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INTRODUCTION  

The focus of this study is to identify sources of wet weather related crashes on 

Route 6, and to recommend improvements. Based on initial crash analysis, the 

segment of roadway between the Sagamore Bridge and the Orleans Rotary was 

selected for analysis. The following study looks at wet-weather related crash data 

on this segment of Route 6, drainage problems along the roadway, the current 

state of practice for stormwater management solutions and then examines 

preferred solutions for specific roadway segments. Because of the sensitivity of 

the Cape’s drinking water and coastal resources to nutrient and pollutant loading, 

stormwater solutions recommended in this report include alternatives which 

address nutrient attenuation and improve water quality. 

Hydroplaning occurs when a thin layer of water develops between vehicle tires 

and the road surface, resulting in loss of contact between the two.  As the layer of 

water builds up it exerts a force which can lift the tire off the pavement causing 

what is also referred to as “full dynamic drag” (Hayes et al., 1983).  As 

hydroplaning occurs tires slide over the pavement surface causing skidding, loss 

of control and potential collisions.   

Hydrodynamic drag differs from hydroplaning as it refers to the force applied by 

water to a tire pushing through the water as opposed to the tire lifting from the 

road surface.  Hydrodynamic drag causes vehicles to be “pulled” from side to side 

in the water and usually occurs at slower speeds. 

Hydroplaning and Hydrodynamic drag are dynamic events dependent on many 

factors including pavement condition, roadway geometries, tire inflation and 

condition, driving speed and extent of ponding from stormwater runoff on the 

road surface. 

Stormwater runoff is caused by precipitation from rain and snowmelt events 

which flow over land or impervious surfaces and is unable to percolate into the 

ground.  In natural systems, precipitation may be directly infiltrated subsurface, 

stored in natural depressions, and reintroduced to the atmosphere through 

evapotranspiration.  Development alters this native state and replaces it with 

impervious cover including heavily landscaped areas (such as lawns and 

playgrounds), roads, sidewalks, paved driveways and roofs.  The increase in 

impervious cover that accompanies development results in two main issues: 1) 

greater volume and peak flows of runoff resulting in increased ponding and 
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hydroplaning potential and 2) the transportation of contaminants into 

groundwater. 

In natural ecosystems runoff is infiltrated into groundwater and discharged to 

freshwater streams, ponds, lakes, rivers and marine estuaries.  Flooding is less 

significant in these natural systems because they are able to absorb greater 

volumes of stormwater, passing it from the surface to the groundwater.  In 

urbanized areas these natural systems are replaced with dense impervious cover 

reducing the amount of infiltration that can occur.  Even on Cape Cod, an area 

with a naturally high infiltration rate, flooding can occur in areas affected by 

urbanization causing damage to infrastructure and making roadways unsafe for 

travel. 

Common pollutants found in stormwater runoff include oil; grease and metals 

from vehicular traffic; salts and other deicing agents used to maintain safe 

roadway operation under winter weather conditions; pesticides and fertilizers 

from landscaping activities; sediments from various activities; altered water 

temperatures and litter including cigarette butts, paper wrappers and plastic 

bottles.  When conveyed by stormwater runoff these pollutants impair waterways, 

degrade natural habitat, pollute ground water, increase flooding, cause erosion of 

streambeds or siltation of waterways, and decrease the amount of water 

recharged to aquifers.  Transported by stormwater runoff, pollutants, including 

nitrogen, find their way into the ground and surface waters throughout the Cape.  

These waters, along with their increased pollutant loads, ultimately discharge to 

coastal embayments.   

Due to the Cape’s unique geology the presence of increased nitrogen loading from 

development has a particularly significant effect on the nitrogen-limited coastal 

embayments of Cape Cod.  Nitrogen limited ecosystems are ecosystems that have 

adapted under low nitrogen conditions.  When an excess of nitrogen is 

introduced to an embayment, changes in the natural ecology will occur.  A 

common result from excess nitrogen loading is the increase of fast growing 

species (i.e. algae), which often outcompete other life forms resulting in the loss 

of species diversity and community richness.  This is referred to as the process of 

eutrophication.  In some severe cases eutrophication creates anoxic 

environments resulting in fish kills and aesthetically unpleasant conditions.  The 

nitrogen load that changes a healthy system to a eutrophic condition is defined as 

a critical threshold, which under the federal Clean Water Act is referred to as a 

Total Maximum Daily Load (TMDL). Communities are required to restore 

impaired surface water bodies where the TMDL is known.   
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BACKGROUND  

Cape Cod is a sand and gravel remnant of the last continental deglaciation that 

occurred from 15,000 to 20,000 years ago. This deglaciation created a series of 

broad gently sloping outwash plains that are truncated by long linear moraine 

deposits found along the present day Route 6 Mid-Cape Highway and Route 28 

MacArthur Boulevard. Cape Cod’s only source of drinking water, the Sole Source 

Aquifer, is highly susceptible to contamination with the quality of the aquifer 

directly affecting our freshwater ponds, marine embayments and drinking water 

supplies. What makes the Cape a unique area for stormwater management is the 

combination of highly porous native soils left by the retreating glaciers and the 

often shallow groundwater levels which are especially prevalent in our coastal 

communities. Stormwater Best Management Practices (BMPs), rely heavily on 

infiltration to improve the quality and reduce the quantity of runoff. While these 

well drained soils readily infiltrate runoff, providing excellent volume reduction 

of stormwater, rapid infiltration allows contaminated runoff access to the 

groundwater, and through the natural movement of groundwater towards 

nutrient-sensitive water bodies, with little or no water quality treatment. Where 

most efforts to manage stormwater focus on moving the volume of water off 

roadways, in nitrogen sensitive areas, stormwater management also requires 

addressing the quality of the stormwater that infiltrates to the Cape’s 

groundwater (drinking water) resources and the Cape’s coastal estuaries.  

Wellhead Protection Areas (shown in Figure 1) are the areas of land that receive 

precipitation to recharge drinking water pumping wells.  These areas are a 

mapped resource area in the 2009 Cape Cod Commission Regional Policy Plan 

and have specific regulations in place to protect the Capes drinking water supply. 

Cape Cod is currently engaged as a region in examining water-quality 

management through an update to the Environmental Protection Agency (EPA) 

Section 208 Water Quality Management Plan. Many of the Cape’s coastal water 

bodies have impaired water quality. The Massachusetts Estuaries Project (MEP) 

has calculated the Total Maximum Daily Loads (TMDLs) for most of these 

impaired water bodies; as illustrated in Figure 1, much of the Route 6 study area 

lies within a watershed which contributes to an impaired water body where the 

TMDL has been established. The sections of Route 6 examined in this report fall 

within 7 major nitrogen sensitive watersheds where water quality improvements 

must be made. Noting additionally that the April 2011 Order of Entry of 

Judgment in the civil case 06-11295-WGY requires documentation that MassDOT 
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is making progress toward implementing its Stormwater Management Plan, this 

report makes recommendations that advance both Barnstable County’s and 

MassDOT’s interests in improving stormwater quality management. 

Figure 1 depicts the study area for this report including locations where Route 6 

intersects nitrogen sensitive watersheds and Wellhead Protection Areas (WHPA) 

as defined in the 2009 Cape Cod Commission Regional Policy Plan.  Nitrogen 

sensitive watersheds have been determined by the Massachusetts Estuaries 

Project (MEP) and values provided in Figure 1 reflect those put forth by the MEP 

analysis.  Watersheds shown in blue do not currently have an established 

nitrogen loading rate.  Green watersheds do not require a reduction in nitrogen 

from wastewater sources while watersheds shown in yellow, orange and red 

require reductions in nitrogen from wastewater sources of <50%, 51-75%, and 

>75%, respectively. 
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FIGURE 1: NITROGEN SENSITIVE WATERSHEDS AND WELLHEAD PROTECTION AREAS 
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Characterization of Route 6 Existing 
Conditions 

The current configuration of the Mid-Cape Highway from the Sagamore Bridge to 

the Orleans Rotary was constructed over a 20 year time period starting in 1950. 

The road segment from the bridge to Exit 6 (Hyannis) was constructed in 1950 

and expanded to four lanes in 1954. Additional segments from Exit 6 to the 

Orleans Rotary were constructed during the period between 1955 and 1971 (CCC, 

2013). Improvements have been made at select sections of the roadway, such as 

resurfacing every 15 – 20 years, new exit ramp configurations, addition of rest 

areas, stormwater improvements, etc., since that time, but the basic 

configuration of the roadway, including cuts and fills, slopes, road profile and 

geometry, were designed and constructed based on engineering and design 

criteria from 60 years ago.  

According to MassDOT, approximately 20 years ago concerns over water quality 

impacts to environmentally sensitive areas led to the construction of retention 

ponds in the divided median between Exits 3 and 4 in Sandwich, and just west of 

Old Bass River Road in Dennis. Drainage discharges were diverted into these 

swales to improve water quality treatment.  To date these facilities are reportedly 

working properly with little maintenance. More recently, in response to 

hydroplaning concerns on Route 6, MassDOT made additional stormwater 

improvements in 2007.  In the vicinity of Exit 5 (Route 149), Mass DOT installed 

additional drainage infiltration structures, waterways, berms and other 

treatments.  In the vicinity of Exit 9 (Route 134, Dennis), MassDOT performed 

additional milling and resurfacing, and installed waterways.  In 2008, at the 

request of the Orleans Conservation Commission, MassDOT constructed 

individual leaching type structures on the soft shoulder of Route 6 adjacent to 

Cedar Pond in Orleans in order to improve water quality treatment before it 

discharges to the pond. These facilities are maintained by MassDOT Highway 

Division maintenance crews and contractors, on an as needed basis. 

With the exception of these recent improvements, stormwater systems 

incorporated into the original Route 6 roadway design do not reflect current best 

management practices; additionally, they may not reflect consideration for 

current and anticipated stormwater design flows. 
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Segments of the existing roadway do not always drain adequately during storm 

events. Depending on storm conditions, portions of the roadway may flood with 

significant sheet flow over the surface, pond in low areas, and/or retain large 

volumes of water at the road edge-of-pavement. Most of Route 6 does not have a 

paved shoulder; instead, the edge of pavement is typically finished with a low 

paved curb, which has the effect of collecting and channelizing stormwater. Sheet 

flow off of the roadway, or traditional country drainage, is inhibited by the 

presence of this paved curb, and/or grading at the roadside that slopes up from 

the roadway rather than down. 

EXISTING CONDITIONS 

The Route 6 corridor changes in character from the Sagamore Bridge to the 

Orleans Rotary. Different segments of the roadway need to be examined 

separately, as key elements vary, including right-of-way (ROW) width, roadway 

cross section, posted road speeds, etc. For the purposes of this hydroplaning 

study, Route 6 was broken into four different analysis segments: Sagamore 

Bridge to Exit 6, Exit 6 to Exit 9, Exit 9 to Exit 12, and Exit 12 to Orleans Rotary. 

These analysis segments, in conjunction with elevation above sea level, are 

depicted in Figure 2 below and summarized in Table 1. 
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FIGURE 2: ROUTE 6 HYDROPLANING STUDY ANALYSIS SEGMENTS 
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SAGAMORE BRIDGE TO EXIT 6 

This section of Route 6, shown in Figure 7, was originally constructed as a two-

lane roadway in 1950, and was later expanded to four lanes in 1954. The state-

owned ROW is approximately 200 ft. wide from the Bridge to Exit 2, where it 

widens to 400 – 500 ft. This section of roadway has a paved surface that is only 

inches wider than the marked travel lanes; the pavement edge is finished with a 

paved berm. The shoulder is graded, perhaps hardened in places, with occasional 

guard rails that narrow the graded shoulder. The central median is mostly 

natural, with occasional graded areas. Grading in the median was not designed 

for stormwater management. The median along this stretch of the roadway from 

the bridge to Exit 2 is approximately 30 ft. wide; traveling eastwards from Exit 2 

it widens to 45 – 60 ft. The roadway contains catch basins located within the 

paved surface; there appears to be little additional formal stormwater 

management facilities. The posted speed limit is 55 mph. 

EXIT 6 TO EXIT 9 

This section of Route 6, shown in Figure 8, was originally constructed as a two-

lane roadway in 1955, and was later expanded to four lanes in 1967 and 1971. The 

state-owned ROW is approximately 400 - 500 ft. wide from Exit 6 to Exit 9. The 

eastbound section of this roadway has an approximately 12 ft. wide paved 

shoulder on the right hand side of the roadway; there is no shoulder on the left. 

Neither side of the road has paved berms in this section of roadway. The shoulder 

is graded, perhaps hardened in places, with occasional guard rails that narrow 

the graded shoulder. The central median is mostly natural, with occasional 

graded areas. The median along this stretch of the roadway from Exit 6 is 

approximately 70 ft. wide. This section of roadway appears to have country 

drainage, with both the right and left edges of pavement are graded to drain away 

from the road surface. Partway between Exits 6 and 7 eastbound remnants of 

granite curbing appear on the right hand side of the edge of pavement. Paved 

outflow channels on either side of the pavement are located frequently between 

Exits 6 and 7 in addition to the occasional storm drain. From Exit 7 eastwards the 

edge of pavement is finished with a paved berm, more storm drains are installed 

at the edge of pavement, and few if any paved outflows occur. The posted speed 

limit is 55 mph. 
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EXIT 9 TO EXIT 12 

This two-lane section of roadway, shown in Figure 9, was constructed from 1956 

to 1958. The state-owned ROW is approximately 300 ft. wide. This section of 

Route 6 does not have paved shoulders, and the graded shoulder typically slopes 

up from the road edge, including in road sections where the surrounding terrain 

is lower than the paved road. The road edge has paved berms in places. The two 

lanes are divided by a continuous raised paved berm. Storm drains are located 

frequently along the paved edge of the road. The posted speed limit is 50 mph. 

EXIT 12 TO ORLEANS ROTARY 

This two-lane section of roadway, shown in Figure 9, was constructed in 1959. 

The state-owned ROW varies, but typically is approximately 200 ft. wide. This 

section of Route 6 does not have paved shoulders, and the graded shoulder 

typically slopes up from the road edge, including in road sections where the 

surrounding terrain is lower than the paved road. The road edge has paved berms 

in places. The two lanes are divided by a continuous raised paved berm.  Storm 

drains are located frequently along the paved edge of the road. The posted speed 

limit is 50 mph.  
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TABLE 1:  ROUTE 6 SEGMENT OVERVIEW 
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Task 1 – Route 6 Crash Analyses  

MassDOT Registry of Motor Vehicle crash records for crashes occurring on Route 

6 between the Sagamore Bridge and the Orleans Rotary during the five-year 

period from 2006 through 2010 were analyzed as part of this study. A number of 

indicators where used to identify crashes potentially related to hydroplaning. The 

most reliable field on the crash report for identifying potential hydroplaning 

crashes is the “road surface” field where police officers are asked to report the 

condition of the roadway surface at the time of the crash. Where the road surface 

condition was reported as “water (standing, moving)” the crash was almost 

certainly related to hydroplaning. Where the road surface condition was reported 

as “wet” there is a potential that the crash was related to hydroplaning. 

Considering the crashes occurring under both “water (standing, moving)” and 

“wet” road conditions, 147 crashes were identified as “wet weather crashes” that 

were potentially related to hydroplaning. 

These wet weather crashes were further broken down to identify the crashes that 

were most likely related to hydroplaning and to identify segments of road where 

these crashes were occurring. Of the 147 wet weather crashes, 99 occurred in the 

vicinity of the on and off ramps. Considering the merging and diverging conflicts 

at these locations that are particularly problematic given the substandard 

geometries at the ramps, these crashes were excluded from further analysis. 

While it is likely that some of these crashes were related to hydroplaning, in order 

to focus on identifying locations specifically related to hydroplaning the more 

detailed analysis was focused on the remaining 48 crashes not related to on and 

off ramp impacts. 

The most common crash type among the 48 crashes not occurring near ramps 

was a single vehicle run-off-the road crash that resulted in a collision with a tree, 

guardrail, embankment, or other roadside feature. Key characteristics of these 

crashes are shown in Figure 3. Of great concern is the high number of injury 

crashes among this set of crashes. 

 



 

Route 6 Hydroplaning Crash Analysis and Alternatives Development  Page 13 

FIGURE 3: ANALYSIS OF WET WEATHER CRASHES UNRELATED TO RAMP TRAFFIC 

 

Looking at the locations of the wet weather crashes not related to on or off ramps 

a number of high crash segments are clearly identifiable. As shown in Figure 4, 

the segment of Route 6 eastbound between Exits 5 and 6 has the highest number 

of crashes with 13 crashes, and the eastbound segment of Route 6 between Exits 

6 and 7 being the next highest with nine crashes. It should be noted that the lack 

of crashes on a segment does not necessarily suggest there is not a hydroplaning 

problem on the segment of Route 6. Factors such as design elements of the 

specific roadway could result in drivers being able to recover from hydroplaning 

incidents without ever being involved in a crash. 
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FIGURE 4:  LOCATION OF WET WEATHER CRASHES UNRELATED TO RAMP TRAFFIC 

 

To further investigate locations where hydroplaning may be resulting in unsafe 

locations, a field investigation of ponding conditions during rain events was 

conducted during the summer of 2013. The intent of this “puddle inventory” was 

to identify locations where there may or may not be a documented crash history, 

where ponding is resulting in conditions that could result in hydroplaning 

incidents. A complete description of puddle inventory methodology is provided in 

Appendix B of this report.  The degree to which ponding is present in the 

roadway is a function of both the duration and the depth of rain that falls in a 

specific period of time, also referred to as intensity.  The puddle inventory 

covered rain events varying in both duration and intensity. Overall, the puddle 

inventory was developed during rain events that resulted in 0.6 to 2.8 inches over 

a 24 hr. period of storm event.  Figure 5 and Figure 6 present a summary of 

results for the puddle inventory considering the eastbound and westbound 

direction of Route 6 between each exit. 
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FIGURE 5:  PUDDLE COUNT DURING RESEARCH STUDY PERIOD (JUNE – AUGUST, 2013) 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 6:  AVERAGED PUDDLE INTENSITY RATINGS DURING RESEARCH STUDY PERIOD (JUNE – 

AUGUST, 2013) 

The data collected through the crash analysis and the puddle inventory, as well as 

the results of research on the nitrogen sensitivity (Figure 1) of the impacted water 

sheds, is depicted on the maps on the following pages. 
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Overall, the greatest number of wet weather crashes occurred between Exits 5 

and 7 with the eastbound lanes between Exits 5 and 6 and the westbound lanes 

between Exits 6 and 7 containing the majority of the crashes.  While puddle 

counts are higher in Segments 3 and 4, crash data shows that the risks of wet 

weather accidents are relatively low.  As discussed in the Characterization of 

Route 6 Existing Conditions section and summarized in Table 1, Segments 3 and 

4 are 2 lane undivided roadways.  These sections have lower posted speed limits 

and tend to have reduced driving speeds during periods of higher traffic volume.  

As shown in Figure 10 the largest puddle, covering both driving lanes, occurs 

between Exits 10 and 11 westbound indicating increased severity of puddles for 

Segment 3.  These factors, along with other differences in roadway design, may 

account for reduced speeds and minimized crash risk as compared to the faster 

four-lane divided Segments 1 and 2. 

Figures 7 – 9 depict a summation of crashes per mile long stretch of roadway 

(both east and west bound) and roadway puddles locations and ratings.  Puddle 

ratings, discussed in Appendix B, determine the severity of the puddle with 

respect to puddle location and width across the roadway and any noticeable effect 

on traffic.   
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FIGURE 7: ROUTE 6 - SEGMENT 1: CRASH AND PUDDLE ANALYSIS 
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FIGURE 8: ROUTE 6 - SEGMENT 2: CRASH AND PUDDLE ANALYSIS 
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FIGURE 9: ROUTE 6 - SEGMENT 3-4: CRASH AND PUDDLE ANALYSIS 
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Task 2 – Stormwater Management - 
State of the Practice Review  

Urban stormwater management has evolved over time from the early combined 

wastewater/stormwater and flood control systems, to a waterways protection 

tool, and most recently into systems which are designed to closely mimic the 

natural hydrology of an area to protect water quality and minimize flooding.  This 

evolution has taken place over generations with both stormwater science and 

expanded regulation contributing to current stormwater practices. 

The current state of practice for stormwater management exists in three 

categories of treatment technologies; conventional, manufactured or proprietary 

and Low Impact Development (LID).  Conventional Treatment strategies have 

been used for decades within the field of stormwater management and consist 

primarily of onsite conveyance and storage technologies.  Conventional 

conveyance may include piping networks and stone, bermed or vegetated swales, 

while conventional storage technologies include retention/detention ponds and 

catch basins. Manufactured systems consist of a wide variety of technologies 

including but not limited to catch basin inserts, sub-surface storage, 

hydrodynamic separators and systems promoting sedimentation and filtration.  

Manufactured treatment systems often are designed for LID approaches such as 

tree box filters, infiltration systems and porous pavers.  LID is a method for 

development and re-development that mimics natural systems to facilitate the 

management of stormwater runoff. LID utilizes a range of strategy options 

including land conservation, recognition of natural resources buffers, minimizing 

effective impervious cover and utilizing appropriate structural best management 

practices.  Proper use and integration of these approaches create functional and 

appealing site drainage systems that treat stormwater as a resource rather than a 

waste product.  Structural LID best management practices include gravel 

wetlands, bioretention systems (also known as rain gardens), tree filters, sand 

filters and porous pavements.  Applied on a broad scale, LID can maintain or 

restore a watershed's hydrologic and ecological functions. 

Progress in the field of stormwater management has been facilitated by federal 

regulations stemming from the seminal 1972 amendments to the Federal Water 

Pollution Control Act known as the Clean Water Act (CWA).  In general, the CWA 

prohibits discharge of pollutants to navigable waters from a point source unless 
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authorized through the National Pollution Discharge Elimination System 

(NPDES).  Stemming from the CWA the Water Quality Act (WQA) of 1987 

created the framework for current regulations.  These regulations were put forth 

in two increments (Phase I and Phase II) and were written to include an 

expanded scope of stormwater discharge permits previously exempted in the 

CWA.  Expanded uses include industrial stormwater and municipal separate 

storm sewer systems (MS4’s) serving a population over 100,000.   

Based off of the 1987 WQA, the Environmental Protection Agency (EPA) initiated 

Phase I of the National Stormwater Permit Program.  Phase I required NPDES 

permits for industrial stormwater, the above mentioned MS4 communities and 

construction sites greater than 5 acres (EPA, 2000).  Between the initiation of 

Phase I and Phase II of the 1987 WQA the EPA issued a strategy where 

municipalities were required to address combined sewer overflow (CSO) systems, 

a form of stormwater/wastewater management in existence since the early to 

mid-nineteenth century.  Phase II became effective in 2003 and further 

broadened the scope for controls on stormwater to include MS4 communities 

serving a population less than 100,000, construction sites of 1 acre or more and 

large property owners (EPA, 2000).  In addition, Phase II considers MassDOT to 

be an operator of MS4’s and, as such, MassDOT must meet all requirements for 

MS4’s as defined under the Phase II rule. 

Recent storm records and predictions for storm activity in the coming years 

suggest that roadways in Massachusetts should be designed to accommodate 

higher intensity storm events (MCCAR, 2011). The Massachusetts Climate 

Change Adaptation Report also cites evidence that by 2050 annual precipitation 

in Massachusetts may increase by 8%, with a winter increase of 16% 

(accompanied by a decrease in snow days and an increase in winter rain 

precipitation). These climate predictions suggest that future planning for 

stormwater management should consider increased volumes of water on 

Massachusetts roadways.  
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Task 3 – Alternatives Development 

ALTERNATIVE 1:  EXPANDED SHOULDER 

Road Shoulders help convey design runoff from the driving lanes.  Roadways 

with relatively high traffic volumes and speeds lacking proper shoulder width to 

convey runoff may increase the risk of hydroplaning.  Where feasible, creating or 

expanding a paved shoulder along Route 6 may provide the dual function of 

facilitating stormwater conveyance off the roadway surface and providing a safe 

breakdown area for motorists. Shoulders must be properly sloped to drain away 

from pavement. 

Expanded shoulders are not recommended throughout the study area. Sections of 

Route 6 pass through areas of significant topography; creating or expanding 

shoulders will require extensive clearing and grading in these areas, resulting in a 

significant change in the wooded character of the roadway. New grading along 

the roadway edge may also open up views to development now abutting the 

ROW, and reducing the noise and visual buffer to this development. Changes to 

the Route 6 buffer could potentially affect residences along the entire study 

corridor. There are discrete segments where changes to the roadway buffer within 

the ROW could have less significant visual and noise impacts; these segments are 

where currently undeveloped lands abut the ROW, including some municipal and 

state protected open space lands. 

In addition to improving runoff conveyance the shoulder would improve overall 

safety by providing a safer pull-off area for disabled vehicles or vehicle yielding 

right of way to an emergency vehicle. Additionally the shoulder would provide a 

greater recovery zone for vehicles avoiding an obstacle in the roadway or 

recovering from a loss of vehicular control.   
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ALTERNATIVE 2: REMOVE CURBING AND BERMING 

Curbing is primarily used at the outside edge of pavement to contain surface 

runoff within the roadway and away from adjacent properties.  Secondary and 

tertiary benefits of curbing include the prevention of slope erosion and roadside 

delineation. 

In many instances, preventing runoff from exiting the road surface is an 

important goal when large quantities of runoff have the potential to affect 

adjacent property owners and protected natural resources.  Curbing and berming 

may be unnecessary in areas where there are sufficient median and adjacent 

rights of way to capture roadway runoff.  Where there is sufficient land area to 

capture roadway runoff excess curbing and berming may be an unnecessary 

preventative measure and counterproductive when attempting to minimize the 

potential for hydroplaning.  Intermittent or complete removal of curbing and 

berms in applicable areas will reduce runoff build up and minimize drainage path 

lengths (discussed in Alternative 4).   

When combined with a properly designed cross slope (Alternative 7) the 

complete removal of curbing and berms will promote country drainage and have 

minimal risk for slope erosion.  Where curbing and berming must remain, 

drainage pathways may still be minimized by frequent curb cuts.  Curb cuts 

capturing runoff from large drainage areas and long drainage path lengths must 

account for the increased energy and velocity of runoff to prevent erosion.  This 

may be accomplished through a variety of stormwater controls including energy 

dissipaters such as vegetated filter strips, riprap aprons and riprap outlet basins.  

Curb cuts capturing runoff within nitrogen sensitive watersheds may utilize 

specific stormwater Best Management Practices (BMP’s) addressing nutrient 

reduction.  These systems (discussed in Alternative 9) may be placed down 

gradient of energy dissipaters to accept a more controlled flow. 
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ALTERNATIVE 3:  SUBSTITUTE WATER QUALITY SWALES FOR 
CURB AND BERMING APPROACH 

Where sufficient space is available, water quality swales may be used as a method 

of conveyance and treatment for stormwater flows.  As a substitute for curbing 

and berming, roadside water quality swales  paired with country drainage provide 

increased water quality benefits, mimic the natural landscape, are highly 

compatible with LID design,  have minimal impact on wildlife and reduce driving 

hazards by keeping stormwater flows off of the roadway surface. As with 

expanded shoulders, decisions to site water quality swales within the roadway 

buffer should reflect consideration for environmental resources and abutting 

residences that may be adversely affected by reductions in the vegetated buffer to 

Route 6. 

ALTERNATIVE 4:  MINIMIZE DRAINAGE PATH LENGTHS 

Long downhill grades where water is channelized through raised shoulders or 

berms increases stormwater velocity and quantity until release points are 

reached, such as a curb cut or a curve transition where flow turns to sheet flow 

across the roadway.  As drainage path lengths increase, the effects of 

channelization are compounded.  By minimizing drainage path lengths through 

frequent curb cuts, velocity and overall runoff volume with associated ponding 

are minimized.  Catch basins, while a useful management tool for overall runoff 

reduction, should not be relied upon to minimize drainage path lengths.  Due to 

improper placement, clogging and infrequent maintenance, catch basins are 

often unable to capture design volumes on busy roadways. 

ALTERNATIVE 5: CONSIDER USING GREATER DESIGN FLOOD 
FREQUENCY 

As discussed in the 2011 Massachusetts Climate Change Adaptation Report 

(MCCAR, 2011) addressing the resiliency and adaptability of infrastructure in the 

face of global climate change is of paramount concern. A 2010 study from the 

University of New Hampshire (Spierre and Wake) discussing trends in 

precipitation in the Northeastern United States indicates “that the occurrences of 

extreme precipitation events, and the intensity of rainfall, are increasing.”  The 
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study shows that annual precipitation has increased since the late 1940’s with the 

largest increases occurring in recent years.   Researchers with the University of 

Massachusetts Boston Environmental, Earth and Ocean Science Department 

analyzed trends in precipitation from 1954 to 2008.  Findings in the study 

strongly suggest the need for updating of design storm estimates in Maine, New 

Hampshire and Massachusetts (Douglas and Fairbank, 2011). 

The table below is an excerpt from Chapter 8 of the Mass Highway Design 

Manual, 2006 Edition and shows the recommended design flood frequencies for 

drainage systems by highway functional class.  With trends showing an increase 

in event intensity and frequency, consideration should be taken to use greater 

design flood frequency values in areas of increased hydroplaning risk. 

TABLE 2: EXHIBIT 8-2 FROM CHAPTER 8 OF THE MASS HIGHWAY DESIGN MANUAL 

 



 

Page 26 Scope of Work – Route 6 Hydroplaning Crash Analysis and Alternatives Development 

ALTERNATIVE 6: PROPER MAINTENANCE OF ROADWAY AND 
STORMWATER CONTROLS   

Proper roadway maintenance will minimize ponding potential within wheel ruts 

and damaged pavement sections.  When partnered with scheduled upkeep of 

stormwater management controls (ie. catch basins and curb cuts), regular 

maintenance of the road surface will reduce the risk of hydroplaning and 

hydrodynamic drag. 

ALTERNATIVE 7:  PROVIDE ADEQUATE PAVEMENT CROSS 
SLOPE   

Providing adequate cross slope on a roadway surface is one of the most effective 

ways to manage runoff. Selection of an appropriate cross slope for a roadway 

considers many factors including the design speed and weather patterns of the 

regions and must appropriately transition between and along the vertical and 

horizontal curvature of the roadway. Redesigning the roadway to improve 

drainage by adjusting the roadway cross slope would be very expensive and result 

in a significant disruption to vehicular travel. Such an approach would only be 

considered if a segment of roadway was already slated for reconstruction or if the 

existing cross slope was so poor that none of the other potential improvement 

alternatives would be effective. 

ALTERNATIVE 8:  UTILIZE ALTERNATE PAVEMENT SURFACE 
TEXTURES   

For hydroplaning to occur the amount of fluid encountered by a tire must exceed 

the combined drainage capacity of the tire tread and pavement texture (Browne 

and Whicker, 1983). By applying a more permeable top pavement course water 

can drain more quickly and reduce the potential for hydroplaning. As stated in 

the Mass Highway Design Manual, 2006 Edition, “permeable surface friction 

courses such as Open Graded Friction Course (OGFC) permit water to drain from 

the driving surface below the tire-pavement interface. This reduces hydroplaning, 
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tire spray and tire noise while improving skid resistance and visibility.” As the 

design manual goes on to note “several types of OGFC have been placed on 

Interstate and limited access highways in Massachusetts.” 

One reason that OGFC has not been more widely used is that there have 

historically been durability issues with OGFC; however, more recently, mix 

improvements, particularly a polymer modified version (OGFC-P) has shown 

improved durability. If application of OGFC-P can be worked into the normally 

scheduled re-paving schedule of the roadway the cost of this alternative approach 

can be minimal.  

ALTERNATIVE 9: STORMWATER CONTROLS ADDRESSING 
NUTRIENT REDUCTION 

 

Effective nutrient reduction is achieved within stormwater control systems that 

encourage effective nutrient retention both through nutrient uptake within the 

root zones and through a biologically mediated conversion process. Systems vary 

with some providing solely uptake and nitrification within aerobic environments 

while certain technologies promote denitrification within anaerobic 

environments.  A variety of stormwater controls addressing nutrient 

management include but are not limited to bio retention systems, gravel 

wetlands, and retention and detention ponds.   

Bioretention is a method of treating stormwater where runoff infiltrates through 

vegetated systems followed by a sandy engineered soil mix encouraging 

sedimentation and nutrient reduction.  Bioretention systems can easily be 

incorporated into the landscape to mimic and maintain many natural hydrologic 

functions.  The predominance of sandy soils in Cape Cod will allow bioretention 

systems to be designed as infiltration systems further increasing the level of 

treatment possible. Properly designed bioretention systems have been shown to 

achieve 40% nitrogen removal on a yearly basis (UNHSC, 2012). 

ALTERNATIVE 10: EDUCATION AND OUTREACH 

Proper driver education and roadside signage will facilitate safe driving 

techniques in dangerous situations.  In areas of high risk, as shown in Figure 4, 
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wet weather hazard signs could encourage motorists to reduce speeds and 

heighten driver awareness.  In addition, roadside warnings on the dangers of 

driving with balding or improperly inflated tires may educate motorists during a 

wet weather event.   
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Preferred Alternatives 

SEGMENT SUMMATION: SAGAMORE BRIDGE TO ORLEANS 
ROTARY 

 

CLIMATE AWARENESS:   With trends showing an increase in event intensity and 

frequency (Alternative 5), consideration should be taken to use greater design 

flood frequency values in areas of increased hydroplaning risk. As the potential 

effects put forth in Alternative 5 will have a broad effect on not just Cape Cod but 

all of New England, it is considered a preferred alternative for each segment of 

this study. 

EDUCATION AND OUTREACH:   Heightened awareness of wet weather travel 

hazards affect each study Segment and should be utilized in a wide variety of 

ways wherever possible.  As such, Alternative 10 is considered a preferred 

alternative for each segment of this study. 

ROADWAY IMPROVEMENTS AND MAINTENANCE:  Alternatives 6, 7 and 8, 

discussing roadway improvements and proper maintenance, can be used in 

conjunction with the primary recommendations from each section to further 

reduce hydroplaning and hydrodynamic drag risk. 

A summary of the preferred alternatives for each study segment is provided in 

Table 7 at the end of this section. 

SEGMENT 1: SAGAMORE BRIDGE TO EXIT 6 

The main issue of concern for Segment 1 is the high number of wet weather 

related crashes.  As discussed in the Route 6 Crash Analysis section, Segment 1 

has the highest number of crashes within the study area, and that the crashes are 

clustered between exits 5 and 6 in the eastbound travel lane. 
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EB WB EB WB

Exit 1 - Exit 2 3 1 1 2

Exit 2 - Exit 3 0 1 2 3

Exit 3 - Exit 4 1 1 3 6

Exit 4 - Exit 5 3 1 2 5

Exit 5 - Exit 6 13 3 6 2

PuddlesCrashes
Segment 1

ROADWAY IMPROVEMENTS:  Improper stormwater controls and lack of 

maintenance contribute to inadequate stormwater management.  Due to the high 

number of crashes between Exits 5-6 eastbound, the primary goal is to eliminate 

stormwater runoff from the road surface through removal of curbing and 

berming (Alternative 2). In the absence of removal of curbing/berming, 

minimizing stormwater drainage path lengths (Alternative 4) with curb cuts in 

lieu of or in addition to catch basins would facilitate reduction in stormwater. As 

mentioned in the discussion of Alternatives above, expanded shoulders in areas 

of high crash risk would facilitate movement of stormwater off the roadway, and 

greatly improve safety.   

STORMWATER BMP’S:  While Segment 1 lacks mapped nitrogen sensitive 

watersheds, Route 6 intersects several Wellhead Protection Areas (WHPA) 

between exits 2 and 4 (Figure 1).  As such, this area is not of paramount concern 

for nitrogen management and Alternative 9 is not recommended for this 

segment.  However, WHPAs are particularly sensitive to the release of hazardous 

materials and petroleum products from potential releases occurring on Route 6.  

As such, implementing stormwater management improvements should be 

prioritized for these sensitive sections contributing to our drinking water supply. 

ENVIRONMENTAL IMPACT: The primary recommendations for the Segment 1 

area include Alternative 2: Remove Curbing, Alternative 4: Minimize Path 

Lengths, and Alternative 1: Expand Road Shoulder. Alternatives 2 and 4 will have 

a very minor footprint of disturbance as they involve alterations within the 

existing road surface area. Consequently, these alternatives will have little 

adverse impact on the environment. Alternative 1, Expand Road Shoulder, is a 

recommended alternative for this segment, but only in areas where additional 

roadside clearing and grading can be minimized and/or will not adversely affect 

the existing environment. Careful consideration of appropriate areas to expand 

the shoulder will minimize impacts to the environment and neighboring 

residences. Considerations for siting shoulder expansions should include: nearby 

wetlands, water bodies, rare species habitat, extremes in topography, and 

vegetated buffers to residences. 

TABLE 3:  SEGMENT 1 SUMMARY DATA 
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SEGMENT 2 – EXIT 6 TO EXIT 9 

The main issue for Segment 2 is primarily within the westbound travel lane.  

While the eastbound lane has a low number of puddles and no recorded crashes, 

the westbound travel lane has puddles and crashes, and should be the primary 

focus of improvements in this segment.   

ROADWAY IMPROVEMENTS:  A primary recommendation is facilitating country 

drainage through removal of curbing and berming (Alternative 2). In the absence 

of removal of curbing/berming, minimizing stormwater path lengths with curb 

cuts in lieu of or in addition to catch basins would facilitate reduction in 

stormwater (Alternative 4). As mentioned in the discussion of Alternatives above, 

creating or expanding paved shoulders in areas of high crash risk, or taking 

advantage of areas where the road shoulder is already cleared to create a paved 

shoulder, could facilitate movement of stormwater off the roadway and greatly 

improve safety (e.g. on the north side of the westbound travel lane between Exits 

7 and 6). Segment 2, with the second highest number of crashes in this study, 

should utilize an expanded shoulder (Alternative 1) where possible to address 

safety concerns.  As discussed in the Environmental Impacts section from 

Segment 1, Alternative 1 should only be implemented where expanded shoulders 

will not adversely affect the environment and neighboring residences. 

Special drainage considerations should be taken in areas of low elevation (Figure 

2).  In areas with a high groundwater table many methods of infiltration may not 

be appropriate and an increased level of effort should be placed on improving 

water quality areas which quickly access groundwater. 

STORMWATER BMP’S:  Nearly the entire length of Segment 2 contributes to 

Wellhead Protection Areas (Figure 1) in addition to portions of Segment 2 

contributing to the Bass River watershed, a nitrogen sensitive area requiring 

stringent reductions in nitrogen loading.  Where nitrogen sensitive watersheds 

and Wellhead Protection Areas overlap, special consideration should be taken to 

address nitrogen reduction.  Furthermore, reducing the potential for the 

potential release of hazardous materials within WHPAs is an important 

consideration for prioritizing remedial roadway improvements. 

The Bass River Watershed Segment 2 of Route 6 travels through Hamblin Brook 

Gauge, Mill Pond, Mill Stream, North Yarmouth Wells, Follins Pond, Dinah’s 

Pond, Kelley’s Bay, Northwest Dennis wells and Bass River Mid watersheds.  The 



 

Page 32 Scope of Work – Route 6 Hydroplaning Crash Analysis and Alternatives Development 

majority of these contributing watersheds lie between Exits 7 and 9 with multiple 

watersheds requiring a 100% reduction in the septic contribution of nitrogen to 

meet nitrogen loading thresholds.  In these sensitive watersheds stormwater 

controls as mentioned in Alternative 9 should be utilized to the maximum extent 

practicable.  While nutrient reduction should be addressed on both east and 

westbound travel lanes special consideration should be given to the eastbound 

lane as water quantity control is not of as great a concern.  Investing in water 

quality management within this Segment of Route 6 is strongly recommended, 

and will help address local, regional, and state responsibilities for nutrient 

management within these sensitive watersheds.  

ENVIRONMENTAL IMPACTS:  The primary recommendations for the Segment 2 

area include Alternative 9: Nutrient Management, Alternative 2: Remove 

Curbing, Alternative 4: Minimize Path Lengths, and Alternative 1: Expand Road 

Shoulder. Alternatives 2 and 4 will have a very minor footprint of disturbance as 

they involve alterations within the existing road surface area. Consequently, these 

alternatives will have little adverse impact on the environment. Alternative 1: 

Expand Road Shoulder is a recommended alternative for this segment, but only 

in areas where additional roadside clearing and grading can be minimized and/or 

will not adversely affect the existing environment. Careful consideration of 

appropriate areas to expand the shoulder will minimize impacts to the 

environment and neighboring residences. Considerations for siting shoulder 

expansions should include: nearby wetlands, water bodies, rare species habitat, 

extremes in topography, and vegetated buffers to residences.  

Alternative 9: Stormwater BMPs is strongly recommended for stormwater 

improvements within this segment, as mentioned above, because of the BMPs’ 

ability to remove nutrients. Consequently application of this alternative will have 

positive effects on the environment. However, placement of these BMPs should 

also reflect careful consideration of ancillary impacts on resources found along 

this segment of Route 6, including wetlands, water bodies, rare species habitat, 

extremes in topography, and vegetated buffers to residences.  Much of Segment 2 

includes wider median areas, and fewer areas where buffers to residences are a 

concern; therefore there may be more opportunities for creation of stormwater 

BMPs. 
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EB WB EB WB

Exit 6 - Exit 7 0 9 1 5

Exit 7 - Exit 8 0 2 1 5

Exit 8 - Exit 9 0 4 2 5

Exit 9 - Exit 10 2 0 8 8

Crashes
Segment 2

Puddles

TABLE 4:  SEGMENT 2 SUMMARY DATA 

 

 

 

 

SEGMENT 3 – EXIT 9 TO 12 

The main issue for this Segment is to address locations of severe ponding.  As 

noted by field technicians the largest puddle in the entire study area spans the 

roadway between exits 10 and 11. Crash data shows that fewer crashes occur in 

this segment of the roadway, yet puddle and anecdotal data shows the highest 

quantity and intensity of puddles of any segment along Route 6. The design and 

character of this segment of the roadway changes significantly from previous 

segments, requiring a reduction in normal travel speeds due to the two lane road 

layout and absence of a vegetated median. Travelers familiar with the roadway 

may naturally reduce their speeds in poor travel conditions due to awareness of 

the potentially hazardous conditions. 

ROADWAY IMPROVEMENTS:  In areas with adequate Rights of Way and suitable 

topography, removal of curbing (Alternative 2) facilitating runoff to a receiving 

water quality conveyance swale (Alternative 3) will take advantage of country 

drainage and decrease risk of hydroplaning.  Certain locations with extreme 

puddle formations (Figure 10) should be prioritized for consideration.   
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FIGURE 10:  EAST OF EXIT 9 IN WESTBOUND LANE.  PUDDLE COVERING ENTIRE DRIVING LANE. 

 

STORMWATER BMP’S:  The majority of Segment 3 is not located within high 

nitrogen removal watersheds.  However, the entire stretch between exit 11 and 12 

contributes to Wellhead Protection Areas (Figure 1) and a portion of Segment 3 

west of exit 11 contributes to the Pleasant Bay watershed through the Lower 

Muddy Creek sub-watershed.  As shown on Figure 1 Lower Muddy Creek requires 

a 100% reduction in the septic contribution of nitrogen.  It is suggested that 

Alternative 9 be considered for the above mentioned sections of Segment 3. 

ENVIRONMENTAL IMPACTS:  The primary recommendations for the Segment 3 

area include Alternative 2: Remove Curbing, and Alternative 3: Create Drainage 

Swales. Alternative 2 will have a very minor footprint of disturbance as it involves 

alterations within the existing road surface area. Consequently, this alternative 

will have little adverse impact on the environment. Alternative 3: Create Drainage 

Swales is a recommended alternative for this segment, but only in areas where 

additional roadside clearing and grading can be minimized and/or will not 

adversely affect the existing environment. Careful consideration of appropriate 

areas to create swales will minimize impacts to the environment and neighboring 

residences. Considerations for siting swales should include: nearby wetlands, 
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EB WB EB WB

Exit 10 - Exit 11 0 2 2 2

Exit 11 - Exit 12 0 1 5 4

Crashes
Segment 3

Puddles

water bodies, rare species habitat, extremes in topography, and vegetated buffers 

to residences. 

Alternative 9: Stormwater BMPs is strongly recommended for stormwater 

improvements within the portion of this segment west of Exit 11 located within 

the Pleasant Bay watershed, as mentioned above, because of the BMPs’ ability to 

remove nutrients. Consequently application of this alternative will have positive 

effects on the environment. However, placement of these BMPs should also 

reflect careful consideration of ancillary impacts on resources found along this 

segment of Route 6, including wetlands, water bodies, rare species habitat, 

extremes in topography, and vegetated buffers to residences.   

TABLE 5: SEGMENT 3 SUMMARY DATA 
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SEGMENT 4 – EXIT 12 TO ROTARY 

The main issue affecting this Segment is the quantity of puddles within the 

driving lane.  This Segment has the second highest number of puddles from the 

Bridge to the Rotary and is the shortest segment in this study.  It is hypothesized 

that the minimal number of wet weather crashes in this Segment is due to the 

reduced speeds from roadway layout, approach and exit from the Orleans Rotary 

and the high amount of puddles apparent on the roadway. 

ROADWAY IMPROVEMENTS:  For much of this Segment of Route 6 both east and 

westbound lanes are a high point with gently sloping shoulders to either side of 

the roadway.  Removal of curb and berming (Alternative 2) will take advantage of 

the existing grade to enhance Rotary and Route 6 related drainage and ponding 

issues.  In addition, the central area bounded by the traffic circle could be utilized 

as a stormwater retention area if curbing is removed and proper grading 

performed to allow access of stormwater into the interior of the circle.   

STORMWATER BMP’S:  West of the Rotary portions of Segment 4 contribute to 

Rock Harbor, an MEP identified watershed requiring a 79% reduction in septic 

nitrogen load.  The entirety of the Rotary contributes to the Town Cove watershed 

requiring a 75% reduction in septic nitrogen load.  Taking into account the 

adjacency of the Rotary to Town Cove and contributing surface waters to Rock 

Harbor, it is suggested that Alternative 9 be considered in these sections of 

Segment 4 to address nutrient reduction.  As the number of crashes associated 

with the Rotary are relatively low and the number of puddles being some of the 

greatest in the provided crash study it is further suggested that stormwater 

improvements utilizing infiltration and storage capabilities be integrated to the 

Rotary hydroplaning improvements. 

ENVIRONMENTAL IMPACTS: The primary recommendations for the Segment 4 

area include Alternative 2: Remove Curbing, and Alternative 3: Create Drainage 

Swales. Alternative 2 will have a very minor footprint of disturbance as it involves 

alterations within the existing road surface area. Consequently, this alternative 

will have little adverse impact on the environment. As Segment 4 has limited 

ability to expand Alternative 3 is a recommended alternative where sections of 

the roadway have sufficient shoulder and buffer to adjacent properties.  

Considerations for siting swales should include: nearby wetlands, water bodies 

(i.e. Cedar Pond), rare species habitat, extremes in topography, and vegetated 

buffers to residences. 
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Alternative 

1

Alternative 

2

Alternative 

3

Alternative 

4

Alternative 

5

Alternative 

6

Alternative 

7

Alternative 

8

Alternative 

9

Alternative 

10

Segment 1 × × × × × × × ×

Segment 2 × × × × × × × × ×

Segment 3 × × × × × × × ×

Segment 4 × × × × × × × ×

EB WB EB WB

Exit 12 - Rotary 1 0 7 7

Segment 4
Crashes Puddles

Alternative 9: Stormwater BMPs is strongly recommended for stormwater 

improvements within the portion of this segment, as mentioned above, because 

of the BMPs’ ability to remove nutrients. Consequently application of this 

alternative will have positive effects on the environment. However, placement of 

these BMPs should also reflect careful consideration of ancillary impacts on 

resources found along this segment of Route 6, including wetlands, water bodies, 

rare species habitat, extremes in topography, and vegetated buffers to residences. 

TABLE 6: SEGMENT 4 SUMMARY DATA 

 

 

 

 

 

TABLE 7: PREFERRED ALTERNATIVES SUMMARY 
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Conclusion  

Review of available data shows that under wet weather conditions predominant 

safety concerns occur between exits 5 and 7 with 52% of the study’s total crashes.  

Segments 3 and 4 have widespread drainage issues and the most severe puddle 

covering both driving lanes between exits 10 and 11 westbound.  Segment 2 

traverses sub-watersheds requiring a 100% reduction in septic nitrogen within 

the Bass River Watershed.  Preferred alternatives address the specific needs for 

each segment and provide suggestions to improve roadway surface and function, 

stormwater techniques to facilitate rapid removal of roadway runoff and methods 

to reduce the nitrogen contribution from Route 6 to the Bass River Watershed. 
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APPENDIX A: SELECTION OF RAW CRASH DATA 
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Date Corridor Direction Mile
Road Side 

Puddle Location
Time

Puddle 

Rating

Rain 

Rating

Antecedent Precip. in. 

(Depth from previous 

Day)

24 hr. 

Rainfall 

Depth in.

Second Run 

(Standing Water 

Apparent)

Comment

6/3/2013 6 W 9 8 76 LR 4 4 0 2.771654 N

6/3/2013 6 W 9 8 75.2 LR 3 4 N

6/3/2013 6 W 8 7 74.8 LR 4 3 N

6/3/2013 6 W 8 7 73.8 R 2 3 N

6/3/2013 6 W 8 7 73 LR 3 3 N

6/3/2013 6 W 8 7 72.6 L 2 3 N

6/3/2013 6 W 7 6 72 LR 3 3 N

6/3/2013 6 W 7 6 71.8 4 3 N

6/3/2013 6 W 7 6 70.8 LR 4 2 N Precipitation caused slowed traffic.

6/3/2013 6 E 1 2 59 R 1 2 N At Exit 2 on Ramp

6/3/2013 6 E 2 3 59.8 R 2 2 N

6/3/2013 6 E 3 4 62.2 LR 3 2 Y

6/3/2013 6 E 4 5 63.6 R 4 2 Y

6/3/2013 6 E 5 6 65.4 R 2 3 Y

6/3/2013 6 E 5 6 66.2 R 4 3 Y

6/3/2013 6 E 8 9A 77 L 2 3 N

6/3/2013 6 E 9 10 74.4 2 3 N Bad along fog line.

6/3/2013 6 E 11 12 88.4 2 4 N Bad along fog line.

6/3/2013 6 E 11 12 88.6 3 4 N

6/3/2013 6 E 12 Circle 89.6 3 4 N

6/3/2013 6 E 12 Circle 90 2 4 N

6/3/2013 6 E 12 Circle 90.8 3 3 N Before rotary.

6/3/2013 6 E 11 12 87.8 3 3 N

6/3/2013 6 E 9 10 78.8 2 2 Y

6/3/2013 6 W 6 5 67.2 R 2 4 N Multiple Puddles

6/3/2013 6 W 5 4 65 L 2 5 N Multiple Puddles

6/3/2013 6 W 5 4 64.5 R 1 5 N

6/3/2013 6 W 4 3 62.7 R 2 4 N On the on Ramp (4)

6/3/2013 6 W 4 3 62 3 4 N

6/3/2013 6 W 4 3 61.2 LR 3 4 N Multiple Puddles

6/3/2013 6 W 3 2 61 2 4 N

6/3/2013 6 W 3 2 59.6 3 3 N

6/3/2013 6 W 2 1 58.8 2 3 N

6/3/2013 6 W Circle 12 90.8 3 3 N

6/3/2013 6 W Circle 12 90.2 4 3 Y for about 1/4 mile

6/3/2013 6 W Circle 12 89.6 4 3 Y

6/3/2013 6 W 12 11 86.6 2 3 N

6/3/2013 6 W 10 9A 80.2 2 3 N Bad along fogline.

6/3/2013 6 W 10 9A 79.8 3 4 N Bad along fogline.

6/3/2013 6 W 10 9A 79.4 3 4 N Bad along fogline.

6/3/2013 6 W 10 9A 79 5 3 N Covered Lane (IMG_0661)

6/3/2013 6 W 10 9A 78.6 4 3 N Covered half of lane (IMG_0657) 

6/3/2013 6 W 9 8 78.2 2 N

6/3/2013 6 W 9 8 77.6 R 4 N Exit 9A of Ramp.

6/3/2013 6 W 9 8 77.2 LR 4 N

6/14/2013 6 W 7 6 10:35 0.448818898 1.059055 Heavy rain until 10am.  Travel lanes dry, Water along curb intermittently, mostly dry.

6/14/2013 6 W 6 5 10:39

6/14/2013 6 W 5 4 66 10:41 2 Puddle into left travel lane.

6/14/2013 6 W 4 3 10:43 No Puddles.

6/14/2013 6 W 3 2 10:45 No Puddles.

6/14/2013 6 W 2 1C 10:50 No Puddles.

6/14/2013 6 E 1 2 10:57 No standing water.

6/14/2013 6 E 2 3 10:58 No standing water.

6/14/2013 6 E 3 4 11:00 No standing water.

6/14/2013 6 E 4 5 11:03 No standing water.

6/14/2013 6 E 5 6 66.3 R 11:04 1 Rain stopped 1 hour ago.  Puddle still at right side of Road.

6/14/2013 6 E 6 7 11:09 No standing water.

6/14/2013 6 E 7 8 11:11 No standing water.

6/14/2013 6 E 8 9 11:14 No standing water.

Between 

Exits

APPENDIX B: PUDDLE INVENTORY RAW DATA AND RATING 
PROCEDURE 
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Date Corridor Direction Mile
Road Side 

Puddle Location
Time

Puddle 

Rating

Rain 

Rating

Antecedent Precip. in. 

(Depth from previous 

Day)

24 hr. 

Rainfall 

Depth in.

Second Run 

(Standing Water 

Apparent)

Comment

7/26/2013 6 E 1 2 58.2 L 9:28 2 1 0.271653543 1.389764

7/26/2013 6 E 2 3 59.8 LR 9:30 2 2

7/26/2013 6 E 3 4 61 LR 9:31 2 2

7/26/2013 6 E 3 4 62.2 LR 9:33 3 2

7/26/2013 6 E 4 5 63.8 LR 9:34 3 3

7/26/2013 6 E 5 6 66.6 L 9:37 2 3

7/26/2013 6 E 5 6 67.2 L 9:38 2 3

7/26/2013 6 E 5 6 67.4 LR 9:38 4 3

7/26/2013 6 E 9 10 78.8 9:50 2 2

7/26/2013 6 E 9 10 79 9:50 2 2

7/26/2013 6 E 9 10 79.2 9:50 3 2

7/26/2013 6 E 9 10 80.2 9:50 3 2

7/26/2013 6 E 9 10 81 9:51 2 2

7/26/2013 6 E 10 11 82.2 9:53 2 2

7/26/2013 6 E 11 12 88.2 10:00 2 1

7/26/2013 6 E 12 Circle 89.8 10:02 2 1

7/26/2013 6 E 12 Circle 89.8 10:02 3 1

7/26/2013 6 E 12 Circle 90.8 10:03 2 1

7/26/2013 6 W 5 4 66.8 L 9:01 2 3

7/26/2013 6 W 4 3 61.2 L 9:06 2 3

7/26/2013 6 W 4 3 61 L 9:06 2 3

7/26/2013 6 W Circle 12 90.8 L 10:04 2 1 Water on left side of lane.

7/26/2013 6 W Circle 12 90.2 10:04 3 1

7/26/2013 6 W Circle 12 89.4 10:05 2 1

7/26/2013 6 W 12 11 87.8 10:07 2 1

7/26/2013 6 W 12 11 86.8 10:09 2 1

7/26/2013 6 W 11 10 83.6 10:17 2 1

7/26/2013 6 W 10 9 79 10:27 3 2

7/26/2013 6 W 10 9 78.8 10:27 1 2

7/26/2013 6 W 7 6 71.6 LR 10:35 1 1

8/2/2013 6 E 6 7 10:34 0 2 0.078740157 0.57874 No puddles.

8/2/2013 6 E 7 8 10:37 0 2 No puddles.

8/2/2013 6 E 8 9B 10:41 0 3 No puddles.

8/2/2013 6 E 9B 10 79 R 10:44 1 1 Puddle in single lane right side

8/2/2013 6 E 10 11 10:50 0 2 Standing water in shoulder.

8/2/2013 6 E 11 12 10:53 0 1 Standing water in shoulder.

8/2/2013 6 E 12 Circle 10:58 0 1 No puddles.

8/2/2013 6 W Circle 12 11:03 0 1 Standing water in shoulder.

8/2/2013 6 W 12 11 11:05 0 1 No puddles.

8/2/2013 6 W 11 10 11:24 0 1 No puddles.

8/2/2013 6 W 10 9B 11:32 0 0 No puddles.

8/2/2013 6 W 9B 8 11:38 0 1 No puddles.

8/2/2013 6 W 8 7 11:41 0 1 No puddles.

8/2/2013 6 W 7 6 11:43 0 0 No puddles.

8/2/2013 6 W 6 5 11:47 0 0 Dry travel lanes.

8/2/2013 6 W 5 4 11:50 0 0 No puddles.

8/2/2013 6 W 4 3 11:52 0 0 No puddles.

8/2/2013 6 W 3 2 11:54 0 0 No puddles.

8/2/2013 6 W 2 Bridge 11:57 0 0 No puddles.

Between 

Exits



 

Route 6 Hydroplaning Crash Analysis and Alternatives Development  Page 47 

 

RATING PROCEDURE 

In July- August 2013 a puddle inventory was performed along the Rt. 6 corridor 

from the Sagamore Bridge to the Eastham rotary to determine potential 

hydroplaning locations. A field sheet was prepared to note the date, corridor (EB 

or WB), inter-exit puddle location, the mile number the puddle was located 

closest to, the time, a puddle rating, rain rating, and any comments. Comments 

would include the shoulder side puddle location and any other unusual findings. 

The puddle and rain ratings are defined below.  Field surveys were conducted 

during, or shortly after rain events.  When surveying puddles between the 

Sagamore Bridge and exit 9B technicians changed lanes to get passing and 

traveling lane perspectives.  

 

PUDDLE RATING 

0. Water is not present in the shoulder, can be standing on the road during 

rain 

1. Water is collecting at the shoulder but  does not exceed fog line 

2. Puddle exceeds fog line but does not slow traffic 

3. Puddle exceeds fog line and slows traffic slightly 

4. Puddle covers about half of lane or slows traffic moderately 

5. Deep Puddle covers lane or slows traffic significantly 

RAIN RATING  

0. It is not raining 

1. Mist collects and road is wet 

2. Rain drops are present but are not causing water to stand on road 

3. Rain drops are present and causing water to stand on road 

4. Rain drops inhibit visibility and traffic is moderately  slowed 

5. Rain causes severely inhibits visibility and traffic is significantly slowed 
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