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Executive Summary

Introduction

This Environmental Status and Planning Report (ESPR) describes the various operations and procedures used
in MassDOT’s Snow and Ice (S&I) Control Program to maintain reasonably safe roadways during winter
weather conditions as well as the various measures used to minimize and mitigate the potential environmental
impacts that may result from these operations. The Highway Division of MassDOT (formerly MassHighway)
has previously completed three separate Generic Environmental Impact Reports (GEIRS) on its S&I Control
Program in 1978, 1995 and most recently in 2006. As indicated by the completion dates, the previous GEIR’s
were generally updated every 7 to 10 years and were reviewed extensively by state and local government and
non-government agencies as well as private citizens.

Following the 2006 GEIR, the Secretary of the Executive Office of Energy and Environmental Affairs (EEA)
issued a Certificate (EEA #11202) on December 1, 2006 to establish a special review process whereby future
environmental review of the MassDOT Snow and Ice (S&I) Control Program will be in the form of an
Environmental Status and Planning Report (ESPR) instead of a GEIR (see Appendix A). Appendix A also
contains the 2006 GEIR comment review letters and MassDOT responses to comments. This Certificate also
requested that MassDOT submit a Work Plan to outline the proposed work tasks and timeline that would be
used to guide the preparation of this ESPR as well as address the concerns raised by the reviewers of the 2006
GEIR. The Work Plan was submitted in April 2008 for public review.

On June 13, 2008, the EEA Secretary issued a Certificate to formally accept the 2008 ESPR Work Plan and
the comments received during the review process provide the basis for the outline of this Draft ESPR (see
Appendix B). The Secretary requested that the ESPR provide an estimate of the current impact that the
MassDOT S&I Control Program may have on the state’s environment resources as well as provide a forecast
of the potential future impact and the mitigation measures being used to minimize these impacts. The 2008
Work Plan outlined a time frame where a Public Review Draft of the ESPR would be submitted in December
2011 and the Final ESPR would be submitted in June 2012. The Certificate also requested that the 2012
ESPR provide responses to agency and public comments received on the 1997 GEIR (see Appendix C).

The preparation of this ESPR essentially serves three main purposes as follows:

1. Provides an opportunity for MassDOT personnel to review and reflect on its current policies and
procedures, and to identify new measures and future goals for implementation.

2. Provides a reference document to describe changes and trends in historical material usage, costs,
equipment, storage practices, policies and procedures and identify areas that may be in need of
improvement.

3. To update and educate agency personnel, non-government organizations and general public on the
various Best Management Practices being used by MassDOT to minimize environmental impacts as
well as describe the many challenges involved with maintaining reasonably safe roadways during
winter weather conditions.

Executive Summary ES-1
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Program Organization, Operations and Policies

In the last five years, many changes have been made with respect to the organization and operations of the
MassDOT S&I Control Program. The following summarizes the major relevant changes:

Organizational Changes

In 2010, MassDOT established a new District 6, which includes the City of Boston area and other
surrounding metropolitan communities that were previously part of District 4.

In 2009, the former Massachusetts Turnpike Authority was integrated into the MassDOT Highway
Division as a result of landmark legislation to consolidate the various state transportation agencies into
the newly established Massachusetts Department of Transportation. As a result, more than 1,000 lane-
miles of the 1-90 interstate roadway have become jurisdiction of the MassDOT Highway Division.

In 2006, the MassDOT Highway Division took over winter maintenance on a number of Department of
Conservation and Recreation (DCR) bridges and urban parkways based on a Memorandum of
Agreement executed between MassDOT and DCR. MassDOT performs winter maintenance on
approximately 750 lane-miles of DCR roadways mostly urban parkways located within Districts 4 and
6. MassDOT’s responsibility for winter maintenance is from curb to curb. DCR is still responsible for
sidewalks and other pedestrian walkways as well as approximately 400 lane-miles of other roadways
associated with various state parks and conservation areas. MassDOT has also assumed winter
maintenance of the Tobin Bridge, which was previously maintained by Massachusetts Port Authority
(Massport). Massport still maintains the airport access roads within the limits of the state’s major
airports. Although Massport and MBTA are now divisions of MassDOT, their operations are
completely independent and separate from the Highway Division. In preparing this ESPR, other state
agencies including DCR and MBTA were contacted to gather information with regard to their snow and
ice control programs, consistent with the Secretary of EEA’s request.

Operational Changes

The following summarizes various operational changes that have occurred since the 2006 GEIR.

In 2006, MassDOT hired a new Director of S&I Control Operations. The new Director was charged
with changing the direction of the Program and has incorporated numerous equipment upgrades and
policy changes to improve the efficiency and effectiveness of its S&I Control Program.

MassDOT instituted an anti-icing policy which is a more proactive approach that focuses on preventing
snow and ice from bonding to the pavement through the use of liquid brine solutions (mainly liquid
calcium chloride and magnesium chloride) to pre-wet road salt as well as pre-treat roadways through
direct applications prior to or at the onset of a winter storm event.

In the last five (5) years, the statewide liquid storage capacity has increased nearly four times from less
than 200,000 gallons to more than 800,000 gallons today. In 2011, funding was allocated to construct a
brine production facility in District 5 to increase the availability of brine solutions.

MassDOT upgraded and/or replaced most of its spreader and plow trucks to enable use of liquid brine
solutions for pretreatment and pre-wetting salt. The newer and upgraded trucks are equipped with other
spreader technology improvements including ground speed controllers, pavement temperature sensors
and most have closed-loop controllers. All hired contractors are now required to have pre-wetting
equipment on their spreader trucks in order to be called into service.

Executive Summary ES-2
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MassDOT expanded its Interagency Service Agreement with the UMASS Engineering Department to
enlist university personnel to perform site investigations, sampling and implement remedial measures as
part of the Salt Remediation Program.

MassDOT expanded its use of its Road Weather Information Station (RWIS) network with more
stations for greater spatial coverage and improved forecast information to improve timing and
scheduling of equipment call-outs and material applications.

MassDOT has developed a computerized material tracking program, known as the Snow and Ice
Management System (SIMS) where timekeepers at each depot input material and equipment usage data
for each storm event. This allows better tracking of material and costs on a storm event basis.

Policy and Procedural Changes

MassDOT requires all hired equipment spreaders to have pre-wetting equipment and plows to allow for
efficient material application and snow plowing, respectively. Contractors equipped with closed-loop
controllers and wing plows are also given higher preference to be called into service. More than 50
percent of the hired equipment used in 2010/11 were estimated to have used closed-loop controllers.
MassDOT instituted a calibration inspection team in each district to periodically inspect spreader
calibration documents and equipment settings at various depots throughout the district.

MassDOT eliminated the use of separate plow batteries that would operate independently from material
spreaders and now utilize trucks that function as plow/spreader combos. This greatly reduces the
number of hired equipment needed as well as the potential for recently applied material being plowed
off too soon after treatment by separate plow batteries.

MassDOT established an internal Snow and Ice Materials Usage Review Committee to periodically
meet and review material usage data, policies and procedures and to identify policy or procedural
changes that would result in greater material usage efficiency.

Historical Salt Usage vs. Winter Severity Index

MassDOT uses a Winter Severity Index (WSI) to compare annual road salt usage to the severity of the
winter conditions that occur each season. The WSI is a relative measure of winter weather severity
based on daily minimum and maximum temperatures, daily snowfall and the number of snowfall events
each month. WSI values generally range from 0 to 50, with 50 representing the most severe conditions.
Figure ES-1 presents a comparison of the total statewide road salt usage to the average statewide WSI
value for each year going back to 2001. This comparison shows a very close correlation between winter
severity and annual salt use from year to year, where salt usage fluctuates according to winter severity.

Figure ES-1 - Comparison of Statewide Salt Use vs. the Average Statewide WSI Value
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This comparison indicates that salt applications are very much dictated by weather conditions.
Historically, the total statewide salt usage has ranged from around 300,000 tons during the least severe
winters of 2002 and 2007 to just over 700,000 tons during the most severe winters of 2003 and 2005.
The winter of 2011 represents the most severe winter in the 11-year history with the highest WSI value.
The 2011 winter data shows for the first time in recent history that the statewide salt usage was lower
than the average statewide WSI value, despite the winter being the most severe winter in recent history.
The total statewide salt usage in 2011 was 556,000 tons, which is approximately 170,000 tons or 23
percent less than the 725,000 tons used in the winters of 2003 and 2005 even though these winters were
slightly less severe than the 2011 season. This reduction is even more significant given that MassDOT
maintains approximately 20 percent more lane-miles now with the inclusion of the 1-90 roadway and
various DCR roadways as compared to the lane-miles in 2003 and 2005,

This reduction in salt use compared to previous years is most likely attributable to the many efficiency
measures recently implemented including mandating all hired equipment to use pre-wetting equipment,
increased use of closed-loop controllers, and the elimination of separate plow trucks, to name a few.
MassDOT plans to expand upon and implement additional material efficiency measures going forward.
This should result in additional salt reductions relative to that used in previous year while adjusted for
winter severity. Statewide salt usage over the last ten years (2001-2010) adjusted for WSI will be used
as the basis for comparing and evaluating the performance of these measures.

Annual Training Program for Employees and Contractors

In the last five years, MassDOT has made several changes to its internal employee training program to better
educate more employees on an annual basis. The following summarizes some of the major changes:

Annual training is now required for all MassDOT S&I employees including foremen, timekeepers,
plow chasers and equipment operators. Previously, only supervisory and management personnel would
be trained and the information would be disseminated to the rest of the employees.

Over fifteen (15) different day long or half-day training sessions were held in each of the last two years
at various locations throughout the state with well over 700 state personnel attending.

Training is provided by the Director of S&I Control Operations or his designee in collaboration with the
Environmental Services Section. Efficient use of materials and labor, and environmental stewardship
are primary topics of discussion. This direct and streamlined training provides a consistent message
regarding MassDOT’s policies and expectations and minimizes the potential for conflicting messages or
inadvertent misinterpretations as information is relayed second or third hand. This new training
approach has been well received by personnel and has already shown positive results.

Shorter, “tail-gate” training sessions are also held at select locations throughout the state where
numerous contractors, state and municipal personnel can attend. Attendance at these “tail-gate”
sessions by contractors has greatly increased in recent years.

Before each winter season, the District S&I Engineers convene for a one-day planning session to
address operational and policy changes and potential impacts of the program.

Salt Storage Facilities and Management Practices

MassDOT has approximately 214 salt storage facilities throughout the Commonwealth to store the
approximately 500,000 tons of salt used annually. All stockpiled deicing material used by MassDOT is either
covered or enclosed. MassDOT continually repairs, upgrades, or replaces salt storage sheds as the capital
improvement funds allow. Recent major shed improvements include new shed extensions over the loading
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and unloading doors at sheds in Dedham, Newbury, Northborough, Peabody and Tewksbury. In 2011, a new
storage shed was completed in the Town of Chelmsford. A new storage facility is planned to replace the shed
within the Town of Andover located in the 1-93/1-495 interchange. The new shed will be relocated outside the
Haggetts Pond water supply watershed. In addition, all districts have greatly increased their storage capacity
for liquid anti-icing materials. Use of liquid solutions to pre-wet salt and perform pre-treatment applications
has been a major initiative for MassDOT to help prevent ice pack formation on pavement.

In response to a comment on the 2006 GEIR, District 4 personnel have relocated and modified the storage of
sand at the Lowell Depot where one previous reviewer has suggested that the sand pile was too close to the
River Meadow Brook. District 4 personnel have moved the sand stockpile and have installed reinforced
containment barriers around the pile to prevent the migration or spillage of sand into the nearby channel.

Vehicle Washing Practices

MassDOT adopted a strict vehicle washing policy that prohibits vehicle washing in locations where rinse
water may drain to a water body either through a closed drain system or open drainage system. In accordance
with MassDOT’s Standard Operating Procedures (Env-01-22-1-00) contained in the MassDOT’s Facilities
Maintenance Manual, all vehicle washing must be done at facilities that are equipped with either holding
tanks and recycling facilities to capture and reuse rinse water or that are connected to a municipal sewer
system. Consistent with the MS4 Stormwater General Permit, MassDOT has spent considerable effort in
evaluating its various depot facilities to ensure that vehicle maintenance operations are fully contained to
prevent the release of fluids or wash water to the environment.

Comparison of MassDOT's S & | Control Program with other New England Transportation Agencies

= The 2006 EOEA Certificate suggested that MassDOT provide an update to the 2006 GEIR comparison
to other state transportation agencies as part of this ESPR. In many respects, the methods and
equipment used in snow and ice control operations are very similar amongst the various New England
states. Road salt is the primary deicing agent utilized with typical application rates of 240 to 300 pounds
per lane-mile, which is very similar to MassDOT’s application rate policy of 240 lbs per lane-mile.

=  MassDOT maintains considerably more lane-miles than any other New England DOT and is second to
only New York State DOT in terms of roadway miles. MassDOT also has a higher percentage of multi-
lane roads and some of the highest reported traffic volumes as compared to other New England states.
The number of lane miles associated with interstate roads in Massachusetts is similar or greater than the
overall lane-mileage maintained by other NE state agencies.

= MassDOT relies more heavily on hired equipment compared to other states mainly because of its higher
percentage of multilane, roadway miles requiring greater numbers of snow-fighting equipment and
operators per roadway mile compared to typical two-lane roadways.

= Due to the greater roadway lane mileage that MassDOT maintains, the total annual salt usage also tends
to be much higher in Massachusetts relative to other New England states.

= Snow and Ice Control Directors from the various states frequently consult with one another to exchange
information and are very much aware with the operations and equipment used within the various states.

= Although most New England state transportation agencies have incorporated anti-icing programs for
winter road maintenance, in many respects, MassDOT may be further ahead than most in terms of full
statewide implementation. The recent policy changes adopted in the 2010/11winter season, requiring all
hired equipment to have pre-wetting capabilities was a major step forward in achieving full statewide
implementation of anti-icing practices.
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MassDOT will continue to evaluate and incorporate new technological advances, consulting and
exchanging ideas and findings with other snow and ice control practitioners throughout the country.

Environmental Resource Protection and Remediation

Salt Remediation Program

MassDOT has administered the Salt Remediation Program for over 25 years as a means to respond,
investigate and remediate, when necessary, to potential salt contamination complaints related to public
and private water supply wells when proven to be affected by MassDOT deicing activities.

In 2003, the Environmental Section of the MassDOT Highway Department assumed responsibility and
administration of the Salt Remediation Program. Prior to 2003, the Program was administered by the
MassDOT Research and Materials Division.

In 2004, MassDOT expanded an Interagency Service Agreement with the UMass Engineering
Department to perform the site investigations and hydrogeological studies needed to address salt
contamination complaints.

MassDOT spends, on average, approximately $650,000 per year on its Salt Remediation Program
primarily on investigating and remediating salt complaints. The annual costs have ranged from
approximately $400,000 to just over $1 million depending on the number of cases and the geographic
extent of the affected areas.

Since 2006, the Environmental Services Section of the Highway Division has received approximately
sixty new salt complaints or roughly twelve complaints per year. Of these, twenty-eight have been
remediated and closed, four have been denied because they did not provide data or did not meet the
program requirements while another 26 cases are being investigated or in the process of remediated.
Where remedial actions were taken, a large majority of the cases resulted in a substantial reduction in
sodium concentrations. Most remedial measures resulted in at least an 85 percent reduction in the
initial sodium concentrations. Only a handful of cases did not result in a substantial reduction in
sodium concentrations following the implementation of remediation measures.

In the few cases where reductions in sodium did not occur, MassDOT continues to work with the
homeowner or public water supplier to identify and implement other measures that will reduce future
sodium concentrations.

Update on Reduced Salt Zones

MassDOT maintains approximately 53 different reduced salt zones (RSZs) throughout the state.
RSZs are established to reduce sodium levels in nearby private or public wells following receipt of a
written complaint and a hydro-geological investigation. Reducing sodium is accomplished by using
other types of deicing materials such as a Pre-Mix and/or sand to replace road salt.

In total, the current RSZs comprise approximately 624 roadway miles or 1,750 lane-miles, which
accounts for approximately 10 percent of the total lane-mileage maintained by MassDOT.

Districts 4 and 5 have the most roadway miles in RSZs with District 4 having approximately 436 lane-
miles in various RSZs and District 5 has approximately 749 lane-miles in various RSZs.

In District 5, all of the state-maintained roadways on Cape Cod including Routes 6, 6A, and 28 are
designated as reduced salt zones due to the designated Sole Source Aquifer that underlies the entire
Cape Cod region. The roadways in the Cape Cod region account for most of the District 5 RSZ lane
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miles. A section of 1-495 in Middleboro between Interchanges 3 and 6 (approximately 32.4 lane-miles)
and a parallel section of Route 28 (consisting of approximately 28 lane miles) are also designated RSZs.
Maintaining a RSZ generally involves higher costs due to a number of factors but primarily due to the
higher unit costs of other deicing materials used rather than road salt. Pre-mix costs approximately $200
per ton or about 4 times more than the $50 to $60 per ton for regular road salt.

The use of Pre-mix or other materials requires additional storage and material handling in addition to
that for road salt. Pre-mix is much more hygroscopic than regular road salt (meaning it attracts
moisture) and, therefore, since atmospheric humidity cannot be reasonably controlled, Pre-mix, over
time, will absorb enough moisture that it consolidates into a solid block of material. This represents a
serious problem for storing Pre-mix over the course of a season and from year to year.

MassDOT purchased two portable grinding machines to restore the aggregated Pre-Mix material back
into a granular form. Otherwise, the solidified Pre-Mix material would be disposed as waste material.
This additional handling, although it saves on disposal costs and avoids having to purchase additional
Pre-Mix, adds to the cost of maintaining a RSZ relative to a regularly treated roadway.

Public Water Supply Sodium Data

The 2006 GEIR provided an analysis of the reported sodium data for various public water supplies
(PWS) in Massachusetts based on the available data contained in the MassDEP files. The analysis
focused on approximately 328 community public water supply wells that were identified as being
within 0.5 mile of a MassDOT roadway using the MassDOT GIS roadway inventory. Of these 328
PWS wells, sodium data was available for 210 different sources.

The 2006 GEIR indicated that 90 percent of the 210 municipal water supply sources that had a well
source within 0.5 mile of a MassDOT roadway had sodium concentrations below 60 mg/L, which is the
upper limit of EPA’s recommended health advisory for people on sodium restricted diets. Nearly 50
percent of these same water supply sources reported average sodium concentrations below 20 mg/L.
Based on these results, close proximity to a MassDOT roadway did not seem to be a strong indicator as
to which public water supply wells may have elevated sodium levels since only 10 percent of the PWS
wells located within a 0.5 mile of a MassDOT roadway had sodium levels above 60 mg/L.

For this ESPR, a similar analysis was conducted using MassDEP’s database of reported sodium levels
from public water supplies. As of Dec. 2010, the database contained 8,000 sodium reports submitted
between 1993 and 2010 for approximately 398 different community PWS systems.

Using MassDOT’s GIS roadway inventory data and MassDEP’s public water supply source location
information, approximately 359 community (PWS) systems were identified as having one or more wells
or surface water sources located within a 0.5 mile of a MassDOT roadway.

The results of this analysis were similar to those presented in the 2006 GEIR where more than

90 percent of the community PWS systems had reported average sodium concentrations that were
below 60 mg/L. More than 50 percent of the community PWS systems had reported average sodium
concentrations that were below 20 mg/L. Less than 3 percent of both the overall community and
municipal systems had average reported sodium concentrations that were above 100 mg/L.

Historical trends of sodium data were reviewed for fifteen different municipal well systems that were
identified as having relatively higher sodium levels going back to 1993 and are located in more
urbanized areas of the state. These systems include those in the Towns of Auburn, Burlington,
Chelmsford and North Chelmsford, Concord, Dedham, Franklin, North Attleboro, Middleboro, Oxford,
Wellesley, Wilmington, and Woburn.
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Municipal systems that had some of the highest sodium levels such as those in the Towns of Auburn
and North Chelmsford showed more recent declines in sodium levels compared to past years. Sodium
levels in both of these towns, however, are still above 100 mg/L.

Several municipal systems reported increasing sodium levels going above 60 mg/L and approaching
100 mg/L. These municipalities include Burlington, Concord, Dedham, Millbury, Salisbury,
Wilmington and Woburn. It is difficult to determine whether these increases represent a long term
trend and whether or not these increases are due to MassDOT road salt applications or road salt usage
on other roadways and parking lots in the area. More detailed studies would be needed to evaluate
relative contribution of the various sodium sources within the Zone 1l areas of these systems.

Potential Environmental Salt Related Impacts on Other Environmental Resources in Massachusetts

Following the 2006 GEIR, MassDEP expressed concerns that MassDOT was undervaluing the findings
of the Kampoosa Bog Study as reported by Richburg et al. (2001).

The Kampoosa Bog was designated as an Area of Critical Environmental Concern (ACEC) in 1995 and
is located in western Massachusetts in the towns of Stockbridge and Lee. The Bog is a large wetland
complex, approximately 1,350 acres in size, comprised of red maple swamp areas and a calcareous
(calcium-rich) basin fen surrounding an open water area.

The Kampoosa Bog features a unique lake-basin fen habitat that supports state-listed endangered and
threatened species. The herbaceous fen contains over 60 species of sedges, grasses and rushes.
According to the Richburg study, large areas within the Bog have been colonized by an aggressive,
invasive plant known as the common reed, or Phragmites australis, which grows in dense monocultures
resulting in diminished habitat and resource value. The spreading of Phragmites in this Bog has been
attributed to road salt but its initial establishment may have been due to soil disturbances caused by gas
pipeline construction within the roadway right-of-way. The presence of Phragmites reportedly first
became evident along the northern edges of bog adjacent to the Turnpike right-of-way upon review of
1991 aerial photos which were taken after some recent gas line construction in 1991. The study authors
noted that Phragmites was not apparent in previous aerial photographs taken in 1952, 1972 and 1985.
The primary roadways adjacent to this bog consist of approximately 2.0 miles of the Mass Turnpike and
a short section of Route 7 along the northerly limits of the Bog.

This study found that sodium and chloride concentrations in the fen groundwater were highest closer to
the 1-90 roadway and that Na and CI concentrations were higher near the surface. The study authors
suggested that road salt is being added to the fen by surface and shallow ground water flow.

Recent Studies Documenting Increasing Chloride Levels in Aquatic Environments

MassDEP’s 2010 Integrated List of Waters (303(d) and 305(b)) lists four streams in the Wilmington,
Tewksbury and Andover area along the 1-93 corridor as impaired due to elevated chloride levels based
on data collected by EPA-New England during the winter of 2009/10. These four streams were listed as
Category 5 water bodies, which are considered to have the highest priority for initiating Total
Maximum Daily Load (TMDL) studies to alleviate the known impairment (EPA Report, 2010).

One of the first chloride-based TMDL studies ever completed was for Shingle Creek in Minnesota.
Shingle Creek was listed as an impaired water body for chloride in 1998. Road salt used on municipal
roads was estimated to contribute 43 percent of the total chloride load, while 26 percent of the chloride
load was associated with county roads and 13 percent was linked to MinnDOT roads. The results of the
TMDL study indicated that existing chloride loads need to be reduced by 63 percent during winter low
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flow periods in order for the water quality standards to be met. To meet this goal, the report suggested
that training to municipal and private operators be greatly increased and implement equipment upgrades
and the latest technology as well as increased use of alternative deicers (Wenck Associates 2004).
TMDL studies were completed for four streams located in southern New Hampshire along the 1-93
corridor (NH Department of Environmental Services, April 2008). The findings of these TMDL studies
indicated that in two of the more highly urbanized watersheds, road salt applied to parking lots was the
largest single source of chloride and accounted for 45 to 50 percent of the chloride inputs while
municipal- and state-maintained roads accounted for generally less than 30 percent (NHDES, 2008b).
In two other smaller watersheds in Windham, NH, salt used on state-maintained roads accounted for 50
to 85 percent of the estimated chloride inputs.

In these four chloride impaired streams in New Hampshire, Trowbridge et al. (2010) reported average
chloride concentrations ranging from 149 mg/L to 309 mg/L and percent imperviousness of 8 to 31
percent within the various watersheds for commercial, industrial and transportation areas land uses. The
study showed a strong correlation between urbanization and average and peak chloride concentrations.
Deicing of roadways and parking lots accounted for more than 90 percent of the chloride imports in
each watershed. Based on a mass balance analysis of stream flow and chloride inputs, the average
chloride loading rates ranged from 45 to 98 mg/L km™ yr™ depending on level of urbanization.

In 2009, the lowa Department of Natural Resources (DNR), working with EPA Region 5, conducted
additional toxicity testing of chloride on four, freshwater invertebrate species and revealed several flaws
in the data and methods used by U.S. EPA to develop their recommended acute and chloride standards
back in 1988. Since lowa’s recent testing used more sensitive species than those used in EPA’s original
testing, they are likely to more accurately reflect the potential toxicity of chloride to aquatic life. The
lowa’s chloride standards are based on a regression equation that accounts for both ambient hardness
and sulfate levels, which influence the toxic effects. Using the more recent toxicity test results, lowa
DNR developed new water quality standards for chloride that resulted in a lower acute numerical
standard (e.g., 500 to 600 vs. 860 mg/L) but a higher chronic standard (e.g., 300 to 400 vs. 230 mg/L).

Best Management Practices

Use of Liquid Brine Solutions for Anti-Icing and Pre-Wetting Purposes

MassDOT has incorporated a number of Best Management Practices over the last five years including
statewide use of liquid brine solutions for pre-treatment applications and pre-wetting of salt.

In 2010/11, MassDOT required that all hired equipment spreaders to be equipped with pre-wetting
apparatus in order to be called into service.

In 2010/11, MassDOT used approximately 554,400 gallons and 893,800 gallons of liquid CaCl, and
MgCl, statewide, respectively. This represents an increase of more than 50 percent from two years ago.
A Michigan DOT study revealed that as much as 30 percent of the salt can be wasted when dry salt is
applied to a dry pavement since much of the applied salt will likely bounce off or be blown off the
pavement, leaving only 70 percent of the applied material to be effective (Michigan DOT, 1999).

In 2012, MassDOT will construct its first liquid brine production facility in District 5 to increase the
availability and the cost-effectiveness of using brine solutions.
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Alternative Materials

Calcium magnesium acetate (CMA) and potassium acetate (KAc) represent two primary alternatives to
chloride-based materials These acetate-based compounds are considered to be less toxic to aquatic life
and less harmful to plants as compared to chloride-based salts (Stormwater-Wagner and Yaggi, 2010).
However, acetate-based chemicals typically cost 10 to 20 times more than regular road salt with recent
cost data for CMA and KAc ranging anywhere from $700 to $1200 a ton (Shi, X. et al., 2009).

The complex carbohydrates associated with the organic material used to develop acetate compounds
can pose a large biological oxygen demand due to the biodegradation process when released to surface
waters. Acetates derived from agricultural byproducts can also contain elevated levels of nitrogen and
phosphorus, which can stimulate algal growth in downstream waters, especially in lakes and ponds.
Given the potential threat for increased oxygen demand and the release of additional nutrients, acetate-
based materials should not be used on roadways located within watersheds of lakes and ponds.

CMA has been found to perform more slowly than road salt in melting snow and is less effective in
penetrating snow, especially at temperatures below 23°F (Colorado DOT, Shi et al., 2009). A study
done by Wisconsin DOT reported that application rates of CMA needed to be 1.2 to 1.6 greater than
that of road salt to achieve the same performance.

A Michigan Department of Transportation study compared the potential direct costs of using chloride
vs. non-chloride-based materials on a per-mile basis. Direct costs included material costs labor costs,
storage costs, potential vehicle corrosion costs and bridge deck corrosion costs. Using the average unit
costs of $28-30 per ton for road salt and $600 to $700 per ton for CMA at the time of the study, the total
direct costs of road salt use were estimated to range from $12,740 to $13,820 per mile on a two-lane
roadway, as compared to estimated direct costs of $25,920 to $32,640 when using CMA on the same
roadway. The higher CMA costs were primarily due to the higher purchase costs despite the much
lower vehicle corrosion and infrastructure corrosion costs estimated for CMA as compared to road salt
(Public Sector Consultants, Inc., 1998).

Road Weather Information Sensor (RWIS) Systems

MassDOT has been using RWIS technology for the more than 15 years and has twenty-six (26) RWIS
stations throughout the state.

Many of the RWIS stations have closed circuit cameras so that real-time road conditions and weather
conditions can be directly observed. In simple terms, RWIS is a tool that helps eliminate some of the
“guesswork” in determining what the road conditions are like before, during and after a storm event.
The RWIS data helps district personnel in determining when the first initial application may be needed
and reduces the number of unnecessary applications that are done based on “anticipated” conditions
rather than actual conditions, especially at the early stages of storm event. The timing of the first
deicing application can often be delayed if the RWIS data indicates that pavement temperatures are at
or above 32°F and/or the chemical sensor indicates residual deicing chemical is still on the pavement.

Summary of Other Emerging Technologies

Plowing represents the principal means of removing snow and ice from the roadway. MassDOT is
testing a flexible, segmented plow blade, which allows the blade to conform better to the contour of the
road. Other state transportation agencies have reported positive results in using the newer JOMA
blades, made by Black Cat Blades. lowa DOT found that JOMA blades lasted three to four times longer
than standard carbide blades. Although the blades cost roughly twice as much as standard blades, the
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added durability and performance of these blades was considered to be more cost-effective than
conventional plow blades (lowa DOT Newsletter, Oct. 2009).

MassDOT has acquired mobile pavement temperature sensors for many vehicles to supplement the
additional data collected by the RWIS stations. District personnel found that the pavement temperature
sensors were valuable in determining when materials are needed or what type of materials should be
used. Pavement temperatures are often quite different than air temperatures as pavement temperatures
change more slowly and often reflect the prevailing air temperatures of the last 48 to 72 hours rather
than current air temperatures.

In the winter of 2010/11, MassDOT provided incentives for hired contractors to use closed loop controllers
on their spreaders. More than 50 percent of the hired equipment fleet is now using closed loop controllers.
This percentage is expected to increase each year. Preliminary data suggest that the closed loop controllers
use 30 to 40 percent less material relative to other spreader types under most storm conditions. Operators
have frequently reported that the application rate appears to be much more consistent and uniform using
these systems. More time and experience will allow for a more definitive determination as to whether the
use of these controllers results in a significant reduction in material usage.

In the winter of 2009/2010, MassDOT began testing the use of a friction meter in District 4.The friction
meter provides real-time data on surface traction or skid resistance during winter weather, which
District personnel use as a tool to more accurately determine when treatment applications may be
needed during a snow and ice storms. The roadway data collected from the truck mounted computer is
downloaded onto a laptop computer and entered into a spreadsheet and then graphed for analysis.

Roadway Infrastructure and Vehicle Corrosion Damage

Corrosion of roadway infrastructure represents one of the largest economic consequences associated
with the snow and ice control activities, particularly with the use of chloride-based salt. A Federal
Highway Administration study reported that the annual corrosion related costs to motor vehicles and
roadway infrastructure are approximately $23.4 and $8.3 billion, respectively (Koch et al., 2002).
Chloride-induced corrosion on reinforcing steel and other metal components is perhaps the most widely
occurring cause for premature bridge deck deterioration. The rate of deterioration depends on the
ability of water containing chloride ions to penetrate the concrete and interact with the encased steel.
The most vulnerable bridges are those constructed more than 30 to 40 years ago prior to the use of
protective measures designed to minimize the potential for chloride laden water to penetrate the
concrete and attack the reinforcing steel components.

In 2010, MassDOT estimated that approximately 11 percent or 558 out of a total 5,113 bridges in the
state were deemed structurally deficient. Approximately 519 or 93 percent of these structurally
deficient bridges were constructed before 1965 or nearly 50 years ago.

Recent use of sealants and concrete additives has greatly reduced the corrosive effects of chloride based
deicers. Sealants reduce the rate of chloride intrusion into the concrete or mortar and typically can last
three to five years before they need to be reapplied. Certain additives into the concrete mix such as fly
ash have been shown to reduce the permeability of cement.

A FHWA study suggested that using less corrosive materials along with various protective measures in
the design or replacement of bridges could save up to 46 percent of the annual corrosion cost on black
steel rebar bridge decks or approximately $2,000 per bridge per year (FHWA, 2001).

Studies have shown that alternative acetate-based deicers are much less corrosive to steel. Locke et al.
reported that CMA was 2-4 times less corrosive on steel as compared to NaCl.
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Automobile manufacturers continue to make significant progress in changing the materials and design
of automobiles to reduce the effects of corrosion. Considerable progress has been made over the last
two decades especially with the main chassis components.

A recent report suggested that the use of liquid deicers, especially those containing chloride, may result
in more aggressive corrosion on various motor vehicle components such as brake linings, couplings and
electrical connectors (Rubin et al., 2010).

Public Safety and Economic Consequences Related to Safe Roadway Conditions

A recent economic study conducted by IHS Global Insight reported that a one day shutdown in
Massachusetts due to impassable roads could result in an economic impact of $265.1 million with
$119.4 million associated with direct impacts and an estimated $145.7 million associated with indirect
impacts. The majority of these economic losses were linked to hourly wages with a total of $194
million estimated to be lost due to hourly workers not being able to make it to work. Approximately
$40.5 million was estimated to be lost due to lost retail sales, another $10.8 million was estimated to be
lost in state and local taxes and $19.7 million was estimated to be lost in federal taxes. Although these
estimates are based on numerous assumptions and have a wide margin of error, even if the estimates
were reduced by 25 to 50 percent the economic impact of a statewide one day shutdown due to a major
snow event would still be relatively large (IHS Global Insight, 2011).

Another study reported that trucking companies lose an estimated 32.6 billion vehicle hours annually
due to weather-related congestion in the nation's largest metropolitan areas.

A study conducted by the Texas Transportation Institute ranked the Boston metro region, which extends
from Rhode Island to southern New Hampshire, as seventh among 439 urban areas nationwide for most
time stuck in traffic during peak commuting hours. The average Boston-area commuter in 2009 spent
48 hours delayed in traffic congestion over the course of a year. The added cost to each commuter
associated with these delays was estimated to be $1,112 per year based on an assumed hourly value of
$16 per person commuting and $160 per hour for trucks as well as the costs for increased fuel
consumption (Urban Mobility Report 2009).

In review of the reported monthly accident totals in Massachusetts over the last eight years, the average
number of accidents during winter months (November to March) is approximately 11 percent higher
representing approximately 1,400 more accidents per month compared to the average number of
accidents during non-winter months.

A study conducted in Maine reported that when temperatures were below 25°F and the daily snowfall
was greater than one inch, the average daily accident rate increased by approximately 150 percent or by
approximately 127 additional crashes above the average daily accident rate of 82 crashes during dry
conditions (Rubin et al., 2010).

A study conducted by the Marquette University’s Civil and Environmental Engineering Department
evaluated the effects of deicing applications on roadway conditions and vehicle accidents rates during
winter storm events on various two lane highways and multi-lane divided freeways in several mid-
western states. The researchers concluded that the average benefits in terms of reduced accident rates
and associated costs amounted to approximately $6.50 for every $1.00 spent on direct roadway
maintenance activities (Kuemmel and Hanbali, 2002).
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Conclusions and Recommendations

Conclusions

MassDOT’s roadway lane-mileage for winter maintenance has increased by approximately 20 percent
or by 2,694 lane-miles since 2006 primarily due to the additions of the Mass Turnpike, the Tobin
Bridge and several roadways previously maintained by DCR.

MassDOT has implemented numerous technological advances, policy changes as well as increased its
use of liquid brine solutions as part of a statewide anti-icing program that relies heavily on
pretreatment applications and pre-wetting salt to increase the effectiveness of material usage.

In the winter of 2010/11, MassDOT instituted a new policy that requires all hired equipment to have
pre-wetting capabilities in order to be called into service. Prior to this policy change, the use of pre-
wetting equipment was voluntary and used intermittently in selected areas.

MassDOT eliminated the use of separate plow trucks and has incorporated the use of material
spreaders equipped with plows or spreader/plow combos.

MassDOT encouraged hired contractors to use computerized closed-loop controllers that have been
found to be more efficient and more consistent in material applications as they adjust for various
operating conditions. During the winter of 2010/11, as much as 50 percent of hired equipment had
closed-loop controllers compared to an estimated 20 percent the year earlier.

Annual salt usage was found to be highly correlated to Winter Severity Index (WSI) values based on
a regression analysis of annual salt usage versus WSI values over a 10-year period such that as much
as 95 % of the variability in the year-to-year statewide salt usage can be explained by differences in
winter severity. The use of WSI values has been shown to be a useful tool in evaluating the
performance of salt reductions measures as implemented by MassDOT.

The annual statewide salt usage in 2010/11 was approximately 170,000 tons or 23 percent less than
that used in the winters of 2003 and 2005, both of which had similar or slightly lower WSI values
(i.e., less severe) than 2011. This reduction in salt use is attributed to the increased use of efficiency
measures (e.g., pre-wetting, closed-loop controllers, etc.) and is even more significant given that
MassDOT maintains more roadway mileage now compared to the previous ten years and that the
winter of 2010/11 was one of the most severe winters in the past eleven years.

MassDOT spends approximately $650,000 a year, on average, administering and implementing
remedial measures as part of its Salt Remediation Program.

Since the 2006 GEIR, the Environmental Services Section of the MassDOT Highway Division has
received approximately sixty new salt complaints. Of these, approximately two-thirds have been
remediated and closed, several were denied because they did not provide data or did not meet the
program requirements while another 20 cases are in the process of being investigated or remediated.
MassDOT is committed to build on its recent progress in implementing more efficient application
measures and continue its efforts to further reduce the amount of road salt used in future years.
Adverse effects of road salt usage have been documented with respect to several environmental
resources within the state including the decline in plant community richness and diversity in the
Kampoosa Bog and the reported elevated chloride concentrations in several streams along the 1-93
corridor in the Andover and Tewksbury area. Increases in sodium and chloride levels in critical
groundwater supplies such as that in the Canoe River Aquifer in southeastern Massachusetts also
represents an ongoing environmental concern.

Several municipal public water supply systems (PWS) that have reported increasing trends in sodium
concentrations. These municipal PWS systems include those in the Towns of Burlington, Cambridge,
Concord, Dedham, Millbury, Salisbury, Wilmington and Woburn. MassDOT will continue to
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coordinate with PWS suppliers when written complaints are received to assess whether MassDOT’s
material applications and storage practices are potentially linked to these increases and, if so, identify
appropriate remedial measures to minimize these impacts. In more urbanized areas, the amount of
road salt used on municipal roadways and commercial parking lots may be as much or even greater
that used on state roads within a particular Zone Il area. In these cases, remedial measures performed
by MassDOT may result in minimal change in the sodium levels. Comprehensive investigations
would be needed to assess the relative potential contributions from all the sources within the Zone 11
areas including other roadways and parking lot surfaces.

Recommendations

1. In Reduced Salt Zones currently using a 50:50 sand:salt mix, MassDOT should seek to modify the
ratio of the sand:salt to use less sand and accomplish salt reductions by either using more Pre-mix
and/or use more innovative measures to increase the effectiveness of the treatment applications and
potentially reduce the overall number of applications performed in each RSZ during storm events.
The current use of a 50:50 mix of sand and salt appears to have limited effectiveness in reducing the
overall salt usage according to observations of district personnel. Minimizing use of sand has added
environmental benefits (e.g., less stream siltation, reduced phosphorus loading, etc.) and could be as
important in many locations as alleviating sodium issues related to road salt.

2. Review effectiveness of current application measures and identify key road segments that warrant
additional innovative techniques along the Massachusetts Turnpike, particularly in the area of
Kampoosa Bog as well as any roads previously maintained by the Department of Conservation and
Recreation (DCR) .

3. Consult with MassDEP Drinking Water Program personnel on an annual basis to identify priority
issues, the need for ongoing protection measures as well as to strike a balance between the water
quality and groundwater recharge needs for the various public water supplies.

4. Consult and coordinate closely with municipal water supplies that have reported recent increases in
sodium levels above 60 mg/L. Consider initiating a watershed based analysis to identify the various
potential sodium sources and roadway areas within the contributing area of the water supply wells.

5. Continue to evaluate and prioritize storage shed improvements to minimize any outside exposure to
off-loading and loading practices, particularly in any Zone Il areas of PWS wells showing increasing
trends in sodium levels.

6. Incorporate the use of GPS technology and material usage data logging in spreader trucks to optimize
spreader routes in critical environmental areas, including Zone Il areas, to improve material
efficiencies. Evaluate the possibility of using geo-fencing technology to establish electronic geo-
referenced boundaries to signal and adjust automatic spreader controls and/or alert operators of major
environmental resources in the area. This technology could be useful in eliminating possible overlaps
in spreader routes where multiple spreaders may pass through the same roadway sections and
minimize inadvertent repeat applications.

7. Develop procedures to enhance material usage recording and reporting by specific spreader routes
and especially routes in critical environmental areas. This can be accomplished by utilizing the data-
logging capabilities of closed-loop controllers and implementing the necessary controller proprietary
hardware/software and wireless equipment to enable electronic data retrieval at the depot level.

Executive Summary ES-14



2012 MassDOT Snow and Ice Control ESPR PUBLIC REVIEW DRAFT - February 2012

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Evaluate the benefits of the Friction Meter based on the test results in District 4 and determine
whether the use of the Friction Meter should be used in other locations and integrated into the closed-
loop controller similar the Minnesota DOT prototype.

Develop a process and designate personnel that would be responsible for compiling material usage
data and updating the Winter Severity Index (WSI) on a seasonal and district basis to allow
comparison to material usage and program costs on a seasonal basis.

Continue to utilize and formalize the mission of the Snow and Ice Materials Usage Committee as a
means to prioritize goals and indentify measures with district personnel to continue to make the snow
and ice control program more efficient and effective while emphasizing that road safety,
environmental protection and increased reporting and record-keeping are key areas in need of
improvement.

Establish a process to prepare an Annual Summary Report to summarize the changes and equipment
upgrades implemented over the course of the season, material usage, winter severity index and any
environmental remediation issues.

Formalize a training process to enable the exchange of information with State Police and other law
enforcement and/or public safety personnel on annual basis and discuss policies and procedures for
identifying conditions where snow and ice control activities are needed for the upcoming season.

Establish a contractor training program using available computer based training tools developed by
others that leads to a Certification Program similar to that being or has been developed in other states.

Review and assess whether more stringent calibration testing and reporting procedures are necessary
to ensure adequate equipment calibration procedures are met on state-owned and hired equipment
prior to the season and perhaps mid-way through the season as well.

Meet with Snow and Ice Control personnel from other Northeast states on annual basis to exchange
ideas and knowledge on technology and procedures for snow and ice control.

Incorporate the use of corrosion resistant materials in the design and construction of future roadway
and bridge design projects.

Evaluate the feasibility and potential benefits of a bridge washing program to remove remaining
residual salts left behind from snow and ice operations as a means of reducing the corrosion effects.

As part of pavement rehabilitation projects, investigate the opportunities for re-applying protective
sealants to the concrete decks to minimize future corrosion.

Evaluate the winter and non-winter related benefits and deicing material usage on open-graded
friction coarse pavement in comparison to gap-graded friction pavement overlays.
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Chapter 1
MassDOT Snow and Ice Control Program Operations and Policies

Introduction

Following completion of the 2006 GEIR, the Secretary of the Executive Office of Energy and Environmental
Affairs (EEA) issued a Certificate (EEOA #11202) to establish a special review process, whereby future
environmental reviews of the MassDOT Snow and Ice (S&I) Control Program will be in the form of an
Environmental Status and Planning Report (ESPR) instead of a GEIR (see Appendix A). Consistent with this
Certificate, MassDOT submitted a Work Plan in April 2008 that outlined the work tasks and timeline that was
used to guide the preparation of this ESPR as well as address the concerns raised in review of the 2006 GEIR.
Appendix A also contains the 2006 GEIR comment review letters and MassDOT responses to comments.

On June 13, 2008, the EEA Secretary issued a Certificate to formally accept the 2008 ESPR Work Plan and
the comments received during the review process as the outline for the next ESPR (see Appendix B). The
Secretary requested that the future ESPR provide an estimate of the current impact the statewide Snow & Ice
(S&I) Control Program may have on the state’s environment resources as well as provide a forecast of the
potential future impact and the mitigation measures being used to minimize these impacts. The 2008 Work
Plan outlined a time frame where a Public Review Draft of the ESPR would be submitted in December 2011
and the Final ESPR would be submitted in June 2012. The Certificate requested also that the future ESPR
address the agency and public comments received in review of the previous 1997 GEIR (see Appendix C).

This document provides updates on the latest policies, procedures, equipment, and technologies incorporated
into the MassDOT S&I Control Program since the completion of 2006 GEIR. New information with regard
to environmental impacts, as well as the socio-economic costs and benefits associated with winter
maintenance, are also presented. This document is organized with the following chapters:

Chapter 1 - Describes the overall management and operational aspects of MassDOT’s S&I Control Program
including a description of its roadway network, the communication process, the roles and responsibilities of
the various MassDOT personnel, historical data on annual salt usage, annual training activities, material usage
policies and guidelines, and vehicle washing policies.

Chapter 2 - Describes various environmental protection and remediation measures used to minimize the
effects of the S&I Control Program on environmental resources including MassDOT’s Salt Contamination
Complaint and Remediation Program, the Reduced Salt Zones Policy and an update on recently reported
sodium levels in community public wells throughout the Commonwealth as well as a summary of relevant
findings on the effects of deicing chemical usage on the natural environment as reported in various studies.

Chapter 3 - Describes the latest tools and technologies implemented by MassDOT to increase the efficiency
and effectiveness of S&I Control Program and minimize deicing chemical usage.

Chapter 4 - Presents a summary of the potential adverse effects on vehicle corrosion and roadway
infrastructure due to the corrosiveness of road salt and other deicing materials.
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Chapter 5 - Describes research findings on the effects of adverse winter conditions on local and regional
economic activity due to reduced vehicle mobility and travel delays as well as vehicle accident rates, personal
injuries, property damage and accident related costs.

Chapter 6 - Provides recommendations future activities and implementation efforts on MassDOT S&I
Operations including periodic reporting and coordination with various resource agency personnel on relevant
information to address concerns within a to-be-determined accepted time frame.

Chapter 7 - This Chapter will be completed following review of the public review draft of 2012 ESPR and
will include comments received on the public review draft and MassDOT responses to these comments for the
Final Draft. Responses to comments received on the 2006 GEIR are provided in Appendix C.

Major Changes since the Completion of the 2006 GEIR

Since the completion of the 2006 S&I Control GEIR and the 2008 ESPR Work Plan, several major changes
have occurred with respect to the S&I Control Program as described below

New Director of MassDOT S&I Control Program- In 2006, following the completion of the 2006 GEIR,
MassDOT (at the time MassHighway) hired a new Director of S&I Operations, who has extensive experience
in S&I Control measures and has been responsible for implementing many new techniques, technologies and
equipment upgrades within S&I Control Program.

Integration of State Transportation Agencies - In 2009, Governor Deval Patrick signed landmark reform
legislation to integrate the various transportation agencies and authorities of the Commonwealth into a new,
streamlined Massachusetts Department of Transportation (MassDOT) established on November 1, 2009. The
new MassDOT represents a merger of the former Executive Office of Transportation and Public Works
(EQOT) and its divisions with the former Massachusetts Highway Department (MHD), the former
Massachusetts Turnpike Authority (MTA), the former Registry of Motor Vehicles (RMV), the former
Massachusetts Aeronautics Commission (MAC) and the Tobin Bridge, which was previously operated by the
Massachusetts Port Authority. The new MassDOT has also assumed design, construction maintenance
responsibilities of many of the bridges and urban parkways previously maintained by the Department of
Conservation and Recreation (DCR). Prior to this reorganization, in 2006 MassDOT took over S&I control
responsibilities for certain DCR roadways, although DCR still maintains certain urban roads and recreational
park related roads. Although the MBTA and Massport are now part of the overall MassDOT organization,
their roadway and parking lot maintenance and operations are completely independent of the MassDOT
Highway operations.

New MassDOT District 6 - In 2010, MassDOT re-organized its maintenance districts and added District 6,
which includes the City of Boston and various communities in the surrounding Metropolitan Area that were
previously part of District 4. The new district includes many of the urban roadways that were previously
maintained by DCR, as well as the Tobin Bridge and the easterly portions of the former Mass Turnpike. The
westerly portions of the turnpike roads have been incorporated into Districts 1, 2 and 3.
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S&l Control Program Overview

The MassDOT S&I Control Program, as described herein, specifically refers to all operations conducted by
the MassDOT Highway Division during winter months to maintain safe travel conditions on MassDOT-
maintained highways and bridges. Overall, MassDOT seeks to maintain a balance between the benefits of
maintaining reasonably safe road conditions for public safety and vehicle mobility during inclement winter
weather while minimizing the potential adverse effects to environmental resources, roadway infrastructure
and vehicles. More specifically, the general goal is to maintain a roadway surface condition that allows
motorists to maintain vehicle control and mobility at reduced vehicle speeds. The primary means to achieving
this goal include; (1) the physical removal of snow from the roadway surface through plowing; and (2) the
timely application of deicing materials including the use of anti-icing methods to reduce the temperature at
which water freezes such that ice does not build up on roadways and the snow can be removed by plowing.

In areas designated as Reduced Salt Zones (RSZs), sand is often used in combination with a chemical deicing
treatment to reduce the amount of deicing chemical used while maintaining an acceptable level of vehicle
traction. However, recent studies and actual field observations have shown that the traction benefit of sand is
very short-lived as the weight of passing vehicles quickly pulverize the structure and shape of sand particles
leaving little traction benefits, especially on the moderate to high traffic volume roadways. As a result,
MassDOT has been using less and less sand and have focused its efforts in increasing the effectiveness of its
material applications to minimize environmental impacts while reducing costs. The consequences of sand
applications are discussed in greater detail in Chapter 2.

In the last five years, MassDOT implemented a proactive approach and has made tremendous progress in
increasing its efficiency and effectiveness of its anti-icing and de-icing treatment applications and plowing
activities. Incrementally each year, MassDOT incorporated newer technologies, equipment upgrades and the
use of alternative deicing chemicals including the use of liquid deicers for anti-icing applications and pre-
wetting purposes. MassDOT installed Road Weather Information Systems (RWIS) throughout the
Commonwealth to improve its geographic coverage of real-time, local roadway and weather condition data,
which are used in the decision-making process to determine when to plow and when deicing treatment
applications may be necessary. MassDOT incorporated the use of mobile pavement temperature sensors and
the use of computer controlled application systems on spreader trucks. These recent tools and practices are
discussed in greater detail in Chapter 3.

MassDOT relies heavily on the use of hired equipment or contractors to provide sufficient geographic and
timely coverage for its extensive statewide roadway network. The percentage of hired equipment used is
about 90 percent. MassDOT has 140 depots, staffed with approximately 725 state personnel. MassDOT has
approximately 120 spreader/plow truck combinations and uses another 900 hired spreader/plow trucks during
snow events. The annual operating budget for the S&I Control Program ranges between $70 million and
$100 million, and is highly dependent on the number, severity, and duration of winter storm events as well as
the prevailing temperatures throughout the winter season. Between 30 and 40 percent of the annual S&I
Control Program budget is associated with the purchase of deicing materials. The types of materials used are
further outlined below. Hired equipment typically accounts for 60 to 70 percent of the annual costs and tends
to be highest during the more severe winters when more equipment is needed.
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Statewide Roadway Network

Based on the 2010 MassDOT Roadway Inventory, there are 36,250 center-lane miles and 72,033 lane-miles
of roadways within the Commonwealth. The amount of roadway under MassDOT Highway Division
jurisdiction accounts for 3,010 center-lane miles and 9,570 lane-miles or a little more than 8 and 13 percent of
the total statewide center-lane and lane-miles, respectively. City and town roads make up an estimated 29,182
center-line and 55,518 lane-miles or more than 80 percent of the state roadway center-lane miles and
approximately 77 percent of the total lane-miles. According to the report, the lane-mile estimates are based
on travel lanes only and do not include auxiliary lanes such as turning lanes, shoulders and on- and off-ramps.
When turning lanes, shoulders and on-and-off ramps are included, the amount of lane-miles under MassDOT
jurisdiction increases to 15,250 lane-miles based on the GIS roadway data base. MassDOT also maintains
730 lane-miles of DCR roadway for snow and ice control purposes. Overall, MassDOT maintains a total of
15,980 lane-miles or a little less than 16,000 lane-miles for snow and ice control purposes. This represents an
increase of approximately 20 percent over the previous total of 13,286 lane-miles reported in the 2006 GEIR.

Figure 1-1 illustrates the geographic limits of the six MassDOT districts as well as a summary of the
estimated center-lane and lane-miles of MassDOT and DCR roads maintained for winter weather events
within each district. District 5 has the most roadway lane-miles with a total of 4,218 lane-miles followed by
District 4 and 3 with 3,430 and 3,306 lane-miles, respectively. District 3 has the most amount of Interstate
lane mileage at 1,362 lane-miles, which represents 41 percent of the district’s total lane-mileage. District 4
also has over 1,100 lane-miles associated with Interstate roads accounting for 36 percent of the district’s total
lane-mileage. Overall, a little more than a third of MassDOT’s roadway network consists of interstate roads.
Interstate roadways are noteworthy in that they require more S&I equipment to maintain the multiple lanes as
compared to regular two-lane roadways and can present greater operational challenges in terms of mobilizing
sufficient equipment to maintain geographic coverage especially during heavy snowfalls and when traffic
volumes are high such as in rush hour periods. Many other non-interstate state roadways in the greater
Boston and Metro-West region such as Routes 2, 3, 4 and 9, for example, also carry large traffic volumes
during peak periods and can present similar challenges for equipment operators. Because of the high traffic
volumes on these roadways, there is also greater potential for vehicle accidents during inclement weather.

As mentioned earlier, MassDOT recently has assumed maintenance of Interstate 1-90, which was previously
maintained by the former Massachusetts Turnpike Authority, as well as numerous inner city parkways
previously maintained by DCR and the Tobin Bridge, which was previously maintained by Massport.

The June 2008 EEA Certificate (pg 3., Sec 1.1) had requested that the 2012 ESPR include information about
the S&I operations carried out by other state agencies such as DCR, MBTA, MassPort on their roadways as
well as parking lots, sidewalks and crosswalks to provide a "complete statewide inventory of the S&I removal
operations within the Commonwealth. MassDOT has consulted with other agencies including the DCR and
MBTA to gather information with respect to their snow and ice control polices. It is important to mention
that although the MBTA and Massport are part of the overall MassDOT organization, the maintenance and
S&lI control operations of their roadways and parking lots are done completely independent of the MassDOT
Highway operations.
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Insert Figure 1-1 of MassDOT District Map (11 x 17)
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Communications

MassDOT utilizes a systematic approach to initiating, managing, and tracking the various operations relying
on a management structure of various personnel with defined roles and responsibilities. Maintaining effective
communications is essential to the success of the operations as weather conditions can vary considerably
throughout the state. The decision to initiate S&I operations for each storm event typically involves
communications between the District and MassDOT headquarters. The roles and responsibilities of key
MassDOT S&I Control personnel are described in detail below.

MassDOT maintains a 24 hours a day, seven days a week communication center referred to as the Highway
Operations Center (HOC). The HOC is staffed to continually monitor traffic flow and provide coordination
and direction for incoming highway emergency response requests. This role becomes intensified during
winter maintenance operations and storm events when travel conditions deteriorate. The HOC monitors traffic
conditions and roadway conditions via numerous surveillance roadway cameras and Road Weather
Information System (RWIS) stations. The HOC often interacts with state and local police and other state
emergency response personnel. As adverse traffic incidents and roadway conditions are detected and reported
to the HOC, this information is relayed to the radio rooms within each District (District Storm Desks) to assist
in coordinating operations and addressing roadway condition needs in their respective areas.

It is the role of all those involved in S&I Operations to convey information to senior MassDOT officials and
between District offices, depots and between MassDOT personnel. The following describes the principal roles
and responsibilities for various levels of snow and ice management and personnel; however, it by no means
covers all aspects of the S&I Control Program.

Director of S&I Operations
= Establish and update S&I operations policies and procedures
= Coordinate with District Engineers on spreader routes and equipment needs.
= Coordinates equipment needs with district personnel.
= Coordinate/approve hired contractor agreements for hired equipment
= Monitor weather forecasting data and coordinate statewide readiness/response to storm events.

District Maintenance/Operations Engineer
= Review and approve spreader and plow routes on annual basis.
= Coordinate with S&I Engineer on reviewing contractor equipment needs.
= Review and approve state personnel assignments.
= Review and approve all expenditures for materials and contractor equipment.
= QOversee all S&I operations within the District.
= Coordinate emergency operations and roadway incidents.
= Assess salt storage infrastructure conditions and general housekeeping measures.
= Address personnel issues and contractor disputes.

District Snow and Ice Engineer
= Coordinate district personnel training with the Director of S&I Operations.
= Review and recommend adjustments to spreader and plow routes.
= Review contracts and recommend approval of hired equipment based on type and quantity needs.
= Review and recommend state personnel assignments.
= Review and process all expenditures for materials and hired equipment.
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= Determine start and end times for each event based on weather reports and RWIS stations.

= Review Timekeepers Computer System Interface (TCSI) reports for accuracy following events.

= Respond to calls and requests for assistance from other agencies or towns.

= Coordinate after hour road conditions with the HOC and Area Supervisors.

= Monitor and track material usage and inventory through the TCSI.

= Schedule material deliveries and coordinate with Area Supervisors on material requests and material
testing needs with Research and Materials.

Area Supervisor
= Supervise Depot Foreman within designated area.
= Patrol area and report road and weather conditions to District S&I Engineer.
= Respond to emergency operations and roadway incidents.
= Establish plow and spreader routes for review and approval.
= Work with S&I Engineer to determine equipment needs.
= Request materials through the TCSI and coordinate deliveries with S&I Engineer.

Depot Foreman
= Contacts state personnel and contractors to report as needed at the beginning of an event.
= Delegate additional calls to the Timekeeper upon their arrival.
= Assign hired equipment to plow routes based on operational needs.
= Supervise and coordinate with Route Coordinators and Timekeeper.
= Communicate road, weather and operational issues with Area Supervisor.
= Patrol assigned roadways within the limits of the depot area and immediately report any issues.
= Inspect contractor equipment pre-season and periodically check calibration prior to events.

Route Coordinator
= Patrol assigned roadways and communicate road and weather conditions to Depot Foreman and
Timekeeper.
= Informs Depot Foreman when plows or material applications are needed based on road and weather
conditions.
= Coordinates plows and spreaders to ensure they are being used in the most effective manner.

Time Keeper
= Keeps track of equipment, personnel activity and material usage during storm events on the various
spreader routes within each depot.
= Provides road and weather condition updates every two hours to the MassDOT Boston office during
storm events.
= Coordinates with Route Coordinator and Depot Forman regarding equipment and material inventory.
= Assists Depot Foreman in preparing a summary of the material usage by route for post-storm reports.
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Description of Deicing Materials

Sodium chloride (NaCl) known as granular road salt is the predominant deicing material because of its
availability and low cost, as compared to other deicers. However, MassDOT has incorporated the use of other
deicer materials, including liquid calcium chloride (CaCl,) and corrosion inhibited liquid magnesium chloride
(MgCl,) for pre-treating and pre-wetting purposes. The benefits of pre-treating and pre-wetting in terms of
improved snow & ice removal efficiency are discussed in greater detail in Chapter 3. Granular road salt,
composed of sodium chloride (NaCl), is readily available from a number of suppliers and is the least costly in
terms of unit cost at approximately $50 to $60 per ton. Sodium chloride is most effective when pavement
temperatures are above 25°F and essentially becomes ineffective when temperatures are at or below 15°F. At
lower temperatures, either liquid calcium chloride or liquid magnesium chloride is used to supplement sodium
chloride as these materials are more effective in lowering the freezing temperature of water. Calcium chloride
can be used as a standalone chemical and is typically available in a liquid-or solid form; however, its unit cost
in a granular or flake form is typically four times greater than regular road salt. As discussed further below,
MassDOT uses a material called Pre-mix in its Reduced Salt Zones, which is mixture of 4 parts (by weight)
sodium chloride and 1 part (by weight) calcium flake. This material costs approximately $200 per ton and is
supplied in dry, granular or pelletized form similar to road salt. The calcium chloride is more hygroscopic,
meaning it attracts moisture, and therefore this material is much more difficult to store for long periods as it
can solidify if too much moisture is adsorbed. The unit costs for non-chloride based deicers, such as Calcium
Magnesium Acetate (CMA), have been reported to between $1,500 and $1,800 per ton. MassDOT had used
CMA in the 1990’s on a stretch of Route 25 and found its performance was inferior compared to that of
regular road salt in terms of preventing snow and ice from bonding to the pavement.

In the last five years, MassDOT has incorporated a computerized system for reporting the amount of material
and hired equipment used per storm event. The system is referred to as the Snow and Ice Management System
Interface (SMSI). Timekeepers at each of the MassDOT depots also enter in vital road and storm condition
data for each storm event. This allows supervisory personnel to evaluate material usage and cost for each
event as well as evaluate the effects of various weather-related factors on the snow and ice operations. The
costs associated with each storm can also be calculated immediately once the event has ended.

Table 1-1 presents a summary description of the physical characteristics of each of the deicing materials used
and their general effective temperature ranges.
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Table 1-1: MassDOT Snow & Ice Control Materials

Lowest Practical

Chemical Melting Liquid Brine
Material Compound Temperature Concentration®

Sodium Chloride (Rock Salt or Road Salt) -
Delivered as granular rock salt; can also be made into a R 0
brine. The basis for most de-icing materials. Should be pre- NaCl 20°F 23.3%
wet prior to application. Corrosive. Most cost-effective.
Calcium Chloride - Delivered as flakes or liquid (LCC).
Used to pre-treat roads or pre-wet road salt to increase R 0
adherence to road and reduce melting points. Can be CaCl, 20°F 30%
corrosive. Higher cost.
Magnesium Chloride — Delivered as a liquid. Used to

- - Ittoi h
pre-treat roads or pre-wet road salt to increase adherence to MgCl 10°F 27 10 30%

road. More effective at lower temperatures. Less Corrosive
with corrosion inhibitors. Higher Cost.

Sand - Sand is used as an abrasive for low temperature
conditions when chemicals are not effective. Sand provides
temporary traction and only works when it is on top of ice.

Not used for deicing
purposes

Note: 'Reported concentrations reflect typical concentrations in liquid brine solutions.

The following provides a general description of the various deicing chemicals used by MassDOT. The type
and quantity of material applied will vary depending on local environmental, pavement, topography, roadway,
and weather conditions. The various factors considered when choosing an appropriate material include
pavement temperature, air temperature, pavement condition, weather forecast, and material performance.

Sodium Chloride

Granular road salt (NaCl) is the primary deicing material used by MassDOT for the purpose of lowering the
freezing temperature of water (a.k.a. the “eutectic” temperature) and allowing the snow to remain in a
“mealy” plowable condition. Deicing materials are used to prevent ice and snow from bonding to pavement
and creating “hard pack”, which can substantially affect highway safety by reducing traction for vehicles.
Hard pack forms as the snow accumulates on the pavement and vehicles compress the snow and squeeze out
the inherent moisture, which if allowed to freeze on the roadway surface can cause snow and ice to bond to
the pavement. Heat generated by exhaust and tire compaction can cause water to be released from
accumulating snow. Once this ice bond has formed, vehicle traction and control is greatly reduced and the
stopping distances for vehicle are greatly increased. Moreover, the amount of material and effort needed to
break up the hard pack is much greater than that used to prevent it. Sodium chloride is most effective at
temperatures above 25°F but can be used at temperatures down to 15°F when pre-wetted with liquid calcium
chloride or magnesium chloride.

MassDOT applies road salt at a rate of 240 Ibs per lane-mile. This rate is considered necessary to effectively
lower the “eutectic” temperature of water and create a brine solution that prevents accumulating snowfall and
precipitation from freezing and bonding to the pavement. Over time, the chemical concentration of the sodium
chloride will become diluted with additional precipitation and become increasingly less effective until the
next application. The timing and number of repeat applications during any given storm depends on the
precipitation intensity, temperatures, temperature trends, traffic volumes and the duration of the storm.
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Calcium Chloride

Calcium chloride (CaCl,) is more effective at colder temperatures than sodium chloride because it has a lower
“eutectic” temperature or the temperature at which water freezes. Calcium chloride is manufactured as both a
liquid and a solid form and is available in various strengths. The concentration of the solid form is generally
three times stronger than the liquid form. The solid form is also more expensive than the liquid form. Aside
from the use of Pre-mix, MassDOT primarily uses CacCl, in a liquid brine solution for pre-wetting purposes.
The liquid brine solution is typically composed of 32 percent calcium chloride by weight in water. Pre-
wetting regular road salt with liquid calcium chloride increases its melting capacity and adherence to
pavement. Liquid calcium chloride will stay in solution, and will not freeze, at temperatures as low as -60°F.

Aside from the added cost, one of the disadvantages to using calcium chloride is that it tends to be more
corrosive on roadway equipment and roadway infrastructure, especially in liquid form. Given its higher
corrosiveness, MassDOT is using more liquid MgCl, with corrosion inhibitors and less liquid CaCl,.

Magnesium Chloride

Magnesium chloride (MgCl,) is available both in liquid and solid forms. MassDOT only uses a liquid form of
this chemical compound. The liquid MgCl, is a brine solution that is generally 30% MgCl,and 70% water by
volume and is used to pre-wet sodium chloride as it is applied, increasing its adherence to the road and
increasing its effectiveness in preventing ice bonds. Liquid MgCl; is also sprayed directly on pavement prior
to the onset of precipitation. MassDOT uses magnesium chloride with a corrosion inhibitor added so it is less
corrosive to concrete and steel relative to sodium chloride and is considered to be less toxic to plant life
adjacent to roadways. Similar to calcium chloride, magnesium chloride in a solid granular or pellet form is
much more expensive.

Pre-Mix

Pre-mix is a commercially available blend of granular sodium chloride and calcium chloride. The mixture
consists of 4 parts (by weight) sodium chloride and 1 part (by weight) of calcium chloride. Pre-mix is
primarily used in Reduced Salt Zones, where sodium concentrations in the groundwater in nearby wells or in
surface water drinking water supplies are a concern. The sodium content in Pre-mix is approximately 20%
less than that contained in road salt. The calcium chloride component of this blend makes this material
somewhat more effective than regular road salt, especially at lower temperatures.

Pre-mix is much more expensive than granular road salt, with an average cost of approximately $200 per ton
as compared to approximately $50 to $60 per ton for granular road salt. Another disadvantage of using Pre-
mix is that the calcium chloride contained in Pre-mix is very hygroscopic (attracts moisture), so it is difficult
to store for extended periods without it aggregating to solidified block. MassDOT must carefully plan its
procurement and usage of Pre-mix to limit its storage time. In addition, MassDOT has purchased two mobile,
mechanical grinders to grind up any solidified Pre-mix so that it can be returned to a usable form rather than
having to dispose of the material.

Sand

Sand is typically only used in Reduced Salt Zones by creating a 50:50 mix of sand and salt or a 50:50 mix of
sand and premix as a means of reducing the amount of sodium based deicing chemical used in each treatment
application. Applying straight sand is very rarely done, if ever, because it has no effect on preventing ice from
bonding to pavements or melting ice or snow. Sand has minimal potential benefit to increase traction,
especially on moderate to high volume roadways where vehicular traffic quickly pulverizes the sand particles
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into small pieces, thereby losing its limited traction benefits very quickly. The only application where straight
sand may be considered is when there are very low temperatures and other chemical materials are ineffective.
Other consequences of using sand include the accumulation of sand deposits along the edges of roads, which
must be cleaned up in the spring so as to not clog drainage structures and prohibit stormwater from leaving
the roadway. The sand, if not cleaned up, can potentially end up in adjacent wetlands and waterways where it
causes environmental problems. Despite its relative low initial cost, the actual cost of using sand is much
higher when the cost of storage, application, post-winter cleanup, sweeping and disposal are included. The
environmental impacts associated with the use of sand are also discussed further in Chapter 2.

In addition to winter weather and material performance characteristics, district personnel and equipment
operators face many other challenges that affect the decision-making process for snow & ice operations. The
timing and frequency of deicing material applications are critical factors. The decision making process is even
more difficult when dealing with high traffic volume roadways, especially during rush hour periods when the
potential vehicle accidents are already high. Many of MassDOT’s roads consist of high volume, interstate
highways that convey up to 100,000 to 185,000 vehicles per day or as much as 10,000 to 20,000 vehicles per
hour during peak periods. These traffic volumes can pose challenges to District personnel in determining
when to schedule the initial and subsequent treatment applications and performing snow plow operations.
Unfortunately, on these high-volume roads, the timing of treatment applications can be even more critical as
the potential for vehicle accidents is high and one vehicle accident can result in major traffic congestion and
travel delays for extended periods, especially during peak travel periods. With today’s continuous coverage
of traffic conditions by various media outlets the consequences of any traffic delays tend to be magnified in
the public arena, which only heightens the pressure on maintenance personnel to take whatever steps
necessary to avoid traffic accidents and the associated scrutiny during winter weather conditions.

MassDOT is committed to ensuring the highest level of safety for all motorists, their passengers, and other
roadway users, such as pedestrians and bicyclists. Therefore, MassDOT is highly focused on maintaining
state highways in the safest condition practicable, while minimizing the potential environmental impacts
related to the S&I Control Program. Further, MassDOT understands that a safe and reliable transportation
network has an integral role in the Massachusetts economy as well as for many businesses throughout New
England that rely on travel through Metropolitan Boston.

Annual Training Program

For the last five years, MassDOT has completely revised its internal training program to educate more
employees on an annual basis. In the past, MassDOT had relied more on training supervisory and
management personnel in each district, who in turn were responsible for disseminating the information to the
rest of the employees. More recently, MassDOT has required all employees involved in snow and ice control
activities (including foremen, timekeepers, and plow chasers and equipment operators) to attend training.

Each year, more than 700 state personnel involved with S&I operations are required to attend one of more
than fifteen different snow and ice training sessions held throughout the state. The training involves either a
full-day or half-day session covering a wide range of topics including the decision-making process as to when
and what type of applications should be used, use of weather forecasting data to schedule the deicing
applications, proper application controls and spreading techniques, tracking usage, material storage and
cleanup, as well as various environmental topics.
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The training is provided by the Director of S&I Operations or his designee with collaboration with the
MassDOT Environmental Services section. This more direct and streamlined training allows for a more
consistent delivery of new information regarding MassDOT’s policies and expectations and minimizes the
potential for conflicting messages and/or inadvertent misinterpretations that can occur when information is
relayed second or third hand. The new training approach has been well received by MassDOT personnel and
has already shown positive results. In addition, there are a number of shorter “tail-gate” training sessions that
are held throughout the state. Attendance to these tail-gate sessions has increased substantially mostly due to
more contractors participating.

Before each winter season, the District and Boston S&I Engineers convene for a one-day training session to
review operational and policy details and identify potential improvements for next year. The District S&I
Engineers are then tasked to incorporate the new ideas and actions items into future training sessions.

Operator Driver Training

In addition to S&I training, equipment operators receive additional driver-related training. MassDOT’s
Director of the Heavy Equipment Repair Section arranges for snow equipment schools to be conducted in the
various Districts in advance of the winter season. Attendance is mandatory for all candidates involved with
the operation of heavy equipment. During this training session all Commercial Drivers Licenses (CDL’s) are
checked to ensure validity. Correct methods for the operation and care of the equipment are demonstrated and
explained. Individuals who do not attend the training session can only be given authorization for heavy
equipment operation from the District Maintenance Engineer and only after completing the formal course
instruction given for others.

Training session material shall include but not be limited to the following:
= Department structure and systems
= Plow operation
= Conditions and treatment factors
= Chemical applications
= Anti-icing
= Pre-wetting
= Environmental impacts
= Safety

Moreover, MassDOT partners with the Baystate Roads Program in preparing an annual newsletter for the
municipal DPWs that focuses on snow & ice control issues. This newsletter provides up-to-date information
with regard to new approaches for improving the efficiency of salt use, the latest tools and techniques for
deicing, when and what materials to apply, good housekeeping measures at storage facilities, and available
resources for additional information. The newsletter is made available online to all member DPW Programs
throughout the state.

Material Storage Facilities

MassDOT has approximately 214 salt storage facilities throughout the Commonwealth to store the
approximately 500,000 tons of salt used annually. All of these facilities are covered and/or enclosed.
Recently, MassDOT repaired or replaced salt storage sheds in Chelmsford, Newbury, Peabody, Revere and
Tewksbury. A new salt storage facility is also planned in the Town of Andover to replace the current facility
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that is located within the Routes 93/495 interchange. The new facility will be located along River Road and
outside the Haggetts Pond public water supply watershed. At several depots, MassDOT has installed roof
extensions to cover the spreader loading areas to minimize the exposure of deicing material to precipitation
during loading and unloading operations. Shed replacements and improvements are implemented on an as
needed and on-going basis as funds are available for capital improvements. Additional training is also
provided with regard to good housekeeping measures at storage facilities at the annual and tail gate sessions.

Table 1-2 below provides a summary of the liquid and salt storage capacities at each of the sub-areas and
districts throughout the state.

Table 1-2: MassDOT Liquid and Salt Storage Capacities by District/Sub-district

District Area Liquid Capacity (gal) Salt Capacity (tons)
1A 13,000 10,850
1B 11,000 9,900
District 1 1C 13,000 12,100
1D 10,000 7,100
Total: 47,000 39,950
2A 46,000 20,855
o 2B 37,000 16,500
District 2 2C 20,000 7,250
Total: 103,000 44,605
3A 51,000 35,962
o 3B 60,000 30,625
District 3 3c 55,000 22,892
Total: 166,000 89,479
4A 63,000 22,000
District 4 4B 100,000 17,800
4C 65,000 26,255
Total: 228,000 66,055
5A 47,500 21,300
5B 62,500 17,050
District 5 5C 40,000 25,375
5D 52,500 20,100
Total: 202,500 83,825
6A 20,000 15,464
6B 20,000 18,692
District 6 6C 10,000 15,700
Total: 50,000 49,856
State Total: 796,500 373,770

Not only has the total storage capacity for road salt increased across the state in the last five years, but more
importantly, the liquid storage capacities have significantly increased in all of the districts as part of
MassDOT’s implementation of an anti-icing program, which relies on the use of liquid brine solutions for
pretreatment and pre-wetting purposes as discussed further below. Pretreatment of roadways with liquid brine
solutions can potentially reduce the overall usage of regular road salt while pre-wetting of salt makes road salt
much more effective by minimizing the bounce and scatter of salt granules off the roadway.
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Equipment Policies

MassDOT has incrementally upgraded and modernized its snow & ice control equipment over the last five
years. Currently, MassDOT updated its hired equipment requirements beginning in the winter of 2010/11
such that all hired spreaders must be equipped with liquid holding tanks and associated apparatus to provide
“pre-wetting” capabilities. Applying liquid brine solutions to regular granular salt at the time of application
minimizes loss of salt due to bounce and windblown effects as salt is applied to the pavement. Studies have
shown that as much as 30% of dry granular salt can be lost due to bounce and windblown effects’. MassDOT
has also equipped own their spreader trucks with ground-speed controllers and electronic controls to allow
automatic adjustments of the material application rate as the truck speed changes and to allow for a more
uniform and consistent application. The older types of spreaders did not adjust for truck speed and generally
put out the same amount of material regardless of whether the truck was stopped or traveling at 25 mph.
Needless to say, the older spreader types were highly inconsistent and perhaps inaccurate in their applications,
applying too much in some areas and not enough in other areas.

Prior to the 2010/2011season, MassDOT changed their hired equipment policy to provide incentives to
contractors to use closed-loop controllers in return for higher fee reimbursements. Closed-loop controllers
represent another recent innovative tool developed over the last five years and have been shown to be more
efficient in material usage. The closed loop controllers are designed to provide a more uniform application by
adjusting the material output through electronic feedback on truck speed, auger speed and other spreader
adjustments. The closed loop controllers are also capable of electronic data logging of material usage, which
is useful in tracking and recording material usage for specific routes. There are several types and
manufacturers of closed loop controllers and preliminary information suggests that these controllers may
reduce the amount material used by 30 to 40 percent compared to that used by a conventional open loop
controller. The effectiveness of the closed loop controller depends on calibration, installation and the operator
behavior in using the equipment. Operators have limited ability to override the automatic controls.

MassDOT also requires spreader trucks to be equipped with larger plow blades and gives greater preference
to contractors who have wing plows. This policy change enables spreader trucks to be used for plowing as
well as material applications and eliminates the need of having separate plows and spreader trucks which not
only reduces the amount of hired equipment needed but also reduces the potential for recently applied
material being plowed off too soon after application. Previously, when plow trucks operated separately from
the spreader trucks, plowing operations would inadvertently occur too soon after material application
resulting in a less efficient use of materials and perhaps triggered the need for a repeat application before the
previously applied material had a chance to work completely.

Since 2006, MassDOT has also expanded its use of liquid brine solutions for pretreatment applications at the
early onset of a winter storm. MassDOT currently has more than sixty (60) tanker trucks available to perform
pre-treatment applications. This allows for pretreatment coverage for most of the interstate roadway lane
miles. Anti-icing or pre-treatment applications can be completed up to two hours before the storm actually
begins and leaves a consistent film of deicing material between the pavement and the accumulating snow.
These pre-treatment applications use considerably less chloride than regular applications and are typically
more effective in preventing the formation of ice and hard pack bonding to the pavement when applied under
the right conditions. The added benefits of these pre-treatment applications is that they delay the first
application of granular road salt and/or minimize the number of repeat applications that would otherwise be

¢
! Michigan Department of Transportation. 2002. Anti-icing Byproducts for Anti-icing and Deicing use in Michigan. Research Report R1418.

MassDOT Snow and Ice Control Program Operations and Policies 1-14



2012 MassDOT Snow and Ice Control ESPR PUBLIC REVIEW DRAFT - February 2012

needed if hard pack did form resulting in less labor and equipment costs as well as less material usage.
However, the effectiveness of pretreatment applications in reducing the hard pack formation and subsequent
applications depends on a wide variety of weather-related factors including precipitation intensity, moisture
content, pavement temperatures, traffic volumes, as well as other factors.

By September 1% of each year, each District S&I Engineer submits a request for hired equipment needs for
each highway section, based on the lane-miles and the number and type of required and available equipment
(plows, spreaders, front-end loaders). MassDOT reviews hired-equipment rates in advance of a hired
equipment contract’s conclusion and makes recommendations to the MassDOT Highway Division
Administrator and Chief Engineer. MassDOT also conducts contractor meetings in each District prior to the
winter in order to discuss operations and inform contractors of any policy, material, safety, and equipment
changes. Post winter meetings are also held on an as needed basis depending on the winter conditions.

All state-owned and contracted spreading equipment are required to be calibrated and inspected by November
1% of each year. Additional inspections and re-calibrations are conducted periodically during the winter
season to ensure that the controllers and spreader attachments are functioning properly. Each MassDOT
District has a calibration team who are responsible for providing random checks of material spreaders. Higher
priority is given to depots that are located in more environmentally sensitive areas. The calibration team
submits the required documentation associated with the inspection and calibration to the S&I Engineer of
their respective districts as well as the Director of S&I Operations in Boston.

Hired equipment operators are also required to retain documentation of proper calibration to ensure that their
equipment is operating properly prior to the winter season. Various equipment dealers throughout the state are
certified by MassDOT to inspect hired equipment and are required to issue a copy of the calibration
certification to the MassDOT Boston office. All hired vehicles capable of spreading must be automated with a
ground speed control system and must also be capable of pre-wetting and carrying an 11-ft plow. All
requirements are outlined in the Snow and Ice Vendors contract.

Vehicle Washing Procedures

MassDOT has adopted a strict vehicle washing policy that prohibits vehicle washing in locations where rinse
water may drain to a nearby water body either through a closed drain system or open drainage system. In
accordance with MassDOT’s Standard Operating Procedures (Env-01-22-1-00) included in the MassDOT
Facilities Maintenance Manual, all vehicle washing must be done at facilities equipped with either holding
tanks and recycling facilities to capture and reuse rinse water or that are connected to a municipal sewer
system. Most depots have either a rinse water holding tank or are connected to the municipal sewer system.

Historical Salt Use

As with all New England state transportation agencies, MassDOT relies on plowing as the primary method of
snow removal as well as uses granular road salt, predominately sodium chloride, as the primary deicing agent
to keep snow and ice from freezing on its roadways. In Reduced Salt Zones, MassDOT uses a mixture of sand
and salt, or sand and Pre-mix to reduce the amount of sodium released to the environment. MassDOT has
more recently increased its use of more liquid deicers for pretreatment and pre-wetting while at the same time
use less sand as it provides minimal benefit for deicing and traction purposes.
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Prior to mid-1990, MassDOT’s road salt application rate policy was 300 pounds per lane-mile. With today’s
more advanced spreaders and with an increased number of application equipment, MassDOT now applies
road salt at an average rate of 240 pounds per lane-mile per application. Over the course of a winter season,
the total amount of salt used per lane-mile can vary greatly and will depend mainly on the frequency and
severity of winter weather events. The severity of winter events is primarily influenced by total amount of
snowfall, snowfall intensity, storm duration, prevailing air temperatures, wind speeds, visibility, to name a
few. The number of applications per storm can also depend on a number of non-weather related factors such
as pavement temperatures, pavement type, roadway drainage conditions, roadway geometry, solar exposure,
local topography, traffic speeds and volumes, and the number of plows and spreader equipment available.
Additionally, the seasonal road salt usage can also be affected by freezing rain events and the number of
freeze and thaw cycles (a more detailed discussion of winter severity factors is provided below).

Table 1-3 presents a summary of the annual road salt usage (tons/yr) for each district over the last ten years
from FY 2002 to FY 2011.

Table 1-3: Summary of MassDOT Annual Salt Usage for Each District for FY2002 through FY2011

10-year

District | FY02 FYO03 FY04 FYO05 FYO06 FYOQ7 FYO08 FY09 FY10 FY11 Ave):age
1 27,101 56,809 40,865 46,640 33,771 28,172 41,117 42,682 33,234 52,983 39,804

2 37,534 96,495 56,850 79,456 51,266 37,336 63,338 60,942 37,046 62,188 58,029

3 103,098 214,421 122,834 195,494 109,983 93,402 144,932 143,625 95,706 129,114 | 135,261

4 92,470 219,468 140,467 232,698 121,724 100,171 189,511 217,038 113,183 119,023 | 154,575

5 47,136 150,566 113,958 171,798 96,351 51,309 96,261 142,299 88,267 130,748 | 108,869
6* -- -- -- -- -- -- -- -- -- 62,873 62,873
Total | 307,339 737,759 474,974 726,086 413,095 310,390 535,159 606,587 367,436 556,839 | 502,825

Notes: *District 6 was established following the FY2010 winter season and therefore has no historical salt usage data.

Over the last ten years, MassDOT has used an average of just over 500,000 tons of salt per year on a
statewide basis. The annual statewide salt usage has ranged from a low of 307,339 tons to a high of 737,759

tons, which occurred in back to back winters of FY 2002 and FY2003, respectively, which is indicative of

how variable conditions can be from year to year.

Figure 1-2 presents a historical comparison of annual salt usage among the various MassDOT Districts
(excluding District 6) over the last ten years. Historically, District 4 has generally had the highest annual

usage primarily because it has had the highest total lane-mileage and multi-lane, interstate roadways of all the
districts. With the addition of District 6 in FY2011, some of District 4’s roadway miles were shifted into
District 6. As a result, District 4’s annual salt usage in 2010/11 decreased and was only the third highest
relative to other districts. The lower usage in 2010/11 may also likely reflect the effects of the increased
number of efficiency measures and equipment upgrades that have been implemented in District 4 in recent
years. Although the same efficiency measures have been implemented throughout the state, certain areas
within District 4 have been of particular focus in terms of piloting new efficiency measures because of certain
critical areas such as the watershed to the Cambridge Water Supply in District 4. These measures are
discussed in greater detail in Chapter 3 of this document.
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Figure 1-2: Comparison of Annual Salt Usage (tons) for MassDOT Districts for Fiscal Years 2002 to 2011.
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Note: District 6 historical salt usage is not included as this was district was only established in FY2011.

In the winter of 2010/11, District 5 had the highest salt usage and the highest total lane-mileage by more than
1,000 lane-miles compared to the next closest district following the redistricting that occurred after 2009/10.
District 3 had the second highest annual salt usage and the second highest roadway lane-mileage with most
being interstate roadway lane-miles. District 3’s salt usage is also affected by the higher snowfall totals and
more frequent snow events that occur in the higher elevations around the Worcester-Fitchburg area. District 1,
which includes the Berkshire mountainous region, typically has the most severe winter conditions relative to
other districts. Districts 1 and 2, however, generally have lower overall salt use totals mostly because their
total lane-miles are approximately 30 to 50 percent less than that of Districts 3, 4 and 5. District 1 recently
took over winter maintenance of the western portion of the 1-90 roadway, which resulted in an increase in
their lane-mileage and a noticeable increase in their salt usage in the winter of 2010/11 compared to previous
seasons. District 6, established after the 2009/10 winter season, has only one season’s worth salt use data but
it appears that its seasonal usage was very similar to that reported for District 2.

Figure 1-3 presents the average annual salt usage on a per lane-mile basis, which indicates a slightly different
ranking amongst districts. Districts 1 and 3 generally show a higher annual usage on a per lane mile basis.
The higher per lane-mile usage in Districts 1 and 3 is most likely due to greater winter severity conditions that
occur in the higher elevations in the Worcester and Berkshire area, respectively.

Figure 1-3: MassDOT Annual Salt Use (tons/In-mi) for District 1 through 5 for FY2002 to FY2011.
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Note: District 6 historical salt usage is not included as this was district was only established in FY2011.
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Districts 2 and 5 generally have lower annual salt usage on a per lane mile basis, ranging between 20 and 40
tons per lane-mile. District 4’s salt usage on per-lane-mile is somewhere in between that of the other districts,
typically ranging between 25 to 50 tons per lane-mile.

Annual Salt Use as it Relates to Winter Severity Index (WSI)

Recently, the use of a winter weather severity index (WSI) has gained recognition as means to gauge the
relative severity of winter weather conditions from year to year. The methods of developing a WSI were first
published in the Strategic Highway Research Report (SHRP), Road Weather Information Systems, and
Volume 1: Research Report back in 1993. The WSI values are calculated on a monthly basis and are based on
four weather-related factors including minimum daily temperature, maximum daily temperature, snowfall and
the number of days with frost potential (i.e., minimum daily temperature below 32°F). Snowfall amounts are
weighted more heavily than the other weather factors and account for 35 percent of the WSI value.

New Hampshire Department of Transportation (NHDOT) began using WSI as a means to evaluate the
efficiency of their snow & ice operations in terms of material usage and costs in comparison to winter
severity. NHDOT used a linear regression model based on an analysis of salt use and estimated WSI values
over a 10-year period to estimate annual salt usage based annual WSI values. The correlation between salt
usage and WSI as indicated by the correlation coefficient (R? value) ranged between 0.85 and 0.92, depending
on location, which means that 85 to 92 percent of the annual variability in salt usage can be explained by the
WSI value. Given this strong correlation, the regression model can then be used to estimate the salt usage in
subsequent years assuming the same application methods are being utilized and compare that with the actual
salt usage using newer and more efficient application methods. The comparison of actual usage to the
estimated usage using the regression model provides a means to evaluate whether the newer application
techniques are more efficient and, as a result, applying less salt than that would otherwise be expected based
on the previous application methods. The margin of error for this approach is highly dependent on the
strength of the correlation between the historical salt usage and WSI values (NHDOT 2009).

MassDOT recently began using the same approach to evaluate whether newer application methods and
equipment that were more fully implemented statewide in the winter of 2011 resulted in less salt being
applied as compared to the previous application techniques. The newer application methods and equipment
include requiring all hired contractors to be equipped with pre-wetting equipment, increased use of closed-
loop controllers, increased storage and availability of liquid materials and increased training to name a few.
Although MassDOT had been rolling out the use of several efficiency measures in certain depots and within
specific districts over the last five years, the winter of 2011 represents a major milestone in which the
implementation of these measures had dramatically increased statewide. This is especially true with the
adoption of the new hired equipment policy following the 2010 season that requires hired equipment to have
pre-wetting on-board in order to be called out for duty. Also, the amount of contractors using closed-loop
controllers on their spreader equipment increased dramatically from less than 20 percent of the trucks used in
2010 to closer to 50 percent or more in 2011, particularly in the more urbanized and eastern areas of the state.

Figure 1-4 presents a historical comparison of the estimated average monthly WSI values to the statewide salt
usage totals between 2001 and 2010. The figure shows that the annual salt usage and the WSI values are
nearly in synch with each other indicating a very strong correlation. In the two mildest winters of 2002 and
2007, the amount of salt applied was almost exactly the same at approximately 300,000 tons per year while in
the most severe winters (i.e., 2003 and 2005) the seasonal salt usage was also very similar at approximately
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700,000 tons per year. It is important to note that the WSI scale is not linear and even incremental changes in
the WSI value can represent major differences in the severity of winter conditions. The strong correlation
also suggests that the application techniques during this ten year period were essentially the same.

Figure 1-4: Comparison of the Statewide Annual Salt Usage with the Statewide Average Monthly WSI Values for 2001-2010.
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Figure 1-5 presents a scatter-plot diagram of annual statewide salt usage and WSI values from 2001 to 2010
along with a best-fit regression line. As shown in the figure, the estimated correlation coefficient (R? value)
was 0.95, which indicates a very strong correlation between the data sets over the ten year history and was
greater than that reported in New Hampshire. Given this close correlation, the regression equation provides a
performance measure tool by comparing the reported difference in seasonal salt usage under new applications
techniques to that predicted using the regression equation that is based on previous application techniques.

Figure 1-5: Regression Analysis of the Annual Statewide Salt Usage to the Average Statewide WSI Values from 2001 to 2010.
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Note: The “x” value in the equation consists of the average monthly WSI value and “y” equals annual salt usage in tons.

Figure 1-6 presents a similar comparison of annual salt usage to WSI values with 2011 data included. The
figure shows that the 2011 statewide salt usage, for the first time in the eleven year history, was considerably
lower than the WSI value. The average statewide salt usage was approximately 550,000 tons, which is
considerably less than that used in 2003, 2005 and 2009, which all had less severe WSI values than 2011.
This suggests that the new application measures and equipment used during the winter of 2011 as a result of
several policy changes made a difference in the way road salt was used compared to previous years and
resulted in a substantial reduction in the amount of salt applied as compared to the amount of salt used in
previous years.
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Figure 1-6: Comparison of the Statewide Annual Salt Usage with the Average Monthly WSI Values for FY01-FY11.
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Table 1-4 below provides a year to year comparison of the actual salt usage to that predicted using the
regression equation based on the WSI value. For the years 2001 to 2010, the differences in the actual versus
predicted salt usage was generally less than 10 percent with the largest difference being 12 percent in 2006.
However, in 2011, the actual road salt usage is approximately 23 percent lower than that predicted using the
WSI value. Again, the predicted salt usage is very similar to the actual amounts used in 2003 and 2005 even
though the WSI values for the two previous years are slightly less than that for 2001. This reduction in salt
use is even more notable given that the 2011 winter season was one of the more severe winters in recent
history and that the number of roadway lane-miles has increased in 2011 by approximately 20 percent
compared to previous years, particularly with the addition of the 1-90 roadway.

With more widespread implementation of closed-loop controllers as well as other measures in the future, this
should result in even greater salt reductions, which in turn results in economic and environmental benefits.

Table 1-4: Comparison of Actual vs Predicted Statewide Salt Usage Based on the Weather Severity Index

Average Statewide Salt Usage % 'Iiiffenlance of
Year Monthly WSI Actual Predicted® Difference P:ZLcji?ct\éZ
2001 23.8 625,855 651,397 -25,542 -3.9%
2002 7.2 303,606 292,105 11,500 3.9%
2003 26.0 734,082 697,392 36,690 5.3%
2004 14.9 474,974 458,239 16,735 3.7%
2005 26.0 726,086 697,198 28,888 4.1%
2006 15.6 413,095 473,513 -60,418 -12.8%
2007 6.8 310,390 283,808 26,582 9.4%
2008 20.7 535,159 584,602 -49,443 -8.5%
2009 20.8 606,587 586,676 19,910 3.4%
2010 10.9 367,436 372,315 -4,880 -1.3%
2011 27.2 556,839 724,136 -167,297 -23.1%
Average 2001 to 2011: 0.3%

YPredicted Salt Usage was determined using the regression equation. Difference represents predicted less actual amounts.
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Comparison of Other New England State’s Snow and Ice Control Practices

The 2006 EEA Certificate suggested that MassDOT provide an update to the general comparison that was
presented in the 2006 GEIR regarding the policies, procedures, roadway miles, technologies, traffic volumes
and annual salt usage amounts used by other Northeast state transportation agencies. The results of this
comparison showed that there were many similarities amongst the various states in terms of the materials,
methods, polices and equipment used. All of the state agencies indicated that road salt was the predominant
material used and that the typical application rates ranged from 240 to 300 Ibs per lane mile. MassDOT’s
application rate policy is 240 pounds per lane-mile, which is in-line with that used by the other states. Nearly
every New England state has incorporated the use of liquid brine solutions for anti-icing purposes, although
the extent to which these liquid solutions are used on a statewide basis varies considerably amongst the states.
MassDOT has fully implemented the use of liquid solutions on a statewide basis. Overall, MassDOT’s
policies, procedures and material usage rates were generally similar to those reported in other states.

MassDOT often uses more overall salt on an annual basis relative to other New England states, primarily
because MassDOT maintains many more roadway lane-miles compared to other state, except for New York.
As reported in the 2006 GEIR, MassDOT maintains nearly 50 percent more roadway lane-miles than most
New England states, except for Connecticut where the difference is more like 25 percent. MassDOT also
maintains a much higher percentage of multi-lane, interstate roadways that carry large traffic volumes in
urbanized areas on a daily basis. Approximately one-third of MassDOT’s roadways consist of Interstate
roadways, which is much greater than in other New England states, especially in Maine, New Hampshire and
Vermont. The intensity and frequency to which winter maintenance activities are performed on high traffic
volume and multi-lane roadways is much different than that that employed on rural, low volume, two-lane
roadways typical of the less urbanized portions of New England. Suspending or curtailing operations during
overnight hours is often an option in the rural areas of the northern states, but this is not a viable option for
MassDOT roadways, especially in the eastern two-thirds of the state, where vehicle traffic occurs 24 hours a
day and during peak periods, traffic volumes may exceed 1,000 vehicles per hour. Most of these roadways
are servicing 50,000 to 185,000 vehicles per day, nearly every day and not just on peak travel days.

Another major difference between MassDOT and other New England state transportation agencies relates to
its use of hired contractors. MassDOT relies more heavily on the use of hired contractors relative to the other
states mainly due to the amount of multi-lane interstate roadways that it maintains. Winter maintenance on
multi-lane roadways requires more equipment and more operators to be on hand to cover the same length of
roadway for a two-lane roadway. Depending on the number of travel lanes, interstate roadways can require
two to four times more equipment than a similar length of two-lane roadway and achieve the same timely
spatial coverage. Nearly a third or approximately 5,000 lane-miles of MassDOT”s roadway network is
comprised of interstate roadways, which increases the amount of equipment (i.e., spreaders, plows, etc.)
needed at any given time as compared to states agencies that are primarily maintaining two-lane roadways.
The amount of lane-miles just in the interstate roadways that MassDOT maintains is comparable to the overall
total roadway lane-miles maintained by other New England state transportation agencies.

Various reviewers of the 2006 GEIR questioned whether the higher annual salt usage by MassDOT was due
to MassDOT maintaining a higher Level of Service or what is referred to as a “black and wet” pavement
policy. A “black and wet” pavement policy essentially means that the goal or standard would be to maintain
road surface conditions that are free of ice and snow during the entire period of inclement winter weather.
MassDOT does not utilize a “black and wet” pavement policy on any of its roads. Similar to other New
England States, MassDOT recognizes that it is impractical to maintain road surfaces that are entirely free of
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snow and ice during snow events, and strives to maintain reasonably safe road conditions during winter
conditions that allows motorist to have some vehicle control at reduced speeds and return to clear pavement as
soon as reasonably possible following the end of a storm event.

The Snow and Ice Control personnel of the various state agencies often consult with each other and exchange
information with respect to the latest innovations and best practices. On June 15, 2011, a regional symposium
was held in Worcester, Mass where transportation agency representatives from the various New England
states as well as New York State met to exchange ideas and discuss various approaches to snow and ice
control. Based on the information presented and discussed at this day-long symposium, it appeared that most
states were using similar techniques and there were few differences in the in the types of equipment, deicing
materials and the operational procedures used amongst the various New England states. Regular road salt
remains the primary deicing agent used by all of the New England states. Nearly all of the states have
steadily increased their use of liquid deicers for “anti-icing” treatments and “pre-wetting’ purposes over the
last few years. Other technologies being used include the use of RWIS stations, mobile pavement temperature
sensors, different plow types and configurations, and various closed loop spreader controllers have also been
incorporated to varying degrees.

Current and Future Initiatives

MassDOT is currently participating in several pooled-fund research initiatives with other state transportation
agencies as part of the Clear Roads winter maintenance program. MassDOT also partners with the expertise
of other federal and state organizations including the UMASS-Amherst Engineering Department and the US
Geological Survey to perform research on its operations and the potential effects on the environment. Current
research programs are in place to evaluate existing operations and compare them to new technologies in order
to improve effectiveness and efficiency as well as reduce material usage and salt contamination. The pace at
which new technologies and equipment innovations are being developed has rapidly increased over the last
five years. MassDOT intends to continue to evaluate various efficiency measures and the cost-benefits of
newer technologies through field testing and consulting with other snow and ice control practitioners and
researchers throughout the region and on the national level.

As discussed more in Chapter 3, MassDOT is in the early stages of evaluating the feasibility of two newer
innovative technologies that have considerable potential to improve operations and adjust material
applications based on road conditions and the sensitivity of local environmental resources. These technologies
include the use of friction meters to get real-time information on road surface conditions and the use of geo-
fencing, which integrates GIS/GPS technology with computerized spreader controllers to establish geographic
boundaries in critical areas that will automatically adjust spreader controls and/or alert operators of important
information as they pass through key geographic boundaries along roadway segments. This technology could
be extremely useful in eliminating inadvertent repeat applications in locations where spreader route overlaps
exist along adjacent routes and/or where routes converge such as at major interchanges. MassDOT also
intends to incorporate web-based training in the near future that will provide additional training to both
MassDOT personnel and contractors as a means of increasing awareness of the policies and procedures for
improving the efficiency of winter maintenance operations.
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Chapter 2
Environmental Protection Measures and Remediation

Introduction

This chapter describes the policies and programs that MassDOT has adopted to protect environmental
resources that may be affected by its winter maintenance activities such as the Salt Complaints and
Remediation Program, the use of Reduced Salt Zones (RSZs) and ongoing coordination with various public
water supplies. This chapter also provides an update on the observed sodium levels in various public supply
wells located throughout the Commonwealth as well as a discussion of the potential effects of salt use on
sensitive environmental areas.

This chapter also includes an update on any new information relevant to the various comments received
following review of the previous 2006 GEIR concerning adverse effects on environmental resources (see
Appendix A). MassDEP had expressed several comments with respect to the Salt Remediation Policy as well
as the Reduced Salt Zone (RSZ) Policy. MassDEP suggested that MassDOT should broaden or expand their
remediation policy so that remedial measures would be implemented for any private or public well that has
reported sodium levels above the MassDEP drinking water health guideline of 20 mg/L, established for
residents on sodium-restricted diets. MassDEP also expressed concern that MassDOT’s current policy, which
requires public well owners to provide monthly sodium and chloride data for raw water and treated water as a
precondition to any remedial action being considered, was too burdensome on the well owner. The monthly
data requirement is only for public water supplies that request a Reduced Salt Zone be established, as
discussed below. Private well owners who file complaints are only asked to provide one month’s worth of
data to determine if they meet the program’s criteria. Once MassDOT has determined, based on the initial
data, that the complaint warrants further investigation, MassDOT will cover any additional sampling costs.

MassDEP further commented that the successes of the Salt Remediation Program have not been adequately
documented in previous GEIRs. MassDEP suggested that the next GEIR (meaning this current ESPR) should
provide a summary of the number of complaints and responses that have occurred annually over the last 20
years. MassDEP also suggested that the next GEIR describe the nature of the public outreach efforts that are
being conducted to promote general public awareness of the availability of the Salt Remediation Program and
the process for filing a complaint of potential sodium contamination. An update on the various MassDOT
activities to increase the public awareness of its Salt Remediation Program is provided in the next section.

With respect to the monthly data requirements for public well owners as part of a request to establish a RSZ,
MassDOT contends that the monthly sodium and chloride data is essential for the following reasons: (1) the
sodium and chloride data provides a means to determine whether MassDOT’s deicing activities are
contributing to the elevated sodium and chloride levels in the respective water supply; (2) the data enables
MassDOT to assess how effective its existing or proposed RSZ may be in lowering sodium levels; and (3) the
data provides the basis to decide whether an existing RSZ should be expanded, modified or eliminated based
on trends in the sodium and chloride data. Establishing and maintaining a RSZ has major cost implications for
MassDOT as it requires major operational changes as discussed in greater detail below.
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MassDOT Salt Remediation Program

MassDOT has administered a Salt Remediation Program for over two decades. The principal purpose of this
program is to respond, investigate and remediate, when necessary, to written complaints of potential salt
contamination in public and private-water supply wells that may be due to MassDOT’s deicing activities or as
they relate to salt storage facilities. Since the 2006 GEIR, MassDOT has developed a new salt remediation
brochure as well as posted various information documents, application forms and contact information on its
webs site. More information about the Salt Remediation Program can be found online at:
http://www.mhd.state.ma.us/default.asp?pgid=content/environ/salt_rem&sid=about.

In 2003, the Environmental Services Section of the MassDOT Highway Division took over responsibility for
administering the Salt Remediation Program. Previously, the Program operated and was administered out of
the Materials and Research Division. Starting in 2004, MassDOT enlisted the UMASS Engineering
Department through its Interagency Service Agreement to perform the site investigations and hydro-
geological studies necessary to adequately address the salt contamination complaint issues. When a completed
salt complaint application package is received, and it appears plausible that MassDOT may be a source, a site
visit will be scheduled and additional sampling will be conducted to confirm elevated levels of sodium and
chloride. If the complainant meets the program requirements, then a field investigation will be initiated. A
well owner must meet one of the following conditions to initiate a field investigation:

 Aresident is on a documented sodium restricted diet of less than 1000 mg/d and the sodium
concentration in the water supply exceeds 20 mg/l, or;

e Aresident is on a documented sodium restricted diet of less than 2000 mg/d and the sodium
concentration in the water supply exceeds 40 mg/l, or;

o The chloride concentration in a domestic supply well exceeds 250 mg/I.

For any homeowners on a sodium restricted diet, MassDOT will provide a bottled water supply as an interim
measure during the investigation. MassDOT’s policy specifies that remedial measures will be implemented if
the investigation shows that the source of contamination is due in part to MassDOT’s S&I Control activities.

On average, MassDOT spends $650,000 per year on the Salt Remediation Program through investigating and
remediating complaints. The annual costs have ranged from approximately $400,000 to just over $1 million
depending on the number of cases and the geographic extent of the affected areas. Much of the complaints
and remediation activity have centered on private wells associated with individual residences. Typical
remediation measures include rehabilitation of an existing well, installation of a replacement well, connecting
the property to a public water supply system or installation of a reverse osmosis (RO) treatment system. A
few cases have involved public wells associated with various businesses, schools, or other public facilities.

Table 2-1 provides a summary of the most recent salt remediation cases since the 2006 GEIR. In the last five
years, fifty-five (55) new complaints were received. Of these, twenty-nine complaints were remediated and
closed, four were denied as they did not provide the pre-requisite data or they did not meet the program
criteria. Another twenty-six cases are in various stages of investigation or in the remediation process. Many
of these open cases were inherited recently by the former Mass Turnpike Authority. Figure 2-1 shows the
locations of the various salt complaint cases with most being located in the rural areas of District 1, 2 and 3
primarily because there are limited municipal water supplies in these rural communities.
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Insert Figure 2-1 Statewide Map of Recent Salt Complaint and Remediation Cases Since 2006 (11 x 17)
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Table 2-1: Summary of Closed and Ongoing Salt Remediation Case Studies by District Since 2006

Total Type of

District Cases Open Cases Well Towns
1 7 3 Private Ashfield, Blandford, Florida Goshen, Huntington, Otis,
_ ] ] Sandisfield, South Egremont
9 13 5 Private Barre, Brimfield, Granby, Monson, Palmer,
_ ] ] Southampton, Ware
Ashby, Charlton, Dudley, Grafton, Groton, Mendon,
3 22 13 Private Pepperell, Phillipston, Sturbridge, Sutton, Westford,
_ ] ] Westminster
4 7 2 Private Boxford, Haverhill
5 6 7 3 ~ Private Rehoboth
6 0 0 na’ na’
Total 55 26
Notes 1.Towns listed pertain to the open cases only. 2. No current/open cases in database.

The most common remediation activity consists of installing a replacement well, usually a deeper bedrock
well and often in a new location on the lot. When available, the remediation solution may involve connecting
the home to a municipal water supply, or installing a water treatment system such as a reverse osmosis
system. Installing a whole house (RO) system, however, is usually only used as a last resort as these water
treatment systems generally require more maintenance and greater operating costs. In certain locations, where
there may be a cluster of homes involved, reduced salt zones have been established in addition to installing
replacement wells as the potential for municipal water sources are limited.

Overall, the Salt Remediation Program has been successful in reducing sodium levels in most of the
complaint cases where remedial measures were implemented. In the recent cases where remedial activities
were installed, most had more than a 90 percent reduction in the average post-remediation sodium
concentrations relative to the initial sodium concentrations. Several cases had reductions ranging from 60 to
80 percent compared to the initial sodium concentration. In the few instances where remediation measures
did not result in substantial reductions of sodium concentration, MassDOT continues to work with the
homeowner or public water supplier to identify the primary sources and possible solutions that MassDOT
could implement to reduce sodium concentrations. The potential effectiveness of the remediation measures
depends largely on the extent to which MassDOT’s activities are the primary contributors to the elevated
sodium concentrations. Depending on the other surrounding land uses, in many cases the elevated sodium
concentrations may not be primarily due to road salt used on MassDOT roadways but rather the salt used and
/or stored on other roadways and impervious surfaces such as commercial and retail parking lots.

MassDOT Reduced Salt Zones

MassDOT has established fifty-three (53) Reduced Salt Zones (RSZs) statewide, primarily in Zone II’s
(contributing areas of public water supply wells). RSZs are established in areas where elevated sodium levels
have been documented and evidence has shown (based on the results of a hydro-geological investigation) that
the elevated sodium levels are due in part to MassDOT’s deicing practices. Most of the RSZs have been in
existence for many years and the number of RSZs has remained fairly steady for the last five years. The
following describes MassDOT’s policy on establishing RSZs and the potential health benefits in lowering or
preventing increases in sodium levels in public or private water supplies.
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Existing Reduced Salt Zones (RSZs)

Table 2-2 presents a summary of the number, state highway route numbers, roadway mileage and lane-
mileage associated with the fifty-three (53) different Reduced Salt Zones (RSZs) established by MassDOT
throughout the Commonwealth. Figure 2-2 provides a map of the designated Reduced Salt Zones within each
district. A more complete description of the boundaries, roadway segments and materials used in each of
these RSZs are included in MassDOT’s Reduced Zone Policy, which is available on MassDOT’s website.

Currently, there are approximately 624 roadway miles or 1,750 lane-miles of MassDOT maintained roads that
are designated as a RSZ, which represents a little more than 10 percent of the total lane-mileage maintained
by MassDOT. All of these RSZs were established by a formal designation following a request submitted by a
water supplier or less frequently by a cluster of private homeowners with salt contaminated wells. Before a
RSZ is established, a detailed site investigation is conducted to assess whether MassDOT’s S&I Control
activities have the potential to influence sodium levels in the respective wells, based on proximity and
hydrogeological conditions in accordance with MassDOT’s Reduced Salt Zone Policy. Nearly all of these
RSZs are geared toward limiting sodium contributions to either public or private water supplies; however,
there is at least one RSZ in District 4 that is related to protecting an industrial process water source.

Table 2-2:  MassDOT'’s Reduced Salt Zones by District

Total

o No. of Total Lane

District RS7s Routes Roa_dway Miles

Miles

1 4 Routes 8/ 9/ 112 4.7 131

2 6 Routes 2/ 9/ 63/ 202 27.2 79.8

3 5 Routes 12/ 20/ 70/ 110 25.3 83.6

4 15 Routes 2/ 2A/ 3/ 4/ 20/ 110/ 128/ 1-93/ 1-95 / 1-495 1934 608.3

5 22 Routes 1/ 6/ 6A/ 18/ 25/ 28/ 130/ 140/ 1-495 /1-295 359.0 894.4

6 1 Routes 20/128 14.2 70.7
Totals 53 623.9 1,750.2

As expected, given the greater roadway density and the number of public wells in more urbanized areas, most
of the RSZs are located in Districts 4 and 5. District 4 has approximately 193 roadway miles or 608 lane-
miles in various RSZs and District 5 has approximately 359 roadway miles or 894 lane-miles of various
RSZs. In District 4, one of the largest RSZ consists of approximately 74.1 lane-miles of Route 128/1-95 in the
Towns of Lexington, Lincoln, Weston, and Waltham, which are within the watershed of the Hobbs and Stony
Brook reservoirs. These reservoirs are part of the drinking water supply for the City of Cambridge. Another
relatively large RSZ involves approximately 73 lane-miles of 1-95 roadway in Boxford and Georgetown,
which was established to minimize sodium effects to various private wells located in close proximity to 1-95.

Approximately 57.0 lane-miles of Routes 3 and 3A in Chelmsford and North Chelmsford were established to
minimize increases in sodium levels in the nearby municipal wells serving these communities. The northerly
section of Route 128/1-95 in the Lynnfield/Peabody area (68.0 lane-miles) is another large RSZ in District 4
that was established to protect the water supply of the Eastman Gelatin Corporation, which requires ultrapure
water to produce photographic gelatin, and has a water treatment plant with annual operating costs of about
$1 million to remove dissolved ions in their water supply.
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Insert Figure 2-2: Statewide Map of MassDOT Reduced Salt Zones Locations and Other Spreader Routes
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In District 5, all of the state-maintained roadways on Cape Cod including Routes 6, 6A, and 28 are designated
as reduced salt zones due to the designated Sole Source Aquifer that underlies the entire Cape Cod region.
The roadways in the Cape Cod region account for most of the District 5 RSZ lane miles. A section of 1-495 in
Middleboro between Interchanges 3 and 6 (consisting of approximately 32.4 lane-miles) and a parallel section
of Route 28 (consisting of approximately 28 lane miles) are also designated RSZs. Portions of Routes 1, 1-95,
and 1-295 in Attleboro and North Attleboro are also designated as RSZs as well as portions of Routes 18, 28,
and 140 in the Avon, Freetown, Lakeville, and Taunton area.

Snow & Ice Control Operational Practices in RSZs

Reduced Salt Zones have been established primarily for the purpose of reducing in sodium levels in nearby
private or public wells. This is accomplished by substituting or reducing the amount of sodium-based deicer
(i.e., granular road salt) with other materials such as a Pre-Mix and/or sand. Pre-Mix is a commercially
available product consisting of a 4 to 1 blend of granular sodium chloride and calcium chloride. In many
RSZs, the prescribed material application generally consists of a 50:50 mixture of Pre-Mix and sand applied
at 240 pounds per lane-mile and pre-wetted with liquid calcium chloride at the time of application. This
application mixture results in approximately a 60 percent reduction in the amount of sodium used per
application relative to application of straight road salt. In some RSZs, the applied material consists of a 50:50
mixture of sodium chloride and sand that is pre-wetted with liquid calcium chloride at the time of application.
The 50:50 mix of salt and sand, results in roughly a 40 percent reduction in the amount of sodium used per
application relative to the application of straight road salt.

It is important to note that in RSZs where sand comprises 50 percent of the applied material, the performance
or effectiveness of the deicing material in terms of preventing snow and ice from bonding to the pavement is
diminished or diluted by the sand as compared to a roadway treated with regular road salt. Sand has no effect
in lowering the freezing temperature and, although there may be limited vehicle traction benefits with sand,
this potential benefit is very short-lived especially on roadways with high traffic volumes as sand particles are
quickly pulverized to dust particles by the vehicular traffic. The traction benefits exist only when sand
remains in an angular form. Thus, given the lower performance roadway conditions must be monitoring to a
much greater degree and additional supervisory personnel are needed to ensure that reasonably safe travel
conditions are met. Additionally, the frequency and timing of repeat applications will differ from a roadway
treated with granular road salt, particularly during longer duration storms and storms with moderate to high
snowfall intensities. The environmental consequences of using sand are discussed later in this chapter.

As discussed in the 2006 GEIR, the operations and maintenance of a RSZ involves greater costs due primarily
to the higher unit costs of alternative deicer materials but is also the result of additional equipment, storage
and pavement monitoring needs. Based on 2010/11 cost information, Pre-mix, which is a mix of sodium
chloride and calcium chloride, costs approximately $200 per ton (depending on delivery charges), which is
about four times greater than the $50 to $60 per ton cost for regular road salt.

Since Pre-mix is hygroscopic (meaning it attracts moisture) and atmospheric humidity cannot be reasonably
controlled, storing Pre-mix in bulk form requires additional storage considerations and can be a serious
problem over the course of a season and from year to year. Over time, Pre-mix will absorb enough moisture
that it will aggregate into a solid block of material and become unusable. Rather than dispose of the solidified
Pre-Mix material as waste material, MassDOT recently purchased two portable mechanical grinding machines
to grind up the consolidated Pre-Mix material so that it can be returned to a granular form for future use.
Although this additional handling saves on disposal costs and avoids having to purchase additional Pre-Mix, it
adds to the cost of maintaining a RSZ relative to a regularly treated roadway.
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Further, RSZs generally require additional supervisory/patrol time to monitor road surface conditions
particularly when a mixture of sand/salt is used to ensure that the use of different deicing materials does not
result in ice buildup or a major change in roadway surface conditions as compared to that which is fully
treated with road salt. Varying road surface conditions can be extremely dangerous for the traveling public
particularly in adjacent roadway segments. A fourth added cost involves the labor and equipment required to
perform the post-season cleanup and disposal of applied sand along roadways, drainage swales, and catch
basin sumps. The potential for increased sedimentation and turbidity in nearby water bodies as a result of
excess residual sand deposits can also be a costly unintended consequence of the RSZ policy.

In the mid-1990’s, MassDOT conducted an internal study to track and compare the overall operating costs to
maintain the RSZ in the Cambridge Reservoir watershed as compared to that for a conventionally treated
roadway The results indicated in the 2006 GEIR that the operating costs were about $2,000 per lane-mile
greater in a reduced salt zone area. Using this estimated cost differential to extrapolate what the total added
cost may be for the approximately 1,750 lane miles of reduced salt zones statewide, suggests that MassDOT
spends approximately an additional $3.5 million a year to maintain reduced salt areas.

Potential Effectiveness of RSZs

The overall effectiveness of a particular RSZ in reducing or minimizing increases in sodium levels in nearby
private and public wells depends on a wide variety of site-specific factors. The most relevant factors include
the groundwater flow direction, the underlying soil types, the distance and/or juxtaposition of the well(s)
relative to the roadway and whether there are any low permeable layers between the well screen and roadway.
As discussed more in the next section, proximity to a MassDOT roadway does not always correlate to
elevated sodium levels in a nearby public or private well, as there are numerous public and private wells
across the state that are located fairly close to MassDOT roadways and have relatively low sodium levels.
Moreover, there can be other wells located considerable distances from MassDOT roadways and have
relatively high sodium levels. Much depends on the relative contribution or usage of sodium based materials
by MassDOT as compared to other sources of sodium in the drainage area, including deicing applications on
municipal roads and parking lots.

In urbanized areas, road salt used on municipal roadways and/or commercial parking lots can be as much or
even a greater factor than that used on nearby MassDOT roadways. The overall contribution from each source
again depends on many variables such as the amount of material used, type of material used, distance to the
well, groundwater flow direction, soil infiltration rates, the presence of underlying impermeable or confining
layers and the depth of the well. All of these factors need to be considered in evaluating the effectiveness of
an existing or proposed MassDOT RSZ in reducing sodium levels in the subject wells relative to the
contribution from other sources.

One of the main reasons that MassDOT requests that public water suppliers, who are interesting in having a
RSZ established, provide monthly sodium and chloride data is to be able to assess the effectiveness of RSZ
measures. However, only about 10 percent of the public water suppliers that are associated with the fifty or so
established RSZs actually submit monthly data to MassDOT on a routine basis. Periodically, MassDOT
sends out reminder letters to the respective water suppliers and more often than not these letters are
interpreted as a change in policy or a new requirement imposed by MassDOT. MassDOT is currently
preparing to send out a new round of reminder letters to request the monthly data consistent with its
established RSZ policy.
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Public Water Supply Sodium Data

This section provides an update on the observed sodium levels in various public water supply wells
throughout the Commonwealth. This issue generated a number of comments following the completion of the
2006 GEIR. MassDEP suggested that a systematic review of sodium levels be conducted for all public wells
near state highways to assess whether sodium levels are increasing or decreasing and whether if additional
controls are necessary to reduce salt use near wells that already have elevated sodium levels.

According to MassDEP’s Drinking Water Regulations (310 CMR Sec 22.06A, effective January 1, 1993), all
public water suppliers (PWS) are required to test for sodium levels in their raw water and treated water and
report the results to the MassDEP Drinking Water Division. If sodium levels are detected, the sodium levels
are also to be reported to the local Boards of Health and the Massachusetts Department of Health. The
required sampling frequency for PWS’s using groundwater sources is once every three years, while those
using surface water sources (including PWS’s with combined sources of surface water and groundwater), are
required to sample and report sodium levels annually. MassDEP also maintains a secondary drinking water
standard for chloride at 250 mg/L to avoid issues with aesthetics and taste.

For the 2006 GEIR, an assessment of the reported sodium data in various PWS in Massachusetts was
conducted to determine how many public wells had reported sodium levels above EPA’s recommended
Health Advisory of 30 to 60 mg/L for people on sodium-restricted diets>. MassDEP uses a recommended
sodium guidance level of 20 mg/L for people on sodium restricted diets was also used in the analysis. Using
available data contained in the MassDEP files, the review focused on approximately 328 community public
wells that were within 0.5 mile of a MassDOT maintained roadway or storage shed based on the MassDOT
GIS roadway inventory and MassGIS public well location data. The 0.5 mile distance from a MassDOT
roadway was selected as a reasonable threshold to focus the review on wells that are most likely to be affected
by MassDOT S&I Control operations. Of the 328 community public water supplies, sodium data was
available for approximately 210 sources that reported data between the years of 1993 and 1996.

The results of the 2006 GEIR assessment indicated that approximately 90 percent of the 210 water supply
sources with available sodium data had sodium concentrations below 60 mg/L, which is the upper limit of the
EPA’s Drinking Water Guideline for sodium for people on sodium restricted diets. Nearly 50 percent of the
water supply sources had reported sodium concentrations below 20 mg/L. Based on this analysis, close
proximity to a MassDOT roadway (i.e., within a 0.5 mile) did not appear to be a strong indicator as to which
public water supply wells may have elevated sodium levels above the EPA or MassDEP guidance levels. In
other words, the fact that a public water supply well may be located within a 0.5 mile of a MassDOT roadway
does not necessarily mean that the well will have elevated sodium concentrations. These findings support the
need for detailed site investigations as required by MassDOT’s RSZ policy before establishing a reduced salt
zone area in response to a public well supplier request since the principal source of elevated sodium levels
may not be related to MassDOT’s S&I Control deicing activities.

For this 2012 ESPR, a similar analysis was conducted to assess whether the number of community public
wells with reported sodium levels above the EPA’s guidelines had changed and to identify any discernable
trends in the sodium data as reported by public water supply (PWS) sources. This assessment was based on

¢
2 In February 2003, EPA developed a health advisory recommending that sodium concentrations in drinking water be no greater than 30 to 60
mg/L, a threshold that is not likely to be detected as salty for taste sensitive segments of the population. At these levels, the sodium intake
from drinking water is likely to contribute no more than 2.5 to 5 percent of the total daily sodium intake for most individuals. The previous
recommended threshold was 20 mg/L which was designated for individuals that are prescribed to severe sodium restricted diets of no more
than 500 mg of sodium per day. The FDA has found that most American adults consume between 4,000 to 6,000 mg of sodium per day.
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MassDEP’s public well sodium data, (as provided in Dec. 2010), which contains approximately 8,000 records
of sodium sampling results reported between 1993 and 2010. Using MassDOT’s GIS roadway inventory and
MassDEP’s public water supply source location information, approximately 358 community (PWS) systems
and approximately 196 municipal public well systems were identified as having one or more wells or surface
water sources located within a 0.5 mile (2,640 feet) of a MassDOT roadway. Many community systems have
multiple sources including various wells, surface waters and/or combinations of both. Generally, when one
source has had an elevated sodium level, all sources within the system are tested and reported to MassDEP.

Table 2-3 presents a frequency distribution of community and municipal PWS systems having one or more
water sources within a 0.5 mile of a MassDOT roadway and an average and maximum reported sodium
concentration below specified levels.

Table 2-3: Frequency Distribution of the Number of Community and Municipal Public Water Systems that have Average and Maximum
Reported Sodium Concentrations Below Specified Levels and have at least One Source within a 0.5 mile of a MassDOT Roadway

Average Reported Na Conc. (mg/L) Maximum Reported Na Conc. (mg/L)
Sodium | No. of No. of No. of No. of
. % of . % of . % of . % of
Level [ Community Municipal Community Municipal
Total Total Total Total
(mg/L) | PWS Systems PWS Systems PWS Systems PWS Systems
<20 | 205 57.1 91 46.4 168 46.8 68 34.7
<40 | 294 81.9 154 78.6 261 72.7 128 65.3
<60 | 331 92.2 178 90.8 299 83.3 155 79.1
<80 | 342 95.3 184 93.9 326 90.8 175 89.3
<100 | 351 97.8 191 97.4 337 93.9 183 93.4
<120 | 354 98.6 192 98.0 343 95.5 186 94.9
<150 | 354 98.6 192 98.0 346 96.4 187 95.4
<200 | 355 98.9 193 98.5 353 98.3 191 97.4
<300 | 357 99.7 195 99.5 355 98.9 193 98.5
Totals 358 196 358 196

Note: Reported sodium concentration data was provided by MassDEP Drinking Water Program in Dec. 2010

The results of this analysis are similar to those presented in the 2006 GEIR where more than 90 percent of the
community and municipal PWS systems reported average sodium concentrations that are less than 60 mg/L.
More than 50 percent of the community PWS systems and 46 percent of the municipal PWS systems with at
least one source within a 0.5 mile of a MassDOT roadway had average sodium concentrations that were less
than 20 mg/L. At the high end of the scale, less than 3 percent of both the community and municipal well
systems had average reported sodium concentrations that are above 100 mg/L. Since the results of this
assessment are very similar to that presented in the 2006 GEIR, it seems reasonable to conclude that there has
been no substantial change in the percentage of community wells near MassDOT roadways that have sodium
levels above the upper limit of EPA guidelines of 60 mg/L, based on reported average annual concentrations.

Using the maximum rather than the average reported sodium concentration for each water supply system,
changes the frequently distribution only slightly. Nearly 83 and 79 percent of the community and municipal
PWS systems, respectively, had reported maximum sodium concentrations below 60 mg/L. Nearly 47 and
35 percent of the community and municipal PWS systems, respectively, had reported maximum sodium
concentrations below 20 mg/L. Although the maximum reported sodium concentrations indicates that a
slightly higher percentage of PWS systems have sodium levels above specified levels, it does not appear that
elevated sodium levels in community and municipal PWS systems is a widespread issue. Additional
discussion on the historical trends of sodium levels in these systems are discussed below.
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The data also suggests that close proximity to a MassDOT roadway alone is not a strong indicator as to which
PWS systems may have elevated sodium levels and which do not. For instance, in District 1, PWS wells in
the Towns of Monterey and New Marlborough had maximum reported sodium concentrations of 170 and 233
mg/L and were estimated to be approximately 3,600 and 9,000 feet, respectively, from the nearest MassDOT
roadway. Conversely, in the Town of Barre, there are three wells that are within 20 to 25 feet of a MassDOT
roadway and yet the reported average sodium level for the three wells is approximately 25 mg/L. In fact, more
than 50 percent of the municipal water supply sources (mostly wells) reviewed in this analysis are estimated
to be within 500 feet of a MassDOT maintained roadway. More than 70 percent or approximately 152
municipal water supply sources are within 1,000 feet of a MassDOT roadway. In other words, even though a
relatively high percentage of municipal water supply sources have a MassDOT roadway well within their
“theoretical zone of contribution”, less than 10 percent of these wells have sodium levels above 60 mg/L.

Review of Trends in PWS Sodium Data

The second aspect of this review included an evaluation of historical trends in the sodium data for specific
municipal systems and particularly those municipal systems that have reported elevated levels in the past few
years and are located near one or more major Interstate roadways. This analysis focuses on fifteen different
municipal well systems that had at least six years of sodium data going back to 1993 and are within more
urbanized areas of the state. These systems include those in the municipalities of Auburn, Burlington,
Chelmsford and North Chelmsford, Concord, Dedham, Franklin, North Attleboro, Norton, Middleboro,
Oxford, Wellesley, Wilmington, and Woburn.

Table 2-4: Historical Review of Annual Average Sodium Data for Various Municipal Water Systems and for Selected Years

No. of No. of Average Annual Sodium Conc. (mg/L)

Town .

Readings Wells 1993 1995 1997 1999 2001 2003 2005 2007 2009 2010
Auburn 85 18 n/a n/a 594 1542 280 164.8 405 1457 1403  280.0
Burlington 31 16 39.8¢ n/a 5.1 33.1 76.5 64.0 74.0 67.9 84.8 86.0
Chelmsford 117 18 32.7 28.9 30.8 41 33.8 494 55.3 49.0 442 n/a
Concord 70 10 12.0 10.0 15.9 n/a 194 22.9 29.5 31.9¢ 40.6 82.0
Dedham 21 6 305° 47.4 46.2 41 22.9 549 514« 83.5 41.7 86.1
Franklin 81 11  19.6° 20.6 27.9 110 28.6¢ 54.9 30.4 157 429 n/a
Middleboro 77 11  26.8¢ 241 2430 n/a n/a 27.4 27.4 379 39.1 n/a
Millbury 83 4 3790 394 26.4 70.3 89.8 85 1083 36 9  100.0
Natick 29 8 n/a n/a 39.5°? n/a 43.7 29.8 51.3 63.14 n/a 59.6
North Attleboro 47 13 20.8 23.3 214 n/a n/a 27.9 n/a 140.8 29.5 n/a
North Chelmsford 335 4 n/a 97.7 919 1124 1482 148.7  130.3 1399 1335  116.3
Oxford 52 4 210°b 28 23.3 32.3 434 50.3 46.7 36.0 47.8 n/a
Reading 14 5 n/a 107 « n/a n/a 524 63.5 60.0 n/a n/a n/a
Salisbury 41 3 33.8¢% 322  61.7°% 59.2 67.6 50« 56.8 n/a 91.7 n/a
Wellesley 139 11 34.1 42.6 47.6 44.1 51.5 51.7 64 63.9 61.9 n/a
Wilmington 62 11  54.8°? 63.4 57.0 61.5 70.0 72.6 67.9 70.0 35.2 91.0
Woburn 107 12 2220  33.2°0 35.7 20.1 n/a 59.4 70.9 70.9 82.4 80.6

Notes: Since each town did not report in each of the same years, where data was missing, the concentration from the previous or following year was presented, when
available; a = means the data presented was reported was from previous year and b = means data was reported from year after. Ex. for column 1993, a = 1992, b = 1994.
n/a = data not available

Review of the sodium data for these municipal water supplies show mixed results with considerable
variability from year to year. The Towns of Auburn and North Chelmsford have had some of the highest
sodium levels historically but more recently sodium levels have declined in 2007 and 2009. Auburn’s sodium
levels, however, increased again in 2010. North Chelmsford reported lower levels in the last five years
compared to that reported in 2001 and 2003, but sodium levels are still above 100 mg/L. The Auburn and
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North Chelmsford wells are the only wells that have consistently had sodium levels above 100 mg/L. In
nearby East Chelmsford, the sodium levels appear to range consistently between 40 and 50 mg/L.

A number of municipal systems have shown recent increases in sodium levels in 2009 and/or 2010 with
sodium levels rising above 60 mg/L and approaching or exceeding 100 mg/L. These municipal systems
include those in the Towns of Burlington, Concord, Dedham, Millbury, Salisbury, Wilmington and Woburn.
Certain wells, such as Well No. 5 in the Dedham-Westwood Water District (DWWD) and Well No. 6 in
Salisbury have had sodium levels exceed 100 mg/L. For DWWD, the sodium levels appeared to have peaked
in 2008 and 2009 and recently have dropped below 100 mg/L. It is difficult to determine whether this recent
decrease represents definitive trend based on one or two years of data and whether or not other long-term
increases are due to MassDOT road salt applications or due to road salt usage on other roadways and parking
lots in the area. Many of these towns have experienced considerable commercial development in recent years,
which can introduce new significant sources of sodium and chloride linked to parking lot winter maintenance.

Detailed hydrologic investigations have been performed by the UMASS Engineering Department in certain
Zone 1l areas to evaluate the potential effects of MassDOT winter maintenance activities on water supplies.
These municipal water supplies include the Well No 5 of the Dedham-Westwood Water District and the
Haggetts Pond watershed for the Town Andover. MassDOT has been regularly communicating with certain
municipal officials and public water suppliers such as in Dedham, and Cambridge to address sodium issues.
MassDOT has implemented changes in either storage facility housekeeping, material loading/offloading
practices, training at the depot level or material applications or some combination thereof as a result of these
studies. The studies have also shown that road salt used on municipal roads and other impervious surfaces is a
contributing factor to the reported increased levels of sodium in these public water supplies.

For other municipal systems, including those in Franklin, Middleboro, Natick, Oxford, Reading and
Wellesley, the reported average annual sodium levels appears to have remained relatively steady or with only
minor up and down changes from year to year. Although there are occasional spikes in some years, these
municipal systems are generally reporting sodium concentrations below or very close to EPA’s recommended
drinking water guideline of 60 mg/L, for people on moderately restricted sodium diets. The recommended
guideline drops to 20 mg/L for people on severely restricted sodium diets (i.e., <5600 mg per day). Both
Franklin and North Attleboro reported an unusual sharp increase in sodium levels in 2007, which was a
relatively severe winter, but levels dropped back down in the following years.

Salt Related Impacts Associated With Environmental Resources in Massachusetts

This section provides an overview of the concerns and issues previously expressed with regard to the potential
impacts that the MassDOT S&I Control Program may have on aquatic resources and designated sensitive
environmental areas in the Commonwealth. The sensitive environmental areas include Areas of Critical
Environmental Concern (ACEC) and Priority Habitats and Natural Communities, as designated by the
Massachusetts Natural Heritage and Endangered Species Program (MNHESP), a division of the
Massachusetts Division of Fisheries and Wildlife. In a response to a comment from MassDEP, this section
also provides information on an ongoing study of Kampoosa Bog in Stockbridge and Lee. This section
provides an inventory of the mapped designated environmental resources and background information with
which to initiate a dialogue and increase coordination with the ACEC Program Coordinator, as suggested in
the DCR comments on the 2008 EEA Certificate related to this ESPR. MassDOT will coordinate with the
ACEC program Coordinator to get an update on the issues and priorities of the ACEC program.
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Statewide Designated Environmentally Sensitive Areas

Avreas of Critical Environmental Concern (ACEC’s) are those areas that are considered to have a unique set of
natural and human resource values and are worthy of a high level of concern and protection. ACEC’s are
protected and regulated under state regulations 301 CMR 12.00. To formally designate an area as an ACEC
requires a five step process including a formal nomination, a review by the EEA Secretary, public hearings, a
decision by the Secretary, and publication of notice of the results in the Environmental Monitor. The
designation process determines whether the nominated area is of regional, state, or national importance and/or
contains significant ecological systems with critical interrelationships among a number of components.

Currently, there are thirty designated ACEC’s within the state of Massachusetts encompassing a total area of
approximately 268,000 acres. The largest ACEC consists of the Squannassit ACEC which is approximately
37,420 acres in size and is located in the central and northern sections of MassDOT’s District 3 along and to
the west of the Nashua River from portions of Harvard and Lancaster north to New Hampshire. The
Squannassit ACEC is adjacent to two other large ACEC’s including the Central Nashua River Valley ACEC
and the Petapawag ACEC and shares the abundant physical, biological, cultural, and historical resources
associated with the Nashua River Corridor. The Pocasset River ACEC is the States’ smallest ACEC and is
comprised of 160 acres of river and estuarine habitat located on the eastern shore of Buzzards Bay and in the
Town of Bourne. District 5 has more designated ACEC’s than any other MassDOT District, due to the
unique habitat and hydro-geologic conditions of Cape Cod and the southeastern coastal region of the state.

Another key type of significant ecological area regulated within the state of Massachusetts consists of Priority
Habitats as identified by Natural Heritage & Endangered Species Program (NHESP). Priority Habitats
represent the known geographical extent of habitat for all state-listed rare species, both plants and animals, as
codified under Massachusetts Endangered Species Act (MESA). Any proposed habitat alteration within a
Priority Habitat may adversely impact and potentially result in a “take” of a state-listed species, and are
subject to regulatory review to ensure compliance with NHESP for MESA. Priority Habitat maps are used for
determining whether or not a proposed project must be reviewed. There are also “Estimated Habitat Areas of
Rare Wildlife,” which are a subset of Priority Habitat areas and represent the geographical extent of the
habitat of state-listed rare wetland wildlife and is codified under the Wetlands Protection Act. The NHESP
also identifies a third key type of ecological area known as “Priority Natural Communities”. These areas are
identified as having natural communities that are considered uncommon and/or exemplary within the state.

According to the latest version of the Natural Heritage Atlas (13" Edition-effective October 1, 2008), there
are approximately 1,531 areas designated as NHESP Priority Habitat for Rare Species within the
Commonwealth and 656 distinct areas that are designated as NHESP Natural Communities. Table 2-5
provides a summary of the key identified and mapped ecological areas within each District.

Table 2-5: Number of Designated Environmentally Sensitive Areas within each MassDOT District
MassDOT  No. of NHESP Priority NHESP Natural

District ACECs Habitats Communities
1 5 293 176
2 0 244 191
3 5 288 106
4 4 166 40
5 16 555 803
6 5 33 7
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Table 2-6 lists the various ACEC’s within each District that either directly border or are bisected by a
MassDOT maintained highway. With the exception of District 2, each District has at least one designated
ACEC that is bordered or bisected by a MassDOT highway. Districts 1 and 3 have five designated ACEC’s
traversed by a state highway, while District 4 has only two ACECs and District 5 has thirteen ACECs that are
located adjacent to or bisected by a MassDOT highway. Four of the five ACECs located in District 6 are also
traversed by a MassDOT highway.

Of the five ACEC’s located in District 1, Kampoosa Bog has perhaps gained the most attention and has been
the subject of at least three studies investigating the potential effects of road salt applications on existing
vegetation. As discussed in the following section, both 1-90 (the Massachusetts Turnpike) and Route 7
directly border the edges of the Bog. In District 3, Cedar Swamp ACEC and the Miscoe, Warren, and
Whitehall Watershed ACEC’s are very close to several major interstate roadways including 1-495 and 1-90.

In the northern portion of District 3, the Central Nashua River Valley ACEC is bordered by a segment of
1-190 along its westernmost boundary. The Central Nashua River Valley ACEC is estimated to contain at
least 19 state-listed rare species that comprise 39 percent of the total habitat area. This ACEC also contains
approximately a 20-mile corridor of the North Nashua and Nashua Rivers. Although Petapawag and
Squannassit ACECs have a number of state highways that traverse through them, they are relatively large and
are located within a less densely developed, rural portion of the state.

Two out of the four ACEC areas in District 4 are bisected by MassDOT highways. These include the Rumney
Marsh and the Great Marsh ACEC’s, which are both in highly urbanized areas and in the coastal region of the
state. Rumney Marsh is in the towns of Lynn, Revere and Saugus, extending to the south into District 6 within
City limits of Boston and Winthrop. Routes 1, 1A, 107, and 60 extend within portions of this ACEC. The
second ACEC in District 4, Great Marsh, is in the coastal towns of Essex, Gloucester, Ipswich, Newbury, and
Rowley. Given that both of these ACEC’s are in part tidally influenced, have large portions of their
watershed that are highly urbanized and are not bordered by major MassDOT roadways, these ACEC’s are
less likely to be affected by MassDOT snow and ice control activities.

Within District 5 and portions of District 6, there are several ACEC’s (Fowl Meadow, Ponkapoag Bog, the
Canoe River Aquifer, and Cranberry Brook Watershed) that are bordered by or bisected by segments of 1-95
and/or 1-93. 1-495 and several secondary state routes also border or are within the watersheds of the Canoe
River Aquifer ACEC as well as the Hockomock Swamp and Three Mile River Watershed ACECs. These
areas are within a region of the state with some of the highest densities of impervious area.

Table 2-6: ACECs Located within each District that are Adjacent to or Traversed by a MassDOT Roadway.

District ACEC Name MassDOT Roadways
Schenob Brook Drainage Basin Routes 7, 23, and 41
Hinsdale Flats Watershed Routes 8 and 143
District 1 Karner Brook Watershed Routes 7, 23, and 41
Kampoosa Bog Drainage Basin 1-90, Route 7
Upper Housatonic River Route 7
District 2 none --
Cedar Swamp 1-495, 1-90, Route 140
District 3 Central Nashua River Valley 1-190,Routes 2, 70, 110, and 117
Miscoe, Warren, and Whitehall Watersheds 1-90, Route 140
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Petapawag Routes 40, 111, 113, and 119/225
Squannassit Routes 2, 2A, 13, 31, 111, 113, 119
- Rumney Marsh Routes 1A, 60, 107, 145
District 4
Great Marsh Routes 1, 133
Three Mile River Watershed Routes 44, 123, 138, and 140
Canoe River Aquifer 1-495,Routes 106, and 123
Fowl Meadow and Ponkapoag Bog 1-95, Route 1
Hockomock Swamp 1-495,Route 24, 104, 106,138
Weir River Estuary Route 228
Pleasant Bay Route 28
District 5 Sandy Neck Barrier Beach System Route 6A
Waquoit Bay Route 28
Herring River Watershed Route 3
Ellisville Harbor Route 3A
Bourne Back River Route 28
Wellfleet Harbor Route 6
Inner Cape Cod Bay Route 6
Neponset River Estuary 1-93, Routes 3A, 203
District 6 Fowl Meadow and Ponkapoag Bog 1-93, 1-95,Route 24 and 138
Cranberry Brook Watershed Route 37
Rumney Marsh Route 1

The Canoe River Aquifer was designated by the EPA as a Sole Source Aquifer (i.e., a watershed that supplies
at least fifty percent of the drinking water consumed within the area overlying the aquifer). The aquifer
currently provides drinking water for approximately 50,000 people within five towns. The Canoe River
Agquifer is highly significant due to the lack of any other viable sources of sufficient drinking water supply in
the area. As stated in the EPA’s 1993 Notice of Designation (58 FR 28402), the Canoe River Aquifer is
considered highly vulnerable to contamination due to its geological characteristics and nearby land use
activities. The Aquifer is a stratified drift aquifer consisting of shallow sand and gravel deposits. Due to the
shallow nature of this aquifer it is more vulnerable to the effects of potential contaminants that may be
introduced given its limited depth of overlying soils and assimilation capacity. Due this rated higher
vulnerability to contamination, and the fact that it is the principal source of drinking water for the residents of
the five towns, this could be considered the most critical ACEC in District 5.

Following the 2006 GEIR, the Town of Norton’s Conservation Commission had submitted a comment letter
requesting additional information and clarification of the material application measures being utilized on
roadways bordering or within the Canoe Rive Aquifer. MassDOT responded with several letters and met
with Town officials to discuss their concerns and encouraged officials to provide any additional information.
MassDOT has incorporated the Town’s concerns into its annual training sessions with District personnel.

Kampoosa Bog, Stockbridge and Lee, MA

MassDEP expressed concerns (in their comment letter on the 2006 GEIR) that MassDOT was understating
the findings of the Kampoosa Bog Study as reported by Richburg et al., 2001. This section provides
additional information concerning the Kampoosa Bog Study and potential effects of MassDOT S&I Control
operations on the Bog. Approximately 2.0 miles of 1-90 (or more commonly known as the Mass Turnpike)
directly borders the northern boundary of Kampoosa Bog. A portion of Route 7 also directly borders the
northerly limits of the Bog.
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The Kampoosa Bog is located in western Massachusetts in the towns of Stockbridge and Lee. The Bog is a
large wetland complex, approximately 1,350 acres in size, comprised of red maple swamp areas and a
calcareous (calcium-rich) basin fen surrounding an open water area. The Bog was designated as an Area of
Critical Environmental Concern (ACEC) in 1995 after being nominated by the Stockbridge Land Trust and
completion of an Ecological Designation Report prepared by the former Massachusetts Department of
Environmental Management (DEM). The Kampoosa Bog features a unigque lake-basin fen habitat that
supports five state-listed endangered and seven threatened species. The herbaceous fen contains over 60
species of sedges, grasses and rushes (Refer to Figure 2-3).

In the years immediately following the ACEC designation, several studies were conducted to evaluate
whether road salt applications on nearby roadways (mainly 1-90 and Route 7) were contributing to changes in
vegetation, and specifically to the proliferation of an invasive plant species known as Phragmites australis
(herein referred to as “Phragmites”). Phragmites is a salt tolerant species that grows predominantly in
brackish coastal waters but has become more and more prevalent in roadside ditches and wetland areas,
particularly where salinity has increased possibly due to the salt contained in runoff and/or where area have
been recent disturbed. Phragmites is highly aggressive and opportunistic and can quickly colonize recently
disturbed areas if there is an available seed mix nearby. Once established, Phragmites can spread quickly
through rapid growth of rhizome shoots in its root mass. It grows in dense monolithic stands that tend to out-
compete with and overcome native species. As the plant continues to spread, it can have an adverse effect on
habitat conditions and result in a major shift in the diversity of the existing plant community.

The first study was performed by Dr. Julie Richburg of the UMass Department of Natural Resources
Conservation and was first published as a Master’s thesis in 1999 and then later in a full report entitled,
“Effects of Road Salt and Phragmites australis Invasion on the Vegetation of a Western Massachusetts
Calcareous Lake-Basin Fen” (Richburg et al., 2001).

As part of this study, water quality samples were collected from fifty-seven wells distributed across the
northeastern portion of the wetlands within Kampoosa Bog where Phragmites was most abundant. The
following year, in 1998, samples were collected from an additional thirty-seven wells that were added along
the western and southern portions of the Kampoosa Bog wetlands covering a larger area. The sampling data
revealed that sodium and chloride concentrations were highest in the first 300 meters (900 feet) from the 1-90
roadway, which represents the northern edge of the wetland. Sodium concentrations in this area ranged from
200-390 mg/l, and chloride concentrations ranged from 210-275 mg/l. As expected, concentrations decreased
in samples collected farther away from 1-90. Approximately 650 meters (~2,000 feet) from 1-90, the average
sodium and chloride concentrations dropped to approximately 80 mg/L and 60 mg/L, respectively. The
sodium and chloride concentrations decreased even further to approximately 15 mg/L at approximately 2,500
feet from the roadway.

The researchers noted that vegetation species evenness, richness, and total plant cover were significantly
lower in plots with higher chloride and sodium levels compared to plots with lower chloride and sodium
levels. Of the 68 total plant species recorded for the emergent marsh community, 11 plants (16 %) had
significantly lower cover in plots with high chloride levels, while eight plants (12 %) were found to have
significantly lower cover in the high sodium plots. Only one plant was found to have greater cover in the high
sodium and chloride plots. Phragmites was found to be present in 15 of the 42 subplots within the emergent
marsh and comprised 3 to 90 percent of the vegetative cover in each of the plots.
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INSERT FIGURE 2-3 _Kampoosa Bog Location Map
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The study authors pointed out that the initial establishment of Phragmites in this area may have been due to
soil disturbances caused by pipeline construction work along the Turnpike right of way in 1991. This was
based on the fact that the presence of Phragmites was not apparent in aerial photographs taken in 1952, 1972,
1985, and 1991. Construction of the Turnpike was completed sometime during the mid-1950’s. Construction
of a gas pipeline along the Turnpike right-of-way was initially completed in 1951 with follow-up construction
work conducted in 1971 and 1991. Phragmites first became evident in 1992 along the northern edges of bog
adjacent to the Turnpike right-of-way. Once established, the researchers suggest that higher sodium and
chloride levels attributed to road salt applications on 1-90 were potentially creating more favorable conditions
for Phragmites to outcompete other vegetation species in the emergent marsh. The study authors also
suggested that the elevated concentrations were affecting a large portion of the Kampoosa Bog since sodium
and chloride concentrations were elevated more than 600 meters from the 1-90 roadway.

Another more recent study was completed in 2008 by Dr. Amy Rhodes of the Department of Geology at
Smith College in Northampton, Massachusetts. The study report entitled, “Hydrogeochemistry of Kampoosa
Bog” was conducted for the Massachusetts Environmental Trust (Rhodes at al., 2008). The study involved
data collection over multiple years and focused on evaluating how changes in hydrology and flow paths affect
water chemistry within the wetland. The study specifically evaluated the relative influence of surface runoff
and shallow and deep groundwater flow on the exchange of salt related cations and anions within the bog.

Rhodes et al. (2008) suggested that snowmelt events can often cause a significant amount of salt related
cations and anions to be exported from the fen through increased recharge and groundwater movement. Data
showed that more than half of the estimated annually applied sodium and chloride applied to the Turnpike,
was estimated to be flushed out of the watershed during March-May. Rhodes et al. (2008) indicated that large
rain events during non-winter months could be more important in influencing the net export of dissolved salts
from the wetland than snow melts events due to the addition of road salt to the wetland during snowmelt.

Similar to the Richburg et al. (2001) study, this study found that sodium and chloride concentrations in fen
groundwater were highest closest to the 1-90 roadway. The study also concluded that Na and CI levels were
highest near the surface while calcium and magnesium concentrations increased with depth. From these
observations, Rhodes et al. (2008) suggested that road salt is being added to the fen by surface and shallow
ground water flow. This study found that hydraulic conductivity within the upper regions (approx. 1-4 m) of
the peat profile was high, enabling groundwater flow when water levels rise in response to hydrologic events.
Observation from the 2007 snowmelt event suggested that hydrologic events may cause deeper groundwater
flow to the surface, however further work is needed to evaluate this interpretation.

Research Findings Related to Potential Impacts to Aquatic Resources

The following provides a summary of relevant recent research findings regarding the potential environmental
impacts of deicing chemical usage with a particular focus on chloride levels in streams. Following review of
the 2006 GEIR, MassDEP had previously commented that the 2006 GEIR did not include information from
various state-specific research studies and reports published in the literature and specifically one study that
reported on the effects of road salt on area streams, which was prepared by Mattson and Godfrey and
presented in the 1994 Journal of Environmental Management. This study evaluated the correlation between
observed sodium and chloride levels in streams based on sampling results collected in April 1992 from 162
randomly selected stream stations across the Commonwealth to the amount of various roadway types within
the watershed. The sampling data was collected as part of the regional Acid Rain Monitoring Project. The
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study investigators estimated roadway length for four different categories of roads within the watershed
including interstate, other major state roads, municipal collector roads and smaller city or town streets based
on digitized data. The study authors noted that twenty-five streams had observed sodium concentrations
above 20 mg/L and there was a significant relationship between these streams and the amount of interstate
and other state roadway area within the watershed. A much weaker relationship was observed for the local
roads and streets even though they were abundant. The authors also noted that the streams with higher
concentrations were generally located in urbanized areas (Mattson and Godfrey, 1994).

In the last decade or so, environmental agencies have expressed increasing concerns regarding an apparent
trend of increased chloride (CI') levels in the aquatic environment and its potential effect on aquatic life.
Recent studies have found that chloride concentrations are increasing in aquatic environments, particularly in
urban areas. The main source of chloride in these aquatic environments has been attributed to deicing
chemical usage on paved surfaces. Studies have also shown that the use of road salt on commercial parking
lots and municipal roadways are major sources as well and some areas more so than that used on state-
maintained highways. As such, in order to achieve any meaningful future reductions in chloride
concentrations in streams in urbanized areas, efforts will be needed to increase the efficiency and minimize
the use of road salt on municipal roads and commercial property owners (as applied by their contractors) as
well as state maintained roadways. A more detailed summary of various chloride studies is provided below.

Several studies have documented increasing chloride concentration in various rivers and streams throughout
the Snow Belt states. Kelly et al., 2008 reported chloride concentrations in one New York stream increased
from approximately 15 mg/L to above 40 mg/L or at an average annual rate of 1.5 mg/L over a 20-year period
from 1985 to 2005. The U.S. Geological Survey have reported that the mean annual chloride concentrations
in the Merrimack River have increased from 2.9 mg/L in the early 1900’s to 24.9 mg/L as measured in 1995
(Robinson et al., 2003). Kaushal et al., 2005 reported observed chloride concentrations in streams of
Maryland, New York and New Hampshire being up to 100 times greater than that in un-impacted forest
streams during summer months. In some urban streams, chloride concentrations were close to 25 percent of
the concentrations found in seawater. Mullaney et al. (2009) reported that increases in chloride
concentrations are largely attributable to urbanization based on a comprehensive review of water quality data
collected from 100 different streams throughout northeastern United States. The median base flow chloride
concentration was 3.5 mg/L in forested basins, 21 mg/L for watersheds largely composed of agricultural
areas, and 81 mg/L for more urbanized watersheds. The study authors had estimated that the mean annual
chloride loads were 6.4, 15.4 and 88 tons/mi? for forested, agricultural and urban watersheds, respectively.

Trowbridge et al. (2010) reported that average chloride concentrations in four New Hampshire streams ranged
from 149.0 mg/L to 308.7 mg/L where 8 to 31 percent of the watershed area consisted of commercial,
industrial and transportation areas. In two other streams, where the percentage of urbanization was less than 8
percent, the annual average chloride concentration was less than 100 mg/L. The study showed a strong
correlation between urbanization and average and peak chloride concentrations. On average, deicing of
roadways and parking lots accounted for 91 percent of the chloride loading in each watershed. Chloride inputs
from other sources were relatively minor including domestic waste water (5 percent), deicing of private roads
(4 percent), outdoor sand/salt piles (3 percent), water softeners (3 percent) and atmospheric deposition (1
percent). Average annual chloride concentrations predicted from a mass balance equation using stream flow
and chloride import rates indicated that average chloride loading rates ranged from 45 to 98 mg/L km™? yr™*
depending on level of urbanization.

Based on the relationship of specific conductance measurements to chloride concentrations, the authors
concluded that it was highly unlikely for a stream to have chloride concentrations that would exceed the water
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quality standards for chloride, if the average annual chloride concentration based on monthly grab samples
was less than 102 mg/L. This finding is significant in that it would allow monthly grab samples be used rather
than more costly and labor-intensive use of data loggers to determine if EPA’s recommended water quality
standards are exceeded within a particular stream.

MassDEP’s Integrated List of Waters 303(d) and 305(b) data for 2010, lists four streams in the Towns of
Wilmington, Tewksbury and Andover along the 1-93 corridor as impaired due to elevated chloride levels
based on data reported by EPA-New England and collected during the winter of 2009-10. These four streams
will be added to Final Integrated List of Category 5 water bodies. Category 5 water bodies are considered to
have the highest priority for initiating Total Maximum Daily Load (TMDL) studies to alleviate the known
impairment. The data collected consisted of continuous specific conductance measurements using data
loggers and grab samples for chloride analyses. All of EPA’s sampling was conducted downstream of 1-93.
EPA determined if their recommended acute or chronic standards of 860 and 230 mg/L were exceeded based
on estimated 4-day or 1-hour average chloride concentrations, respectively, and an empirical relationship
between observed chloride concentrations and specific conductance measurements (EPA Report, 2010).

EPA reported that the chronic water quality standard was exceeded on at least one occasion in four of the six
streams monitored in the study area. The four streams include an unnamed tributary to Martin’s Brook in
Wilmington, an unnamed tributary to the Shawsheen River near Dascomb Road in Tewksbury and Pinnacle
Brook and Fish Brook, which are both in the Town of Andover. EPA had reported that Sutton Brook in
Wilmington had estimated chloride concentrations that exceeded the acute standard on three separate
occasions but there were no exceedances of the chronic standard. MassDEP accepted the regression approach
for estimating exceedances of the chronic standard but were not confident that the regression analysis between
specific conductance measurements and chloride concentrations was sufficiently validated to predict
exceedances of the acute criteria since there were no actual observed chloride concentrations that were above
the acute standard of 860 mg/L. Thus, MassDEP did not list Sutton Brook as an impaired water body and
noted that additional data would be necessary to determine if it is impaired.

MassDOT had conducted similar sampling at several upstream locations in the same streams monitored by
the EPA. The upstream data also indicated elevated chloride concentrations in various upstream locations, and
particularly in Pinnacle Brook, which also had chloride concentrations that exceeded EPA’s recommended
chronic water quality standard. This stream and the other three streams listed as impaired for chloride are
located in highly developed watersheds with numerous residential roads and commercial parking lots. In fact,
in several of these watersheds, the amount of impervious area associated with MassDOT roadway area is
relatively minor compared to the parking lots, municipal roads and developed areas. The elevated chloride
levels upstream suggest that other sources besides the salt used on MassDOT roadways are contributing to the
elevated chloride concentrations in these streams.

Similar findings were found in several TMDL studies completed for four streams located along the 1-93
corridor in southern New Hampshire (NH Department of Environmental Services, April 2008). This four-lane
interstate highway (two lanes each way) has historically been considered to be the largest source of the
elevated chloride levels detected in these streams. However, the findings of the TMDL studies showed that in
two of the more highly urbanized watersheds, road salt applied to parking lots was the largest single source of
chloride. In the Beaver Brook watershed in Derry, NH, road salt used on parking lots was estimated to
account for 47 percent of the chloride loading in the watershed followed by municipal roads at 30 percent
while the state-maintained roads accounted for only 11 percent or the chloride inputs (NHDES, 2008a).
Similarly, in the Policy Brook watershed in Salem, NH, road salt used on parking lots was considered to
contribute as much as 50 percent of the chloride loading while municipal and state roads accounted for 27 and
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10 percent, respectively (NHDES, 2008b). In two other smaller watersheds in Windham, NH, salt used on
state-maintained roads accounted for 50 to 85 percent of the estimated chloride loading.

Based on the TMDL study findings, it became quite evident that in order to achieve any meaningful future
reductions in chloride concentrations in the more urbanized streams, the commercial property owners and
their contractors who maintain their parking lots would need to be fully involved with implementing measures
to reduce salt usage. Unfortunately, there are few mechanisms, regulatory or otherwise, to ensure that this
participation can be accomplished. Even if NHDOT was to dramatically reduce their salt usage by 30 to 50
percent or more in these more urbanized streams, this would not be enough to meet the overall TMDL
chloride target load reduction for the watersheds. Since the completion of the TMDL Reports in 2008,
NHDES has been working toward an implementation strategy with the various stakeholders such that all
source contributors or sectors can equally reduce their share of the load. This has been quite challenging
since there is great disparity amongst the various sectors in terms of the resources available and the
motivation to comply with the TMDL requirements.

The results of the four New Hampshire TMDL studies suggest, in general, that each of the sectors would need
to reduce their annual salt usage (based on winter 2006/07 usage) by approximately 25 percent to meet an
acceptable overall watershed target load. This does not include any increased chloride loads associated with
future development. Since NHDOT is proposing to widen the existing 1-93 by two lanes to improve public
safety and meet future traffic demands, the actual future reduction would be more like 50 percent in order to
meet the specified allocation of no more than 75 percent of existing load can be used once the road is
completed. NHDOT determined that the only way to achieve a reduction of 50 percent from the existing salt
use and maintain reasonably safe roadways is to convert to using non-chloride deicers such as calcium
magnesium acetate (CMA) or sodium acetate (NAAC). The use of non-chloride deicers, however, would have
substantial cost implications. Based on information provided by Cyrotech Deicing Technology, Inc, a
manufacturer of non-chloride deicers, the cost of both CMA and NAAC was approximately $1600 to $1800
per ton depending on delivery charges as compared to approximately $60 per ton for regular road salt. This
would represent a 2,500 to 3,000 percent increase in material costs. Even if the materials were blended with a
50:50 mix of salt, the material costs would be roughly $1,000 per ton. For discussion purposes, assuming the
average annual application rate of road salt was approximately 15 tons per lane-mile, the potential net cost
differential would be over $15,000 per lane mile as compared to $900 per lane-mile using regular road salt
(%60 x 15 tons/In-mi). This cost differential to blend in non-chloride deicing materials would have a dramatic
impact on MassDOT’s S&I Control Program, which currently maintains close to 16,000 lane-miles of
roadway. Using this non-chloride blend on the approximately 16,000 lane-miles would result in annual
material cost of over $200 million, which is nearly twice the total annual budget for the entire MassDOT S&I
Control Program including both labor and materials.

In the 1990’s, MassDOT experimented with the use of CMA on a segment of Route 25 in southeastern Mass.
District personnel found that CMA did not perform as well as regular road salt in terms of melting snow and
preventing ice formation. As a result, more CMA material had to be applied or needed to be augmented with
regular road salt, which would only add to the estimated cost differential discussed above.

There are relatively few other chloride TMDL studies that have been completed in the United States. One of
the first chloride TMDL studies completed was for Shingle Creek in Minnesota. Shingle Creek was listed as
an impaired water body for chloride in 1998. Shingle Creek is in the suburban and urban metropolitan region
of Minneapolis with a watershed area of 44.5 square miles that extends across nine municipalities. The
predominant land uses include single family residential (30%), commercial, industrial and institutional uses
(20 percent) and roads and major roadways (18 percent). The bulk of the roads (37 percent) in the watershed
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were maintained by the County and one municipality, Brooklyn Park. MinnDOT maintained only 11 percent
of the roads and the remaining roads (~50 percent) were maintained by various municipalities. Road salt used
on municipal roads was estimated to contribute 43 percent of the chloride load, while 26 percent of the
chloride load was associated with county roads and 13 percent was linked to MinnDOT roads. In the end, it
was determined that chloride loads would need to be reduced by 63 percent during winter low flow periods.
The principal recommendations suggested to meet this goal was to increase education and training to
municipal and private operators, utilize and implement equipment upgrades and the latest technology and
utilize more alternative deicers (Wenck Associates 2004).

MassDOT has made great progress in utilizing various measures to reduce its road salt usage as discussed in
Chapter 1 and intends to continue making progress in this area. Given the results of these published chloride
TMDL studies, however, in terms of the relative contributions from all sources (i.e., parking lots and
municipal roads) and the potential reductions needed to meet allocations, a much larger effort would be
needed by the regulatory agencies to increase public awareness and address the practices used by all
stakeholders involved with winter maintenance.

EPA’s Recommended Water Quality Standards for Chloride

In 1988, EPA published recommended Ambient Water Quality Criteria for chloride for the protection of
aquatic life. The criteria were based on various toxicity studies conducted in 1985 that were reported in the
literature at the time. The recommended water quality criterion for chronic exposures is 230 mg/L based on a
four-day average concentration not to be exceeded more than once in a three year period. The recommended
acute water quality criterion is 860 mg/L based on a one-hour average concentration not to be exceeded more
than once in a three year period. Given that these criteria are based on either four-day or one hour average
concentrations, in order to compare these criteria to routine sampling data, there should numerous
measurements taken at frequent intervals during peak periods to be able to develop representative one-hour
and 4-day average chloride concentrations. Secondly, the sampling should be done over a sufficient long-
term period in order to assess the return frequency of any peak concentrations observed and whether these
peak concentrations would occur more than once in the specified 3-year return frequency.

MassDEP Surface Water Quality Regulations (314 CMR 4.00) do not specifically include water quality
standards for chloride for the protection of aquatic life but Section 4.05 (5) (e) of the regulations states that
EPA’s recommended numerical criteria will apply for any pollutant where the Department has not otherwise
listed a specific criterion or standard for such pollutant. Thus, it would appear the MassDEP would utilize
EPA’s recommended chronic and acute standards of 230 mg/L and 860 mg/L for chloride, based on 4-day and
1-hour average concentrations, respectively, that are not to be exceeded more than once in a three year period.

In 2009, the lowa Department of Natural Resources (DNR), working with EPA Region 5, conducted
additional toxicity testing for chloride on four freshwater invertebrate species including the water flea
(Ceriodaphnia dubia), planorbid snail (Gyraulus parvus), tubificid worm (Tubifex tubifex), and fingernail
clam (Sphaerium simile). The additional testing was done for two primary reasons: 1) to evaluate the toxicity
on more sensitive aquatic species as compared to rainbow trout and fathead minnow, which were used in the
original studies utilized by the USEPA, and 2) to gather more toxic response data for long-term chronic
exposures which was lacking in original EPA testing protocols used to set the water quality standards. The
additional testing produced two major findings. One was that these species were found to be more sensitive
to short term, acute exposures of elevated chloride levels. The final acute value (FAV) for the four species
used in the lowa tests was 1,364 mg/L CI’, as opposed to 1,720 mg/L, that was used in the 1988 EPA Criteria.
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By applying a safety factor of 2, EPA divided the FAV of 1,720 mg/L by 2 to arrive at the final acute criterion
of 860 mg/L. Using the same safety factor, the lowa studies produced a FAV of 1,364 mg/L, which in turn
results in final acute criterion of 682 mg/L. Based on this information, it appears that EPA in 1988 may have
used an Acute Criterion Value that is too high.

The other major finding of lowa’s toxicity testing relates to a lower Acute to Chronic Ratio (ACR), which is
the ratio or difference between the observed acute and chronic toxicity thresholds. The ACR value is typically
used to derive a chronic criterion from the Final Acute Value. In general, higher order species such as fish
species and other vertebrate have a greater tolerance for short term exposures of toxic materials and therefore
will have a higher ACR value indicating a greater differential between acute and chronic toxicity thresholds.
Whereas, with lower order organisms such as the invertebrates used in the lowa study there is less difference
between there acute and chronic thresholds. The lowa study arrived at an ACR of 3.357 whereas the studies
used by the EPA to develop 1988 water quality standards developed a much higher ACR of 7.594 because of
the more tolerant or higher order vertebrate species of rainbow trout and fathead minnows. Using a higher
ACR of 7.594, even with a higher FAV of 1720 mg/L, results in a lower recommended chronic criterion of
230 mg/L. Whereas, in the lowa Study, the ACR value of 3.357 results in a higher chronic criteria value of
406 mg/L, even though the Acute Value for this more sensitive organisms, as discussed above, is lower than
EPA’s 1988 value.

In addition, the testing results showed that the toxic effects of chloride were dampened by increasing hardness
levels and, to a lesser degree, increased sulfate levels. In other words, the presence of other mineral ions that
caused increased hardness and an increase in sulfate ions buffer against the potential toxic effects of chloride.

Ultimately, lowa developed their own water quality criteria based on their testing results (see equations
below) that results in lower acute criterion but a higher chronic criterion value as compared to EPA’s
recommended criteria. Since lowa’s criteria account for both the synergistic effects of hardness and sulfate
levels and are based on testing of more sensitive species, it would seem reasonable to conclude that these
criteria are more appropriate and more representative of the likely toxic effects that observed in-stream
chloride concentrations may have on aquatic life. lowa’s approach, which is based on more recent and more
comprehensive toxicity testing, could be utilized by other states interested in developing their own specific
water quality criteria for the protection of aquatic life.

The following presents example of how lowa’s equations would be used to establish site specific acute and
chronic chloride criteria based on observed hardness and sulfate levels:

Example: Assuming a hardness level of 80 mg/l and sulfate level of 20 mg/L, which are somewhat typical of
Massachusetts freshwater streams, the following water quality standards would be produced.

Acute Chloride (mg/L) = 287.8(hardness, mgle°'2°5797(sulfate, mg/L 007452
CL mg/L = 287.8 (80 mg/L)***"" x (20 mg/L) *** or,
= (287.8)(2.464) x 0.734, or
Cl (mg/L) =520 mg/L  (as compared to current EPA standard = 860 mg/L)

Chronic Chloride (mg/L) = 177.87(hardness, mg/L)**®"¥(sulfate, mg/L) %74
Cl (mg/L) = (177.87) (2.464) x 0.734, or
Cl(mg/L) =322 mg/L  (Current EPA standard = 230 mg/L)

In the end, utilizing lowa’s methodology would result in a lower acute criterion value and a higher chronic
criterion value. The toxicological studies performed by lowa DNR and, more specifically, EPA Region 5
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would appear to provide a more accurate representation of the potential toxic effects of elevated chloride
levels in freshwater streams and rivers.

Effects of Chloride Based Materials on Roadside Vegetation

Roadside plants are exposed and potentially affected by excessive salt amounts through two different
avenues: 1) Root absorption, i.e. the uptake of salt contained in soil and soil water, and 2) Salt spray on
branches and foliage due to tire splash and wind. In the winter months, salt can build up on branches and
twigs of deciduous trees and invade living tissue through existing leaf scars. Although salt spray is generally
considered less damaging than root absorption and usually does not result in outright death, it has been known
to stunt bud development, flowering and foliar growth. These impacts are related to tissue damage associated
with the interference of ion exchange and water due to an imbalance in the osmotic pressure across cell
membranes. The excess sodium and chloride ions end up desiccating cells, leaving plant tissues in a
vulnerable or weakened state (Berkheimer and Hanson, 2006). This osmotic imbalance can also occur in the
root zone making it difficult for plants to draw water from the soil leading to additional drought-related stress.
The typical symptoms of these effects generally manifest as browning of foliage, premature defoliation,
diminished flowering and shoot growth and sometimes mortality, under severe conditions. Excessive sodium
ions entering the soil can also displace other ions such as potassium and calcium on the cation exchange sites.
At high concentrations this leads to a breakdown of the soil structure resulting in smaller macro pores and
reduced permeability and water holding capacity. This only further exacerbates the drought-like impacts. The
extent to which these impacts occur along roadways depends on a number of factors.

The Nevada Department of Transportation conducted a study in 1990 that found 15 percent of existing trees
along the Lake Tahoe Basin highway in Nevada and California showed varying effects related to salt
exposure. Damage from salt tends to vary with distance, i.e. decrease with distance away from the roadway.
Bryon and Barker 2002 reported that the damage is mostly confined within five meters (~16 feet) of the road
and minimal effects were generally observed beyond at 30 meters (~100 feet). The severity of impacts is
generally found to be greatest on the windward and down slope side of the roadway (AASHTO, 2009).

The Colorado Department of Transportation and the University of Colorado have conducted further studies
focused specifically on magnesium chloride. Studies concluded that magnesium chloride may be less
detrimental than road sand and other road salts such as sodium chloride. The study focused on current
application rates and concluded that the effects of magnesium chloride are not likely to extend beyond 60 feet
from the roadway. A study by the California Department of Transportation (Caltrans) found that magnesium
chloride is less likely to affect roadside vegetation based on the fact that it is applied as a liquid and at a lower
concentration level as compared to straight sodium chloride when applied in solid form (AASHTO, 2009).

Excess sodium in roadside soils can also contribute to increased vehicle collisions with wildlife where sodium
deficient wildlife may be attracted to road salt along roadways. When this occurs, the frequency of road kills
potentially increase. Many species are also likely to overshoot their salt deficiency and in order to relieve
thirst will then drink salty snow which leads to an even higher salt toxicity in blood and tissues (AASHTO,
2009). Since sodium is the main attractant, magnesium chloride and calcium chloride pose much less of an
effect on wildlife, but still can be toxic in smaller animals if ingested.
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Effects of Road Salt Usage on Cranberry Bog Production

Following hay production, cranberry production ranks second among the major crops produced in the state.
Nationally, Massachusetts produces more than 25% of the cranberries grown in the country. In
Massachusetts, the revenue generated by cranberry production was estimated to be just over $81 million in
2010 and has been as high as $138 million in 2008. Cranberries are grown on approximately 13,000 acres of
land primarily located in southeastern Massachusetts (NE Agricultural Statistical Service, 2010). Cranberry
bogs by their very nature can be susceptible to the effects of road salt use on roadways because they exist in
low lying areas and rely on surface water drainage to support the production of cranberries. As roadways are
extended or widened in areas of the southeast corner of the state such as when Route 25 was constructed in
Wareham, consideration must be given as to how road runoff will be directed and whether it has the potential
to enter nearby cranberry bogs.

In 2005, the Massachusetts Executive Office of Transportation entered in a cooperative agreement with
researchers at the UMASS Cranberry Research Station located in the Town of Wareham, to evaluate the
effects of long term exposure of elevated levels of sodium and chloride in the irrigation water had on
cranberry growth and production. Based on greenhouse studies and a soil free environment, the study results
indicated that minor adverse effects of plant growth became visible when plants were exposed to chloride
concentrations of 100 mg/L in irrigation water. At 250 mg/L, symptoms increased and flowering was
suppressed. Cranberry growth was visibly suppressed at 500 mg/L Cl, and at higher concentrations plants
exhibited severe leaf drop and eventual death.

In soil sorption/desorption studies, treatment with salts at chloride concentrations that were greater than 250
mg/L resulted in significant, only partially reversible, changes to cranberry soil chemistry. At 250 mg/L,
recovery occurred after desorption. Based on these research results, there is good indication that a cranberry
water supply with chloride concentrations at 250 mg/L or greater would be cause for concern and indicate the
potential need for remedial action. Symptoms, soil chemistry changes, and possible growth stimulation at
100-125 mg/L indicate that a cranberry water supply containing 100 mg/L or greater of chloride for extended
periods might also be cause for concern. Taking all of these results into account, setting the level of concern
for chloride in cranberry irrigation water at 100 mg/L appears warranted. This is well below the 250 mg/L that
was definitively associated with negative effects in greenhouse experiments and the 500 mg/L that negatively
affected growth in soil-free culture (DeMoranville et al., 2005).

Maple Sugaring

According to the Massachusetts Department of Agriculture, there are more than 300 maple syrup producers in
Massachusetts, mostly located west of Worcester. These producers typically generate 50,000 to 60,000
gallons of maple syrup each year valued at over $3 million dollars. It is estimated that some 60,000 tourists
spend over $1.9 million a year during the maple sugaring season for maple related products and for meals and
lodging accommaodations. A number of studies have reported a decrease in tree vitality and sap production
with increasing salt concentrations in soil and tree tissue (Lacasse and Rich, 1964, Baker 1966, Hutchinson
and Olsen, 1967, Carroll et. al., 1983). There are few, if any, studies that are known to have actually
estimated the extent to which maple syrup production may have been reduced due to road salt applications.

Environmental Threats Associated With the Use of Sand

Historically, sand was used as the primary snow and ice control material throughout the early 20" century. It
does not act as a deicer but was thought to provide important traction benefits on area roadways, especially
when ice forms on roadways. More and more research has shown that the potential traction benefits are
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limited and only temporary. The applied sand particles are either quickly pulverized by passing vehicles or
blown off the road if applied on dry pavement. In fact, one study showed that approximately 30 percent of
dry sand scatters upon application, and as few as 8 to 12 cars can displace it from a dry roadway surface.
Once sand is applied to a roadway, additional costs beyond the application will be incurred, including
sweeping and disposal of residual sand. Oregon DOT found that as much as 50 to 90 percent of sand applied
was left behind after sweeping. Much of which accumulates on the roadside edges, catch basins and drainage
pipes and can lead to flow restrictions and blockages in the stormwater drainage system. Blockages require
cleanup in ditches and on bridge decks via mechanical removal or water jetting (AASHTO, 2009).

One of the main environmental concerns associated with sand is that it contributes to the sedimentation in
streams, thereby impacting fish species and aquatic ecosystems. When sand is suspended in water, it increases
turbidity which can result in the death of fish and other bottom dwelling invertebrates (which may be buried
by the sand) as well as causing the reduction of photosynthesis in aquatic plants. Siltation and sediment
deposits have been cited as one of the leading causes of water quality impairments in various regions around
the country.

The application of sand has also been found to potentially cause adverse human health effects in the form of
respiratory problems associated with dust particles contributing to poor air quality. Several studies have
found that the residual sand particles left over from deicing application can contribute to air pollution.
According to one study summarized an AASHTO Report, ambient air particulate monitoring was conducted
in three cities including Albany, NY, Denver, CO and Reno, NV following the application of road sand and
the roads were allowed to dry out. In Albany, NY, the fugitive sand dust accounted for approximately 44
percent of the small particulates (<10 microns-PM 10) and road salt was attributed to 17 percent. Coarse road
sand is transformed into finer particulates through grinding from vehicle tires. In Denver, more than 59
percent of the average ambient PM 10 levels, and a peak of 89 percent, were attributed to road sand. Similar
findings were reported in Reno, NV, where re-suspended road sand was found to contribute 57 percent to the
PM 10 levels on average, and a peak of 80 percent, while motor vehicles contributed 22 percent and highway
salt approximately 1 percent (AASHTO, 2009).

Since implementing the anti-icing strategy, MassDOT has substantially reduced its use of sand especially in
Districts 1, 2 and 3. In Districts 1 and 2, the use of sand has decreased by as much as 75 and 95 percent,
respectively, over the last five years relative to the previous five years. It is also worthy to note that in
2006/2007, MassDOT reduced sand and salt ratios on Cape Cod (District 5) from 4:1 to 1:1. The decreases
have been less dramatic in the other districts, primarily because of the greater number of Reduced Salt Zones
in the eastern part of the state where sand is still used in a 50:50 mix with salt or sand and pre-mix.
MassDOT intends to continue to investigate ways to minimize the use of sand given that it provides marginal
benefits relative to its known environmental impacts.
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Chapter 3
Best Management Practices

Introduction

This chapter describes the various technologies, equipment upgrades, and policy changes that MassDOT has
implemented a more proactive or anti-icing strategy to winter maintenance in the last five years. Previously,
MassDOT (like most state DOTSs) had relied on a deicing strategy for the winter maintenance of roadway.
Anti-icing focuses on treating roadways from the bottom-up while deicing works from the top-down. An anti-
icing strategy involves a number of different tactics focused on preventing snow and ice from bonding to the
pavement, while in a deicing strategy the snow and ice removal activities are typically not initiated until after
snow has accumulated and possibly bonded to the pavement. The principal components of anti-icing include
direct applications of liquid brine or pre-treatment applications, use of enhanced weather forecasting tools,
use of Road Weather Information Systems (RWIS), more frequent plowing, and pre-wetting of road salt. As
discussed in greater detail below, anti-icing has multiple benefits, not the least of which includes improved
and safer roadway conditions, increased efficiency and effectiveness of deicing chemical usage, a reduction in
labor and material costs, and a decrease in negative environmental impacts. More details on the methods used
as part of an anti-icing approach are discussed below.

This chapter also provides an update on research findings with regard to other technologies and alternative
materials that have been studied over the last five to ten years. MassDOT has incorporated a number of newer
technologies and continues to seek opportunities to improve safety and reduce costs and material usage.
Starting in 2012/13, MassDOT will have its first liquid brine production facility to be constructed in District 5
to allow increased availability and use of liquid materials.

Use of Liquid Brine Solutions for Anti-Icing and Pre-Wetting Purposes

As mentioned above, the use of liquid brine solutions is a principal component of the anti-icing strategy.
MassDOT began using liquid brine solutions, primarily liquid calcium chloride, more than a decade ago but
has more fully integrated their use statewide in the last five years. Several years ago, MassDOT also began
using liquid magnesium chloride in addition to calcium chloride for pre-treating and pre-wetting purposes.
The pretreatment applications are typically done just prior to the onset of a storm but can be done as early as
24 hours prior to the storm event. These pretreatment applications are accomplished using a tanker truck
outfitted with a spreader bar with nozzles in the rear of the truck. The liquid application rate for pre-treatment
purposes is generally in the range of 20 to 30-gallons per lane-mile.

The purpose of pretreatment is to prevent snow and ice from bonding to the pavement. Bonding occurs when
excess water results from either snow being compressed by passing vehicles or melting due to tire friction and
then freezes to the pavement creating a “hard pack” of snow and ice. Once the hard pack forms, the vehicle
traction and surface friction dramatically decreases resulting in much lower vehicle control and greater
stopping distances. Removing hard pack from a roadway requires much greater effort in the form of plowing
and road salt applications to break up and displace the bond as compared to preventing the bond from
occurring in the first place. Pretreatment applications represent one of many more recent innovative methods
for improving motorists’ safety and preventing or minimizing hard pack buildup on roadway surfaces.
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MassDOT typically prioritizes pretreatment applications for the major interstate roadways within Districts 3,
4,5, and 6. The amount of roadway that is “pretreated” before each storm can vary from storm to storm and
within each MassDOT district and depends on the timing of the storm, the prevailing temperature conditions
ahead of the storm, the availability of tanker trucks and the amount of liquid deicer available in storage.
MassDOT currently has over 60 tanker trucks available to perform pre-treatment applications, which is more
than double and perhaps triple that available just a year or two ago.

Since liquid brine solutions are less concentrated than regular road salt, pretreatment applications can become
ineffective with any added dilution that may result from rain, melting or additional snow accumulation. Use
of pre-treatment applications requires planning since there may be a number of conditions where its use may
not be appropriate and/or effective. There are certain weather conditions where pretreatment applications are
not usually prescribed, especially when there is the potential for rain or melting if the air and/or pavement
temperatures are at or above 32°F at the beginning of the storm. When pavement temperatures are below 20°F
or are forecasted to drop to around 20°F, pretreatment applications are not usually conducted as there is the
potential for the liquid to freeze with any dilution from moisture in snowfall.

Figure 3-1 Tanker truck performing a pretreatment application.

Liquid brine solutions are also used for pre-wetting purposes. Pre-wetting involves spraying liquid materials
on dry granular salt at the point of release or at the base of the spreader chute during regular salt applications.
This is accomplished by outfitting traditional spreader trucks with ‘saddle” tanks and spray nozzles fixed to
the spreader chute just above the spinner. Pre-wetting helps to “jump-start” the process of salt granules
dissolving into a brine, which helps the salt stick to the pavement better and be more effective soon after
application. Salt in its solid form has little effect on preventing snow and ice from freezing until it dissolves
into a brine solution. A Michigan DOT study found that when dry salt was applied to a dry roadway surface,
as much as 30 percent of the applied salt can be blown off or will bounce off the pavement, leaving only 70
percent of the applied material to be potentially effective (Michigan DOT, 1999). With pre-wetting,
applications can be done without relying on precipitation to provide moisture to start the dissolving process.

Road salt pre-wetted with liquid calcium chloride or magnesium chloride is also much more effective at lower
temperatures as these chemicals having a lower freezing temperature than sodium chloride. The combined
effect of these factors greatly increases the chances of preventing snow and ice from bonding to the pavement
and potentially using less material overall during each storm event.
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Figure 3-2 —Benefits of Pre-wetting (Source: Michigan Department of Transportation)

In the last five years, the practice of pre-wetting has been implemented on nearly all MassDOT maintained
roadways as all of the state-owned and hired spreader trucks are required to be outfitted with pre-wetting
equipment. As discussed in Chapter 1, MassDOT has considerably increased their overall storage capacity for
liquid solutions over the past five years. Figure 3-3-shows a spreader truck with pre-wetting “saddle” tanks.
The liquid application rate for pre-wetting purposes is generally in the range of 8 to 10-gallons per lane-mile.

In the 2010/11 season, MassDOT used nearly 1.5 million gallons of liquid
calcium chloride (CaCL,) and magnesium chloride (MgCL,) with
approximately 554,362 gallons of liquid CaCl, and 893,767 gallons of
MgCl,, used statewide. Most of the liquid CaCl, was used in Districts 3 and
4, which combined for approximately 85 percent of the total statewide
usage. Much of the liquid MgCl, usage was evenly distributed between
District 3, 4 and 5, which accounted for more than 77 percent of the
statewide usage. MassDOT currently uses a brine solution comprised of 30
percent magnesium chloride with an Amine additive creating a blended
chemical which is 70% less corrosive than conventional deicers. The new
brine production facility, planned for construction next year in District 5,
will further increase the use of liquid brine solutions in subsequent seasons.

Figure 3-3-Spreader truck with
pre-wetting “saddle” tanks

Table 3-1: Summary of Salt and Liquid Deicer Usage by District for Winter 2010/2011

Material District 1 District 2 District 3 District 4 District 5 District 6 Total
Regular Salt (tons) 52,893 62,188 129,114 119,023 130,748 62,873 556,840
Liquid CaClz (gals) 18,129 22,265 295,447 178,074 16,631 23,815 554,362
Liquid MgCl2 (gals) 79,287 110,343 246,137 203,865 243,550 3,564 893,767

Benefits of Anti-icing

The benefits of anti-icing generally fall into three categories: savings in labor, savings in material and less
environmental impact. The potential savings in labor are attributable to the fact that anti-icing focuses on
preventative measures and typically involves direct liquid applications, either prior to or early in the storm
event to prevent snow and ice from bonding to the pavement. Preventing ice from bonding is much less labor
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intensive than that required to break the ice bonds once they have formed. Pretreatment applications
generally require fewer operators as there is a much longer period of time prior to the storm to complete
applications. Often times, the residual material applied from a pretreatment application may be sufficient to
delay the first regular road salt application once the storm begins, depending on weather conditions. Without
pretreatment and/or pre-wetting, depot foremen generally have to wait until there is sufficient moisture on the
road to schedule the first application of regular road salt, otherwise the salt will not stay on the roadway. This
timing must be weighed against the pending snowfall intensity so as to not to delay long enough that allows
accumulating snow to bond to the pavement prior to the first application. These conflicting factors create a
narrower window of opportunity to schedule the first deicing application particularly on high-volume
highways. Given this narrow window of time, typically a larger fleet of spreader trucks is often needed to
perform the initial application for the same amount of roadway. With anti-icing, the mobilization of the full
fleet of spreaders can sometimes be delayed while the pretreatment applications are being performed.

The second major benefit relates to the potential material savings as pretreatment applications are generally
much more effective in preventing road-ice bond formations, which at times depending on storm intensity and
duration, can lead to fewer subsequent applications. Studies have shown that once the snow and ice bonds to
the pavement, it typically requires 3 to 5 times more deicing material to break up these ice bonds (A. Wouri,
SHCP 1993). Also, as mentioned earlier, pre-wetting salt with brine solutions sticks to the roadway much
better than dry salt on dry pavement and thus minimizes the wasted salt due to bounce and scatter. Less
wasted material results in environmental benefits as well as cost savings.

In addition, since the brine solutions are generally comprised of 23 to 32 percent salt by weight, there is much
less salt being applied in the pretreatment applications as compared to regular granular road salt. Regular
road salt is generally applied at approximately 240 Ibs per lane-mile while direct brine applications are
generally applied at a rate of 30 gallons per lane-mile. Assuming a 30 percent salt concentration by weight
and a gallon of brine solution weighs approximately 8 Ibs per gallon, the amount of salt applied per lane-mile
of brine solution at a rate of 30-gallons per lane mile would be approximately 70-1bs, or nearly 170 pounds
less than the 240 Ibs per lane-mile if regular road salt is used for the first application.

Another equally important benefit relates to improved road conditions, as the potential for ice and hard pack
to form is generally greatly reduced under an anti-icing strategy. This results in better traffic flow, fewer
delays, and reduced travel time and as well as the potential for fewer vehicle accidents. In one pilot study
conducted by the Idaho Transportation Department on a stretch of roadway in the mountainous region of
Idaho, the number of vehicle crashes decreased dramatically compared to the previous year after converting to
an all-liquid anti-icing policy (Breen 2001). A discussion of vehicle accident statistics for Massachusetts is
provided in Chapter 5.

As discussed earlier, there are, however, limitations with respect to weather conditions where liquid brine
applications may not be appropriate. Given the lower salt content in brine solutions as compared to regular
road salt, pretreatment applications may not be appropriate when the potential for dilution is high due to
forecasted rain or heavy snowfall accumulation. Rapid dilution lowers the chemical concentration of the
brine, which can quickly make the application ineffective and/or prone to freezing. Use of liquid chemicals
for pretreatment applications may not be appropriate when pavement temperatures are close to or below 20° F
since the lower chemical concentrations may cause the liquids to refreeze with any dilution. Also, when
pavement temperatures are near or above 32°F, the potential benefits of direct liquid applications are limited
and therefore, the pretreatment applications are usually avoided at these warmer temperatures.
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Alternative Materials

The proper use of materials is an essential part of any Snow & Ice Control Program. Although plowing
remains the primary means of clearing snow from a roadway, plowing alone will not maintain a safe roadway
under the variety of conditions that can occur throughout the winter. The major factors to consider when
choosing the appropriate deicing material include:

e Pavement temperature

o Air temperature

Pavement surface (i.e., concrete vs. asphalt)

Weather forecast data

Material performance characteristics (lowest practical melting temperature)
Environmental Resources

Costs

There are essentially five principal types of deicing chemicals that are currently used on roadways specifically
for the purpose of lowering the freezing point temperature including sodium chloride (NacCl), calcium
chloride (CaCl,), magnesium chloride (MgCl,), potassium acetate (KA) and calcium magnesium acetate
(CMA). All of these materials are available in liquid and solid forms, although CaCl, and MgCl, are more
widely used in liquid brine solutions rather than solid flake or pellet forms.

There are a number of other types of organic-based materials, such as urea, ethylene glycol, and methanol-
based glycols that are used for deicing purposes but these are primarily used on airport runways and/or for
airplane deicing. There are also several types of commercially available proprietary blends and enhanced
formulations using at least one of five primary chemicals as the active ingredient. Many of the proprietary
blends have an organic-based, corrosion-inhibitor to minimize the corrosion effects of chloride-based
chemicals on metals and/or concrete which can damage, among other things, vehicles and bridges. Corrosion
damage related to the use of chloride-based chemicals is discussed in greater detail in Chapter 4.

According to a survey sponsored by the Transportation Research Board (TRB), sodium chloride (NaCl) and
abrasives are by far the most widely used deicing materials for snow by state transportation agencies in the
United States and within three Canadian provinces.. A small minority of respondents (< 15 percent) reported
that magnesium chloride (MgCly) and calcium chloride (CaCly) were their principal material of choice. Only
one respondent (4 percent) said potassium acetate (KAc) was their first preference and CMA was not
considered to be a primary choice by any of the respondents. Two respondents (7 percent) reported potassium
acetate and one respondent (2 percent) said that CMA was their second preference for deicing material. A
few agencies reported using proprietary blended materials that typically contained an organic-based corrosion
inhibitor (Levelton Consultants, 2007).

Sodium chloride is the most widely used because it is the most cost-effective deicing material for most winter
roadway conditions. Its unit cost is considerably less than that of other deicing materials. Regular road salt
costs approximately $50 to $80 per ton and works under a variety of conditions when pavement temperatures
are above 20°F. At lower temperatures, the melting capacity of sodium chloride decreases considerably and is
essentially ineffective at 15°F. Other deicing materials, such as calcium chloride, magnesium chloride, and
potassium acetate are more effective at lower temperatures. Pre-wetting regular salt with any of these liquid
chemicals greatly enhances the performance of regular salt at lower temperatures (See Figure 3-4). However,
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when pavement temperatures drop below about 12°F, the effectiveness of nearly all snow and ice control
chemicals essentially become limited as the response time to react and melt snow greatly increases at lower
temperatures. At very low temperatures, the application of deicing materials on roadways will provide no
appreciable benefit and generally should be avoided as it will likely result in wasted time and resources
(National Cooperative Highway Research Program Report 526).

Temperature (°F)
Temperature (°C)

Solution Concentration (% by weight)

Figure 3-4 — Freeze Point Temperature for Various Deicing Chemicals

As described in Chapter 2, much has been documented regarding the potential consequences of road salt
usage on environmental resources and infrastructure. In recent years, considerable emphasis has been placed
on state transportation agencies to evaluate and incorporate the use of alternative deicing materials. However,
all deicing chemicals have properties (of varying degrees) that can be potentially harmful to the environment
and/or can be damaging to infrastructure. Where chloride is a concern, both calcium chloride and magnesium
chloride contain higher amounts of chloride than sodium chloride. Sodium chloride is comprised of
approximately 40 percent sodium ions and 60 percent chloride ions. Calcium chloride and magnesium
chloride are comprised of approximately 64 and 74 percent chloride ions, respectively. Although both of these
deicing chemicals are more effective at lower temperatures than sodium chloride (road salt), substituting
sodium chloride with more magnesium chloride or calcium chloride may result in a greater release of chloride
ions depending on overall usage. Several researchers have reported that magnesium chloride causes more
severe deterioration to concrete than sodium chloride and calcium chloride (Levelton Consultants, 2007).

In recent years, several manufacturers have developed proprietary blends mixing organic-based corrosion
inhibitors with magnesium chloride as the main ingredient. The organic materials are often agricultural
byproducts from processes involving corn, beets, grains or even beer whey produced from alcohol
fermentation. While these proprietary blends may reduce infrastructure corrosion, these organic
carbohydrate-based products can be harmful to the environment in the following manner; 1) the residual
organic material on the roadway could attract wildlife and result in an increase in vehicle-wildlife collisions,
and 2) the decomposition of this material causes a high biological oxygen demand (BOD) as micro-organisms
feed on the available carbohydrates and sugars during the breakdown process. Several studies have shown
that the oxygen depletion in soils and receiving waters can be substantial and significant enough to cause a
deleterious effect on terrestrial and/or aquatic organisms.
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Acetate-based deicing chemicals represent the principal alternatives to chloride-based materials. The two
primary acetate-based compounds include calcium magnesium acetate (CMA) and potassium acetate (KAc).
These materials are considered to be less toxic to aquatic life and less harmful to plants as compared to
chloride-based salts (Stormwater -Wagner and Yaggi, 2010). However, acetate-based deicing chemicals
typically cost 10 to 20 times more than regular road salt. Published cost data for CMA and KA have ranged
anywhere from $700 to $1200 a ton (Shi, X. et al., 2009). The added cost is primarily due to the extensive
fermentation process required to produce the acetate component from organic materials. The organic
materials used in the process include agricultural wastes from corn production, cane sugar or other crops. The
acetate-based compounds have also been shown to cause a high biological oxygen demand (BOD) during the
decomposition of the complex carbohydrates that make up the acetate material following its release to the
environment (Horner et al., 1998). Researchers reported that liquid solutions of CMA had BOD levels that
were equivalent to that found in secondary wastewater effluent. In addition, CMA derived from agricultural
byproducts can contain elevated levels of nutrients and especially phosphorus, which can stimulate algal
growth in downstream waters, especially in lakes and ponds. This potential threat for increased oxygen
demand and the release of additional nutrients, would suggest that the acetate-based materials and other
agricultural-waste blended products should not be in used on roadways that drain directly to lakes and ponds.

CMA also performs more slowly than road salt and is less effective in penetrating accumulating snow,
especially at temperatures below 23°F (Colorado DOT, Shi, X. et al., 2009). A study conducted by the
Wisconsin DOT reported that application rates of CMA needed to be 1.2 to 1.6 greater than that of salt in
order to achieve the same performance. MassDOT had used CMA up until 2007 on a one mile section of
Route 25 in Plymouth and observed similar findings. . District personnel had reported that because of the
delayed response and poor performance of CMA, especially at colder temperatures, that either more CMA
needed to be applied or other materials including straight salt needed to be applied in order to alleviate
hazardous roadway conditions. The average annual increase in operational costs in using CMA on this one-
mile stretch of roadway was reported to be $75,000 per year, as indicated in the 2006 GEIR.

Potassium acetate (KAc) performs better than CMA but is equally, if not more, costly than CMA. KAc is
typically used as a liquid deicer and is often used in Fixed Automated Spray Technology (FAST) systems
typically installed on large bridge decks. KAc is reported to be non-corrosive to carbonized steel but as
corrosive as chloride salts on galvanized steel (Shi et al., 2009). The acetate component of KAc poses the
same environmental concerns as CMA with respect to oxygen depletion and nutrient enrichment of water
bodies. Limited reported evidence suggests that KAc may cause damage to asphalt pavement and induce
alkali-silica reactivity in concrete (Shi, X. et al., 2009c).

The New Hampshire Department of Transportation had used KAc for several years as part of a FAST system
that was installed on the 1-89 bridge deck that spans the Connecticut River in between New Hampshire and
Vermont. In a recent article published in the Interstate Water Report by New England Interstate Water
Pollution Control Commission (Hockbrunn 2010) regarding the status of winter road maintenance activities,
NHDOT’s District Engineer Alan Hanscom provided the following comments with regard to the performance
of KAc on the Route 1-89 bridge:

“For the cost, it certainly didn’t work 30 times better than salt,”” he said. ““The freeze point is so low, in the minus-
70°F degrees range, that there’s always some residue out there. In a cold storm where the snow normally blows right
off, the snow instead sticks to the deck, then the snow wets up and more snow gathers, it gets slippery, the system
sprays, and the cycle continues. It creates its own problems sometimes.” It certainly sprays at least as much as we
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think is necessary and then some,”” Hanscom said in early January. “It’s really most helpful when nobody is out and
around. If there are freezing fog conditions at 2:00 in the morning and nobody knows about it and the deck freezes
over, this would address that, whereas we would have to wait for someone to call us after a crash.”

In a study conducted by the Michigan Department of Transportation, an analysis was conducted to compare
the potential total direct costs of using chloride vs. non-chloride-based materials on a per-mile basis. The
estimated direct costs included the cost to purchase the material, the labor hours needed to apply the material,
storage costs, the potential vehicle corrosion costs and bridge deck corrosion costs. The indirect costs
associated with potential environmental impacts were not included due to insufficient information. Based on
the material cost information at the time of the study, which was $28-30 per ton for road salt and $600 to
$700 per ton for CMA, the total direct costs of road salt use were estimated to range from $12,740 to $13,820
per mile of two-lane roadway, while the total direct costs for using CMA on the same two-lane roadway were
estimated to range from $25,920 to $32,640 or nearly more than twice as much. Higher costs were estimated
for CMA despite the fact that the estimated vehicle corrosion costs and infrastructure corrosion costs for
CMA were much less and roughly 10 percent and 25 percent of that estimated for road salt, respectively
(Public Sector Consultants, Inc., 1998).

The Clear Roads Pool-Research Program has recently funded a new study to evaluate the “true cost” of snow
and ice control activities. The study recently got under way in September of 2011 and is scheduled to be
completed in September 2013.

Road Weather Information Sensor (RWIS) Systems

Road weather information systems (RWIS) are best described as a network of roadside weather stations that
not only collect and transmit weather data but also various road condition data using pavement temperature
sensors, moisture sensors, and chemical concentration sensors imbedded in the pavement. RWIS stations are
a key component of the anti-icing strategy as it allows for more informed decisions in determining when
chemical applications may be needed and what type of deicer should be used. MassDOT has been using
RWIS technology for the more than 15 years and currently has twenty-six RWIS stations throughout the state
(see Figure 3-5). Many of the RWIS stations also have closed circuit cameras so that real-time road and
weather conditions can be directly observed. In simple terms, RWIS is a tool that helps eliminate some of the
“guesswork” in determining what the road conditions are like before, during and after a storm event.

RWIS technology is currently used in approximately forty-four states and the District of Columbia. In
general, studies have shown that the benefits of RWIS typically far outweigh its costs with estimated cost-to-
benefit ratios ranging from a low of 2:1 to a high of 10:1 (Rall, 2010). Typically, the greatest cost savings are
associated with a reduction in labor costs by being able to more accurately schedule when crews and materials
are needed given the more detailed site-specific information. The RWIS data can help to better schedule when
applications are needed based on actual conditions rather than, “anticipated” conditions especially at the early
stages of storm event. Often times, the call-out for maintenance crews to perform the first deicing application
can be delayed if the pavement temperature readings are at or above 32°F and/or the chemical concentration
sensor indicates that there is still residual deicing chemical on the pavement. Conventional forecast data is
often not sufficiently detailed enough for a particular area to accurately time when an application is needed.

RWIS data can also be used to issue road condition or traffic incident-related warnings and information to the
traveling public. A number of state agencies, including MassDOT, use variable message signs to display
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traffic-related messages and post reduced speed warnings in response to inclement weather conditions. These
efforts are all part of a growing field of information technology where data from a variety sources can be
integrated into Intelligent Traffic Management Systems.

Recently, various states have begun experimenting with a Material Decision Support System (MDSS), which
is a software application system that may represent the next generation of innovation in using RWIS systems.
MDSS software processes RWIS data to develop forecast information and operations guidance to assist
maintenance personnel in determining when and what type of winter maintenance activities should be
conducted to achieve a desired roadway condition. Development of the MDSS was initially completed in
2000 under a cooperative agreement with the FHWA Office of Transportation Operations and the National
Center of Atmospheric Research. The MDSS system is currently being tested in several states as part of a
pooled funded study under a Clear Roads Research project.

One of the useful aspects of the MDSS system is that it allows decision makers to evaluate how various
changes in the types of materials used or the rate and timing applications as well as other activities (i.e.,
plowing) might affect road conditions given the current weather conditions in either real-time or as post-storm
analysis. This enables maintenance personnel to identify the most effective sequence of activities that can be
used to achieve a desired outcome and/or evaluate what the potential consequences may be if other “what if”
scenarios were utilized. This would be an important benefit for transportation agencies as more and more
pressures are imposed by outside agencies to reduce or modify the types of chemicals used and /or to increase
the level of service to achieve an optimal balance of maintaining reasonable safe roadway conditions and
addressing environmental concerns.
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Insert Figure 3-5 of RWIS stations across MassDOT districts
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Summary of Emerging Technologies

There have been a number of recent equipment and technology innovations that have been designed to
either assist the decision-making process by collecting additional critical information or improve the
performance or effectiveness of traditional Snow & Ice Control activities. Innovations that fall into the
former category (i.e., decision making process) include mobile pavement temperature sensors, infrared
technology and pavement surface friction monitors. Items included in the latter category (i.e., increased
equipment performance) include computer spreader controllers, enhanced snow blades, tow plows and
other spreader type modifications. The following provides a summary description of each of these
improvements based on a review of the available literature and research.

Pavement Temperature Sensors

Mobile temperature sensors are typically small units attached to a vehicle’s bumper that transmit road
surface temperature to the driver via a display unit in the cab, allowing operators to make decisions about
deicer application rates. Missouri DOT reported to have saved over $185,000 in one year in material
costs alone by installing 50 mirrors- mounted, Sprague Road Watch sensors, which allowed them to
refine and modify operations based on pavement temperatures (Shi, X. et al., 2006). Periodic calibration
is necessary to ensure continued accuracy of the sensors. MassDOT has acquired mobile pavement
temperature sensors for many of its vehicles to supplement the additional data collected by the RWIS
stations. District personnel found that the pavement temperature sensors were useful in deciding when
materials are needed or what type of materials should be used. Pavement temperatures are often quite
different than air temperatures as pavement temperatures change more slowly and often reflect what the
prevailing air temperatures was for the last 48 to 72 hours rather than what is currently occurring.

Computer Controllers

In the last decade or so, various types of computer controllers have been developed for salt spreaders that are
designed to automatically adjust material application rates to truck speed and other variables. Other variables
may include pavement temperatures, the feed-belt or auger speed that delivers the material to the back of
truck and the size of the gate opening in the tailgate entering into the tailgate hopper. There are two types of
automatic controllers: 1) an open-loop system and 2) a closed-loop system. The open-loop system adjusts for
truck speed through a truck speed sensor to maintain a constant application rate of material on the road. The
truck speed sensors are often referred to as ground-speed-oriented controllers. An operator selects a specific
application rate and then the controller adjusts the output of material based on truck speed. When the truck
slows down the output of material slows down and when the truck is at a complete stop the opening to the
feed auger closes automatically. The width of the application spread area can also be controlled by adjusting
the spinner rotation speed. All MassDOT trucks and privately-hired equipment are equipped with ground
speed controllers, at a minimum. Most state transportation agencies have outfitted their spreader fleet with
ground speed controllers but this type of equipment is not widely used at the municipal level or by private
contractors that maintain commercial parking lots.

The “closed-loop” systems are more advanced and adjust material output based on other critical factors
through multiple sensors. One sensor may relate to truck speed and a second sensor may monitor the
operating speed of the feed-belt or auger. The operating speed of the feed belt or auger can change over time
due to wear and tear, temperature variations and variations in performance of the spreader’s hydraulic fluid.
This continuous “feedback” related to the speed in the auger or belt system into the computer controller is
why these controllers are referred to as “closed-loop” systems. These controllers automatically adjust material
output based on equipment performance. Fully outfitted controllers can also integrate GPS or AVL systems
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and can even include algorithms to adjust application rates based on pavement temperatures measured by
vehicle mounted infrared temperature sensors. These controllers also enhance the ability of district personnel
to track material usage and application rates in specific locations as they electronically record the number of
miles traveled, the number of applied miles (based on when the auger was engaged), total material output,
material output on per lane-mile basis based on the operator setting and number of lane miles. At the end of
storm event, the computer controller can provide a summary printout of the amount of material applied, miles
traveled and number of miles where material was applied. Manufacturers’ of these systems claim that the
closed loop controllers can achieve a 20- to 30-percent savings in material usage as compared to conventional
spreaders because the added feedback and adjustments results in a more efficient application of salt that is
consistent with the road conditions (TURCK February 2010).

Over the last two winters, MassDOT began experimenting with the use of closed loop controllers in select
locations. Starting in the winter of 2010/11, MassDOT provided incentives for hired contractors to use closed
loop controllers by offering a higher reimbursement fee for using these newer controllers. Preliminary data
and observations indicate that these systems used less material relative to other spreader types under most
storm conditions. The initial feedback from operators has been positive with the most common comment
being that the application rate is much more consistent and uniform using these systems. More time and
experience will be needed for a more definitive determination as to whether the use of these controllers
results in a significant reduction in material usage.

One of the key issues relates to the calibration of all spreader units. MassDOT requires all state-owned
and hired equipment to have their spreader equipment calibrated by District personnel or a certified third
party, calibration contractor prior to each season. Hired-equipment operators are required to submit
Certificates of Calibration for each piece of equipment before winter operations begin. The performance and
the accuracy of data for any spreader unit are highly dependent on the calibration procedure and the
settings used during the calibration. If certain settings are changed after calibration such as the gate
opening where salt exits from the back of the truck this could lead to inaccurate salt usage data being
recorded. Operators can adjust gate openings essentially at any time and depending on the conditions can
be inclined to increase their gate openings to allow additional material delivery. Although MassDOT has
personnel assigned to conduct random audits of gate openings during winter events, it is extremely
difficult to provide inspections at all of the depots and spreader routes throughout the state.

Improved Plow Blades and Tow Plows

Plowing represents the principal means of removing snow and ice from the roadway. This is particularly
true for high intensity snowfalls and blizzard like conditions, where material applications have limited
benefit in countering the rapidly accumulating snow on the roadway. The methods of plowing have not
changed a great deal but improvements have been made recently to the plow blades themselves. The
ability to lift and remove snow from the pavement surface hinges on the performance of the plow blade
on the bottom of the plow. Typically, plow blades consist of fixed steel blades with a carbide insert. In
recent years, as carbide prices have increased, agencies and private operators have been seeking
alternative blade materials to save on replacement and maintenance costs. Maine DOT recently
experimented with an alternative plow blade referred to by the manufacturer as the Kuper-Tuca SX36™
ceramic blade. MaineDOT found that while the Kuper blades were quieter, had less vibration and lasted
more than twice as long as standard blades but cost approximately five times as much as standard blades
and thus, failed to provide a cost-effective alternative to standard carbide blades (Colson et al., 2010a).
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Other state transportation agencies reported positive results in using the newer JOMA blades, made by
Black Cat Blades. JOMA 6000 blades, developed in Sweden, incorporate tungsten carbide inserts brazed
into specially profiled steel segments and then encased in rubber, which allows the blade to conform
better to the contour of the road. lowa DOT found that JOMA 6000 blades lasted three to four times
longer than standard carbide blades. MassDOT has also recently begun testing the performance of
JOMA plow blades as part of its ongoing evaluation of newer technologies.

Although JOMA blades cost approximately twice as much as standard blades, the added durability and
improved performance of the blades was considered to be cost-effective by the lowa DOT as they
recently purchased additional plow blades (lowa DOT Inside Newsletter, October 2009). Ohio DOT also
found that the JOMA blades were superior to standard blades outlasting steel blades by 4:1 and cited
additional benefits because of reduced vibration resulted in less operator and equipment fatigue on plow
trucks, as well as less wear on roadway pavement. New Hampshire DOT has recently experimented with
the use of these blades and has found that they perform better in clearing snow from roads and have
greater longevity than regular carbide steel blades. The ability to replace sections of the plow instead of
the whole blade at once was reported as another major advantage. Illinois DOT reported that the JOMA
blades outlasted carbide steel blade by 2:1 and operators
reported that the new JOMA blade appeared to clear the road
better and was quieter than the conventional blades but their
cost was 2.5 to 3 times more than the standard carbide blades
(Clear Roads Product Survey Feedback for 2006-2010).

Another new innovation consists of a tow plow which consists
of a plow and deicer spreading unit on a trailer towed behind a
standard plow truck (see Figure 3-6). The tow plow has a
large hydraulically-operated wing plow that can be extended to
plow an adjacent lane such that two lane widths can be cleared
when attached to a regular plow truck. When used in
appropriate locations, the tow plow can eliminate the need for
another plow truck or can reduce snowplow hours by half. Maine DOT tested the use of a Viking-Cives®
TowPlow during the 2009 winter season and various operators commented that the tow plow appeared to
clean the road better than the front plow attached to the truck. Many agreed the tow plow could
potentially “free-up” or replace a truck and enable Maine DOT to improve its level of service. The report
authors did note that since the tow plow can only be operated at speeds of no greater than 15 to 25 miles
per hour and stretch across the width of a two-lane roadway, they block vehicles from passing. As a
result, tow plows are most appropriate for rural interstates or for use during the overnight hours when few
vehicles are on the road (Colson 2010b).

Figure 3-6 - Tow Plow in Maine (Source: MeDOT)

The Missouri DOT began using tow plows during the winter of 2004-2005, and currently uses more than
60 tow plows throughout the state. The Missouri DOT found that the tow plow was able to replace two of
five regular trucks that were previously needed to clear a 38-foot wide section of roadway and reported a
savings of about 28- to 50-percent in labor and fuel by using tow plows (lowa Dept of Transportation,
2009). As reported in each of these studies, the tow plow’s greatest advantage appears to be in reducing
labor and fuel costs by reducing the number of plow trucks needed to clear a specific stretch of roadway
but there it appears to have minimal impact on material usage as the threat of snow and ice bonding still
remains as snow continues to accumulate during a storm event.
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The Vermont Agency of Transportation (VAOT) has also tested out a tow plow unit in 2010-2011. The
operator commented that he was pleased with its performance and speculated that the number of passes
needed to clear the roadway was greatly reduced using the tow plows as compared to using conventional
plow trucks, (MCAX.com online article, February 25, 2011). The ability of vehicles to pass the tow-plow
truck was also mentioned as a limiting factor and its use was targeted for rural intestate roadways with
low traffic volumes. Since MassDOT has limited rural roadway miles with low traffic volumes, use of
this type of equipment may only be appropriate in few select areas in the western part of the state.

Pavement Technologies

Pavement type can have a substantial effect on highway safety as it relates to the amount of water
remaining on the highway and the ease of snow and ice removal. One of the newest innovations in
pavement technologies relates to various epoxy-types, spray or roll-on surface overlays designed to
enhance vehicle tire contact or increased skid resistance. Pavement overlays have been used for several
years mainly for purposes of traffic control and delineating critical areas such as crosswalks, traffic
islands, turning lanes, etc. but more recently, pavement overlays have been developed specifically to
improve the surface friction and increase skid resistance. There are very limited data available yet in
terms of the potential cost/benefits of these pavement overlays and their durability and effectiveness in a
variety of roadway conditions, especially high volume, interstate highways.

As reported in the 2006 GEIR, MassDOT (at the time was MassHighway) had experimented with the use
of two pavement technologies known as Vergilimit™ and PlusRide™ during the mid-1980’s. These two
products consist of patented chemical or physical modifications to bituminous pavement that were
designed to improve the roadway surface conditions and potentially reduce deicing chemical needs during
winter months. Vergilimit™ involved a process of embedding calcium chloride flakes or pellets into the
top course of the pavement surface by encapsulating the calcium chloride into linseed oil capsules. As the
surface wears due to traffic, small quantities of calcium chloride are released at the surface to create a thin
film of calcium chloride brine solution on the road that would help to prevent snow and ice from bonding
to the pavement. The test results did show that there was some positive effect with the presence of
calcium chloride early in storm events but the chemical concentration of the solution quickly became
diluted as snow accumulated and thus required additional treatments throughout the storm to prevent ice
bonds from forming. This same effect has been observed with direct brine or pretreatment applications
performed as part of the anti-icing strategy. In fact, the same beneficial effect of early storm treatment
can be accomplished with the use of direct liquid brine applications at a much lower cost. At the time, the
use of liquid brine solutions was not well understood and was rarely used. The installation of
Vergilimit™ was approximately 1.5 to 3.0 times more costly than regular pavement. The other major
disadvantages of this product is that it released calcium chloride throughout the year, became less
effective over time, and its effectiveness was dependent on high traffic volumes to activate the calcium
chloride release and thus was less effective during overnight hours or low volume roadways. In addition,
the pavement material was less durable than regular pavement. As such MassDOT had abandoned any
future use of this product.

The results of the PlusRide™ experiment were even less promising as it showed no appreciable potential
for reducing deicing chemical usage or maintaining improved roadway conditions. PlusRide™ was
designed to be a more flexible pavement than standard bituminous or concrete pavement by inserting
rubber particles into the asphalt mix such that the pavement would flex under the weight of vehicles and
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thus this flex action would break up an already formed pavement-ice bond. The protruding rubber
particles in PlusRide™ pavement flex under wheel loads to fracture the ice-pavement bond. PlusRide™
is expensive, costing almost 50-to 100-percent more than typical pavement, and is difficult to install.
Texas, New York, Minnesota, Washington State, and California all reported durability problems,
specifically cracking, chipping and spalling. None of these states found reason to continue to use the
PlusRide™ pavement due to its difficulty of handling, cost, and lack of effectiveness.

Open-Graded Friction Course Pavement Layers and Porous Pavement

MassDOT has installed Open Graded Friction Course (OGFC) pavement surfaces on many of its
Interstate roadways because it provides various safety and aesthetic benefits including increased visibility
during wet weather (reduces tire spray), less tire noise, and improved pavement friction for vehicles
particularly at higher speeds typical of major Interstate roadways. Typical OGFC pavement mixtures
generally consist of 18 to 22 percent void space. OGFC pavement can also have several environmental
benefits including added initial abstraction of rainfall resulting lower peak runoff rates and retention of
fine particulates as they become trapped in the void spaces. OGFC surfaces also tend to be less of a heat
sink as compared to the conventional dense asphalt mix, which to some extent, can reduce the thermal
impacts associated with stormwater. In the winter time, however, there has some anecdotal evidence to
suggest that the open void space in OGFC surfaces allow the pavement to cool off sooner and remain
cooler as compared to the dense asphalt mix. Survey responses by transportation agency personnel, as
reported by Cooley et. al. (2009), indicate that OGFC pavement tends to frost over or caused precipitation
to turn to slush sooner than dense asphalt mix due to slightly cooler temperatures. MassDOT district
personnel have reported similar observations where OGFC pavement tended to get colder sooner and stay
colder for longer periods. The potential implication of this temperature difference is that OGFC surfaces
may need earlier and/or more material applications during winter storm events to prevent precipitation
from freezing due to the cooler temperatures and counter the loss of residual deicer material at the surface
as the deicer material drains down from the pavement surface into the void space. One benefit, however,
is that during melt events, OFGC pavement allows melt water to drain down into the void space, and thus,
minimizes refreezing at the surface. This reduces the need for treatment applications that would otherwise
be needed on conventional dense pavement asphalt to prevent refreezing of melt water on the surface.

More recently, MassDOT has been using a gap-graded friction coarse pavement which has approximately
6 percent void space and thus, is likely to result in less temperature differential from conventional dense
asphalt pavement but still provide some of the same non-winter related benefits discussed above. The
potential effect of this newer gap-graded friction or the other more open-graded friction pavement on
deicer material usage should be evaluated further to ascertain whether there are differences in the amount
of material used compared to that on conventional dense asphalt pavement.

Friction Measurements

Another recent innovative tool involves the use of a road surface
friction meter to measure road surface friction conditions during winter
weather to evaluate the effectiveness of deicing and anti-icing
applications, adjust application rates and eliminate over applications
while ensuring safe roads. These road surface friction measurements
are performed with the use of an auxiliary wheel attached to a truck’s
undercarriage or towed behind a vehicle (see Figure 3-7). These direct
measurements of skid resistance can be used to better assess when
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chemical treatments are needed to improve surface friction conditions during inclement weather. This
technique has been used for many years by highway agencies in Japan and Europe and has been more
recently tested by some transportation agencies in the United States.

During the winter of 2010/2011, MassDOT began using a road surface friction meter in District 4 to allow
District personnel to gain a better understanding as to how treatment applications affect road surface
conditions during snow and ice storms. The roadway friction data is collected from a truck mounted
computer and downloaded into a spreadsheet and then graphed for analysis.

Figure 3-8 provides a sample graph of the observed changes in roadway friction during a snow event. As
shown in the Figure the surface friction levels drop considerably when road surface is covered snow.
Eventually, district personnel believe that the friction meter will be a useful “tool” in helping to decide
when applications are necessary and minimize any unnecessary applications when the friction meter
indicates roadway surfaces are considered reasonably safe. The UMASS-Engineering Department is also
assisting in researching the functionality and capabilities of the friction meter to incorporate its use in the
snow and ice operations.

Figure 3-8: Friction Meter Readings during a February 2011 Storm Event
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Geofencing

Another innovation that MassDOT is currently evaluating for possible future use is the concept of geo-
fencing, which incorporates GPS software and equipment to set up geo-referenced boundaries in key
locations to automatically adjust or cease applications as spreader trucks travel along spreader routes.
This technology could be used to perhaps to minimize or avoid unintended overlap applications as
multiple spreader trucks travel through common roadway segments on their way to and from the depot. It
can also be used to notify or alert operators when they are in watersheds of environmentally sensitive
areas. This concept is very much an emerging technology and has not been utilized or tested much either
regionally or nationally but could be promising for a number of applications.
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Chapter 4
Roadway Infrastructure and Vehicle Corrosion Damage

Introduction

Corrosion to motor vehicles, bridge decks, utilities and other infrastructure caused by deicing materials
has been a major issue for winter maintenance activities and encompasses both safety and cost. Corrosion
of roadway infrastructure represents one of the largest economic consequences associated with the snow
and ice control activities. A Federal Highway Administration study reported that the annual corrosion
related costs to motor vehicles and roadway infrastructure are approximately $23.4 and $8.3 billion,
respectively (Koch et al., 2002). Depreciation in lost value represents the largest share of corrosion-
related vehicle costs at $14.4 billion per year while approximately $6.5 billion were attributed to annual
repairs and maintenance and approximately $2.5 billion were related to higher manufacturing costs for
corrosion resistant materials. The estimated roadway infrastructure costs included $3.8 billion to replace
structurally deficient bridges over the next 10 years and $4.5 billion for maintenance. The report states
that approximately 15% of all bridges in United States are structurally deficient due to corrosion impacts.

This chapter provides an update on recent research findings regarding vehicle corrosion costs and those
associated with maintaining, repairing, and replacing bridge structures due to corrosion. An estimate of
the potential costs associated with chloride induced corrosion on bridges in the state of Massachusetts is
also provided. Although the corrosion effects of chloride-based deicers are more well-known, some
recent evidence suggests that some non-chloride or acetate-based deicers may cause damage to the
integrity of concrete. Deicing chemicals, by their very nature, increase the frequency of freeze-thaw
cycles, which in itself can have negative effects on roadway infrastructure.

Corrosive Effects of Snow and Ice Control Materials on Roadways and Infrastructure

The corrosion effects of deicing chemical usage on roadway infrastructure, mainly bridge decks and
culverts, are associated with several chemical and physical processes. There are essentially three main
processes including chloride-induced corrosion, which primarily affects metal components, especially the
reinforcing steel (rebar) within concrete, the second process involves the various chemical reactions and
pH reduction that can occur with concrete paste, and, lastly, the third process involves the physical
destruction associated with increased incidence of freeze-thaw cycles. Chloride-induced corrosion on
reinforcing steel and other metal components is perhaps the most widely occurring cause for premature
bridge deck deterioration. The rate of deterioration depends on the ability of water containing chloride
ions to penetrate the concrete surface and interact with the encased steel. The most vulnerable bridges are
those constructed more than 30 to 40 years ago and prior to the use of protective measures designed to
minimize chloride-laden water from penetrating the concrete and attack the reinforcing steel components.

The Process of Chloride Induced Corrosion on Concrete-Embedded Reinforcing Steel
Corrosion of steel embedded in concrete structures involves a chemical process that occurs over time as
chloride ions penetrate the concrete structure and interact with the steel components. Initially, the steel is

protected somewhat by a passive layer of ferrous oxide that forms on the surface of the steel rebar under
the highly alkaline environment of the concrete. Eventually the chloride ions replace some of the oxides
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in this passive layer creating an acidic solution with low pH similar to hydrochloric acid as more chloride
ions replace oxide ions.. This acidic solution reacts with the steel causing “pitting” of the steel which
produces cavities or holes in the steel. Electrochemical reactions also occur due to imbalances in cations
and anions that only exacerbate the corrosive effects. As the steel rebar corrodes, byproducts are formed
including iron oxides and metal based salts that occupy greater space and create tensile stress on the
concrete that eventually results in cracking of the concrete cover, creating voids and delaminating and
ultimately spalling of the concrete. As cracks form, water containing chlorides is allowed to penetrate
deeper into the concrete cover. This enables chloride ions to interact and react with the reinforcing steel
embedded within the concrete (TRB, 1978).

The extent and rate at which chloride will penetrate through the concrete depends on a number of factors.
The first relates to the amount and type of materials being applied, as well as the type of application (solid
vs. liquid) must be considered. The time it takes to initiate corrosion of the reinforcing steel depends on
the diffusion rate or the time it takes for the chloride-laden solution to penetrate through the concrete
structure which is largely influenced by the pore structure, moisture content, water to cement ratio (w/c),
presence/absence of micro or macro-cracks, and quality of the concrete (TRB, 2007). Several studies
have shown that MgCl, has the highest diffusion rate, followed by CaCl, and NaCl. The ranking of
diffusion rates between multiple studies also seemed to be independent of salt concentrations used.

Effects of Chloride Deicers on Cement Paste

In addition to corrosion of steel components, deicing materials can affect the strength of the concrete
itself through chemical reactions between the cations (i.e., Mg, Na, Ca) contained in salts and the
calcium-silica-hydrate compounds found in the cement paste. MgCl, salts, in particular, appear to be
more damaging to the concrete paste due to the replacement of calcium hydroxide (Ca(OH),) with
magnesium hydroxide (Mg(OH),) which has a much lower binding capacity of the cement paste (TRB
2007). These reactions result in the neutralization (lowering of pH) of the concrete matrix, which is
typically highly alkaline. Lowering the pH creates a more acidic environment that eventually erodes the
passive layer that protects the steel from chloride, which exacerbates the chloride induced corrosion.

Shi et al, 2009 reported that the concrete test cores exposed to 14% and 15% solutions of MgCl, and
CaCl,, respectively, and multiple freeze/thaw cycles, resulted in significant expansion in length and
volume causing surface cracks in the test core and increases permeability as well as a loss of compressive
strength. Similar testing using 18% NaCl solutions resulted in the least amount of chemical and physical
changes in Portland cement over time. In another study, where good-quality concrete was exposed to 25
% CMA solution for eight months resulted in a loss of mass, severe visual degradation of the concrete and
a significant decrease in load capacity. Other studies also reported deleterious effects on concrete
typically in the form of surface scaling and delamination due to the chemical reactions in the cement
matrix. In all cases, the amount of concrete distress directly related to the concentration of the deicer.
Deicers also have been shown to deteriorate aggregate-cement reactions as well. These are caused by a
reaction between alkalis from the cement paste and reactive silica in the aggregate of cement. Chemical
reactions between sodium and potassium found in certain deicers and the aggregate produces a gel which
expands when enough moisture is present leading to internal stress and in turn cracking, pop-outs, and
expansion (Shi, X. et al., 2009). However, this type of deterioration can be controlled by limiting the
alkali content in cement and in selection of good quality aggregates.
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Effects of Deicers on Asphalt Pavement

Chloride based deicers can also adversely affect asphalt pavement due to loss of strength and elasticity,
however, these effects are currently believed to be less detrimental than that associated with cement
concrete. Asphalt pavement deteriorates over time mostly because of cracking from differential heaving
during freeze-thaw cycles, thermal expansion and loss of bearing capacity in the substrate during spring
thaw. The loss of elasticity over time can further exacerbate the effects of these processes.

Corrosiveness of Alternative Deicers

Several studies have examined alternative acetate-based deicers and have found that they are uniformly
less corrosive to steel. Much of the research on non-chloride compounds has been focused on Calcium
Magnesium Acetate (CMA) as an alternative deicing material. Locke et al., reported that CMA was 2-4
times less corrosive on steel as compared to NaCl.

As mentioned earlier, several studies have shown that CMA can be detrimental to cement paste and the
integrity of concrete due to the chemical reactions with the magnesium contained in the Calcium
Magnesium Acetate (CMA). The impact appears to be dependent on temperature where the weakening
(dissolution) appears to be slow at cold temperatures of 5°C and much more rapid at 20°C, based on the
findings of a Michigan Tech Transportation Institute study. Once the cement paste is compromised due to
exposure of CMA solution and cracks are formed, this allows moisture to penetrate into concrete and
begin active corrosion of the steel embedded in concrete. Once corrosion of the steel occurs, the eventual
rate of deterioration may not be much different between concrete exposed to NaCl and CMA. Several
studies have also examined the effectiveness of CMA used as a corrosive inhibitor by blending or mixing
with road salt. One study blended CMA with NaCl in a 20/80 NaCI/CMA mixture and determined that
the solution reduced corrosion rates by 45 percent when compared to straight NaCl. Other studies,
however have found CMA/NaCl mixtures to be largely ineffective at reducing corrosion

Measures Used to Reduce Corrosion on Roadways and Infrastructure

In recent years, the primary method for reducing the detrimental effects of chloride-induced corrosion is
through the use of sealants and additives in the concrete mixtures which have been found to be effective
in slowing the rate of intrusion of chloride anions into the concrete or mortar (Sutter et al, 2008).
Common sealants such as siloxane and silane typically last three to five years and need to be reapplied
periodically. Certain additives or the use of alternative materials in the concrete mix such as fly ash have
also been shown to reduce the permeability of cement. It has also been suggested that reducing the water
to concrete ratio may increase strength tensile although there have been some conflicting results. One
study found that a high quality concrete mix with a water to cement ratio of less than 0.40 would be ideal
in lowering chemical attack (NHCRP, 2007). Other mitigation strategies include the use of more durable
aggregates which are less reactive or susceptible to freeze-thaw cycles, or establishing tighter controls on
the air-void system (concrete with 5-7% entrained air), which reduces the potential for shrinkage cracks
and surficial defects during the curing process.

For improving the longevity of asphalt pavement, similar mitigation strategies of modifying the binder
content and using higher quality aggregates in asphalt mix are often recommended as best management
practices (Shi X., et al., 2009).

There also number of proprietary manufactured deicer compounds and blended compounds that use
corrosion inhibitors. The majority of corrosion inhibitors used for deicers are derived from agricultural
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by-products. The mitigating properties of these products are not well known and thus their effectiveness
on reducing corrosion of reinforcing steel in still being debated. Although corrosion inhibitors have been
developed for concrete, they have certain limitations. Applications of these inhibitors require high
dosages and time in order to penetrate the concrete (NHCRP, 2007).

It was estimated that using these types of best maintenance practice in bridge design could save up to 46
percent of the annual corrosion cost of a black steel rebar bridge deck or $2,000 per bridge per year in
comparison to the previous conventional construction techniques (FHWA, 2001).

Corrosive Effects on Automobiles

Various components of automobiles tend to be more susceptible to corrosion than others because of their
exposure to the road surface and underbody splashes from moisture on the road. Moving vehicles are
constantly creating road splash which can carry chloride-laden solutions to a metal surface as opposed to
stationary objects such as road signs, bridges, and guard rails. Motor vehicles also have a multitude of
crevices, surfaces, and joints where deposits such as snow and ice materials, dirt and moisture can build
up. With the addition and retention of moisture and saline liquids generated from road salt, corrosion is
greatly accelerated (NHCRP, 2007).

Vehicle corrosion occurs in a variety of manners including general corrosion of painted steel body panels,
localized corrosion such as pitting and crevice corrosion and galvanized corrosion. Localized corrosion
in the form of crevice corrosion refers to corrosion in small area zones on a metal surface in contact with
a liquid or moist environment (NHCRP, 2007). Localized corrosion has often been of greatest concern
when it comes to deicing materials. When deicing materials become in contact with components of a
vehicle’s underbody there is usually moisture and dirt trapped there as well. Retention of moisture and
ionic species, produce oxygen concentration cells where corrosion is promoted. Deicing materials are able
to increase conductivity when coupled with moisture which in turn aids in the corrosion process. Galvanic
corrosion refers to corrosion that occur between two different metals where one metal is more reactive to
chemical agents such as deicing materials while the other metal is protected by the corroding one
(FHWA, 2001). For example, aluminum alloy is more susceptible to localized corrosion when coupled to
steel. Galvanized corrosion is not as large of a problem as many manufacturers are using more plastic and
hardened carbon fiber materials instead of metal in the last decade or two.

Measures to Reduce Corrosion on Automobiles

Automobile manufacturers have made significant progress over the last 20 to 30 years in modifying the
materials and design of automobiles to increase the corrosion resistance, particularly with respect to the
main body and chassis components. Manufacturers are using more plastic and other resin-composite
materials for body parts and protective coatings for underbody chassis components. Measures in the
design process include a reduction of crevices, stress, poor drainage, and dissimilar metal contacts as well
as the use of corrosion resistant primers and special chip-resistant coatings. For the most part, researchers
have found that the benefits of these additional measures far outweigh the added costs. As advancements
continue to develop over the years, vehicle corrosion is likely to become less and less of an issue.

Certain vehicle components are still, however, more vulnerable than others to the corrosive effects of

deicing chemicals such as fuel, brake, exhaust and electrical systems. Exhaust systems remain one of the
more expensive and more frequently replaced vehicle part due to corrosion effects. Manufacturers have
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switched to using stainless steel for exhaust systems in many higher end vehicles but the large majority of
vehicles still use regular steel, steel alloys and galvaluminum materials. Given the high temperatures of
exhaust systems, the range of mitigation options are limited. Metal alloys are needed to satisfy the heat
tolerance and the use of coatings is not appropriate. The operating temperature ranges for exhaust
components have also increased in recent years as a result of greater emission controls in the catalytic
converter process. The higher temperatures may also exasperate the corrosion process when deicing
materials are splashed on extremely hot surfaces (NHCRP, 2007).

Fuel and brake systems are also particularly vulnerable to deicing chemical exposure. More corrosion
resistant materials are needed and continue to be developed to mitigate the corrosion to these components
as well as that of electrical systems.. As with any manufacturing industry, improvement will continue to
be made to meet the consumer demands for longer warranties and automobile life cycles. The previously
cited FHWA study estimated that the costs related to design and manufacturing changes added
approximately $150 per vehicle, costs associated with repair and maintenance amounted to $500 per year,
and costs associated with cosmetic damage and depreciation amounted to between $109 and $141 per
year, depending on location.

Economic Cost of Corrosion on Roadway Bridges on a National Basis

As reported earlier, the FHWA study had estimated that approximately 16 percent or $22 billion of the
estimated $139 billion of the annual corrosion related costs were attributed to infrastructure in general.
Approximately $8.3 billion or 38 percent of the $22 billion was associated with bridge replacement or
repairs. Over the next 10 years, an estimated $3.8 billion would be needed to replace structurally
deficient bridges, another $4 billion would be needed for maintenance and capital costs for concrete
bridge decks and their substructures, and $0.5 billion for painting and recoating steel bridges. The overall
cost estimate did not include indirect costs to the user due to traffic delays and loss of productivity which
was estimated to be ten times greater than the direct cost.

According to the same FWHA study, there are approximately 583,000 bridges in the U.S of which
approximately 200,000 are steel-constructed bridges, another 235,000 consist of conventional reinforced
concrete bridges, 108,000 are comprised of re-stressed concrete constructed bridges and the remainder
made up of other construction materials. According to the National Bridge Inventory Database, nearly half
of these bridges were built between 1950 and 1994 (http://www.fhwa.dot.gov/bridge/britab.cfm, accessed
April 5, 2011). Bridges built in the early part of this time period incorporated little to no protection against
corrosion. It was estimated that 15% of the total number of bridges that existed in 1999 are structurally
deficient because of corroded steel and steel reinforcement. Although this represents a downward trend
from the mid 1990’s (18%), the costs to replace bridges actually increased by 12 percent (FHWA, 2001).
Additionally, increases in maintenance costs will continue as bridges get older.

Bridge Corrosion in the State of Massachusetts

According to the 2010 National Bridge Inventory Program data, there are approximately 5,113 bridges in
the state of Massachusetts (NBI, 2010). MassDOT is responsible for monitoring conditions of all bridges
in the state, even though approximately 1,500 of the total bridges are municipally owned. MassDOT
currently has 39 bridge inspection teams throughout the five districts in the state, including 4 underwater
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"dive" teams. The combination of these in-house teams and hired consultants perform approximately
2,400 bridge inspections each year.

Of the 5,113 bridges in the state, an estimated 11 percent or approximately 558 bridges were deemed
structurally deficient. Of these structurally deficient bridges, approximately 93 percent or 519 of these
bridges were constructed before 1965. Table 4-1 shows a breakdown of the ages and number of bridges
built in five year increments going back to 1900 and the number of these bridges that are deemed
structurally deficient.

Table 4-1: Total Number of Bridges Built Per Year and Current Structurally Deficient Status

Total # % Structurally
Year Built Age Total # Structurally Deficient Deficient

2006-2010 0-4 113 0 0.0%
2001-2005 5-9 290 0 0.0%
1996-2000 10-14 177 1 0.6%
1991-1995 15-19 112 3 2.7%
1986-1990 20-24 98 2 2.0%
1981-1985 25-29 129 3 2.3%
1976-1980 30-34 221 10 4.5%
1971-1975 35-39 144 6 4.2%
1966-1970 40-44 353 14 4.0%
1961-1965 45-49 594 90 15.2%
1956-1960 50-54 906 70 7.7%
1951-1955 55-59 283 30 10.6%
1946-1950 60-64 215 23 10.7%
1941-1945 65-69 43 6 14.0%
1936-1940 70-74 434 84 19.4%
1931-1935 75-79 140 34 24.3%
1926-1930 80-84 116 36 31.0%
1921-1925 85-89 94 20 21.3%
1916-1920 90-94 66 18 27.3%
1911-1915 95-99 59 11 18.6%
1906-1910 100-104 99 21 21.2%
1905 and earlier >104 427 76 17.8%
TOTAL 5113 558 93.0%

Note: Data based on the 2010 National Bridge Inventory Data Base

A breakdown of the various bridges by construction material type and the percentage estimated to be
structurally deficient within each bridge type are presented in Table 4-2. More than half of the bridges in
the state are listed as steel fabricated bridges. Not surprisingly, a relatively higher percentage of steel
bridges were considered structurally deficient at just over 13 percent, while reinforced concrete bridges
were a closed second with an estimated 11 percent considered structurally deficient. Only 2.6 percent of
the pre-stressed concrete bridges were considered to be structural deficient, however, this bridge category
is likely to represent a larger share of the newer bridges while steel bridges are likely to a larger share of
older bridges.
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Table 4-2: Structurally Deficient Bridges Based on Construction Material Type

Constructed Total Number Structurally

Material Type of Bridges Deficient Bridges Percent Deficient
Conventional
Reinforced Concrete 874 97 11.0%
Pre-stressed Concrete 997 26 2.6%
Steel 3001 394 13.1%
Other 241 41 17.0%
Total 5113 558 11.0%

Note: Data based on the 2010 National Bridge Inventory Data Base

In August 2008, the MassDOT Accelerated Bridge Program was initiated through legislation filed by
Governor Deval Patrick, which pledged funding of $3 billion to reduce the number of structurally
deficient bridges in the state of Massachusetts. Over the course of eight years, more than 200 bridges are
planned to replaced or repaired. This will result in a substantial reduction in the number of structurally
deficient bridges over the next few years. Without the accelerated program, it was estimated that the
number of structural deficient bridges would have increased by another 30 percent based on the previous
funding levels. Although corrosion is certainly not the only cause of bridge structural deficiency, it is
certainly a major contributor based on the findings in the existing literature.

With its ongoing efforts to increase its efficiency with deicing materials, MassDOT expects these efforts
will result in less material used, which will have an added benefit of reducing the corrosive impact of
winter maintenance on the state’s roadway infrastructure. MassDOT is also using corrosion inhibited
MgCL to reduced corrosive effects associated with liquid brine solutions. Additional measures to be
considered in reducing the impact on bridges include establishing a bridge washing program to wash off
residual deicer material following the winter season, incorporating more corrosion resistant materials in
future bridge and roadway design projects, and exploring the possibility of reapplying the protective
sealants to the underlying bridge decks during pavement rehabilitation projects.
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Chapter 5
Public Safety and Economic Consequences Associated with Reasonably Safe Winter
Roadway Conditions

Introduction

The 2006 GEIR presented a discussion of the public safety and socio-economic aspects that relate to
winter roadway maintenance. Although there were very few comments on this portion of the 2006 GEIR,
public safety andvehicle mobility are perhaps the two most important factors or reasons why snow and ice
control activities are performed. Much has been documented regarding increased vehicle accident rates
during snow storms. One reviewer of the previous GEIR questioned whether there was any direct
evidence that shows a reduction in vehicle accidents as a result of deicing applications. There are few
studies that have measured changes in vehicle accident rates as a result of deicing applications, however,
a number of studies have documented increased pavement/tire friction and skid resistance following
deicing applications. Numerous studies have documented the adverse affect of winter weather on vehicle
accident rates and vehicle mobility. In this ESPR, an evaluation was conducted to compare statewide
vehicle accident rates during winter months to that during non-winter months using data contained in the
Massachusetts Crash Data System (MCDS). This evaluation follows a similar approach completed in the
State of Maine with respect to evaluating the impact of winter weather on vehicle mobility and accident
rates conducted by the University of Maine’s Margaret Chase Smith Policy Center (Rubin et al, 2010).

With regard to the potential socio-economic consequences, the 2006 GEIR presented findings from two
previous studies that had estimated various economic impacts related to winter weather and reduced
vehicle mobility. Specifically, one study conducted by IHS Global Insight, Inc., had estimated that the
economic impact from one snowstorm that occurred in 1996 in the mid-Atlantic and Northeast region
amounted to well over $100 million in lost wages, tax revenue, retail sales and productivity. Given that
the study was commissioned by the Salt Institute, one reviewer of the previous GEIR questioned the
validity of the study findings. However, several other economic-related studies have been conducted since
that study, and these findings are described herein.

Maintaining public safety and economic activity through snow and ice control activities must be balanced
against the costs associated with the operations and infrastructure corrosion as well as the environmental
impacts that may result from deicing chemical usage. This report presents a summary of relevant research
on the effects of winter weather on vehicle accident rates and economic activity.

Vehicle Mobility and Public Safety During Inclement Weather

According to vehicle crash statistics compiled by the Federal Highway Administration (FHWA), there
were more than 1.5 billion weather-related crashes in the U.S. during 2007 resulting in 690,000 injuries
and 7,400 fatalities (FHWA 2008). Based on an earlier National Highway Traffic Safety Administration
(NHTSA) study, the total estimated economic costs for all motor vehicle accidents nationwide that
occurred in the year 2000 amounted to $230.6 billion (Blincoe et al., 2002). Another study published by
the U.S. Commerce Department indicated that the total economic costs associated with all weather related
accidents in this country amounts to nearly $42 billion a year (USDOC, 2002). This estimate includes all
weather related crashes and not just those that occurred due to winter weather. For purposes of discussion,
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even if only 10 percent of the weather related crashes that occurred nationwide were related to winter
weather, this would result in an estimated economic impact of $4.2 billion, which exceeds the $2.3 billion
that is estimated to be spent each year on winter roadway maintenance by various transportation agencies
across the country (FHWA, 2005).

Numerous studies have evaluated the effects of winter weather on vehicle accident rates. Eisenberg and
Warner (2005) conducted a nationwide study comparing reported daily vehicle crash rates with winter
weather data in various states across the country. This study found substantial increases in vehicle
accidents that on days reporting snowfall. Specifically, vehicle accident rates with injuries increased by an
average of 24 percent and those with property damage increased by 78 percent on days when measurable
snowfall was recorded. The number of fatal accidents, however, decreased by 16 percent. A recent study
in Maine reported that when temperatures fell below 25°F and the daily snowfall was greater than one
inch, the average daily accident rate increased by more than 150 percent from an average daily accident
rate of 82 crashes during dry conditions to approximately 127 additional crashes on snow days. The study
also noted a decrease in the number of fatal accidents during winter months (Rubin et al., 2010).

The decrease in fatalities reported in both studies is most likely due to reduced vehicle speeds during
winter storm events, which often leads to a decrease in crash severity despite the increase in the number
of accidents. Strong et al. (2009) presented similar findings when evaluating the effects of winter weather
on accident rates. Several older studies conducted in Canada reported accidents rates increased by 165
percent to 250 percent on days with snow as compared to the average daily rates (O’Leary 1978: Audrey
1989). A similar comparison of accident rates on snow days or days with winter weather conditions
compared to dry days using Massachusetts Crash System Data is presented in the next section.

Reduced visibility and reduced pavement friction are the two principal winter-weather related factors that
have the greatest impact on accident rates. Decreased visibility due to falling snow and, even worse, by
wind-blown snow greatly lowers the reaction times for operators to respond to road changes and hazards.
The reduced pavement friction results from precipitation freezing and bonding to the pavement, creating a
layer of reduced friction between the vehicles tires and the road surface. As pavement temperatures drop
below 25°F, it is more likely that ice and snow will bond to the pavement.

Winter roadway conditions not only affect vehicle accident rates but also vehicle mobility and traffic
congestion. Winter weather has been reported to be the second largest cause of hon-recurring highway
congestion accounting for approximately 15 percent of traffic delays nationwide (Rall, 2010). In 2004,
FHWA estimated that approximately one billion person-hours per year were lost due to adverse weather
traffic delays (FHWA, 2004). Another study reported that trucking companies lose an estimated 32.6
billion vehicle hours annually due to weather-related congestion in the nation's largest metropolitan areas.

A recent study conducted by the Texas Transportation Institute ranked the Boston metro region, which
extends from Rhode Island to southern New Hampshire, as seventh among 439 urban areas nationwide
for most time stuck in traffic during peak commuting hours. The average Boston-area commuter in 2009
spent 48 hours delayed in traffic congestion over the course of a year. The added cost to each commuter
associated with these delays was estimated to be $1,112 per year based on an assumed hourly value of
$16 per person commuting and $160 per hour for trucks as well as the costs for increased fuel
consumption (Urban Mobility Report 2009). Not all of the congestion and traffic delays accounted for in
this report can be attributed to winter weather but it certainly can have a significant impact during major
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snow storms. For example, one particular storm that occurred on December 20, 2010, as described in a
Boston Globe article, resulted in several hours of severe traffic delays during the peak commuting hours
on multiple roadways throughout the Boston metro region due to the timing and the intensity of snowfall
conditions (Andrew Ryan, Boston Globe, Metro West Section, December 21, 2010).

Massachusetts Registry of Motor Vehicles Crash Data System

Starting in 2002, vehicle accident reports completed by state or local police or private vehicle owners in
the state of Massachusetts have been entered into the Registry of Motor Vehicles (RMV) Crash Data
System (CDS). Any accident that involves injury or fatality, or damage to any one vehicle or other
personal property in excess of $1,000 are required to complete an accident report. Once the report has
been submitted and entered into the data base system, MassDOT is then responsible for processing,
formatting, and geo-coding the data and making it available to the public upon request. Reporting rates
fluctuate greatly and depend on such factors as the time availability and safety issues associated with the
accident. The data presented below provide a general assessment of the vehicle crash data as reported and
included in the CDS, however, it should be recognized that there may be significant amount of vehicle
crashes that go unreported or are not included in the system.

The report form allows the preparer to note the road surface and weather conditions that were occurring at
the time of accident. Road surface descriptors include dry, fair weather conditions or wet, snow covered,
ice, freezing rain, etc. The following lists the various report fields or factors that are included on each
accident report and potentially inputted into the CDS data base:

Crash Data System Data Fields
>  Crash number
City/town name
Crash date and time
Crash severity
Number of vehicles
Total nonfatal injuries
Total fatal injuries
Manner of collision
Vehicle action prior to crash (field added in 2007)
Vehicle travel direction
Most harmful events
Vehicle configuration (field added in 2007)
Road surface condition and weather condition
Distance from nearest roadway intersection
Distance from nearest mile marker or from nearest exit
Non-motorist type (added in 2006 )
X and Y Coordinates (added in 2005).

VVYVYVVVYVYVYVVYVYVYVVYYVYYVYVYY
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Winter Weather Conditions and Accident Rates in Massachusetts

Figure 5-1 presents monthly totals of vehicle accidents reported statewide for alternate years between
2002 and 2008 in comparison to the monthly average number of reported vehicle accidents for all seven
years of data going back to 2002. Based on these data, there appears to be a minimum of 10,000 vehicle
accidents reported each month statewide. In December and January, the number of reported accidents
appears to increase with an estimated monthly average of approximately 14,000 accidents per month.
The higher accident totals are likely due in large part to winter weather conditions as well as perhaps due
to increased travel volumes or vehicle miles traveled during the holiday season. When comparing the
average monthly accident totals for the non-winter months (April to October) to the monthly accident
totals for the winter months (November to March), the average vehicle monthly accident rate for the
winter months is approximately 11 percent higher at 12,761 accidents as compared to 11,345 accidents
for non-winter months. These average monthly totals translate to approximately 360 to 420 accidents per
day, This difference in the average monthly reported accident totals of approximately 1,400 accidents
between winter and non-winter months, although relatively small in number, can still have a substantial
economic impact as discussed further below.

Figure 5-1: Massachusetts Reported Monthly Accident Totals for Even Years between 2002 and 2008
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Source: Mass Crash Data System for Years 2002-2008

The accident report information contained in the Massachusetts CDS was evaluated further to assess how
often winter weather and snowy and/or icy road surface conditions were noted on accidents reports that
were submitted during the winter period of December 1, 2007 to March 31, 2008 (most recent data
available). During this 4-month period, approximately 11,025 reports indicated that winter weather
conditions were occurring at the time of the accident in the form of snow, sleet, or freezing rain.. Nearly
60 percent or 6,582 reports indicated that the road surface had some snow accumulation while another 24
percent or 2,614 reports indicated that the road surface consisted of either ice or slush. All totaled, more
than 83 percent or 9,196 of the winter weather-related accident reports indicated road surface conditions
as being a factor at the time of the accident. Another 1,554 reports listed the road surface as “wet”, while
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188 reports listed the road surface as “dry” and another 157 reports listed the road surface condition as
“other” or the road condition was not reported.

To illustrate the effect of snowfall on daily accident rates, Figures 5-2 and 5-3 present graphs of the daily
accident totals reported in January and February of 2008, respectively, in comparison to daily snowfall.
The figures show considerable spikes in the daily accidents rate on days with measurable snowfall
occurring and the accident rate appears to rise with increasing snowfall accumulation. On January 14"
and 27", approximately 700 and 500 vehicle accidents were reported when approximately 7.0” and 1.0”
of snow had fallen, respectively. A large majority of these accidents reported snow on the road surface as
being a factor. In February (Figure 5-3), more than 1,500 vehicle crashes were reported on February 22"
with approximately 4.5 inches of snow reported primarily in the eastern half of the state.. This one day
total accounts for 14 percent of the total number of winter weather related accidents reported during the
entire 2007/08 winter season. Many other factors are likely to influence the number of accidents
including the snowfall intensity, temperature, visibility as well as traffic volume which varies with the
time of day and the day of the week. The February 22" storm occurred on a Friday afternoon and
possibly during a school vacation week, which is likely to contribute to increased traffic volumes. Again,
it is important to note that may winter weather-related accidents are likely to go unreported, especially if
they involve minor property damage. The 2007/08 winter season was also a relatively mild winter season.

In terms of the crash severity, approximately 1,036 of the accidents that occurred on this day were
reported to have resulted in property damage only and another 234 accidents were reported to have non-
fatal injuries. The data shows a dramatic increase in the number of accidents on days when road
conditions deteriorate as a result of a winter storm.

Figure 5-2; Number of Reported Daily Vehicle Crashes Statewide vs. Daily Snow Fall Accumulation in January 2008
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Figure 5-3: Number of Reported Daily Vehicle Crashes vs Daily Snow Fall Accumulation in February 2008.
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Vehicle Accident Costs in Massachusetts

Using the reported vehicle accidents rate and the total vehicle crash cost data reported for Massachusetts,
as provided by the FHWA study, a general cost estimate associated with the winter weather related
accidents can be developed to assess the potential economic impact of winter weather vehicle accidents.
The FHWA study indicated that the overall economic cost in Massachusetts for all vehicle crashes was
$6.3 billion per in the year 2000. Assuming that the annual crash related costs are equally distributed for
each month in the calendar year then this would translate in approximately $2.1 billion in vehicle related
costs for the winter period of four months (Dec-Mar). Based on the accident report data contained in the
Massachusetts CDS, approximately 12 to 15 percent of the reported accidents during the four month
period were noted to have winter weather conditions occurring at the time of the accident. This
percentage appears to depend on the severity of the winter and varies considerably from year to year.
Using a range of 12 to 15 percent to represent the number of accidents attributed to winter weather results
in an estimated cost range of approximately $228 million to $312 million due to winter weather related
accidents in Massachusetts based on 2000 dollars. The estimated cost is likely to be much higher in
today’s dollars and especially if the costs associated with the unreported accidents were also included.

A study conducted by the Marquette University’s Civil and Environmental Engineering Department
evaluated the effects of deicing applications on roadway conditions and vehicle accidents rates during
winter storm events on various two lane highways and multi-lane divided freeways in several mid-
western states. The study concluded that the average benefits in terms of reduced accident rates and
associated costs amounted to approximately $6.50 for every $1.00 spent on direct roadway maintenance
activities. The findings for one particular two-lane roadway indicated that the average direct benefits
(accident avoidance) offset the cost of winter maintenance once 71 vehicles drove through the treated
portion of the highway. The costs related to accidents including property damage, medical expenses,
emergency services, workplace costs, travel delays, legal and other administrative expenses were reduced
by 88 percent after a deicing application (Kuemmel and Hanbali, 2002).
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Economic Impacts of Winter Weather on the States’ Travel and Tourism Industry

The state’s transportation system plays a vital role in supporting the state’s economy, particularly with
respect to travel and tourism. Each year, the Massachusetts Office of Travel and Tourism publishes a
report on the economic impact of travel within the Commonwealth. In 2009, domestic and international
travelers in Massachusetts spent nearly $14.4 billion on transportation, lodging, food, entertainment,
recreation and incidentals. Domestic travelers accounted for approximately 86 percent or $12.4 billion of
these expenditures. Domestic travel spending in 2009 generated approximately $797 million in tax
revenues for the both the state and local governments. Each travel dollar produced $0.04 and $0.02 in
state and local tax receipts, respectively. Travel spending for 2009 also produced approximately 199,100
jobs and $3.4 billion in payroll income for Massachusetts residents (U.S. Travel Association, 2010).

Winter weather affects are transportation system network and results in reduced vehicle mobility and poor
travel conditions. This can result in adverse economic impacts as they relate to cancelled trips and fewer
retail transactions, lost wages, lost tax revenue, and delays in ground and air transportation or fewer
vehicle trips or miles traveled on the roadway during winter weather.

A recent economic study conducted by IHS Global Insight evaluated the various economic impacts that
may result from a widespread snow storm causing essentially a one day statewide shutdown due to
impassable roads. The study focused on a number of eastern and northeast states including Massachusetts.
The economic costs included lost wages for hourly workers, lost tax revenue due to lost income and retail
sales, loss of retail sales and other indirect impacts as consumers and employers curtail their purchasing
activity. Other economic factors or categories not included were the costs related to vehicle accidents,
emergency services, medical costs, reduced business productivity, reduced toll collections, cost of snow
removal efforts or the income derived from snow removal efforts in the private sector. The loss of wage
estimates were based on hourly workers only based on published data on the percentages of hourly
workers for various industries and an assumed income regain factor for certain industries where the
opportunity to work overtime at a later date may apply, such as manufacturing or construction. The
estimate of lost retail sales primarily focused on the daily consumer sales that may not necessarily be
recouped at a later date such as gasoline stations, convenience stores and other general merchandise
stores. The study generated estimates of both direct and indirect impacts. The indirect impacts were those
that were “derived” or associated with a rippling effect of wages and sales that would be lost over the one
day period (IHS Global Insight, 2011).

All totaled, the study reported that a one day shutdown in Massachusetts could result in an economic
impact of $265.1 million with an estimated $119.4 million associated with direct impacts and with
indirect impacts, respectively. The majority of these economic losses were associated with hourly wages
($194 million) lost due to workers not being able to make it to work. Approximately $40.5 million was
estimated to be lost due to lost retail sales, another $10.8 million was estimated to be lost in state and
local taxes, and $19.7 million was estimated to be lost in federal taxes. Although these economic
estimates come with some level of uncertainty, even if the numbers are adjusted by a 25 % to 50% margin
of error, the results still represent relatively large magnitude of economic impact for a one day snow event
and assumed shutdown. Similar previous studies that were based on actual events were summarized by
Adams et al, 2004 where one study had indicated that the estimated costs associated with one snowstorm
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in January 2000 resulted in more than $2.5 billion per day in lost wages, retail sales and tax revenues in
the Washington, D.C. and Alexandria, VA area over a two day period. Another storm in 2004 resulted in
estimated costs exceeding $10 billion dollars due to lost retail trade, wages, and tax revenue associated
with road closures throughout many states along the eastern seaboard.

Another economic sector that can be affected by road conditions and winter weather is the trucking and
shipping industry. As discussed earlier, winter weather has been reported to be the second largest cause of
non-recurring highway congestion accounting for approximately 15% of traffic delays nationwide (Rall,
2010). In 2004, the Federal Highway Administration estimated that approximately one billion person-
hours per year were lost due to adverse weather traffic delays (FHWA, 2004). Another study reported
that trucking companies lose an estimated 32.6 billion vehicle hours due to weather-related congestion in
the nation's largest metropolitan areas. The FHWA cites one study that estimated the annual cost to
trucking companies due to weather-related travel delays ranges from $2.2 to $3.5 billion dollars a year
(FHWA 2008b).

In summary, the general condition of state roadways during winter weather can have a substantial impact
on both the number of vehicle accidents and the overall statewide economy. As discussed throughout this
document, the MassDOT S&I Control Program strives to achieve a balance in using appropriate and cost-
effective measures to limit the amount of equipment and materials used while maintaining reasonably safe
road conditions during winter months and minimizing the potential impacts to the state’s environmental
resources, economy and roadway infrastructure.
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Chapter 6
Conclusions and Recommendations

The following represents a list of major highlights and key changes that have occurred in the MassDOT
Snow and Ice Control Program in the last 5 years, as well as a summary of research findings presented by
others in the available literature.

Conclusions

MassDOT’s roadway lane-mileage for winter maintenance has increased to approximately 15,980
lane-miles statewide, which represents an increase of approximately 20 percent or by 2,694 lane-
miles over that reported in the 2006 GEIR. This increase is primarily due to MassDOT assuming
winter maintenance responsibility for the Mass Turnpike, the Tobin Bridge and several roadways
previously maintained by DCR.

MassDOT has implemented statewide anti-icing program since the 2006 GERI and has greatly
increased its use of liquid brine solutions as well as other technological advances to increase the
efficiency of it Snow and Ice Control Program.

Starting in the winter of 2010/11, MassDOT has instituted a new policy that requires all hired
equipment to have pre-wetting capabilities in order to be called into service. Prior to this policy
change, the use of pre-wetting equipment was voluntary and used intermittently in selected areas.
MassDOT has also eliminated the use of separate plow trucks and has incorporated the use of
material spreaders equipped with plows or spreader/plow combos.

MassDOT has encouraged hired contractors to use computerized closed-loop controllers that have
been found to be more efficient and more consistent in material applications as they adjust for
various operating conditions. During the winter of 2010/11, as much as 50 percent of hired
equipment had closed-loop controllers compared to an estimated 20 percent the year earlier.
Historical statewide annual salt usage over the last ten years have been found to be highly
correlated to Winter Severity Index (WSI) values, such that as much as 95 % of the variability in
the year-to-year statewide salt usage can be explained by differences in winter severity. The
historical comparison of annual salt usage to WSI values can be a useful tool to evaluate the
effects of various efficiency measures on a MassDOT’s annual salt usage.

The annual salt usage in the winter of 2010/11 was approximately 170,000 tons or 23 percent less
than that used in the winters of 2003 and 2005, which both had similar or slightly less severe WSI
values relative to the 2011winter. This reduction in salt use is attributed to the increased use of
efficiency measures (e.g., pre-wetting, closed-loop controllers, etc.) and is even more significant
given that MassDOT maintains more roadway mileage now compared to the previous ten years
and that the winter of 2010/11 was one of the most severe winters in the past eleven years.

The estimated salt use reduction in 2011 relative to previous years is attributed to increased use of
efficiency measures (e.g., pre-wetting, closed-loop controllers, etc) and is even more significant
given that MassDOT maintains more roadway mileage now compared to the previous ten years
and that the winter of 2010/11 was one of the most severe winters in the past eleven years.
MassDOT spends approximately $650,000 a year, on average, administering and implementing
remedial measures as part of its Salt Remediation Program.

Since 2006, the Environmental Services Section of the MassDOT Highway Division has received
approximately fifty-five new salt complaints. Of these, twenty-nine have been remediated and
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closed, four were denied because they did not provide data or did not meet the program
requirements while another 26 cases are in the process of being investigated or remediated.
MassDOT has made considerable recent progress in improving the effectiveness and efficiency of
its S&I Control Program, however, several municipal public water supply systems (PWS) have
reported increasing sodium concentrations. Representative municipal PWS systems include those
in the Towns of Burlington, Cambridge, Concord, Dedham, Millbury, Salisbury, Wilmington and
Woburn. MassDOT continues to coordinate with PWS suppliers when written complaints are
received to investigate whether the reported sodium increases are potentially linked to MassDOT
winter maintenance operations and/or storage practices and, if so, identify possible remedial
measures that could be used to reverse the trend. In some locations, road salt used on other paved
surfaces such as municipal roadways and commercial parking lots may be as much or even a
greater contributing factor to the sodium increases. Much broader investigations would be needed
to determine the relative contributions from each of the major sources and to assess whether
changes in MassDOT operations would result in meaningful reductions in sodium levels.

Recommendations

The following recommendations have been identified as a means to further improve the effectiveness and
efficiency of the S&I Program.

1.

In Reduced Salt Zones currently using a 50:50 sand:salt mix, MassDOT should seek to modify
the ratio of the sand:salt to use less sand and accomplish salt reductions by either using more Pre-
mix and/or use more innovative measures to increase the effectiveness of the treatment
applications and potentially reduce the overall number of applications performed in each RSZ
during storm events. The current use of a 50:50 mix of sand and salt appears to have limited
effectiveness in reducing the overall salt usage according to observations of district personnel.
Minimizing use of sand has added environmental benefits (e.g., less stream siltation, reduced
phosphorus loading, etc.) and could be as important in many locations as alleviating sodium
issues related to road salt.

Review effectiveness of current application measures and identify key road segments that warrant
additional innovative techniques along the Massachusetts Turnpike, particularly in the area of
Kampoosa Bog as well as roads previously maintained by the Department of Conservation and
Recreation (DCR).

Consult with MassDEP Drinking Water Program personnel on an annual basis to identify priority
issues, the need for ongoing protection measures as well as to strike a balance between the water
quality and groundwater recharge needs for the various public water supplies.

Consult and coordinate closely with municipal water supplies that have reported recent increases
in sodium levels above 60 mg/L. Consider initiating a watershed based analysis to identify the
various potential sodium sources and roadway areas within the contributing area of the water
supply wells.

Continue to evaluate and prioritize storage shed improvements to minimize any outside exposure
to off-loading and loading practices, particularly in any Zone Il areas of PWS wells showing
increasing trends in sodium levels.
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10.

11.

12.

13.

14.

15.

16.

Incorporate the use of GPS technology and material usage data logging in spreader trucks to
optimize spreader routes in critical environmental areas, including Zone |1 areas, to improve
material efficiencies. Evaluate the possibility of using geo-fencing technology to establish
electronic geo-referenced boundaries to signal and adjust automatic spreader controls and/or alert
operators of major environmental resources in the area. This technology could be useful in
eliminating possible overlaps in spreader routes where multiple spreaders may pass through the
same roadway sections and minimize inadvertent repeat applications.

Develop procedures to enhance recording and reporting of material usage by specific spreader
routes and especially routes in critical environmental areas. This can be accomplished by utilizing
the data-logging capabilities of closed-loop controllers and implementing the necessary controller
proprietary hardware/software and wireless equipment to enable electronic data retrieval at the
depot level.

Evaluate the benefits of the Friction Meter based on the test results in District 4 and determine
whether the use of the Friction Meter should be used in other locations and integrated into the
closed-loop controller similar the Minnesota DOT prototype.

Develop a process and designate personnel that would be responsible for compiling material
usage data and updating the Winter Severity Index (WSI) on a seasonal and district basis to allow
comparison to material usage and program costs on a seasonal basis.

Continue to utilize and formalize the mission of the Snow and Ice Materials Usage Committee as
a means to prioritize goals and indentify measures with district personnel to continue to make the
snow and ice control program more efficient and effective while emphasizing that road safety,
environmental protection and increased reporting and record-keeping are key areas in need of
improvement.

Establish a process to prepare an Annual Summary Report to summarize the changes and
equipment upgrades implemented over the course of the season, material usage, winter severity
index and any environmental remediation issues.

Formalize a training process to enable the exchange of information with State Police and other
law enforcement and/or public safety personnel on annual basis and discuss policies and
procedures for identifying conditions where snow and ice control activities are needed for the
upcoming season.

Establish a contractor training program using available computer based training tools developed
by others that could involve a Certification Program similar to that being or has been developed
in other states.

Review and assess whether more stringent calibration testing and reporting procedures are
necessary to ensure adequate equipment calibration procedures are met on state-owned and hired
equipment prior to the season and perhaps mid-way through the season as well.

Meet with Snow and Ice Control personnel from other Northeast states on annual basis to
exchange ideas and knowledge on technology and procedures for snow and ice control.

Incorporate the use of corrosion resistant materials in the design and construction of future
roadway and bridge design projects.
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17. Evaluate the feasibility and potential benefits of a bridge washing program to remove remaining
residual salts left behind from snow and ice operations as a means of reducing the corrosion

effects.

18. As part of pavement rehabilitation projects, investigate the opportunities for re-applying
protective sealants to the concrete decks to minimize future corrosion.

19. Evaluate the winter and non-winter related benefits and deicing material usage on open-graded
friction coarse pavement in comparison to gap-graded friction pavement overlays
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Chapter 7.0
Responses to Comments on the Public Review Draft of the 2012 ESPR

MassDOT will prepare responses to comments to the 2012 ESPR following agency and public review
of the Public Review Draft.
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