hampshire Department Of Transportation’s 
website.  It appears that traffic along NH Route 103 in Newbury has increased about 
2.3% per year from 1996-2003. Two assumptions were made in order to evaluate the 
warrants and other traffic control measures.  The first assumption is that a passenger 
vehicle towing a boat is equivalent to 2.0 passenger vehicles.  The second assumption 
was that traffic has continued to increase at 2.3% per year along this stretch of NH Route 
103.   
 
There are eight traffic signal warrants set forth in the MUTCD (Manual on Uniform 
Traffic Control Devices).  Each one is discussed below.  
 
Warrant 1, Eight-Hour Vehicular Volume 
This warrant might be met if Birch Grove Road had 53 or more vehicles per hour for at 
least eight hours in a 24-hour period. From the 1995 traffic counts, there is an average of 
6 cars per hour from Birch Grove Road during the highest eight hours (projected to today 
say 7 cars). In order to meet this warrant, there would need to be (53-7)=46 passenger 
vehicles (not towing boats) approaching the intersection. Since a vehicle towing a boat is 
equivalent to 2 passenger vehicles, (53-7)/2 = 23 vehicles towing boats are still needed in 
order to meet the warrant.  Twenty-four vehicles towing boats approaching NH Route 
103 from Birch Grove Road, would be needed per hour for eight hours per day.  This 
would be highly unlikely that the warrant could be met. 
 
Warrant 2, Four-Hour Vehicular Volume 
This warrant might be met if Birch Grove Road had 85 or more vehicles per hour for at 
least four hours in a 24-hour period.  In order to meet this warrant, there would need to be 
(85-7)/2=39 vehicles towing boats approaching NH Route 103 from Birch Grove Road, 
per hour for four hours per day. This would be highly unlikely that the warrant could be 
met. 
 
Warrant 3, Peak Hour Vehicular Volume 



   

 

This warrant might be met if Birch Grove Road had 130 or more vehicles per hour for at 
least one hour in a 24-hour period.  In order to meet this warrant, there would need to be 
(130-7)/2=62 vehicles towing boats approaching NH Route 103 from Birch Grove Road, 
per hour for one hour per day.  This would be highly unlikely that the warrant could be 
met because there are only 40 parking spots at the proposed access facility. 
 
Warrant 4, Pedestrian Volume 
This warrant will not be met.  There is no significant pedestrian volume at the 
intersection of NH Route 103 and Birch Grove Road. 
 
Warrant 5, School Crossing 
This warrant will not be met.  There are no established school crossings near the 
intersection. 
 
Warrant 6, Coordinated Signal System 
 This warrant will not be met.  There is no signal system nearby. 
 
Warrant 7, Crash Experience 
Because of the traffic volume requirement, this warrant could not be met for this 
intersection if Warrant 1 is not met. 
 
Warrant 8, Roadway Network 
This warrant will not be met.  This intersection is not between two major routes. 
 
It seems highly unlikely that a traffic signal could be warranted at the intersection of NH 
Route 103 and Birch Grove Road.  A more thorough warrant analysis based on recent 
traffic counts would not be justified.  It is possible to install a traffic control signal 
without meeting a warrant.  The MUTCD strongly recommends, but does not mandate 
that “a traffic control signal should not be installed unless one or more of the [warrants] 
… are met.”  The MUTCD also strongly recommends that “a traffic control signal should 
not be installed unless an engineering study indicates that installing a traffic control 
signal will improve the overall safety and/or operation of the intersection.”   
 
This would not be a good location for an unwarranted traffic signal.  Traffic control 
signals increase the frequency of rear-end collisions.  This could be a significant problem 
for northbound traffic.  
 
Other traffic control measures that could be installed at the intersection include a 
southbound left turn lane on NH Route 103, an intersection flashing beacon, a detector 
activated warning beacon installed with an appropriate warning sign, or changing the 
posted speed limit. 
 
There is no set of warrants to justify a left turn lane.  Therefore, to determine the length 
of the left turning queue, preliminary analysis with Highway Capacity Software was done 
using conservative estimates for traffic turning and entering the intersection (30 vehicles) 
and also assuming 2.3% growth over nine years for NH Route 103.  The analysis shows 



   

 

that less than 1% of the time there would be one vehicle stopped on the southbound side 
of NH Route 103 waiting for a left turn onto Birch Grove Road.  A left turn lane seems 
completely unnecessary. 
 
 
The sight distance that needs to be provided at this intersection should be at least the 
stopping sight distance for the design speed and grade.  Decision sight distance is not 
necessary for this location because “Drivers need decision sight distances whenever there 
is a likelihood for error in either information reception, decision-making, or control 
actions.  Examples of critical locations where … it is desirable to provide decision sight 
distance include interchange and intersection locations where unusual or unexpected 
maneuvers are required, changes in cross section such as toll plazas and lane drops, and 
areas of concentrated demand where there is apt to be “visual noise” from competing 
sources of information…” 
 
“If the available sight distance for an entering or crossing vehicle is at least equal to the 
appropriate stopping sight distance for the major road, then drivers have sufficient sight 
distance to anticipate and avoid collisions.” “To enhance traffic operations, intersection 
sight distances that exceed stopping sight distances are desirable along the major road.” 
 
Because of limited sight distance south of the intersection, an intersection flashing 
beacon could be installed.  The beacon would flash yellow to NH Route 103 and flash red 
to Birch Grove Road.  However, the beacon could be easily disregarded and might not 
provide much safety benefit. 
 
A detector activated warning beacon installed with an appropriate warning sign could be 
beneficial.  It would provide a warning to northbound traffic regarding vehicles towing 
boats that are entering NH Route 103.  The detectors would be placed on Birch Grove 
Road.  The detectors would then activate the warning beacons when a vehicle is stopped 
and waiting to turn right onto NH Route 103.  This warning device could be beneficial, 
because the beacons would not be continuously flashing.  
 
According to the MUTCD, “when a speed limit is to be posted, it should be the 85th-
percentile speed of free-flowing traffic.”  This is a Guidance statement, which means that 
it is strongly suggested but not mandated.  The MUTCD also states that other factors may 
be considered when establishing the speed limit including road characteristics, shoulder 
condition, grade, alignment, and sight distance.  Therefore, if the roadway’s vertical 
curve has a design speed of 50 mph, then it could be justified to lower the speed limit to 
40 mph.   
 
However, in New Hampshire, speed limits are, generally, not reduced below the 85th 
percentile speed.  In order to have a speed limit changed on a state highway in New 
Hampshire, a request has to be made to the District Engineer by the Town. The District 
Engineer would need to study the area and if he/she feels necessary could request a speed 
study from the NHDOT Traffic Department.  
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Technical Memorandum 
 
 

To:  Kevin Gagne, PE 
 
From:  John R. Mirabito, Jr., PE, PTOE 
 
Date:  June 25, 2005 

 
Subject: Intersection Analysis, Route 103 at Birch Grove Road 

Lake Sunapee Access Site 
 
 
Overview 

 
Under a contract with the New Hampshire Fish and Game Department, Fay, Spofford & 

Thorndike (FST) has been retained to evaluate the traffic operations at the intersections of 
Route103 and Birch Grove Road, north and south of the Lake Sunapee Access site.  This 
memorandum presents the methodology and findings of FST’s evaluation of the existing 
conditions and operation of the intersections with the site generated traffic. 
 
 The intersections were analyzed for the typical summer Sunday, the anticipated peak 
period of use for site.  During the periods analyzed, the traffic generated by the proposed Lake 
Sunapee Access results in a minor increase in delay on Route 103, compared to the existing 
conditions.  However, all of the approaches to both the Birch Grove Road north and south 
intersections operate at a Level of Service (LOS) C or better. 
 
 
Traffic Volumes and Projections 
 

In order to evaluate traffic operations at the Route 103/Birch Grove Road intersections, 
with and without the proposed Lake Sunapee Access, existing (2005) traffic volumes were 
developed.  The basis of the traffic volumes are Turning Movement Counts (TMC’s) and an 
Automatic Traffic Recorder (ATR) count conducted July 2 – 16, 1995, by Stephen G. Pernaw 
and Company.  Manual TMC’s were performed from 7 AM to 7 PM on Sundays at the Route 
103/Birch Grove Road intersections, and the ATR count was taken on Route 103 between the 
intersections for the 14 day span. 

 
The primary traffic generators on Birch Grove Road are two single family residences and 

Davis Cabins, a small group of rental units used primarily during the summer months.  To our 
knowledge, Davis Cabins has not changed in size or operation since the traffic counts were 
performed in 1995 and the counts can be used without adjustment. 

 
Based on the traffic counts, it was determined the Sunday peak hour at the Route 103/ 

Birch Grove Road intersections occurs between 3:00 PM and 4:00 PM.  The Sunday peak hour 



was chosen for evaluation since that traffic volume is greater than the highest weekday hourly 
volume during the summer, when the site will be used to its full capacity. 
 
 In order to evaluate the ability of the Route 103/Brich Grove intersections to function 
with the existing traffic volume, it was necessary to project the TMC’s to the current year.  An 
annual background growth rate of 2.3% per year was derived by reviewing historic traffic 
volumes at New Hampshire Department of Transportation count locations.  The background 
growth rate was applied to the 1995 TMC’s to produce the existing peak hour traffic volumes. 
 
 
Trip Generation and Distribution 
 

FST contacted the New Hampshire Fish and Game Department to develop an estimate of 
the trips generated by the Lake Sunapee Access site.  Based on experience with similar facilities, 
the site will be fully utilized only on weekends between Memorial Day and Labor Day.  During 
the summer the weekday usage will be 33% of capacity and weekend usage during the spring and 
fall will be 75% of the site capacity.   The site will attract two types of activities: fishing and 
recreational boating.  The peak hours of operation will occur between 10:00 AM and 11:00 AM 
when the fishermen will be leaving the lake and recreational boaters will be arriving.  A 
secondary peak will occur between 4:00 PM and 5:00 PM, when the recreational boaters leave 
and the fishermen return to the lake.  However, in the afternoon fishing activity is significantly 
less than during the morning peak hours. 

 
The site contains 43 parking spaces, including 31 for vehicles with trailers.  In order to 

account for the effect of vehicles pulling boat trailers, they were assigned a value equal to 2.0 
passenger cars.  The resulting maximum number of trips the site will generate is 74 in and 74 out 
of the facility.  The ATR counts indicate that 60% of the Route 103 traffic is northbound in the 
morning and southbound in the afternoon, and this distribution was applied to the site generated 
traffic. 
 

Regulations will control access and egress for the site users.  All site traffic will use the 
north intersection to exit and will turn right (on to Route 103 northbound) only.  Southbound 
traffic will reverse direction at the Mount Sunapee traffic circle, located 1.5 miles from Birch 
Grove Road.  Traffic accessing the site from Route 103 southbound will be permitted to enter 
using the north intersection only, and traffic entering from Route 103 northbound will be 
restricted to the south intersection.  Non-site traffic on Birch Grove Road will continue to have 
unlimited access and egress at both intersections with Route 103. 
 
 The site generated traffic was added to the 2005 existing traffic volumes to produce the 
2005 Build peak hour traffic volumes.  The peak hour of the site generated traffic, 10:00 AM to 
11:00 AM, and the peak hour of the existing Route 103/Birch Grove Road intersection traffic, 
3:00 PM to 4:00 PM, were analyzed.  Since the secondary peak hour for the site traffic occurs 
between 4:00 PM and 5:00 PM, and for simplicity, 100% of the morning site traffic was applied 
to the afternoon peak hour. 



Level of Service Criteria 
 

Level of Service (LOS), an expression of the quality of traffic flow, is a commonly used 
and accepted measure of effectiveness of peak hour traffic operating conditions.  It takes into 
account such factors as automobile and truck volumes, roadway width, speed, grades, parking 
restrictions, pedestrian activity, and traffic control devices. 

 
LOS is designated in a range from Level “A”, which is the optimal condition where 

roadway operating conditions are at their best, to Level “F” which indicates traffic jam 
conditions.  Levels “A” through “D” are typically associated with acceptable levels of peak hour 
traffic operation, with LOS “D” marking the boundary between acceptable and unacceptable 
traffic conditions.  At Level “E”, the ratio of the approach volume to capacity, or v/c ratio, of an 
intersection is between 90 and 100 percent of its theoretical capacity.  Traffic congestion is 
considered to be unacceptable at Level of Service “E” or “F”.   
 

All capacity analysis for the intersections of Route 103 and Birch Grove Road was 
performed in accordance with the methodologies set forth in the Highway Capacity Manual 2000 
(HCM).  As defined in the HCM, LOS for unsignalized intersections is based on average control 
delay in seconds per vehicle approaching the intersection for the peak 15-minute analysis period 
of a peak hour.  The delay criteria and their associated LOS rankings are given in Table 1. 
 
 

            TABLE 1 – Level of Service Criteria for Unsignalized Intersections             
              Level of Service                                            Total Delay (sec/veh)              

A     Less than or equal to 10.0 
B     10.1 to 15.0 
C     15.1 to 25.0 
D     25.1 to 35.0 
E     35.1 to 50.0 

       F      Greater than 50.0                      
Source: Highway Capacity Manual  2000  

 
 
Operational Analysis 
 

The existing (2005) and build (2005) peak hour traffic volumes were used to conduct a 
capacity analysis of the Route 103/Birch Grove Road intersections.  Both intersections currently 
operate under stop control on Birch Grove Road with one travel lane on all approaches.  The 
results of this analysis, summarized in Tables 2 and 3, indicate that presently, all of the Route 
103 approaches operate at LOS A or B.  The Birch Grove Road north intersection experiences 
the greatest level of delay, with a LOS C during the afternoon peak hour, on the Birch Grove 
Road approach.  The addition of the site generated traffic results in a minimal increase in the 
delay at the intersections, and no increase in the 95th percentile queues on the Route 103 
approaches. 
 



 Traffic leaving the Sunapee Lake Access and destined for points south of the site will use 
the Mount Sunapee traffic circle to reverse direction and proceed south on Route 103.  The traffic 
circle consists of the intersection of Route 103, Route 103B, Beach Road, and Mount Sunapee 
Access Road.  Traffic operation at the circle was assessed in the Traffic Impact and Site Access 
Study, Mount Sunapee West Bowl Expansion, prepared for the Mount Sunapee Resort by Stephen 
G. Pernaw and Company in July 2004.  The study concludes that the traffic circle currently 
(2004) operates at a LOS C or greater at all intersections during both the morning and afternoon 
peak hours, with one exception.  The Route 103/Route 103B intersection currently operates at a 
LOS F during the morning peak hour, 8:00 AM to 9:00 AM.  The operation of the traffic circle 
was evaluated for a typical weekend day during ski season.  This represents the greatest traffic 
demand experienced at the circle since vehicles traveling to and from Mount Sunapee result in a 
higher portion of turning vehicles in the traffic stream, and the hourly traffic volumes on Route 
103 east of the circle analyzed in the study are greater than the summer peak hour volumes at that 
location.  
 

The Lake Sunapee Access will add the equivalent of 44 passenger cars to the traffic circle 
in the peak hours.  This increase of approximately 7% is unlikely to cause a significantly 
degradation to operations at the traffic circle. 
 
 

Table 2 – 2005 Existing Level of Service 
 AM Peak PM Peak 
   Queue2   Queue2 

 Delay1 LOS 95% Delay1 LOS 95% 
North Drive       

Southbound Lt. 8.2 A 0 10.2 B 1
Westbound Lt./Rt. 11.6 B 1 11.7 C 1

     
South Drive       

Southbound Lt. 8.2 A 0 9.7 A 0
Westbound Lt./Rt 14.2 B 1 0.0 A 0

1. Delay in seconds per vehicle. 
2. Queue in vehicles per lane. 

 
 

Table 3 – 2005 Build Level of Service 
 AM Peak PM Peak 
   Queue2   Queue2 

 Delay1 LOS 95% Delay1 LOS 95% 
North Drive       

Southbound Lt. 8.3 A 1 10.5 B 1
Westbound Lt./Rt 14.2 B 2 20.7 C 1

     
South Drive       

Southbound Lt. 8.2 A 0 10.1 B 0



Westbound Lt./Rt 15.1 C 1 0.0 A 0
1. Delay in seconds per vehicle. 
2. Queue in vehicles per lane. 

 
 
 
 
 
Conclusions 
 

The traffic operation at the intersections of Route 103 with Birch Grove Road were 
evaluated under the existing conditions and with the proposed Lake Sunapee Access site.  The 
analysis was conducted for a typical summer Sunday, during both the peak hours of the site 
generated traffic and existing intersection traffic.  As previously noted, the traffic generated by 
the Lake Sunapee Access will result in a small increase in delay and no increase in the vehicle 
queues on Route 103.  Additionally, all of the approaches to the intersections will operate at LOS 
C or greater. 
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