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CHAPTER 1
INTRODUCTION

1.1 The Research Problem

1.1.1 Purpose

This report, in two volumes, presents findings from a four-year research study on snow
and ice control materials for winter weather roadway maintenance applications in Texas. The
purpose of this research was to provide Texas Department of Transportation (TXDOT) roadway
maintenance professionals with the information they need to know in order to evaluate, select,
procure, apply, and otherwise implement snow and ice control materials and achieve satisfactory
results in their respective areas of Texas.

1.1.2 Significance

Texas is fortunate not to have several months of harsh winter weather each year like
many northern states do. Nevertheless, major storms such as the 2011 Groundhog Day Blizzard
during Super Bowl XLV revealed the importance of being adequately prepared before snow and
ice strike. TXDOT maintenance and operations personnel are responsible to keep Texas
roadways open and safe during winter storm events. This responsibility can be met through clear
understanding of service expectations, careful planning and preparation, and effective
communication both internally within TxDOT and externally with the traveling public.

One key element of TXDOT’s winter weather maintenance strategy is the effective use of
snow and ice control materials. Historically, sanding has been the winter weather roadway
maintenance strategy of choice in Texas, both because of Texas’ mild winters in most
geographic areas of the state and because sanding is a very visible low-cost approach to
managing pavement friction. In the past 5 to 10 years however, some TxDOT districts have
shifted to the use snow and ice chemicals, predominantly road salt (NaCl) or magnesium
chloride (MgCl.) with or without additives. However, the choice of chemical has not always
been based on a quantitative assessment.

The citizens of Texas expect TxDOT to keep Texas roadways safe and open for
movement and people and commerce in all seasons of the year. The findings presented in this
report on the selection, procurement, application, and management of snow and ice control
materials support TXDOT’s goal of achieving an effective maintenance response, statewide, to
winter storms.

1.1.3 Scope

The focus of this project is on common snow and ice materials used by TxDOT in its
maintenance operations, as well as on alternative products such as natural brines. The research
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considered all major aspects of snow and ice control materials including effectiveness,
availability, impact on infrastructure durability (corrosion), environmental concerns and
regulations, and cost.

1.2 TxDOT-sponsored Winter Weather Research

1.2.1 Prior Research
TxDOT has recognized the need to promote effective winter weather roadway
maintenance in all areas of the state. In early 2011, TXDOT sponsored two major winter weather
research studies:
e Project 0-6669, Best Practices for Emergency Operations

e Project 5-9044, Winter Weather Management and Operations Training
Curriculum Development and Instruction

Project 0-6669 focused on identifying actionable practices relative to winter weather
operations (Perkins, et al. 2012). The research objective was to develop a winter weather
operations manual that could be used by TxDOT districts vulnerable to weather related
emergencies.

Project 5-9044 consisted of two curriculum development and training programs (Lawson,
et al. 2012). The first program created a 6-hour training course on management of winter weather
events and delivered management training to 845 TxDOT maintenance professionals statewide.
The second program created a 12-hour training course on winter weather operations and
delivered train-the-trainer events to TxDOT training vendors who, in turn, offer the operations
training to TXDOT maintenance personnel on a recurring basis.

1.2.2 TxDOT Project 0-6793

In January 2012, TxDOT sponsored 0-6793, “Snow and Ice Chemicals for Texas Roads,”
which is the research described in this report. This study was initially scheduled to be completed
in 20 months but was subsequently modified to include two additional years of field and
laboratory data collection. The work plan included seven functional tasks.

1.2.2.1 Task 1. Characterize the application and effectiveness of snow and ice control
chemicals. The objective of Task 1 was to identify and classify the types of snow and ice control
chemicals which can be used for Texas roads and winter weather conditions. This included the
effectiveness, as a function of application, of the major snow and ice chemicals currently used by
TxDOT (e.g. NaCl, MgCl», and MgCl, with additives) as well as natural brines. This task also
included limited evaluation of abrasives to provide a basis for comparison.
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1.2.2.2 Task 2. Determine the availability, storage requirements and transport issues
related to natural brines. Task 2 characterized natural brines as a potential snow and ice control
chemical for Texas roads. This required evaluation of the availability of natural brine suppliers
or potential suppliers for the state of Texas, review of storage requirements for these products,
and consideration of transport issues including mode of transport, time of transport, and cost.
Durability concerns associated with corrosion, and environmental concerns and regulatory issues
associated with the use of these brines were also addressed.

1.2.2.3 Task 3. Evaluation of infrastructure durability impacts due to anti-icing and de-
icing operations. The primary objective of Task 3 was to evaluate possible adverse impacts to
the durability of highway infrastructure caused by de-icing and anti-icing operations on Texas
roads. These durability concerns include corrosion of steel reinforcement and scaling of surfaces
of concrete structures, and also corrosion of infrastructure exposed to these chemicals such as
steel bridge girders, expansion joints and supports, and also snow and ice control equipment.

1.2.2.4 Task 4. Evaluate the environmental impact and regulations with relation to the
current and future use of salts and brines to control snow and ice on Texas roads. Task 4
consisted of a comprehensive review of the relative environmental impacts of anti-icing and de-
icing salts including natural brines. Research also evaluated the current state and future direction
of environmental regulations covering the use of these salts and brines in Texas. In addition, this
task evaluated environmental impacts associated with selected, commonly-used abrasives.

1.2.2.5 Task 5. Field trial to compare effectiveness of snow and ice control chemicals.
The objective of Task 5 was to obtain a comparative “head-to-head” determination of how
selected snow and ice control chemicals perform on Texas roads under representative winter
weather conditions. Task 5 is the part of project 0-6793 that was expanded and extended two
additional years. Subtasks included:

Winter 2013-14 (Modification 2)
e Subtask 5.1 Identify and Establish Field Research Site
e Subtask 5.2 Storm Monitoring and Data Collection
e Subtask 5.3 Data Analysis and Reporting

Winter 2014-15 (Modification 3)
e Subtask 5.4 Laboratory Test Program to Evaluate Snow and Ice Control
Chemicals
e Subtask 5.5 Update Field Research Site for Winter 2014-15
e Subtask 5.6 Winter 2014-15 Storm Monitoring and Data Collection
e Subtask 5.7 Data Analysis and Reporting
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The field and laboratory work performed for Task 5 represented a major research effort for this
project. Volume 2 of the 0-6793 report presents the findings from Task 5.

1.2.2.6 Task 6. Perform a comprehensive cost analysis of the use of snow and ice control
materials. Task 6 consisted of an analysis of the life-cycle costs of selected snow and ice control
materials used in Texas. This analysis considered both the short-term cost factors (e.g., purchase,
processing, storage, transport, and application) and long-term factors (e.g., potential damage to
equipment and roadways) of these materials.

1.2.2.6 Task 7. Production of deliverables. The objective of Task 7 was to produce the
deliverables associated with the project including the research report and products.

Project 0-6793 considered all major aspects of TxDOT’s typical snow and ice control
materials including their effectiveness, availability, impact on infrastructure durability
(corrosion), environmental concerns and regulations, field performance, and cost. Research
Tasks 1 through 4, and Task 6, were performed in 2012-2013 in accordance with the initial
project agreement, and findings from these tasks are reported in VVolume 1 of the research report.
Research Task 5 spanned 2012-2015 as per the modified project agreement, and findings from
Task 5 are reported in Volume 2 of the research report. Collectively, this work serves to quantify
and qualify the relative merits of common snow and ice materials used in TXDOT’s maintenance
operations.

1.3 Organization of the Research Report

As has been noted, the 0-6793 research is reported in two volumes, each with its own
appendixes. This volume, VOLUME 1, is essentially a literature and best practices review.
Organized into six chapters, VOLUME 1 reports findings from research Tasks 1 through 4 and
from research Task 6.

Except for the introduction, each chapter in VOLUME 1 directly addresses a particular
research task. Chapter 1 provides a statement of the research problem and an overall introduction
to research project 0-6793. Chapter 2 summarizes a comprehensive review of technical literature
on snow and ice control materials used in the United States including the effectiveness of these
materials in relation to type of application (Task 1). Chapter 3 discusses the availability and
potential usability of brines for snow and ice control including natural brines, manufactured
brines, and oilfield brines (Task 2). Chapter 4 discusses the durability impacts of snow and ice
chemicals on infrastructure, both based on review of the literature and on a limited experimental
program (Task 3). Chapter 5 summarizes the known environmental impacts and regulations
associated with application of snow and ice chemicals, nationally and in Texas (Task 4). Finally,
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Chapter 6 provides a detailed cost analysis of TXDOT’s current usage of snow and ice chemicals
(Task 6).

Chapter 2 through 6 each begins with an introduction specific to the research task. The
chapters then describe method (where appropriate) and provide data, analyses, and discussion of
results. These chapters conclude with a summary of findings, and as such, the individual chapters
in VOLUME 1 provide a focused statement of outcomes for the subject research task. Again, the
research summarized in VOLUME 1 was performed in 2012-13 and the report reflects findings
for that time period.

The companion volume, VOLUME 2, and focuses on field trials and laboratory testing.
VOLUME 2 is organized into eight chapters and reports findings from research Task 5 and the
overall project summary and conclusions. Chapter 1 of VOLUME 2 provides a statement of the
research problem and an overall introduction to Task 5 for project 0-6793. Chapter 2 describes
the field research test site near Canyon, Texas. Chapter 3 presents the research method for Task
5 including storm response, field data collection, data presentation, and analyses. Chapter 4 of
VOLUME 2 summarizes all field data obtained for the three winter seasons and identifies the
subset of data judged of sufficient quality and reliability to be usable for subsequent analysis.
Chapter 5 presents anti-icing results from the field test site, focusing on selected liquid snow and
ice control chemicals. Chapter 6 presents de-icing results from the field test site, focusing on
granular products. Chapter 7 summarizes results from laboratory testing performed for the study.
Chapter 8 summarizes overall findings from the research project including conclusions,
recommendations, limitations, and topics for further study.
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CHAPTER 2
IDENTIFICATION AND CLASSIFICATION OF
SNOW AND ICE CONTROL MATERIALS

2.1 Introduction

2.1.1 Overview

This chapter summarizes technical literature about the identification and classification of
snow and ice control materials suitable for application on Texas roads under Texas winter weather
conditions. This includes the effectiveness of major snow and ice control materials, including
natural brines, which TxDOT maintenance forces either currently use or which can be used. The
term “application” as used in this report refers to how the materials are applied to the roadway,
under what weather and roadway conditions, and at what rates. “Effectiveness” refers to the range
of pavement temperatures, concentrations, and related factors through which these chemicals
suppress the freezing point of water and thus facilitate removal of snow and ice from the roadway
surface.

2.1.2 Scope and Organization

This chapter addresses Task 1 of TxDOT project 0-6793, “Snow and Ice Chemicals for
Texas Roads.” The overall research objective has been to quantify and qualify the relative merits
of common snow and ice control chemicals used by TxDOT in its roadway maintenance operations
including their effectiveness, availability, environmental concerns, environmental regulations,
impact on infrastructure durability (corrosion), and cost effectiveness. Task 1 is essentially a
literature review and best practices review focused on characterization of the application and
effectiveness of snow and ice control materials.

The introduction presents the focus of the Task 1 research effort, authorization and scope,
and the organization of the chapter. Section 2 states the method by which the work was performed
including the objective and outcome of the task. Section 3 provides a national perspective on snow
and ice control materials. This includes primary knowledge sources, an overview of snow and ice
control materials, considerations in selection, including cost, and a summary of national trends.
Section 4 presents snow and ice control materials from a Texas perspective including history,
application rates, detailed usage, cost, and other considerations in selection. Section 5 presents
snow and ice control materials relative to Texas weather. Climate data are presented as well.
Section 6 discusses how snow and ice control materials are part of an overall strategy for winter
weather roadway maintenance in Texas. Section 7 summarizes key themes from the literature
review.
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2.2 Method

2.2.1 Overview

The research team accomplished Task 1 through a series of literature and best practice
reviews. The research method consisted of documenting and synthesizing published literature on
snow and control materials and conducting interviews with subject matter experts. The outcome
of this task is a descriptive summary of the application and effectiveness of the different types of
snow and ice control materials used for Texas roads with respect to Texas winter weather
conditions.

2.2.2 Published Literature on Snow and Ice Control Materials

A substantial body of literature exists on snow and ice control materials for roadway
maintenance applications, much of this having been sponsored by and developed for northern
states that experience frequent and heavy winter weather storm events. This literature includes
information about the application and effectiveness of most of the snow and ice control chemicals
currently used, and as such, available research represents a key source of information for this study.
This literature has been evaluated, synthesized, and summarized herein.

2.2.3 Interviews with Subject Matter Experts

As the research focus was not just a general interest in snow and ice control materials but
more specifically how these materials are used relative to the roadway and winter weather
conditions that exist in Texas, the researchers conducted interviews with subject matter experts
both statewide and nationally. Table 5.1 provides the list of interviewees.

Table 2.1 Snow and Ice Subject Matter Experts Interviewed

Subject Matter Expert (National) Subject Matter Expert (Texas)
Bret Hodne Claudia Kern

Public Works Director Chemist

The City of West Des Moines Materials and Pavement Section
West Des Moines, lowa Construction Division

Texas Department of Transportation
Austin, Texas

Leland D. Smithson, PE Kristina F Santos, PE
AASHTO SICOP Program Coordinator Transportation Engineer

lowa Department of Transportation Materials and Pavement Section
Ames, lowa Construction Division

Texas Department of Transportation
Austin, Texas

0-6793 VOL. 1 2-2



Table 2.1 Snow and Ice Subject Matter Experts Interviewed, continued

Wilfrid A. Nixon, PhD, PE
Professor

Dept of Civil and Environmental
Engineering

University of lowa

lowa City, lowa

John Henley

Engineering Specialist

Materials and Pavement Section
Construction Division

Texas Department of Transportation
Austin, Texas

Richard “Mark” DeVries
Maintenance Superintendant
McHenry County
Woodstock, IL

Kent Thayer

MSMS/Stock Control Manager
TxDOT, General Services Division
Austin, Texas

Annette Dunn

Winter Operations Administrator,
Maintenance

lowa Department of Transportation
Ames, lowa

Scott Speer
Envirotx
Austin, Texas

Tina Greenfield

lowa DOT RWIS Coordinator
lowa Department of Transportation
Ames, lowa

Xianming Shi, PhD, PE

Research Professor, Department of Civil

Engineering

Western Transportation Institute
Montana State University,
Bozeman, MT

2.2.4 Application and Effectiveness of Natural Brines

While much information is available about the application and effectiveness of common
snow and ice control chemicals, limited information is available on the use of natural bines,
particularly those specific to Texas. The majority of information on natural brines is covered in
the brine section of this report (Chapter 3).

2.3 National Perspectives on Snow and Ice Control Materials

2.3.1 Primary Knowledge Sources

Snow and ice control materials represent one important aspect of winter weather roadway
maintenance, a broad topic of both practical and academic concern. As would be expected,
leadership on winter weather roadway maintenance activities, including the use of snow and ice
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control materials, corresponds to those geographic regions where transportation systems are most
strongly impacted by winter weather.

2.3.1.1 National Leadership Winter roadway maintenance research in the United States is
accomplished at both the national level and the state level. There are several national research
initiatives and also some United States/Canada shared initiatives.

In 1996, the Federal Highway Administration (FHWA) presented the Manual of Practice
for an Effective Anti-icing Program-A Guide for Highway Winter Maintenance Personnel (Ketcham,
1996) and in 2004, the National Cooperative Highway Research Program (NCHRP) presented Snow
and Ice Control: Guidelines for Materials and Methods (Blackburn, 2004).

Environmental and regulatory agencies have questioned the environmental impacts of snow
and ice control materials. In 2006, a Canadian consulting company, Levelton Consultants Limited,
completed NCHRP 577 Guidelines for the Selection of Snow and Ice Control Materials to Mitigate
Environmental Impacts (Levelton Consultants Ltd., 2006).

The Western Transportation Institute at Montana State University (Shi, 2013) has worked
on many of the latest projects including but not limited to:

. Evaluation and Analysis of Liquid Deicers for Winter Maintenance, funded by the
Ohio Department of Transportation (in process).

) Understanding and Mitigating Effects of Chloride Deicer Exposure on Concrete,
funded by the Oregon Department of Transportation and USDOT RITA (2012).

o Best Practices and Guidelines for Protecting DOT Equipment from the Corrosive
Effect of Chemical Deicers, Phase I, funded by the Washington State Department of
Transportation and USDOT RITA (2013)

o Inhibitor Longevity and Deicer Performance, a Pacific Northwest Snowfighters
Pooled Fund Study (2011)

o Effect of Chloride-Based Deicers on Reinforced Concrete Structures, funded by the
Washington State Department of Transportation (2010)

. Establishing Best Practices for Removing Snow and Ice from California Roadways,
funded by the California Department of Transportation (2010)

) Evaluation of Alternate Anti-icing and Deicing Compounds Using Sodium Chloride
and Magnesium Chloride as Baseline Deicers, funded by the Colorado Department of
Transportation (2009)
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2.3.1.2 State DOT Leadership Winter roadway maintenance research and practice is done
primarily at the State DOT level. Several states are noted for winter roadway maintenance due to
their own multiple research projects or pooled-fund research projects. Figure 2.1 shows the state
leaders in winter roadway maintenance.

Figure 2.1. State leaders in winter roadway maintenance.

2.3.1.3 Association of Transportation Agencies and Trade Associations The complexity
of winter roadway maintenance has given rise to national/international associations of
transportation agencies and other trade associations. The main organizations, along with brief
descriptions, are identified below.

The Pacific Northwest Snowfighters (PNS) is an association of transportation agencies,
including British Columbia, Idaho, Montana, Oregon and Washington, Colorado. PNS is
dedicated to ensuring the safety of winter maintenance products through structured testing and
evaluation. The group established procedures for testing deicing and anti-icing chemicals and
maintains specifications that these products must meet to be considered for widespread use. PNS
has become a nationally recognized leader in establishing and standardizing chemical products for
snow and ice control. The PNS homepage http://pnsassociation.org provides more information.

Clear Roads is an ongoing pooled fund research project #TPF-5(218) aimed at rigorous
testing of winter maintenance materials, equipment and methods for use by highway maintenance
crews. Minnesota is the lead state and has contracted with CTC & Associates LLC to provide
administration, project management and information services. Website www.clearroads.org/ .
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Aurora is an international program of collaborative research, development and deployment
in the field of road and weather information systems (RWIS), serving the interests and needs of
public agencies. Currently, the Pennsylvania DOT is the lead. Website www.aurora-program.org/.

The Snow and Ice Pooled Fund Cooperative Program (SICOP) was developed by the
American Association of State Highway and Transportation Officials (AASHTO). The program
is a collaborative research effort for testing materials related to snow and ice control.
Website sicop.transportation.org/.

The Salt Institute is a trade organization to promote the use of salt. The Salt Institute has
developed material specifically on the topic of snow control. Website www.saltinstitute.org/.

2.3.2 National Data on Snow and Ice Control Materials

2.3.2.1 Types of Snow and Ice Control Materials Table 2.2 identifies the most commonly-
used snow and ice control materials in the United States (Levelton Consultants Ltd., 2006). The
material types can be categorized as chloride salts, organic products, nitrogen products, and
abrasives. Product applications include roadways, airport runways, or as an additive. Product use
is not limited to the stated product types; for example, calcium magnesium acetate can be applied
directly to roadway surfaces, but due to high cost, it is commonly used as a blended product. For
the purposes of Table 2.2, an additive is defined as a chemical that is combined with another
chemical to make a blended product, and the chemical comprises less than half of the total blend.

Table 2.2. Common Snow and Ice Control Materials (source: NCHRP 577).
Material Type Snow and Ice Control Material Product Application

Chloride Salts Sodium Chloride (NaCl) Roadway
Calcium Chloride (CaCly) Roadway
Magnesium Chloride (MgCl>) Roadway
Well Brines (blends) Roadway

Organic Products

Calcium Magnesium Acetate
(CMA)

Additive/Bridges

Potassium Acetate (KA)

Additive/Bridges/Airport
Applications

Agricultural By-Products

Additive

Manufactured Organic Materials

Airport Applications

Nitrogen Products

Urea

Airport Applications

Abrasives

Inert granular materials,
composition varies

Roadway
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The most widely-used snow and ice control chemicals are chloride salts. These materials
are favored due to their low cost when compared to alternative material types. Manufactured
blended products are becoming increasingly used by State DOTs (Levelton Consultants Ltd.,
2006). These products commonly include one or more chloride salts to improve low-temperature
performance and the hygroscopic properties of the blend. Many custom-blended products also
include a corrosion inhibitor (Levelton Consultants Ltd., 2006).

Corrosion is a concern with salts, and alternative products have been implemented, such as
calcium magnesium acetate (CMA) and potassium acetate (KA), which have lower corrosion
potential when compared to chlorides. CMA was the result of a Federal Highway Administration
(FHWA) effort to find a low corrosion biodegradable substitute for sodium chloride. CMA has
low corrosion but it is also costly to produce and is mainly used as an additive to other chloride
salts or placed on bridges as a low corrosion alternative (Levelton Consultants Ltd., 2006).
Potassium acetate is a non-chloride, high-performance product originally designed for use as a
runway deicer. Due to its high cost, potassium acetate is usually used as an additive to other
chloride salts or in automated bridge de-icing systems (Levelton Consultants Ltd., 2006). These
products are currently used in airport applications because corrosion to aluminum aircraft is a
major concern. Automated bridge de-icing systems are becoming another area of increased use
for these low corrosion alternatives.

In the past decade, a very large increase in the number of manufactured blended products
has been brought to the market. The Pacific Northwest Snowfighters (PNS) have the most
comprehensive pre-qualified product list of manufactured blended products. This qualified
product list can be seen in Appendix A.

Agricultural additives, consisting of complex sugars, are sometimes mixed with chloride
salts for their corrosion-inhibiting characteristics and claims of increased overall product
performance for snow and ice control. Currently, these are all proprietary products, so little is
known about the actual manufacturing and refining process.

Abrasives are inert and are not used to melt snow and ice. The use of abrasives has been a
longtime strategy for many agencies as a low-cost approach to improving pavement friction.
However, when abrasives are placed on the road surface without significant pre-wetting, they
provide at best, a very short term increase in road surface friction (Levelton Consultants Ltd.,
2006). Also, as roadway traffic levels and speeds are increased, any benefit from abrasive use
diminishes (Levelton Consultants Ltd., 2006).
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2.3.2.2 Usage of Snow and Ice Control Materials The NCHRP conducted an agency
survey to determine the products most commonly used for snow and ice control. Twenty-two
states (U.S.), three provinces (Canada), and three cities responded to the survey and the
information is presented in Table 2.3. Further information can be found in NCHRP Report 577
(Levelton Consultants Ltd., 2006). Table 2.3 shows the percentage of respondents followed by
the number of respondents (in parenthesis).

Table 2.3. Snow and Ice Control Material Preference (source: NCHRP 577).

Material 1st 2nd 3rd 4th 5th 6th
Choice Choice Choice Choice Choice Choice
NaCl solid 57%(16) | 18%(5) 4%(1) 0 0 0
NaCl brine 11% (3) | 32% (9) 7% (2) 0 4%(1) 0
Salt-based solid products | . 0
plus other ingredients 4%(1) 4%(1) 0 0 0 0
Chloride-based brines 0 0 0
plus organic additive 0 4%(1) 0 4%(1) %(2) 0
CaCl; 7%(2) 18%(5) 18%(5) | 14%(4) 0 0
MgCl» 14%(4) 7%(2) 29%(8) 0 14%(4) 0
CMA 0 4%(1) 0 7%(2) 0 0
KA 4%(1) 7%(2) 0 0 0 4%(1)
Abrasives 21%(6) | 18%(5) 7%(2) 119%(3) 7%(2) 4%(1)
Abrasives/NaCl mixture | 4%(1) 0 0 0 0 0
Sand mixed with salt 0
solids plus inhibitor 0 4%(1) 0 0 0 0

Chloride salts were by far the respondents’ first preference. Sodium chloride (NaCl) was
the most common material with 57 percent of the respondents placing granular sodium chloride as
their first preference and 11 percent of respondents placing sodium brine as their first preference.
Respondents noted that for the most part, sodium brine was produced in house by the agency
(Levelton Consultants Ltd., 2006). In all, 79 percent of respondents considered solid sodium
chloride as their first, second or third choice, and 50 percent of respondents considered sodium
brine to be their first, second, or third choice. Some respondents placed both solid and brine
sodium as their first choice, possibly showing that they use both as a winter weather strategy, one
for anti-icing and one for de-icing. Magnesium chloride was shown to be the next most popular
chemical with 14 percent of respondents claiming as their first choice and 50 percent of
respondents claiming as their first, second, or third choice. Finally, 43 percent of respondents
claimed calcium chloride as their first, second, or third choice. For the most part, respondents said
that they use magnesium and calcium chloride with corrosion inhibitors. Many western states
reported that a natural product with a combination of sodium chloride, magnesium and potassium
chloride was a high preference product (Levelton Consultants Ltd., 2006).
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2.3.2.3 Sources of Snow and Ice Control Materials China is currently the world’s leading
salt producing nation, surpassing the United States in 2005 (Kostick, 2011). According to U.S.
Geological Survey (USGS) data as of 2010, 28 companies operated 60 salt-producing plants in 16
states in the US. The five leading states in the US for total salt sold are Louisiana (32 percent),
Texas (21 percent), New York (15 percent), Kansas (7 percent), and Utah (5 percent). The 2010
apparent consumption (salt sold or used plus imports minus exports) was 123 million pounds, with
38 percent used for snow and ice control. The majority of rock salt is used for snow and ice control,
and production fluctuates with demand (Kostick, 2011).

2.3.2.4 Storage and Handling Proper storage of solid snow and ice control material
involves adequate access to the stockpile and proper protection against escape of chemicals or
leachate (Levelton Consultants Ltd., 2006). Ideally, granular (solid) snow and ice control
chemicals should always be stored inside to prevent runoff of salts dissolved by precipitation.
Storage structures should be constructed on an impermeable pad and graded away from the center
of the storage area for drainage. Storage structures should be constructed to withstand the pressure
from the material and the stress of loaders pushing materials against the inside walls (Levelton
Consultants Ltd., 2006).

Liquid storage details include adequate tank capacity, proper-sized pumps and hoses for
quick loading, and recirculation capability to maintain product consistency should settling occur.
Liquid chemical storage should include containment barriers sufficient to contain and recapture
spills or the volume released from a tank rupture (Levelton Consultants Ltd., 2006).

Proper handling entails having appropriate receiving and loading equipment. When
handling, the exposure effects of snow and ice control chemicals are relatively mild. Whenever
there are key concerns on proprietary chemicals, these handling concerns are stated on Material
Safety Data Sheets (MSDS). Most products can produce dust in their dry form and may irritate
the respiratory system. Eye and skin irritation is a common concern when handling snow and ice
control chemicals in liquid form. Eye, skin, and respiration protection is recommended under
certain conditions (Levelton Consultants Ltd., 2006).

2.3.3 Effectiveness and Usage of Snow and Ice Control Materials

2.3.3.1 Application Strategy: Anti-Icing, Deicing and Friction Improvement Anti-icing
applications consist of placing snow and ice control chemicals onto the roadway surface prior to
the storm event. These chemicals depress the freezing point and prevent snow and ice from
forming a bond to the roadway surface. Anti-icing also helps by weakening the bonds that are
formed and allowing for easier plowing of snow and ice. Because the chemical is applied prior to
receiving snow and ice, anti-icing is termed a “proactive” winter weather maintenance strategy.
Anti-icing requires less chemical per lane mile when compared to de-icing, with some studies
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identifying the benefit as 4 to 10 times compared to de-icing (AASHTO 2003). Best practice
includes brine, but pre-wet granular chemicals are sometimes used. Brine is defined as any snow
and ice chemical mixed with water to form a liquid solution. This solution is then sprayed onto
the roadway. Brines can be made from several snow and ice control chemicals, and can be further
classified as to the type of brine, such as a sodium chloride brine, magnesium chloride brine, etc.
Natural brines and manufactured brines can possibly have a combination of chlorides. The eutectic
point, the lowest temperature at the optimum solution concentration for a given chemical solution,
is commonly used to determine the correct dry chemical to water ratio.

De-icing is a reactive strategy in which snow and ice control chemicals are applied during
or after the storm, when ice and snow have bonded on the roadway surface. De-icing operations
are intended to depress the freezing point and break the bond between the ice and road surface,
allowing the snow and ice to be plowed from the roadway surface. Vehicular traffic is needed to
work the chemical through snow-pack or ice for de-icing operations, and this commonly occurs
during storms of extended duration. De-icing is not meant to completely melt the snow and ice as
the application rates for this to occur would not be considered a best practice. De-icing specifically
applies to the chemicals used to break the bond between the ice and road surface and does not
apply to the use of abrasives, as abrasives materials are inert. Liquid brines are not recommended
for de-icing use. De-icing requires a greater application rate than anti-icing.

Abrasives increase the friction between vehicle tires and driving surface and thus are used
for traction improvement. Normally abrasives are used as a reactive strategy after ice and/or snow
have already bonded to the roadway. Roadway maintenance forces use many types of materials
as abrasives including but not limited to crushed stone, metallurgical slag, bottom ash, and natural
river sand. Abrasives are often blended with de-icing chemical such as salt; however, the amount
of chemical used in the blend is small such that the intent is still traction improvement and not
deicing in the formal sense. Blending with chemical helps to keep moist abrasive materials
flowable (unfrozen) and helps improve workability of the stockpile.

2.3.3.2 Theoretical and Practical Effectiveness The effectiveness of each snow and ice
control chemical is a function of the chemical’s ability to depress the freezing point of water.
Freeze point depression prevents ice and snow from bonding to the road surface in an anti-icing
application. For de-icing applications, the chemical melts the snow or ice and breaks the bond
between the road surface and ice to allow the snow, ice, and slush mix to be plowed from the
roadway surface.

Depending on weather conditions, some materials may be more effective than others. By
assessing the phase diagram of the chemicals and calculating differences in dilution factors
between products at a given temperature, it is possible to gauge the performance of the material.
The phase diagrams for sodium chloride (NaCl), magnesium chloride (MgCl.), calcium chloride
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(CaCly), calcium magnesium acetate (CMA), and potassium acetate (KA) can be found in
Appendix B.

Dilution of a chemical takes place from the chemical’s initial concentration as it melts snow
and ice to water, and subsequently reduces the concentration of the solution until it will freeze.
The melting potential is a comparison tool used to gauge the effectiveness of different chemicals.
It takes into account the temperature and phase curves of each chemical as described above. The
equation for the melting potential is:

MP—BC 1
" EC

where:

MP= Melting potential of the chemical. The higher the melting potential, the better
the performance, because more melting can occur before re-freeze.

BC= Beginning concentration of chemical. This is the concentration of chemical
when applied to the roadway surface.

EC= Ending concentration. This ending concentration is determined from the
phase diagram. This is the point when, at a given temperature, the chemical
becomes diluted to the point that re-freezing of the brine will occur.

An example for melting potential comparisons for sodium chloride (NaCl), magnesium
chloride (MgCl>), calcium chloride (CaCl>), calcium magnesium acetate (CMA), and potassium
acetate (KA) can be found in Appendix B. Note the beginning concentrations, since changing
these concentrations would change the melting potentials. Table 2.4 shows the effectiveness and
application ranges for the most common types of snow and ice control chemicals used for roadway
snow and ice operations. Actual application rates depend on several factors which include the
application strategy (anti-icing or de-icing), pavement temperature, amount of precipitation, traffic
load, and application time rates.

Table 2.4. Comparison of the Effectiveness of Snow and Ice Chemicals (source: AASHTO).

Chemical NaCl CaCl» MgCl> CMA KAC
Property
Eutectic 6°F 59°F -28°F A75F | -76°F
Temperature
Lowest melting | ) gop -25°F 5oF 20°F 13°F
Temperature
Eutectic 23.3% 30% 22% 32.5% 50%
Concentration
Absorbs Releases Releases Releases Releases
Thermodynamics | heat when heat when heat when heat when heat when
melting melting melting melting melting
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2.3.3.3 Snow and Ice Control Material Application Rates Application rates for snow and
ice control materials has been a topic of significant inquiry, with studies performed at both the
national and state levels. In 1996, the Federal Highway Administration (FHWA) presented the
Manual of Practice for an Effective Anti-icing Program-A Guide for Highway Winter Maintenance
Personnel. This manual of practice set a guide to the current usage of snow and ice chemicals
(Ketcham, 1996).

This FHWA document includes guidance on highway anti-icing operations for
maintenance field personnel. Its purpose is to suggest maintenance actions for preventing the
formation or development of packed and bonded snow or bonded ice during a variety of winter
weather events. It is intended to complement the decision-making and management practices of a
systematic anti-icing program so that roads can be efficiently maintained in the best possible
condition. Guidance is presented in six tables for six distinctive winter weather events including:
(1) light snow storm, (2) light snow storm with period(s) of moderate or heavy snow, (3) moderate
or heavy snow storm, (4) frost or black ice, (5) freezing rain storm, and (6) sleet storm.

Appendix C presents these six tables which suggest the appropriate maintenance action to
take during an initial or subsequent (follow-up) anti-icing operation for a given precipitation or
icing event. Each action is defined for a range of pavement temperatures and an associated
temperature trend. For some events the operation is dependent not only on the pavement
temperature and trend, but also upon the pavement surface or the traffic condition at the time of
the action. Most of the maintenance actions involve the application of a chemical in either a dry
solid, liquid, or prewetted solid form.

In 2004, the National Cooperative Highway Research Program (NCHRP) published
NCHRP 526, Snow and Ice Control: Guidelines for Materials and Methods (Blackburn, et al.,
2004). This report further refined the usage of chemicals with factors such as type of precipitation,
precipitation rate, dilution potential, cycle time, traffic load, and application (anti-icing or de-icing).
NCHRP 526 presents a 6-step procedure entitled “Using Road and Weather Information to Make
Chemical Ice Control Treatment Decisions.” Appendix D of this report includes the NCHRP 526
attachment.

In addition to these national-level studies, various state DOTs have published guidance on
material application rates. Minnesota DOT is a case in point. In 2005, the Minnesota DOT
published Minnesota Snow and Ice Control — Field Handbook for Snowplow Operators. This easy-
to-use guide provides recommended application rate ranges based on pavement temperature and
weather conditions. Appendix E of this report includes selected pages from the Minnesota guide.
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Published national guidance on snow and ice control material application rates appears in
Table 2.5 which identifies the range of application rates for different winter maintenance treatment
strategies.

Table 2.5. Application Rates for Selected Snow and Ice Control Strategies (source: NCHRP 577)

Strateqy/ Pavement
gy Materials Temperature Application Rates
Method Ranges

Liquid Chemicals,
Anti-Icing Solid Chemicals, 32°Fto 10°F | 65—400 Lbs/Lane Mile
Pre-wet Solid Chemicals

Pre-wet Solid
De-Icing Chemicals, 32°Fto0°F | 200 - 700 Lbs/Lane Mile
Solid Chemicals

Pre-wet Abrasives,
Abrasives Dry Abrasives

Abrasive/Salt Mixes 32°Fto0°F 500-6,000 Lbs/Lane Mile

No limits 500-6,000 Lbs/Lane Mile

The ranges are wide, but Table 2.5 captures the idea that anti-icing applications use less chemical
than deicing, and abrasives require the highest application rates by far. Collectively, available
documents and other published guidance present a systematic way for maintenance personnel to
think about snow and ice control material application rates as they perform their winter
maintenance operations.

2.3.4 Cost and Other Considerations in Selection

2.3.4.1 Cost of Snow and Ice Control Materials Snow and ice removal represents a
considerable roadway maintenance cost in the United States. The average annual cost for snow
and ice removal in the United States was $1.7 billion (Table 2.6) for the years 2007 through 2011.
The snow and ice roadway maintenance cost per year is shown, by state, in order to demonstrate
the variability between winter seasons. Table 2.6 also identifies the lane miles for each State DOT.
These are the total on-system lane miles maintained by each DOT. The range in winter weather
roadway maintenance cost per lane mile, or differentiation between “snowy states” and others, can
also be seen in Figure 2.2. Figure 2.3 identifies the five-year average salt usage, salt price, and
material sources in the United States for the 2012-2013 winter season.

Table 2.6 shows that the average cost for snow and ice removal per state ranges from $0/year

(Hawaii and Florida) to $253 million/year (Pennsylvania). Texas ranks 30" with an average cost
for snow and ice removal of $17.4 million/year. On a cost per lane mile basis, the range is $0/year
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Table 2.6. Annual

State Cost (USD) of Snow and Ice Removal.

2007 2008 2003 2010 011 AVERAGE  RANK | AVERAGE | RANK | AVERAGE | RANK
TOTAL | PHYSICAL | SNOW | PHYSICAL | SNOW | PHYSICAL | SNOW | PHYSICAL | SNOW | PHYSICAL | SNOW SNOW SNOW AND ICE REMOVAL SNOW AND ICE REMOVAL
STATE ONSYSTEM | MAIN- | ANDICE | MAIN- | ANDICE | MAIN- | ANDICE | MAIN- | ANDICE | MAN- | ANDICE AND ICE 45 PERCENT OF COST PER ON-SYSTEM
LANE MILES | TEMANCE REMOVAL  TENANCE | REMOVAL | TENANCE REMOVAL TENANCE | REMOVAL TENANCE | REMOVAL REMOVAL PHYSICAL MAINTENANCE LANE MILE
x$1000 | x$1000 | x$1000 | x$1000 | x$1000 | x$1000 | x$1000 | x$1000 | x$1000 | x $1000 % $1000 x §1
Alshama 29,324 161,502 2048 | 164585 12| 158,245 1] 141,480 26| 152,120 BT 598 | 45 o] 46 M| 45
Alaska 11,853 s2492 | 24,951 71878 | 4908 TZEI0 | 27809 2807 | g 3, w402 | wmaw| 2 55 9 2,368 14
Arizona 19,341 103,342 2857 | 112801 3400 | 117,821 3,182 82,830 7181 | 111,071 3,784 4078 | 41 4 30 21 38
Arkanzas 37,357 130,113 3752 | 13154 540 | 437228 5501 | 1238|1280 wmz|  az7E aoee| 30 8 36 17 7
Califomia 143,558 w5577 | 18018 | 4ssozt | ma1e|  sarass|  msse|  swr7es|  moaz|  esram|  sasm | mom| = 5 38 505 33
Colorado 2,934 148,63 0816 | 114242  e3gse | 101,383 | 57359 | 22397 |  esew | 2mame|  sTaET| seaEt| 11 £ 12 2,537 12
Connecicut 9,838 141,462 | 22,118 sa488 | 32784 71,838 | 33522 71,355 | 444 71585 | s |  0z4| 13 KL 13 3,071 5
Delaware 11,767 65,236 5,586 55,917 3,167 54,251 3,662 7047 | 15,045 5815 | 15,188 seaz| 38 104 3 757 2
Florida 42,855 755,380 - 854,822 - 585,541 - 510,308 - 519,781 - B 40 E 40 B 40
Georgia 45,397 151,825 281 | 164,887 1008 | 155,084 s80 | 125,925 230 | 165,853 25 43| 46 ] a7 g a7
Hawiai 2482 21578 - 0,739 - 35,859 - 18,351 - 22,188 - . 4 - 48 . 4
Kaho 12,225 7o.888 | 13,381 aToes| 18,145 gze4z | 15737 87,233 3816 | 14788 | 15133| 45| 32 17 25 1,248 22
Mincis 42,097 w802 | 5502  ameezs|  eozas| a7seo| esmar|  arsoo|  eemar| 4| es27|  E08sE 5 20 2 1,923 17
indiana 77,879 55,587 | 13,880 s54e5| m7s0|  ra0s2|  2s7s0| s aas | 07s | s42TET | mssw|  mes | o7 12 2 a1z 2
kowia 22,740 78,506 | 45,830 03,353 | &7ATT BT | TAB05 28,548 | 74953 | 105005| 68602| 65955 | 10 i § 2,900 6
Kansas 73,988 130,775 goss | 13mEm 4515 133 3812|1307 1459 | 145085 4873 1833 | 40 4 40 205 3
Kentucky 51,799 255,755 200,109 03,487 | 28| e zam | amems | z27ed 2780 | 25 7 7] 68 35
Louisizna 38,375 724,774 B2| 19774 4| 225,341 | meoET 101 89,797 1,831 M7| 47 1 45 11 46
Mzine 17,617 108365 | 23553 | 158307 | 34135 121857 | 20655 128555 22887 | 116488 | 57| 7% | a0 pr) 18 1,575 19
Marylznd 14,762 122271 | amosi| 130779 |  4si05| 418875 |  s2El 112301 | 124823 | 1megen|  mozaz|  esam 9 55 10 4529 2
Massachussts 9,570 s7gsd | 44,535 62450 | 103883 | 114500 | 127454 47473 o688 | 147473 | o8| 82450 4 89 4 8,615 1
Michigan 77,442 00,245 | 61 199,385 | &30 |  1szeds | seme|  avorz| S| 7nsen|  7ezen|  T24%s 7 k) 14 2,540 g
Minnssoiz 78,305 778950 | ssas7|  zet@0s|  s23s8| 4285 | 67835 | 356867 | S9M08 | 388511 20588 | 8963 8 P 20 2,375 13
Micsissipg 77,204 75,200 281 25,290 o8 | 401,583 435 83,170 1,523 81,728 2,523 1,060 | 4 1 43 3 4
Missour 75,999 33613 | aroer |  ms2ast|  soser|  asos3z|  aaser | smsais | 4seev |  smmome|  a2ses| 423 | w4 11 31 557 32
Maontang 25,049 9,249 | 48,812 83888 | 21903 8476 | 24855 70| 20,245 75052 | 29,541 243 23 611 17 923 26
Nebraska 72474 aszme | 22818 30| eS| 101512 3122 78ETD | 43,245 e5505 | zaar2|  29ETE| 16 5 16 1,328 21
Nevada 13,360 91,317 5,512 sa8%e | 10260 89,267 | 15,100 58577 | 21,125 65558 | 15288 | 13857 | 33 18 23 1,022 25
New Hampshire | 8,410 128597 | 23387 1so5t9| asoes| 000 342 2857 3w 2657 | waw| =;msw| 7 124 1 3,510 4
New Jersey 8480 175,072 | 15,079 95,908 | 17AT1| 185805 | 24805| 22810 wove| 180423 | 3| m7s| 26 1 2 2,551
New Mexico 29,160 95,518 120,178 147,028 4400 75,048 4455 38,758 2,954 3937 | 42 il a1 135 41
New York 38,218 585,405 . 762,783 - 528,057 . 737,358 . §28,374 - | ooteencrted| ot repoeted| mot reported| not reportest | mot reportes | st reported

Source: Federal Highway Administration, Office of Highway Policy Information, Highway Statistics Series:
Column 2.Table HM-81, State Highway Agency-owned Public Roads, Rural and Urban Miles, Estimated Lane Miles and Daily Travel.
Columns 3-12. Table SF-4C, Disbursements by States for State-Administered, Classified by Function.
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Table 2.6. Annual State Cost (USD) of Snow and Ice Removal (continued).

2007 2008 2009 2010 21 AVERAGE | RANK  AVERAGE RANK AVERAGE RANK
TOTAL PHYSICAL SNOW PHYSICAL SNOW | PHYSICAL SNOW | PHYSICAL SNOW PHYSICAL SNOW SNOW SNOW AND ICE REMOVAL SNOW AND ICE REMOVAL
STATE [ ONSYSTEM | MAIN- | ANDICE | MAMN- | ANDICE | MAMN- | ANDICE | MAIN- | ANDICE | MAN- | ANDICE AND IGE AS PERCENT OF COST PER ON-SYSTEM
LANE MILES | TENANCE | REMOWAL | TENANCE | REMOWVAL | TENANCE | REMOVAL | TENANCE | REMOWVAL | TENANCE | REMOVAL REMOVAL PHYSICAL MAINTENANCE| LAME MILE
x$1000 | x$1000 | x$1000 | x$1000 | x$1000 | x$1000 | x$1000 | x$1000 | x $1000 | w3000 * $1000 ® 1
Noh Carcina 170,221 775,088 22,000 523,315 24705 609,270 29 484 600,619 a4 211 700,778 26,989 29 478 13 5 r 173 40
Noeh Dakota 16,995 12,313 10,323 13,201 3,432 17,355 17,171 13,693 9,378 13,225 18,123 12,775 35 2 5 752 30
Ohig 49 349 168467 | 89,723 163,051 | 120850 | 3M547 | 104,505 144,014 | 104,805 144,140 | 129504 | 109,885 3 85 7 2,297 15
Oklzhoma 0,252 158,025 11,985 172,313 7,743 129,855 7,6% 122,324 11,620 159,060 14,653 10,743 3 7 33 355 36
Oregon 18,808 228,730 12,351 184,954 18,857 152,773 29,317 138,095 21,383 184,385 32,575 22 895 24 14 30 1,231 23
Penncylvania 22,450 1,235,501 | 203,572 | 1,085,208 | 280795 | 1028411 | s 77 453158 | 268,728 sapsi7 | TS0z | 252,823 1 5 15 2,858 7
Rhode Icland 2,916 80,585 5,224 65,720 9,353 20,049 16,202 110,506 11,704 1,989 17,877 12,272 36 17 26 4,308 3
Soufh Carcina 80,233 337,178 1,058 322,811 1,150 W22 1,963 355,028 5,370 332,848 9,288 3,774 43 1 44 427 43
Soufh Dakoia 18,210 32 502 18,283 51,080 17,414 49,553 15,088 35,231 18,278 38,145 17 606 16,538 3 44 11 o908 27
Tennessee 15,858 235,348 8,681 251,537 8,635 105,834 12,674 239,184 73,653 262,432 33,409 17,424 2 7 35 473 k]
Texas 194 763 1,311,537 23,374 | 1,300,385 7924 | 1,133,383 9633 | 1,728,554 22601 | 1,537,642 23,271 17,361 30 1 42 2 42
Utah 15,812 90,588 15,571 97,837 25,830 22817 22 167 208 522 2,234 184,320 21,24 21,207 28 15 27 1,34 20
\iermont 6,007 50,392 17,402 65,057 14,411 71,851 11,886 65,363 10,358 81,551 11,691 13,152 3 il 2 2,179 16
\irginia 126,124 819,790 61,008 | 1,038,727 57,303 | 1,052,928 88,524 803,986 | 263,680 | 1,145,983 | 192430 | 132821 2 14 28 1,052 24
Washingion 18,397 285,477 35,513 562,708 47 852 508,418 47,185 550,789 35,001 607,234 71,124 47 456 12 10 32 2,532 10
West Virginia 71,588 171,223 31,845 195,380 33,052 715,260 43083 208,533 85,230 232,059 47,053 44 751 13 21 19 818 31
Wisconsin 26,593 62,531 55,053 65713 86716 64735 87,002 59343 | 67,285 sas552 | 81,063 75,424 [ 121 2 2,548 11
Wyoming 15,794 87,551 20,089 31,824 26,490 39,445 31,416 33,441 33,931 32,287 27 M2 27,871 19 4 g 1,765 18
Tot 1,855,288 | 11,938,983 | 1,257,937 | 12,498,324 | 1,675,824 | 12,697,405 | 1,736,573 | 11954829 | 1,965,480 [ 13,368,232 | 1,858,928 | 1,719,148 14 1,430
Source: Federal Highway Administration, Office of Highway Policy Information, Highway Statistics Series:
Column 2.Table HM-81, State Highway Agency-owned Public Roads, Rural and Urban Miles, Estimated Lane Miles and Daily Travel
Columns 3-12. Table SF-4C, Disbursements by States for State-Administered, Classified by Function.
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Figure 2.2. United States removal of snow and ice, annual average maintenance cost per lane mile.
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Figure 2-3. Salt Price Comparison and Usage Based on 2012-2013 State Survey.
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(Hawaii and Florida) to $8,615/lane mile (Massachusetts). Texas ranks 42" with an average annual
cost for snow removal of $89/lane mile. In terms of the percentage of cost for snow and ice removal
as a function of physical maintenance effort, the range is 0% (Hawaii and Florida) to 424% (New
Hampshire). Texas ranks 42" in the U.S. with the average annual cost for snow and ice removal
representing only 1 percent of the physical maintenance expenditures.

2.3.4.2 Other Considerations in Selection of Snow and Ice Control Materials The increase
in manufactured blended products has added to the complexity of material selection for snow and
ice control. Blended products come at increased costs but with claims of lower corrosion potential
and better performance. Many states use the effectiveness of corrosion inhibitors as a weight factor
in the bidding process. The more expensive alternatives are commonly used in specific situations,
such as automated bridge de-icing systems.

Many states use a combination of chloride salts for snow and ice removal. There are two
primary reasons for this. First, the natural occurring rock salt deposits which are mined are a
combination of chloride salts, with sodium chloride as the dominant salt type. Second, the chloride
salts are often combined to increase the performance of the material (Levelton Consultants Ltd.,
2006).

In the NCHRP 577 agency survey, respondents were asked to rank their present purchasing
criteria for snow and ice control materials by assigning percentages to various criteria. They were
also asked to do the same for future purchases. Weighted averages were used because not all of
the respondents completed this section. The results can be seen in Table 2.7.

Table 2.7. Snow and Ice Control Material Product Selection Process (source: NCHRP 577)

Criterion Present Priority | Future Priority Average
Average
Environmental 7.3% 9.6%
Corrosion 8.5% 9.8%
Human Exposure 3.5% 3.8%
Purchase Price 38.7% 35.2%
Cost of Use (i.e. capital and operational) 6.7% 6.8%
Storage and Handling 7.7% 7.8%
General Performance and Ease of Use 14.6% 14.0%
Climatic Requirements 10.5% 11.1%
Tradition 2.1% 1.5%
Others' (e.g. friction, odor, wildlife 0.4% 0.4%
attraction)
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This table indicates that selection of snow and ice control materials is mostly heavily
influenced by cost considerations (42 to 45% of all considerations). General performance and ease
of use comes in second (14% to 15%). These two criteria, however, are not independent. The
availability of the source is a large factor in the cost of the material. From the NCHRP study, it
can be seen that purchase price is both the highest present and future priority in selection.

2.4 Snow and Ice Control Materials in Texas
2.4.1 History of Snow and Ice Control Material Usage in Texas

2.4.1.1 Early Usage of Snow and Ice Control Materials Sanding has long been the
winter weather roadway maintenance strategy of choice in Texas, both because of Texas’
generally mild winters (in most geographic areas of the state) and because sanding is a very
visible low-cost approach to managing pavement friction. Chemically-inert, granular
materials are applied to ice and snow on the roadway surface with the intention of improving
traction on the pavement surface. While research has shown that the traction improvement
from abrasives can be very short-lived, abrasives continue to be commonly used in many
parts of Texas.

2.4.1.2 More Recent Usage of Snow and Ice Control Chemicals Texas is known for its
geographic diversity and its changeable weather. These factors suggest the need for
different winter weather roadway maintenance strategies which are tailored to Texas’
different geographic regions. In the past 5 to 10 years, snow and ice control chemicals -
primarily granular road salt, granular MeltDown 20®, and liquid MeltDown Apex™ - have
gained more widespread usage throughout the state. This is especially true for Texas” heavy
snow areas —Amarillo, Childress, and north part of the Lubbock districts.

A study of best practices for winter weather operations by Prairie View A&M/ Texas
Transportation Institute identified the primary and secondary chemicals used by each TXxDOT
District for snow and ice control, as reported by the Districts in 2011. Table 2.8 presents this
information (Perkins, et al. 2012). A total of 18 out of 25 districts participated in the survey. In
the case where chemicals are used interchangeably, both are listed as primary.

Table 2.8 indicates that only 6 of the 18 reporting districts used anti-icing as part of their
winter weather maintenance operations strategy. Most districts address snow and ice using a de-
icing strategy. Of these, 17 of 18 districts use abrasives (i.e., sanding), with abrasives being a
primary snow and ice control material in 16 districts.
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Table 2.8. Snow and Ice Control Materials Used by TXDOT (source: Perkins, et al. 2012)

Deicing Material Used*
Anti-Icing ) B Organic
Treatment Chloride Salts Products Abrasives

NaCl2 MgCl2 CaCl2 | CMA/KA
Abilene 1 1
Amarillo YES 2
Atlanta
Austin 2
Beaumont
Brownwood
Bryan
Childress YES
Corpus Christi 1
Dallas
El Paso YES
Fort Worth
Houston
Laredo 1
Lubbock YES 1 1 1 1
Lufkin 1 1
Odessa
Paris 1 1
Pharr 1
San Angelo
San Antonio YES 1 1
Tyler
Waco
Wichita Falls YES 1 1 1
Yoakum 1 1
1-Primary chemical; 2-Secondary chemical
B-Liquid and/or granular forms

District

PRk PRk -

NN

When it comes to deicing chemicals, the dominant material is identified as “MgCl,” —i.e.,
magnesium chloride — which is used in 14 of 18 reporting districts, all of these identifying MgCl>
as primary. This material is actually not MgCl, but rather is the granular “MeltDown 20®” product
which often is mistakenly referred to as magnesium chloride. Just 6 of 18 reporting districts
indicate that they use road salt (NaCl) for deicing, with road salt being primary in only 4 of these.
Overall, Table 2.8 indicates that TxDOT districts do not use anti-icing to a great degree, they use
abrasives extensively, and when they use deicing chemical, the material is most likely granular
MeltDown 20® although a few districts use road salt.

2.4.1.3 TxDOT’s Localized Winter Weather Roadway Maintenance Strategy Interviews
with TxDOT roadway maintenance personnel indicate that, with the exception of the heavy snow
areas in the Texas Panhandle, roadway maintenance professionals in most areas of the state have
relied on a localized approach to winter weather maintenance that leverages the benefits of Texas’
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typically mild winters which are characterized by infrequent and short-duration storms. The mild
weather has allowed most areas of the state to manage and “get by” in this manner.

However, maintenance personnel in the heavy snow regions of the state, of necessity, have
been more proactive. Snow and ice control chemicals, often blended with abrasives, have been
used for many years to help keep roads open and safe during the more severe snow and ice storms
these areas experience every winter. Maintenance personnel in these northern districts, led by
Amarillo, initiated a regional cooperative effort in the early 2000s to share knowledge and
expertise associated with both management and operational response to winter storms. Topics have
included winter weather maintenance operations strategies, lessons learned, results from limited
field trials on various types of snow and ice control chemicals, and recommended practices.

2.4.1.4 The 2011 Groundhog Day Blizzard TxDOT initiated its OneDOT concept in 2010,
the objective being to establish a culture of shared vision, goals, and information to promote
cohesiveness across the agency. OneDOT was an intentional shift away from localized practices
and procedures, and winter weather roadway maintenance was one of the expressions of the
OneDOT concept. In February 2011, this was put to the test when Texas received national visibility
through Superbowl XLV at Cowboys Stadium in Arlington. More significantly for TXDOT, the
DFW Metroplex experienced extreme winter weather associated with the 2011 Groundhog Day
Blizzard (Figure 2.4), identified by the National Weather Service as one of the “...biggest
snowstorms in the United States from 1888 to present” (NOAA 2011).

y February 1-3, 2011
PRELIMINARY

Snowfall (inches)

C 0 .

1-4 4-10 10-20 20-30 30+

NESIS = 5.30
Category 3

? P ISy :
2011 Groun

Figure 2.4. Snowfall Map, dhg Day Blizzard (sorce: NOAA)
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Through careful planning, advance preparation, and snow-fighting assistance involving
maintenance personnel and equipment from across the state, TxDOT was, for the most part, able
to keep DFW-area highways open during Superbowl XLV. However, this record-breaking,
extreme winter weather event and subsequent freezing temperatures produced snow and ice across
the state as far south as Houston, with accumulations and mobility impacts on major US highways
and interstate highways lasting up to five days.

As an extreme winter weather event, the 2011 Groundhog Day Blizzard overwhelmed
roadway maintenance forces in its path across much of the United States, including parts of Texas.
This storm revealed Texas’ need for an improved, coordinated roadway maintenance response to
both typical and extreme winter weather events, statewide.

2.4.1.5 TxDOT Policy and Sponsored Research on Winter Weather Maintenance
TxDOT’s primary source document for policy on winter weather roadway maintenance is
the TxDOT Maintenance Management Manual (TxDOT 2014), which identifies snow and ice
control as routine maintenance and part of emergency operations. The TXDOT Maintenance
Operations Manual (TxDOT 2010) devotes Chapter 5 to snow and ice operations and
addresses topics including the priority of work, district plans, snow and ice control methods,
road closures, highway condition reporting, and railroad grade crossings. TxDOT published
the Snow and Ice Control Operations Manual (TxDOT 2012) which presents more detailed
agency guidance for winter weather management and operations.

In 2011, TXDOT sponsored research project 0-6669, performed by Prairie View A&M
University and the Texas Transportation Institute, to research best practices for winter weather
operations. That study yielded a 210 page research report identifying “actionable practices”
relative to winter weather operations (Perkins, et al. 2012). About this same time, following the
2011Groundhog Day Blizzard, TXDOT sponsored implementation project 5-9044-01 for the
purpose of creating instructional materials and delivering training on the topic of winter weather
roadway maintenance, statewide, to TXDOT management and operations personnel. In January
2012, TxDOT authorized this present research study, focusing on the identification and
classification of the types of snow and ice control materials suitable for use on Texas roads under
Texas winter weather conditions.

2.4.2 Types of Snow and Ice Control Materials Commonly Used in Texas

TxDOT uses only a few types of snow and ice control materials for their winter weather
roadway maintenance operations. Granular chemicals include MeltDown 20® and road salt.
Liquid chemicals include MeltDown Apex™ and more recently, an interest in both manufactured
salt brine and natural brine. TXDOT also uses a variety of abrasives for temporary friction
improvement. A brief description of each material follows.
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MeltDown 20® is a granular product distributed to TxDOT by Envirotx. This
manufactured blend is a type of sea salt, mined in Redmond, Utah (Speer 2012). The mined salt is
crushed and processed in Redmond and a performance enhancer — similar to a concentrated form
of Envirotx’ liquid chemical, MeltDown Apex™ — with corrosion inhibitor is spray-applied to the
granular salt. The final granular MeltDown 20® product is then shipped from Redmond, Utah,
under the guidance of Envirotx, to Texas. MeltDown 20® contains 90 to 98 percent sodium
chloride (NaCl). The details on the chemical composition for MeltDown 20® and other chemicals
discussed in this section appear on their respective Material Safety Data Sheet (MSDS), shown in
Appendix F.

Road Salt (NaCl) is the granular form of sodium chloride (NaCl). TxDOT has extensively
used road salt from a site near Carlsbad, New Mexico. Currently road salt is distributed by United
Salt Corporation and by Envirotx.

MeltDown Apex™ is a magnesium chloride brine solution obtained by solarizing natural
salt brine from the Great Salt Lake in Utah (Speer 2012). This liquid product is shipped from Utah
to EnviroTech in Greeley, Colorado, where the proprietary blend is added. The final product is
then distributed to TXDOT through Envirotx. MeltDown Apex™ contains 25-35 percent
magnesium chloride, 65-75 percent water, and proprietary additives.

Salt Brine (NaCl) is the liquid form of sodium chloride (NaCl). Although TxDOT has used
various types of salt brine over the years, in 2011, the TXDOT Childress District invested in a salt
brine manufacturing tank system where they now make their own salt brine, at proper
concentration for anti-icing applications (23 percent salt), in a dedicated mixing tank. The raw
materials for salt brine are water and brine-quality road salt.

TxDOT uses several types of abrasives for snow and ice control. Among the most common
is Item 302, Grade 5 aggregate for surface treatments. The material is of various types (crushed
stone, crushed gravel, etc.) and has a maximum nominal particle size of 3/8 inch. Similar products
include Item 421 fine aggregate (concrete sand), crushed limestone screenings, and blotter sand.
Where available, TXDOT personnel also use bottom ash, this being a by-product from coal-burning
power plants. Aggregate-salt or bottom ash-salt blends are also common.

Table 2.9 is from the Prairie View A&M report (Perkins, et al. 2012). This table lists the
winter weather chemicals and materials used by the TxDOT Districts in 2011. Note that these
material descriptions are TXDOT descriptions and are not necessarily representative of the true
active chemical ingredients of the product (Perkins, 2012).
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Table 2.9. Fiscal Year 2011 Inventory of Winter Weather Chemicals and Materials (source: Perkins, et al. 2012).

Districts

Chemicals & Materials ABL|AMA|ATL|AUS|BMT [BWD|BRY|CHS|CRP|DAL | ELP|FTW|HOU|LRD|LBB|LFK|ODA|PAR[PHR [ SIT|SAT|TYL|WAC|WFS| YKM

Aggregate: Bottom Ash; Pit Run (Fine) X| X

Aggregate; Bottom Ash; Pit Run, (Coarse), ASTM C 136-92 X X

Aggregate; Concrete; 1#421, Fine, Grade 1 X X X X X[ X[ X| X| X

Aggregate; Concrete; 1#421, Fine, Grade 1 (2004 Spec) X X X X X X X| X X

Aggregate; Ice Control; Coarse Btm Ash and Salt Mixed F X

Aggregate; Ice Control; Fine BTM Ash and Salt Mixed F/I X X

Aggregate; Ice Control; Remixed Sand/Chloride Mix X

Aggregate; Ice Control; Remixed Sand/Grade 5 Aggregate X

Aggregate; Ice Control; Remixed Sand/Salt X X| X| X

Aggregate; Sinter Material; By Product from Crushed Stone X

Aggregate; Surface; Crushed Limestone Screening Material X X X

Aggregate; Surface; 1#302, Blotter Sand, Grade-Spec X

Aggregate; Surface; 1#302, Type A, Grade 5 S, (2004 Spec) X

Aggregate; Surface; 1#302, Type B, Grade 5-Mod

Aggregate; Surface; 1#302, Type B, Grade 5 (2004 Spec)

Aggregate; Surface; 1#302, Type B, Grade Special

XX | X([X
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Aggregate; Surface; 14302, Type B, Grade Special (2004 Spec)

Aggregate; Surface; 14302, Type E, Grade 5-Mod X[ X[ X X X X[ X

Aggregate; Surface; 1#302, Type E, Grade 5 (2004 Spec)

X
X
X
X
X
X
X
X
X
X
X

Aggregate; Surface; 1#302, Type L, Grade 5 (2004 Spec) X| X| X[ X X X X X X X

De-Icer; Liquid Solution, 50% Potassium Acetate X

De-Icer; Roadway; 100% Calcium Mag Acetate, 2205 LB/Bag X X X X X| X

De-Icer; Roadway; 100% Calcium Mag Acetate, 55 LB/Bag X X X X X X X| X

De-Icer; Roadway; 40% Calcium Mag Acetate-60% Salt, 2250 LB X X

De-Icer; Roadway; 89% Mag Chloride, 11% Corrosion & Dus X[ X X X X

De-Icer; Roadway; 89% Mag Chlorine, 11%, 50LB/Bag, Corr X[ X X

X
X
X
X
X
X
X
X

De-Icer; Roadway; Complex Chloride with Corrosion and D X[ X| x| X| X| X[ X

De-Icer; Roadway; Crystals, 20lb Moisture Proof Bag

XXX XX
X
X
X
x
X
x
x
X
x
X
x
x

De-Icer; Roadway; Liquid Magnesium Chlorine w/Corrosion X| X| X

De-Icer; Roadway; Liquid Solution, 50% Potassium Acetat X

De-Icer; Roadway; Liquid Solution, Magnesium Chloride X X

Salt; Sodium; Chloride, 50 LB. Bag, Road Maintenance X X X

x
x
x
x
x
x
x

Salt; Sodium; Chloride, for Highway Maintenance X| X X X X X X| X X
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2.4.3 Application Rates for Snow and Ice Control Materials in Texas

In 2010, TXxDOT performed an internal analysis of cost effectiveness and usage of various
snow and ice control materials (Markwardt 2010). This study looked at not only the initial purchase
price, but also the typical application rates and the normalized cost per lane mile for treatment.
Table 2.10 summarizes the findings from this internal analysis. Among other things, this chart
shows nominal application rates for typical snow and ice control materials used in Texas, as well
as the statewide average unit cost for 2010. More importantly, by normalizing the costs per lane
mile, it is possible to obtain a more clear understanding of the range of costs for the different

materials.

Table 2.10. Unit Costs for Typical Snow and Ice Chemicals Used by TxDOT, statewide averages
(source: Markwardt 2010)

Product Material Rate $/Unit $/Lane Mile | Comments
Xﬁ;;?&w” MgCl2 20 gal/Lmi | $1.68/gal | $33.60 S?;ticmg/
Xﬁ;;?&w” MgCl> 40 gal/Lmi | $1.68/gal | $67.20 Er?::i”g/
g o gf(‘)f)'r/l cary | 1501D/LMi | $0.23/1b | $3450 ;Zr:ﬁ'lggl
Freezeguard | MgCl2 20 galiLmi | $1.26/gal | $25.20 eri‘rt]‘e"‘:‘”gf
Freezeguard | MgCl. 40gallLmi | $1.26/gal | $50.40 Eﬁ;}‘;‘”gl
Road Salt | NaCl 60 gal/Lmi | $0.066/gal | $3.96 ﬁr?;ie"c‘”g’
Road Salt | NaCl 300 Ib/Lmi | $0.033/b | $9.90 ;Zr:ﬁ'lggl

Published national guidance on snow and ice control material application rates appears in Section
2.3 of this report, and TXDOT practice is consistent with this and other recommendations.
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2.4.4 Cost of Snow and Ice Control Materials in Texas

2.4.4.1 Statewide Average Annual Cost of Snow and Ice Control Materials Figure 2.5
summarizes TxDOT’s statewide average annual cost of snow and ice control materials including
abrasives, liquid chemical (MeltDown Apex™), and granular chemical (road salt, MeltDown 20®),
for fiscal years 2008-2012. This figure shows that abrasives comprise about 43 percent of
TxDOT’s expenditures for snow and ice control materials and thus continue to play a significant
role in TXDOT’s winter weather operations. However, more than half (57 percent) of TXxDOT’s
current expenditures for snow and ice control materials are for granular chemicals (51 percent)
and liquid chemicals (6 percent), not abrasives, indicating that chemicals are featuring more
prominently in TXDOT’s snow and ice operations.

$2,309,494 , 51%

$1,907,640 , 43%

Abrasives
m Liquid
= Solid

$272,995 , 6%

Figure 2.5. TxDOT Average Annual Cost for Snow and Ice Control Materials, FY2008-12

Figure 2.6 and Figure 2.7 provide a more detailed breakdown of costs for TxDOT’s
granular and liquid snow and ice chemicals. Based on TxDOT maintenance procurement data, the
percentages represent the annual average (mean) of the quantity of material purchased in the fiscal
years 2008 through 2012. For the liquid products (Figure 2.6), the percentages are based on the
quantity, in gallons, of the products at time of purchase. The quantity of chemical in each of the
brines varies depending on the product and manufacturer. The charts do not include salt brine that
is made in-house by TxDOT, which began in fiscal year 2012. For the granular products (Figure
2.7), the percentages are based on the quantity, in pounds, of the products at time of purchase.
Bulk purchases were often in units of cubic yards, so using typical unit weights, cubic yards was
converted to pounds.

0-6793 VOL. 1 2-26



m Meltdown Apex

= Liguid 50% Potasium
Acetate

m Liguid Solution
Magnesium Chloride

Figure 2.6. Liquid Snow and Ice Control Chemical, % by volume, 5-year average (FY2008-12).

® Meltdown 20 Granular De-icer
" Salt
m Calcium Magnesium Acetate

m 40% CMA, 60% Salt

Figure 2.7. Granular Snow and Ice Chemical, % by Weight, 5-year average (FY2008-12)
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2.4.4.2 Details on Materials used in Texas As has been noted, TXDOT historically has
used four materials for most of their snow and ice operations: MeltDown 20® (granular, deicing),
MeltDown Apex™ (liquid, anti-icing), Road Salt (granular, deicing), and abrasives (granular,
friction improvement). Manufactured salt brine is a relative newcomer and historic cost data are

not available for salt brine.

Table 2.11 identifies the quantity (yearly mean) of these materials purchased statewide in
TxDOT for fiscal years 2008 to 2012, the five year unit cost average, and FY2012 unit cost. The
unit cost for abrasives is an overall average, realizing that TXDOT uses several different types of

abrasives.

Table 2.11. Statewide Unit Cost Data for TXDOT’s Primary Snow and Ice Control Materials

5 Year Average

FY 2012

Material Unit .(FY2008'12.) :

Quantity Unit Cost Unit Cost

($/Unit) ($/Unit)
®

MeltDown 20 LB 6,307,276 0.281 0.298
granular, deicing
Road Salt LB 11,736,040 0.035 0.032
granular, deicing
MeltDown Apex™ GAL 160,007 1.65 1.84
liquid, anti-icing
Abrasives LB | 206,256,000* 0.009 0.013
Granular, friction
improvement TON 103,128* 18.17 25.73

*Average quantity is 68,752CY, with weight estimated at 1.5 tons/CY

The unit costs in Table 2.11 provide a way to contextualize the 2010 cost data from the
TxDOT internal analysis, as presented in Table 2.10. These data show that unit costs for
MeltDown 20® and MeltDown Apex™ have risen 30 percent and 10 percent, respectively,
compared to FY2012, whereas unit costs for road salt have remained relatively constant.

0-6793 VOL. 1

2-28



2.5 Winter Weather and Roadway Maintenance

2.5.1 National Perspective on Winter Weather Impacts

The quantity of snow and ice chemicals a State DOT uses is fundamentally based on the
weather. For example, snow and ice control materials are usually purchased and stored before the
winter season, and climatology is used to predict the amount of material needed as well as the
frequency of storms.

The National Oceanic and Atmosphere Administration (NOAA) has developed climate
plots for the United States for several of the key metrics associated with winter weather roadway
maintenance. These include the length of the winter season, temperature, and winter precipitation
in the form of snow, ice and freezing rain.

For example, the length of the winter season is often determined as the numbers of days
from first freeze to last freeze. Figure 2.8 shows the mean freeze-free period for the United States,
the inverse of which would indicate the length of the winter season.

ETATER
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- MEAN ~
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C 121 - 180
O 181 - 240
E 240 - 270
F 7 - 200
G 301 - 365
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F - WE&AH .
@ [ﬂ_':ﬂ)f[,ﬁ LEMGTH OF FREEZE FREE FERIID

Figure 2.8 . Mean Freeze-Free Period for the United States (source: NOAA)

It is not only important to know the duration of the winter season but the temperatures as
well. Ambient temperatures relate to pavement temperature, and pavement temperature is a key
variable relative to the application and effectiveness of snow and ice control chemicals.
Temperatures are often not at the minimum during the duration of the storm. Clouds often form an
insulating effect, and minimum temperatures usually occur the night (or more specifically, early
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morning, before sunrise) after precipitation has ceased. This produces a major problem of re-
freeze on the pavement. Climate data can be used to characterize the severity of low temperatures
expected in a particular region as shown in Figure 2.9, which depicts the mean daily minimum
temperature for January (National Climatic Data Center, 2012).
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Figure 2.9. Mean Daily Minimum Temperature for January. (source: NOAA)

Another key winter weather roadway maintenance metric is the annual mean total snowfall,
as shown in Figure 2.10 (National Climatic Data Center, 2012). Snow is the type of precipitation
in which anti-icing with chemicals is most effective. From the figure it can be seen the Texas
Panhandle receives 6 to 24 inches of snow annually, but most of the state receives 3 inches of snow
or less and the coastal areas receive none. This map bears striking resemblance to Figure 2.2 which
shows the annual cost of snow and ice removal, per lane mile, in each of the states. Winter weather
roadway maintenance costs in populous northern states that receive 24 inches of snow per year are
higher by an order of magnitude, compared to Texas.
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Figure 2.10. Annual Mean Total Snowfall (source: NOAA)

Ice events are also a concern for winter weather operations. Ice is formed both through
precipitation such as freezing rain, or the melting and subsequent refreezing of snow. Ice also can
present as frost and black ice. Frost, on roadway surfaces, occurs when both the dew point and
pavement temperature are below freezing, with the pavement temperature being below the
dewpoint. Black ice occurs when the pavement temperature is below both the dewpoint and
freezing point, and the dew point is above freezing. This leads to dangerous conditions, as thin,
clear ice forms on the roadway. Freezing rain occurs when the atmospheric temperature is not
sufficiently cold enough for snow to form. However, depending on pavement temperatures,
freezing rain may turn into ice. Freezing rain is a special circumstance in which the reactive de-
icing strategy is primarily used.

Figure 2.11 shows the average number of freezing rain days based on 52 years of data
(Changnon, 2003). This chart indicates that in Texas, an average of one to two days of freezing
rain occurs annually. The frequency of annual days with freezing rain decreases from north to
south.
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Figure 2.11. The average annual number of days with freezing rain. (source: Changnon 2003)

2.5.2 The Texas Perspective on Winter Weather

Statewide data are available for the same winter weather metrics illustrated at the national
level. Table 2.12 shows the length of the winter season, determined as the numbers of days from
first freeze to last freeze. This table derives from climate data for the principal cities in all TXDOT
districts. Figure 2.12 provides this same information graphically. This illustrates that climate data
are available such that it is possible to obtain a relatively fine-grained characterization of particular
winter weather metrics for all of TXDOT’s districts.

Relative to temperature, Figure 2.13 shows the mean number of days in January where the

temperature is at or below freezing. As with the national data, correlations exist between length of
season and temperature.

0-6793 VOL. 1 2-32



Table 2.12. Average Winter Season Length, Start Date, and End Date by District (1971-
2000 data) (source: NOAA).

Length of
TxDOT Winter First Fall Freeze Last Spring Freeze
District Season Average Average
(Average)

Abilene 133 Nov 12 Mar 24
Amarillo 181 Oct 20 Apr 18
Atlanta 127 Nov 14 Mar 20
Austin 73 Dec 6 Feb 17
Beaumont 85 Dec 2 Feb 25
Brownwood 135 Nov 11 Mar 25
Bryan 94 Nov 29 Mar 2
Childress 147 Nov 6 Aprl
Corpus Christi 42 Dec 23 Feb 3
Dallas 99 Nov 25 Mar 3
El Paso 135 Nov 8 Mar 22
Fort Worth 128 Nov 14 Mar 21
Houston 92 Nov 30 Mar 1
Laredo 66 Dec 5 Feb 9
Lubbock 154 Nov 1 Apr 3
Lufkin 119 Nov 15 Mar 13
Odessa 139 Nov 12 Mar 30
Paris 125 Nov 14 Mar 18
Pharr 30 Dec 25 Jan 24
San Angelo 136 Nov 13 Mar 28
San Antonio 95 Nov 25 Feb 28
Tyler 146 Nov 7 Aprl
Waco 115 Nov 19 Mar 13
Wichita Falls 140 Nov 9 Mar 28
Yoakum 87 Dec 2 Feb 27
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Figure 2.13. Number of Days in January with Temperatures at/below Freezing (source: NOAA).
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Snowfall data are available for Texas for the principal cities in each district. Table 2.13
shows the average annual snowfall by district (National Oceanic and Atmospheric Administration. ,
2001). Figure 2.14 presents a climate map illustrating this same information.

Table 2.13. Average Annual Snowfall by District (source: NOAA)

TxDOT Average Annual Snowfall
District (Inches)
Abilene 5.6
Amarillo 17.9
Atlanta 1.1
Austin 0.6
Beaumont 0.1
Brownwood 1.4
Bryan 0.6
Childress 7.8
Corpus Christi T
Dallas 1.7
El Paso 6.1
Fort Worth 2.6
Houston 0.5
Laredo 0.1
Lubbock 10.4
Lufkin 0.5
Odessa 5.0
Paris 4.2
Pharr T
San Angelo 3.1
San Antonio 0.8
Tyler 1.9
Waco 1.1
Wichita Falls 5.5
Yoakum T
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Figure 2.14. Annual Mean Total Snowfall, in inches _(source: NOAA).

As has been noted, the Texas Panhandle receives the state’s greatest snowfall. Figure 2.15
is a detailed map showing the cumulative average annual snowfall in the Panhandle region of the
state (National Climatic Data Center, 2012).

Figure 2.15. Average annual snowfall in the Texas Panhandle source: NOAA
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2.5.3 Observations about Winter Weather Relative to Snow and Ice Control Materials

2.5.3.1 Perspective from Weather Severity The climate data presented herein demonstrate
that Texas winters are relatively mild compared to the northern parts of the United States. More
significantly, from the perspective of temperature considerations in selection of snow and ice
control chemicals, none of the chemicals should be precluded based on their ineffectiveness at
lower temperatures. One example is road salt, which some northern agencies choose not to use in
very cold conditions, say, when pavement temperatures are below 15 degrees F. Texas climate
data do not support this approach, since pavement temperatures in Texas very rarely drop low
enough for any of the typical chemicals to become ineffective. Further, maintenance practices in
colder and snowier states than Texas, such as lowa and Minnesota, effectively use both granular
road salt and liquid salt brine in their winter roadway maintenance operations.

2.5.3.2 Perspective from Snow and Ice Control Material Usage Corrosion and
environmental impacts are a significant consideration in the selection and use of snow and ice
control chemicals, and this is addressed in detail in the corrosion section of the report (Chapter 4).
When one considers that corrosion and environmental impacts directly relate to the quantity of
chemical used, and the quantity of chemical is driven by climate severity, it can be observed that
because Texas winters are relatively mild, most portions of the state see only a few winter storms
per year, and some see no storms at all. Further, even the coldest and snowiest portions of Texas
have less severe winters than northern states with active, chemical-based winter roadway
maintenance programs. Figure 2.2 indicates that Texas’ winter maintenance activities are an order
of magnitude lower — one-tenth to one-fiftieth — than states such as lowa, Ohio, and Massachusetts.
Quantitatively, it is reasonable to infer that TXDOT winter maintenance operations apply an order
of magnitude (or lower) of chemical to Texas bridges and roads. While this does not eliminate
corrosion and environmental concerns associated with winter roadway maintenance in Texas, it
does put these issues in perspective.

2.5.3.3 Perspective from Weather Variability Not only does Texas weather change
quickly, but it is also true that Texas receives different kinds of winter weather. Table 2.14
summarizes specific Texas winter weather events and a combination or mix of these events over a
ten year period (Perkins, et al, 2012).

This table illustrates three key points about winter storms in Texas. First, the number of
Texas winter storms in any given year varies to a remarkable degree. Five of the eleven years
reported 20 or fewer storms. Three years experienced 21 to 100 storms, and three years
experienced between 100 and 150 storms. Variability in the number of storms is one of the key
planning challenges associated with winter weather roadway maintenance in Texas.
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Table 2.14. Frequencies of Reported Winter Weather Events in Texas (2000-2010) (source:
NOAA)

Year Total

Storm Type 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 201
0 1 2 3 4 5 7 8 9 0

Blizzard 0 0 0 0 0 0 0 7 0 8
Freezing Rain 0 1 0 0 0 0 0 0 0 1
Heavy Snow 5 7 4 2 20 7 28 24 2 9 53 161
Ice Storm 8 1 1 0 1 4 3 41 1 8 2 70
Ice/Snow 0 0 1 0 0 0 0 0 0 0 1
Winter Storm 7 6 6 3 6 11 35 8 24 4 116
Winter Weather 0 0 0 0 0 30 46 44 56 39 215
Winter Weather/Mix 0 0 0 1 10 2 2 0 0 0 0 15
Freezing Fog 0 0 0 0 0 0 0 1 0 0 0 1
Frost/Freeze 0 0 0 0 0 0 0 0 4 9 38 51
Sleet 0 0 0 0 0 0 0 1 0 0 1 2
Sleet Storm 0 0 0 0 1 0 0 0 0 0 0 1
Total 20 15 12 6 38 19 75 | 148 | 59 113 | 137 | 642

Second, the types of winter storms are diverse and include snow, ice, and various forms of
freezing rain. The most common storm type is “winter weather” which is defined as *“a winter
precipitation event that causes a death, injury, or a significant impact to commerce or transportation
but does not meet locally/regionally defined warning criteria.” This is followed by “heavy snow”
which is “snow accumulation meeting or exceeding locally/regionally defined 12 and/or 24 hour
warning criteria, on a widespread or localized basis.” The third most common is “winter storm”
which is defined as “a winter weather event which has more than one significant hazard (i.e., heavy
snow and blowing snow; snow and ice; snow and sleet; sleet and ice; or snow, sleet and ice) and
meets or exceeds locally/regionally defined 12 and/or 24 hour warning criteria for at least one of
the precipitation elements, on a widespread or localized basis.” The fourth most common is “ice
storm” which is defined as “ice accretion meeting or exceeding locally/regionally defined warning
criteria (typical value is 1/4 or 1/2 inch or more), on a widespread or localized basis.” Rounding
out the top five, “frost/freeze” refers to “a surface air temperature of 32 degrees Fahrenheit (F) or
lower, or the formation of ice crystals on the ground or other surfaces, over a widespread or
localized area for a period of time long enough to cause human or economic impact, during the
locally defined growing season.”

Complete definitions for these and the rest of the storm types in Table 2.14 appear in Winter
Weather Definitions from the National Weather Service (NWS) Directive 10-1605 "The
Collection and Dissemination of Storm Data", and are presented in Appendix G. The point for this
discussion is that Texas does not just receive snow, or ice, but it receives the entire range of winter

0-6793 VOL. 1 2-38



storm types. This variability correlates strongly with Texas geography and is another significant
challenge for winter weather roadway maintenance.

The third key point about winter storms in Texas is their variability in intensity. As has
been noted, the most common storm type is “winter weather” which is a winter precipitation event
that does not meet locally/regionally defined warning criteria. In contrast, blizzard, heavy snow,
ice storm, sleet, and others are more severe winter storm events which do meet defined warning
criteria. Variability in intensity is another significant challenge for winter weather roadway
maintenance in Texas.

2.5.3.4 Perspective from TxDOT Maintenance Professionals The TTI report, Research on
Best Practices for Winter Weather Operations, developed Table 2.15 and Figure 2.16 based on
interviews with TxDOT maintenance supervisors and personnel. This table and figure illustrate
that winter weather typically falls into one of three storm categories: mostly snow, snow and ice,
and ice and freezing rain (Perkins, et al. 2012).

Table 2.15. Type of Winter Weather in Texas in Texas Districts and Counties (source: Perkins,
etal. 2012)

Atlanta (Bowie) Abilene Austin
Amarillo Atlanta Beaumont
Childress Brownwood Bryan
El Paso (Brewster, Presidio) Bryan (Freestone, Leon, Madison,  Corpus Christi
Lubbock (Parmer, Castro, Milam, Robertson) Houston
Swisher) Dallas Laredo
Paris (Grayson, Fannin, El Paso Lufkin
Lamar, Red River) Fort Worth Odessa
Wichita Falls Lubbock Pharr
Paris San Antonio
San Angelo Tyler
Waco Yoakum
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Figure 2.16. Winter Weather in Texas as Perceived by TXDOT Maintenance Personnel (source:
Perkins, et al. 2012)

Collectively, the winter weather categories in Figure 2.16 serve to “ground-truth” the
discussion in this report relative to the relationship between climate and winter weather roadway
maintenance activities in Texas. In sum, winter weather roadway maintenance is driven by climate,
the typical maintenance challenges vary across the state, and conditions can be associated with
Texas geography.
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2.6 A Suggested Winter Weather Maintenance Strategy for Texas

2.6.1 Overview

The effectiveness of TxDOT’s maintenance response to winter weather storms will be a
direct function of TXDOT having a clearly-articulated maintenance strategy for responding to
winter weather. Based on information provided in this report, key aspects of a TxDOT winter
weather maintenance strategy should address winter weather variability, level of service
expectations, and winter maintenance materials, equipment and training. Relative to this present
research study, it can be seen that the selection, application, and effectiveness of snow and ice
control materials represent only one of many maintenance challenges associated with TxDOT
achieving an effective response to winter storms. The following sections briefly outline a
recommended winter weather maintenance strategy for Texas.

2.6.2 Texas Winter Weather Zones

It has been noted that winter weather varies across Texas, and because of this, TXDOT’s
maintenance strategy should not be *“one size fits all.” Figure 2.17 presents a map from the National
Climatic Data Center showing the mean annual number of days below freezing in Texas, this based
on 30 years of data (1961-1990). This map is overlaid with hypothetical “zones” that seem to
capture the nature of winter weather across Texas, as follows:

e Zone 1. 23 or more freezing days, frequent snow and occasional ice
e Zone 2. 15to 22 freezing days, occasional ice and rare snow

e Zone 3. 6to 14 freezing days, rare ice and very rare snow

e Zone 4. 5 or fewer freezing days, very rare ice and snow

Zone 1 is the Panhandle region characterized by frequent snow events with occasional ice
events. In Zone 2, winter storms result in rare snow and occasional ice. Zone 3 experiences very
rare snow and rare ice. Zone 4, aregion in which temperatures rarely drop below zero, experiences
very rare snow and ice events.
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Figure 2.17 . Texas classification of winter storm events by zones

The zone boundaries could be drawn or described differently. The key reason for
identifying these zones is that the geographic areas correspond to climatic conditions where
different maintenance approaches make sense, in a manner relatively consistent with Figure 2.16.
On this basis, TXDOT’s winter weather strategy should recognize that the maintenance response
in each Zone will be different.

2.6.3 Level of Service

2.6.3.1 Alternative Approaches to Winter Maintenance Level of Service NCHRP  Report
526 defines Level of service (LOS) in the context of roadway snow and ice control operations as
“...a set of operational guidelines and procedures that establish the timing, type, and frequency of
treatments. The maintenance actions are directed toward achieving specific pavement condition
goals for various highway sections” (Blackburn, et al. 2004).

Interviews with TXDOT maintenance personnel indicate that for the most part, TXDOT
uses a combination of input LOS and output LOS approaches for winter maintenance. The input-
type LOS approach focuses on providing resources for winter maintenance including personnel,
equipment, and materials. The output-type LOS approach describes the methods for performing
the work and addresses topics such as the sequence of calling out crews, the proper order of
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plowing the road, the speed at which plows should travel, the rate chemicals should be applied,
the requirement that spreaders be calibrated, etc. The focus of these LOS approaches is on
prioritizing resource allocation with the objective being to provide added confidence that a given
output will be achieved (Bourdon 2001).

Alternatively, outcome-based LOS approaches exist which reflect winter roadway
maintenance results as perceived by the motorist. Outcome-based approaches, also termed
performance-based, include measures such as bareness of pavement, reaction time, friction
improvement, reduction in accidents, duration and frequency of closures, advance warning time to
customers, etc. (Bourdon 2001). NCHRP Report 526 identifies performance-based LOS as the
preferred LOS approach to winter maintenance, and this is viewed as a best practice. The
discussions that follow presume a performance-based LOS approach for winter maintenance,
consistent with NCHRP Report 526.

2.6.3.2 Performance-Based LOS Thresholds for TxDOT Winter Maintenance Because
winter weather is intermittent in Texas, it makes sense to think in terms of two LOS thresholds:
“typical” and “extreme.” “Typical” winter weather would be defined by climate season normals
in a particular zone or District. This should be the LOS threshold that maintenance forces typically
prepare for and respond to each and every year. “Extreme” winter weather should also be defined
for a particular zone or District, and it will vary. For example, in Zone 1 or Zone 2, “extreme”
might refer to a 20-year event or greater. In Zone 3 and Zone 4, any ice or snow storm would
probably be considered extreme.

Further, the level of service for each winter weather zone should be expressed for both the
typical and the extreme events. As a benchmark, consider a typical Zone 2 winter ice storm, say,
two days duration. Here, a performance-based LOS might be expressed something like “for
priority routes, keep all intersections and at least two lanes passable with at least one bare wheel
path, to be accomplished within 4 hours following the storm and maintained throughout.” In
contrast, consider an extreme event in Zone 2. Here, the LOS might be expressed something like
“for priority routes, keep all intersections and one lane passable with at least one bare wheel path,
to be accomplished within 8 hours following the storm and maintained throughout.”

The goal in expressing the LOS in this manner is not to specifically define what the level
of service ultimately ought to be for Zone 2, although that type of definition needs to be established.
Rather, it is helpful to point out that a clearly-articulated performance-based level of service
directly relates to safety and mobility outcomes that directly impact the traveling public. From
these outcomes, a performance-based LOS provides an operationally-sound guide for allocation
of resources necessary to respond to such a storm. That is, a maintenance section supervisor will
either have the resources on hand to provide this level of service, or s/he will not. If the
maintenance supervisor does not have the resources, sound maintenance strategy would be require
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that s/he have a contingency plan to obtain these resources. In this way, the level of preparedness
needed for the benchmark storm becomes clear.

2.6.4 Weather Information, Materials, Equipment, and Training

With the winter weather zones identified and performance-based LOS outcomes for both
typical and extreme weather events defined, it should be possible to describe and plan out the
various factors necessary to achieve a satisfactory roadway maintenance response in each zone or
District. Success factors include, among other things, the type of weather information needed for
an effective response, the type of equipment that is or should be available, the materials used for
treating roads, the level of training needed for supervisors and operators, and others. Maintenance
strategies will vary by zone and by storm type, and it should be apparent that such a strategy will
influence maintenance practices, procedures, equipment, materials, and other resources.
Ultimately, these variables will establish the cost of the maintenance program and also provide a
measure of its effectiveness.

2.6.5 Snow and Ice Control Materials by Zone

The winter weather maintenance strategy recommended herein recognizes the variability
of Texas weather and therefore supports variability in the selection of snow and ice control
materials for winter weather maintenance. Because most of Texas does not typically experience
severe winter weather, the use of abrasives makes sense for Zone 2, Zone 3, and Zone 4. For Zone
4, abrasives will be the primary if not the only snow and ice control material used.

However, for Zone 1, Zone 2, and Zone 3, given the benefits of a chemical-based approach
to winter weather roadway maintenance, using chemicals is both appropriate and is recommended.
In Zone 1, chemicals would be the primary snow and ice control material. In Zone 2 and Zone 3,
chemicals would be used to leverage maintenance efforts and improve the level of service that can
be achieved for a given maintenance dollar. In answer to the question of which snow and ice
control chemicals should be used, the previous discussions about cost, effectiveness, application,
corrosion, environmental impacts, and related factors come into play. Some observations are:

e All snow and ice control chemicals currently used by TxDOT are effective for Texas
climate conditions. Texas climate does not experience temperatures that drop below
the effectiveness-limits of these chemicals.

e A national trend exists relative to moving from “traditional” strategies involving dry
abrasives, dry salt, and abrasive/salt mixes to techniques that involve using various
combinations of chemicals and application methods such as anti-icing and pre-wetting
of salt and/or abrasives to address specific storm events (Levelton Consultants Ltd.,
2006).

e The proactive approach of pre-treatment in advance of the storm (anti-icing),
whenever possible, is the recommend strategy. This is consistent with the evolving
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strategies of other State DOTs. The pre-treatment approach requires the heavy use of
specifically anti-icing chemicals, or brines.

e The low cost option of in-house brine manufacturing is recommended.

e Several potential vendors for natural brines are available in Texas. This is covered in
the brine section of the report.

e Over half of the current chemical placed by TXDOT does not include any type of
corrosion inhibitor, so in very low quantity applications it may be acceptable practice
to use chemicals without corrosion inhibitor additives.

e It is an option to purchase and introduce corrosion inhibiting additives for natural
brines and in-house manufactured brines. More information on additives can be
obtained from Appendix A, the PNS Qualified Products List.

e Relative to granular road salt, the use of salt deposits within the borders of Texas is
currently underutilized by TxDOT.

e TxDOT nomenclature in reference to snow and ice chemicals needs to be updated in
order to accurately compare application and effectiveness of chemicals. For example,
in the DHT descriptions of chemicals, chemicals should be described by the active
chemical with the highest percentage by weight. In the case of mixed chemicals, the
chemical description still must have the active chemical with the highest percentage
by weight (i.e. instead of the description complex chlorides, use the description
sodium chloride with other complex chlorides and corrosion inhibitor).

2.7 Summary

This chapter provides a literature review on the application and effectiveness of snow and
ice control materials for winter roadway maintenance operations. Primary knowledge sources
include the substantial body of published literature sponsored by and developed for northern states
that experience frequent and heavy winter weather events, as well as interviews with subject matter
both nationally and in Texas.

Snow and ice control materials in the United are generally categorized as chloride salts,
organic products, nitrogen products, and abrasives, with chloride salts being the most commonly-
used. Application strategies include (1) anti-icing where snow and ice control chemicals are placed
onto the roadway surface prior to the storm event, (2) de-icing where snow and ice control
chemicals are applied during or after the storm when ice and snow have bonded on the roadway
surface, and (3) friction improvement where chemically-inert abrasives are used to increase the
friction between vehicle tires and driving surface after ice and/or snow have already bonded to the
roadway.
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Snow and ice removal represents a considerable roadway maintenance cost in the United
States with an average annual cost for snow and ice removal of $1.7 billion for the years 2007
through 2011. Average cost for snow and ice removal per state ranges from $0/year (Hawaii and
Florida) to $253 million/year (Pennsylvania). Texas ranks 30" nationally with an average cost for
snow and ice removal of $17.4 million/year. On a cost per lane mile basis, Texas ranks 42" with
an average annual cost for snow removal of $89/lane mile. In terms of the percentage of cost for
snow and ice removal as a function of physical maintenance effort, Texas ranks 42" in the U.S.
with the average annual cost for snow and ice removal representing only one (1.0) percent of
TxDOT’s physical maintenance expenditures.

In Texas, sanding has long been TxDOT’s winter weather roadway maintenance strategy
of choice, both because of Texas’ generally mild winters and because sanding is a very visible
low-cost approach to managing pavement friction. In the past 5 to 10 years however, snow and
ice control chemicals — mostly chloride salts — have gained more widespread usage throughout the
state, especially in Texas’ heavy snow areas —Amarillo, Childress, and north part of the Lubbock
districts. Granular chemicals used for winter roadway maintenance include MeltDown 20® and
road salt. Liquid chemicals include MeltDown Apex™ and more recently, an interest in both
manufactured salt brine and natural brine.

Weather directly influences winter roadway maintenance strategy as well as operational
issues including the type, quantity and effectiveness of snow and ice materials. Key metrics for
winter roadway maintenance include the length of the winter season, temperature, and winter
precipitation in the form of snow, ice and freezing rain. In Texas, climate varies significantly
across the state and can be associated with Texas geography. For this reason, TXxDOT’s
maintenance strategy should not be “one size fits all” but should be zoned to capture the type,
frequency and intensity of Texas’ winter weather.

The effectiveness of TxDOT’s maintenance response to winter weather will be a direct
function of TXDOT having a clearly-articulated strategy for responding to winter weather, both for
typical climate and extreme winter storm events. In addition to weather variability, TXDOT’s
winter weather maintenance strategy should address level of service expectations, winter
maintenance materials, equipment and training. The selection, application, and effectiveness of
snow and ice control chemicals represents one of many operational issues associated with TXDOT
achieving an effective response to winter storms.
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CHAPTER 3
AVAILABILITY AND WATER QUALITY
OF BRINES ACROSS TEXAS

3.0 Introduction

This chapter addresses Task 2 of the research study, namely, to “determine the availability,
storage requirements, and transport issues related to natural brines.” The objective has been to
characterize natural brines as a potential snow and ice control chemical for Texas roads including
the availability and water quality of the brines. Further, we considered transport issues including
mode of transport, time of transport, and cost. Durability concerns associated with corrosion are
discussed in Chapter 4, and environmental concerns and regulatory issues of the use of brines are
addressed in Chapter 5.

3.1 Availability and Water Quality of Texas Brines

3.1.1 Overview

Brine is defined as any snow and ice control chemical mixed with water to form a liquid
solution. This solution is then sprayed onto the roadway. Brines can be made from several snow
and ice control chemicals, and can be further classified as to the major chemical in the brine, such
as a sodium chloride brine, magnesium chloride brine, etc. Natural brines and manufactured brines
can possibly have a combination of chlorides.

Three types of “geologic” brines exist for consideration in snow and ice control, so-called
because they source to underground geologic salt formations. The first type is natural brine that
naturally exists either as surface water or in water-bearing formations unrelated to oil or gas plays.
The second type is brine manufactured by circulating fresher water in naturally occurring below-
ground NaCl deposits. The third type is produced water related to oilfield operations for oil and
gas production.

These geologic brines are in addition to TXxDOT’s pre-approved, vendor-supplied, pre-
blended brine products such as Meltdown Apex™ or FreezGard®, or other products identified on
the Pacific Northwest Snowfighters (PNS) qualified product list (Appendix A). Similarly, the three
geologic brine types do not include homemade brine such as brine manufactured at the Memphis
Maintenance Section (Childress District). The raw materials for homemade brine are water and
brining-quality road salt blended in a salt brine manufacturing system with a dedicated mixing
tank. Because the parent chemical — in this case, brining salt — is an approved product, the brine
resulting from this salt is also approved by TxDOT.
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3.1.2 Natural Brine (Kent County, Texas)

Brine is simply salt dissolved in water. Natural brine can be found in surface water (e.qg.,
Dead Sea or the Great Salt Lake) or groundwater (e.g., Kent County Brine). The use of natural
brines is a relatively unexplored option for snow and ice control in Texas. Of the State DOTs
contacted as part of this study, none of these DOTs directly use natural brines. In fact, only one
type of natural brine, Kent County brine, has been identified as a potential candidate for snow and
ice control in Texas.

Table 3.1 shows the relationship between the pounds of salt per gallon, concentrations of
sodium and chloride, and total percent NaCl. The nominal brine product is a “10-1b brine” with
the weight corresponding to the percentage of dissolved solids. A 23 percent salt level — which is
the ideal concentration of solids for salt brines — corresponds to 10.25-1b brine. The Kent County
brine is approximately an 11-Ib brine, as a 31.7 percent solution, so that water could be diluted to
reach the 23 percent level. A complete water quality description for the brine from the Kent
County site as shown in Table 3.2.

Table 3.1. Man-made Brine Quality Descriptions Assuming NaCl as Only Solute

Brine Sodium Chloride Total

(Ib/gal) (mg/L) (mg/L) (mg/L) % NaCl
10.00 78,700 121,500 200,200 20.0
10.25 90,400 140,000 230,400 23.0
10.50 102,000 158,000 260,000 26.0
10.75 114,000 176,000 290,000 29.0
11.00 126,000 194,000 320,000 32.0

Table 3.2. Kent County Natural Brine Quality (source: Ana-Lab Report)

Reporting
Analyte Value | Units Limit
Calcium 659 | mg/L 125
Magnesium 1140 | mg/L 12,5
Potassium 1180 | mg/L 125
Sodium 104000 | mg/L 500
Bromide <1000 | mg/L 1000
Chloride 212000 | mg/L 3000
Fluoride <1000 | mg/L 1000
Nitrate <1000 | mg/L 1000
Ortho-phosphate as P <300 | mg/L 300
Sulfate 7200 | mg/L 3000

0-6793 VOL. 1 3.2



Table 3.2. Kent County Natural Brine Quality (source: Ana-Lab Report), continued

Reporting

Analyte Value | Units Limit
lodide <300 | mg/L 300
Alkalinity as CaCOs3 38.3 | mg/L 1
Boron <100 | mg/L 100
Phosphorus <200 | mg/L 200
Aluminum 0.198 | mg/L 0.1
Barium <0.010 | mg/L 0.01
Copper 0.91| mg/L 0.01
Total Iron <0.209 | mg/L 0.209
Strontium 23.4 | mg/L 20
Zinc <0.050 | mg/L 0.05
Total Dissolved Solids | 316000 | mg/L 1000
Laboratory pH 6.8 | s.u. 2
Specific Gravity 1.207

3.1.3 Manufactured Brines

Manufactured brines are made by mixing fresher water with deep salt formations to obtain
a mixture that is free from hydrocarbon contamination and useful for multiple applications. Inquiry
with the Texas Railroad Commission (RRC) office in Austin obtained available data listed in their
database system concerning brine pit operators and brine pit locations in Texas that are permitted
to sell their brines.

For the entire state, 190 pits were listed, and 34 are located in convenient areas in northern
Texas. The RRC database includes addresses and phone numbers for the permit holders, some of
which are out of the state, but did not provide physical addresses or latitude/longitude coordinates
of the brine sources, only general area information such as distance from the nearest town. Many
of the company names, contact personnel, and phone numbers were incorrect as companies and
assets have been bought and sold over the years.

Based on phone contacts, pit operators with produced water from oil and gas wells will not
sell their brine for TXxDOT’s intended use, but rather use their produced water for secondary
recovery or eventual disposal in deep wells. The only brines available for sale to TXDOT for snow
and ice control purposes are non-produced waters. These are 10-Ib brines that are made by mixing
fresher water with deep salt formations to obtain a mixture that weighs 10 Ib per gal and that is
free from hydrocarbon contamination and useful for multiple applications.
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A total of 20 manmade brine sites were identified from the Texas Railroad Commission
permit list (2011). The locations of these 20 manufactured brine sources plus the Kent County
source are mapped in Figure 3.1. The sites are located in the Permian Basin or Southern High
Plains of West Texas. Table 3.3 provides owner information about each site as well as their
estimated unit cost per barrel (bbl or 42 gal) of brine. It should be noted that other similar brine
sources may exist beyond this list, as based on experience the brine vendors do not typically
advertise their products through normal business media such as telephone listings or internet
websites.
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Figure 3.1. Selected Locations of Available Manufactured Brines in West Texas

The nominal product from the manufactured brine sources is 10-1b brine, with the dissolved
solids made up primarily of sodium and chloride from the targeted salt beds. The vendors can also
make denser brines up to 14-1b if requested by the customer. None of the brine vendors would
provide tabulated laboratory water quality analyses.
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Table 3.3 Identification and Locations for Manufactured Brine Sources in West Texas

No. Owner County |Latitude Longitude Contact Price

($/bbl)
1 |Basic Energy Services Reeves [31.480209 |-103.408728 | Barry Byrd 1.35
2 |Basic Energy Services Andrews [32.221942  |-102.678469 | Barry Byrd 1.35
3 |Basic Energy Services Crane  [31.525979  |-102.485082 | Barry Byrd 1.35
4 Basic Energy Services Andrews [32.393769  |-102.784277 | Barry Byrd 1.35
5 |Basic Energy Services Ector 31.982053  |-102.610009 | Barry Byrd 1.35
6 |Basic Energy Services \Winkler [31.840287  -103.112848 | Barry Byrd 1.35
7 |Basic Energy Services Loving [31.726853 |-103.577321 | Barry Byrd 1.35
8 |Basic Energy Services Andrews [32.141701  |-102.469009 | Barry Byrd 1.35
9 |Basic Energy Services Andrews [32.505455  -102.526731 | Barry Byrd 1.35
10 |Basic Energy Services Andrews [32.443663  -102.587274 | Barry Byrd 1.35
11 |Basic Energy Services Ector 31.972269  |-102.413682 | Barry Byrd 1.35
12 |Basic Energy Services Ector 31.808656  |-102.306983 | Barry Byrd 1.35
13 |Basic Energy Services Midland [31.912445  |-102.197936 | Barry Byrd 1.35
14 Basin Brine Sales Ector 31.831250  |-102.443804 | Jason Hickerson | 1.00-1.50
15 |Chaparral Water Systems Midland [31.967961  |-102.024919 | Darrel Franklin 1.10
16 |Newpark Environmental Services [Howard [32.287024  |-101.338792 | Phillip Meyer 1.00
17 |Newpark Environmental Services [Pecos  [30.894289  |-102.915341 | Phillip Meyer 1.00
18 |Enstor Waha Storage & Transport|Reeves [31.293007  |-103.110195 | Peter Sterzing 1.25
19 |Salty Brine 1 LTD 'Yoakum [32.964405  -102.802033 | Josh Parker 1.10
20 Salt Fork Water Quality District  [Kent 33.209608  [-100.888428 | Judge Jim White 0.50
21 Wilson Systems, Inc. Pecos  [30.948258  |-102.876617 | Sylvia Delgado 1.00

3.1.4 Qilfield Brines

Oilfield brines are a type of produced water related to oilfield operations for oil and gas
production. The only readily available database for oilfield produced brines identified for this
study was published by the USGS (U.S. Geological Survey 2002) and discussed by Welch and
Rychel (Welch, R. and Rychel, D., 2004). Figure 3.2 shows the distribution of produced oilfield
brine qualities across the State using that database. The produced water total dissolved solids (TDS)
concentrations ranged from a few thousand to almost 400,000 mg/L, with many samples reported
from the northern half of the State.

Per the Texas Railroad Commission (RRC), oilfield brines can only be purchased from
brine pit owners that hold specific permits from the RRC that allow them to sell the brine, whether
the brine was produced from an oil or gas well or manufactured by mixing fresher water with a
subsurface salt formation. Historically, the pit operators with actual produced water from oil and
gas wells will not sell their brine for TXDOT’s intended use, but rather use their produced water
for secondary recovery or eventual disposal in deep wells.
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Figure 3.2 Distribution of total dissolved solids concentrations in Texas oilfield brine samples
included in the USGS (2002) database

Notwithstanding the fact that oilfield brines are normally not permitted for sale for non-
oilfield applications, in 2014, the RRC voiced a more open perspective about TXDOT’s desired
usage of oilfield brine for snow and ice control. The RRC’s willingness to consider oilfield brine
came during a period of statewide drought exacerbated by a shortage of salt supply — conditions
that were not considered “normal” at the time. The RRC’s consideration of oilfield brine included
requirements for analytical chemical testing for multiple parameters intended to “characterize the
produced water so that TXDOT’s risks would be known and minimized as the water is applied to
the pavement.” The discussion also recognized that produced water should not be required to meet
drinking water standards.

The Pacific Northwest Snowfighters (PNS) group has established detailed procedures for
testing de-icing and anti-icing chemicals and maintains specifications that these products must
meet to be considered for widespread use. The PNS “Snow and Ice Control Chemicals Products
Specifications and Test Protocols” document (Appendix H) provides guidance on preparing and
submitting products for the testing and evaluation process required to be placed on the Qualified
Products List. Table 3.4 summarizes the PNS required tests and methods.
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Table 3.4. Test Methods for PNS Snow and Ice Chemical Product Evaluation (revised 12/2010)

No. | Test Description Test Method (abridged)
1 Percent Concentration of Active Atomic Absorption or Inductively Coupled Plasma
Ingredient In The Liquid Spectrophotometry as described in “Standard Methods for the
Examination of Water and Waste Water”, APHA-AWWA.-
WPCF
2 Weight Per Gallon Specific Gravity by ASTM D 1429 Test Method A
3 Corrosion Control Inhibitor Presence | Test procedures provided by the manufacturer
and Concentration
4 pH ASTM D 1293 as modified by PNS
5 Corrosion Rate NACE Standard TM0169-95 (1995 Revision) as modified by
PNS
6 Percent Total Settleable Solids and Test Method “C” in Appendix A of PNS Specifications
Percent Solids Passing a 10 Sieve
7 Total Phosphorus Standard Methods for the examination of Water and Waste
Water, APHA-AWWA-WPCF
8 Total Cyanide Standard Methods for the examination of Water and Waste
Water, APHA-AWWA-WPCF
9 Total Arsenic, Barium, Cadmium, Atomic Absorption Spectrophotometry or Plasma Emission
Chromium, Copper, Lead, Selenium | Spectroscopy as described in “Standard Methods for the
and Zinc examination of Water and Waste Water”, APHA-AWWA-
WPCF
10 Total Mercury Cold Vapor Atomic Absorption Spectrophotometry as
described in “Standard Methods for the examination of Water
and Waste Water”, APHA-AWWA-WPCF
11 Milliequivalents Milligrams of acetic acid to neutralize 1 gram of unreacted base
12 Moisture Content Of Solid Chemical | ASTM E 534
Products
13 Gradation ASTM D 632
14 Visual Inspection and Field As specified
Observations
15 Toxicity Test “Short-Term Methods for Estimating the Chronic Toxicity of
Effluent and Receiving Waters to Freshwater Organisms”,
Third Edition, EPA-600/4-91/002
16 Ammonia - Nitrogen “Standard Methods for the examination of Water and Waste
Water”, APHA-AWWA-WPCF
17 Total Kjeldalh Nitrogen “Standard Methods for the examination of Water and Waste
Water”, APHA-AWWA-WPCF
18 Nitrate and Nitrite as Nitrogen “Standard Methods for the examination of Water and Waste
Water”, APHA-AWWA-WPCF
19 Biological Oxygen Demand “Standard Methods for the examination of Water and Waste
Water”, APHA-AWWA-WPCF
20 Chemical Oxygen Demand “Standard Methods for the examination of Water and Waste
Water”, APHA-AWWA-WPCF
21 Frictional Analysis As specified
22 Insoluble Material ASTM E534 “Standard Test Methods for Chemical Analysis of
Sodium Chloride”
23 Chloride “Standard Methods for the examination of Water and Waste

Water”, APHA-AWWA-WPCF
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3.2 Analyses of Trace Elements of Concern in Natural and Homemade Brines

3.2.1 Analytical Approach

The research team employed several procedures to analyze the concentrations of trace
metals in Kent County brine and Memphis brine. The list of trace metals analyzed is tabulated in
Table 3.5. A prior lab analysis performed by Ana-Lab in July 2011 on Kent County brine
measured approximately 104,000 mg/L of sodium and 212,000 mg/L of chloride (Table 3.2). Due
to a high salt content in the brine, there are concerns about significant matrix interference and
potential damage to the detection instruments. Methods to selectively extract the trace elements
from the salt matrix are needed to achieve detection limits below the regulatory limits.

Table 3.5. Regulatory Standards and Extraction and Analytical Methods Used in this Study

Trace element Extraction/ Detection MCL/MCLG"
preconcentration method method (ng/L)
Copper (Cu) Solid-phase extraction ICP-MS 1300
Zinc (Zn) Solid-phase extraction ICP-MS 5000*
Cadmium (Cd) Solid-phase extraction ICP-MS 5
Lead (Pb) Solid-phase extraction ICP-MS 15
Uranium (U) Solid-phase extraction ICP-MS 30
Arsenic (As) APDC solvent extraction GFAA 10
Chromium (Cr) ASTM D6800-12 ICP-MS 100

~N EPA National primary drinking water Regulations (U.S. Environmental Protection Agency, 2009)
* EPA National Secondary drinking water regulations (U.S. Environmental Protection Agency, 2009)

Based on literature survey the team shortlisted a list of extraction techniques that have been
previously used for brine or seawater analysis. We then conducted preliminary analysis using the
brines and synthetic samples to determine the extraction efficiency of each elements of concern.
Three extraction methods were selected (Table 3.5). Inductively-coupled-plasma-mass
spectrometry (ICP-MS) was used to detect all elements except for arsenic. Arsenic was analyzed
by graphite-furnace atomic absorption (GFAA) due to the presence of organic solvent in the
extraction solutions.

3.2.2 Analysis of Copper, Zinc, Cadmium, Lead and Uranium

A commercial solid-phase extraction reagent SPR-IDA was purchased from CETAC
Technologies (CETAC Technologies, 2012). The reagent is made of polystyrene resin cast into
spherical beads of approximately 10 um in diameter. The surface of the beads was derivatized with
iminodiacetate (IDA). The imine and carboxylic groups in the IDA moiety is known to form stable
chelates with many transition metals. The manufacturer recommends the use of SPR-IDA for the
following metal elements: Mn, Co, Ni, Cu, Zn, Cd, Pb, U (CETAC Technologies, 2012). Each
brine was treated with 600 pL of 10% SPR-IDA suspension which was added to 15 mL of a pre-
acidified brine solution. pH of the solution was then adjusted with ammonium hydroxide (NH4OH,
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29%) to around 8. The suspension was briefly mixed and allowed to settle. The resin beads were
collected, rinsed with DI water, and re-suspended in 18 mL of a dilute nitric acid solution (1.1%
v/v). The supernatant was collected and analyzed by ICP-MS.

All samples were spiked with rhodium (Rh) and bismuth (Bi) as internal standards. Sample
quantitation was performed using an addition calibration method as recommended by CETAC
(CETAC Technologies). In brief terms, each sample was spiked with calibration standards of
known concentrations. Analysis was performed on an ICP-MS system (Perkin EImer ELAN DRC-
e) following EPA Method 200.8 (U.S. Environmental Protection Agency, 1994). Three readings
were measured for each sample and the average value was used. The results (i.e., intensity of each
analyte) were plotted against the concentrations of standards spiked into the sample. The slopes
and intercepts of the calibration lines were used to back calculate the sample concentrations.

3.2.3 Analysis of Chromium

The ASTM D6800-12 method (ASTM International, 2013) was adapted for
preconcentrating chromium from the bine matrix. It is essentially a reductive precipitation method
for preconcentrating metals in brine water or seawater. It uses ammonium
1-pyrrolidinedithiocarbamate (APDC) as a complexing agent for selective extraction of metal
species from the background matrix. The metals bound with APDC were reduced by sodium
borohydride solutions and precipitate out as solids. The solids were harvested and digested in dilute
nitric acid in the presence of hydrogen peroxide. The final solution was analyzed with ICP-MS.
All reagents were of ACS reagent grade. They were used as purchased without further purification.
Table 3.6 lists the key chemicals and their manufacturers.

Table 3.6. List of Key Chemicals Used in Trace Element Analysis

Chemicals Manufacturer CAS #

SPR-IDA, 10% w/v suspension CETAC Technologies

Ammonium hydroxide (NH4OH, 29%) Fisher 1336-21-6
Nitric acid (HNO3, 70%) Fisher 7697-37-2
Ammonium pyrrolidinedithiocarbamate (APDC) Sigma-Aldrich 5108-96-3
Sodium borohydride (NaBHa) Fisher 16940-66-2
Methyl isobutyl ketone (MIBK) Fisher 108-10-1
Ethylenediaminetetraacetate disodium salt (EDTA) Sigma-Aldrich 6381-92-6
Potassium iodide (KI) Fisher 7681-11-0
Sodium thiosulfate (Na2S203) Fisher 10102-17-7
Hydrochloric acid (HCI, 37.2%) Fisher 7647-01-0
Sodium acetate (NaCH3;COO) Fisher 127-09-3
Acetic acid (CH3COOH) Fisher 64-19-7

Pre-acidified brine sample (16 mL) was diluted to 100 mL with a dilute nitric acid solution.
1 mL of Fe and Pd chloride solution (at 500 pg/L for each metal) was spiked into the sample. The
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pH of the solution was adjusted with ammonium hydroxide (NH4OH, 29%) to around 8.5. We
then added 1 mL of 5% sodium borohydride (NaBH4) solution and mixed for several minutes.
Following that, 0.25 mL of 2% APDC solution was added and allowed to mix for a few minutes.
The solution was set aside for 1 hr. Solids precipitated out during this time period. We filtered the
samples using a vacuum filter and 47 mm polycarbonate filter paper (pore size 0.2 um). The filter
paper, together with metal precipitates on it, was folded into a compact packet. It was placed into
a centrifugal tube. Concentrated nitric acid (0.25 mL) was added and the mixture was heated to
70°C for 30 to 60 min, followed by an addition of 0.5 mL of 30% hydrogen peroxide (H20>) and
heating for another 30 to 60 min. The digestion liquid was diluted to 10 ml, spiked with internal
Bi and Rh standards and analyzed by ICP-MS immediately. The same procedures were applied to
calibration standards. Analysis was performed on an ICP-MS system (Perkin Elmer ELAN ERC-
e) following EPA method 200.8 (U.S. Environmental Protection Agency, 1994). Quantitation was
done using 4-point calibration. Three readings were measured for each sample and the average
value was used. The regression coefficient (R?) for Cr calibration was > 0.999. In addition, we
verified the method by spiking the blank and brine samples with 50 pug/L of Cr. The measured
value agreed with the expected value within 6% accuracy.

3.2.4 Analysis of Arsenic

We analyzed arsenic (As) by selective extraction of As(l11) with APDC into an organic
solvent (methyl isobutyl ketone, MIBK) followed by GFAA analysis (Kamada, T., 2976,
Brooks,1976). Detection of total arsenic involves an additional pre-reduction step using potassium
iodide (KI) and sodium thiosulfate (Na2S203) to convert As(V) to As(ll1). pH was controlled by
an acetate buffer. Ethylenediaminetetraacetate (EDTA) was added during extraction to suppress
interference caused by other metal species. All reagents were of ACS reagent grade. They were
used as purchased without further purification.

Extraction of As(l11) was carried out by adding 10 mL of a brine sample into a separatory
funnel. The sample was amended with 5 mL of 1 M acetate buffer, 5 mL of 5% EDTA solution
and 2 mL of 1% APDC solutions, respectively. The volume was brought up to 25 mL with DDI
water. After gentle mixing, 10 mL of pure MIBK was added and the funnel was swirled for 5 min.
After a standing period of 30 min, the aqueous phase was discarded. The solvent was sent for
GFAA analysis immediately. To measure total arsenic, we performed a pre-treatment step prior to
the solvent extraction procedure. Briefly, HCI solution was added to a 10 mL sample to bring the
acidity to 0.5 N. 2 mL of 20% KI solution, and 1 mL of 1% Na>S20O3 were introduced. The solution
was then neutralized with NH4OH. The sample was then subject to the extraction procedure
described above. All extractions were done in duplicate for each sample.

The presence of organic solvent precluded analysis using the more sensitive ICP-MS

method. The analysis was performed instead on a GFAA system (Perkin Elmer Analyte 800)
following EPA Method 200.9 (U.S. Environmental Protection Agency, 1994). Quantitation was
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done using 4-point calibration. One reading was measured for each sample and measurement
repeatability was check periodically using QC standards. The recovery of total arsenic spiked into
brine was 90%. It was found that the arsenic measurement was moderately sensitive to the
background salt concentration.

3.2.5 Analytical Results

The analytical results are shown in Table 3.7. Detection limits were estimated based on the
instrument detection limits (IDLs), dilution factor introduced during extraction, and analyte
recovery efficiency.

Table 3.7. Concentrations of Trace Elements in Kent County and Memphis Brines

Element Detection Limit Kent County Memphis

(ng/L) (ng/L) (ng/L)

Copper 0.04 146.6 4.0

Zinc 0.4 13.2 49.4

Cadmium 0.06 1.6 1.0

Lead 0.1 49.9 21.9

Uranium 0.02 0.34 0.84

Arsenic 10 BDL* Not measured »

Chromium 0.16 12.2 6.3

* Below detection limit
 Brine unavailable

The analytical results suggest that concentrations of trace metals could be highly variable
among different brine sources. Total trace metal concentration measured in Kent County brine was
224 ug/L, which was about three times that in Memphis brine. Much higher levels of copper (Cu)
and lead (Pb) were also identified in the Kent County brine. Since only one sampling event was
performed at each brine source, we were unable to determine whether the high variability was due
to well location or other factors. Analyses of a more statistically-significant number of samples
from different sources are recommended if large-scale application of brine is pursued by the
TxDOT in the future. It should also be noted that when the brines are applied to the actual
pavement surfaces for anti-icing purposes, the trace elements and all other solutes in the brines
would be subject to subsequent dilution by the melting ice and snow, which could typically reduce
the concentrations of all solutes by 500-fold within a short distance of the roadway (U.S.
Geological Survey, 2002) and thus limiting eventual environmental impacts.

Another comment it that it is necessary to perform method validation and optimization

using actual brine samples to ensure quality of analysis. Although the ASTM D6800-12 method is
considered to be applicable to a host of metals such as copper, cadmium, and lead, our data
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indicated poor recovery for these elements. The measurement procedures for arsenic are amenable
to further improvement to enhance the detection limit.

3.3 Required Processing, Storage, and Transport Requirements of Brines for Use as Anti-
icing or De-icing Chemicals

Review of the literature pertinent to application of chemicals for anti-icing and de-icing
purposes provided no direct detailed reports on the applications of natural or oilfield brines for
these purposes. Levelton Consultants Limited (2007) mentioned concerns about naturally-
occurring radioactive materials in natural brines, but provided no information about actual
applications in NCHRP Report 577. Guerra et al. (Guerra, K., Dahm, K, and Dundorf, S., 2011)
provided a significant summary of beneficial uses of produced waters in the western United States,
but did not include any discussion of applications for transportation safety. We have heard of
anecdotal mentions of oilfield brine on icy roads in northern Texas, but as yet we have not found
any documentation.

The locations of the manmade and natural brine vendors and their pricing details are shown
in Figure 3.1 and Table 3.3, respectively. If the manmade brines are purchased from the vendors
at the target 23 percent or 10.25-1b concentration, those brines would need no further processing
prior to storage and roadway application. The Kent County brine would require some dilution to
lower its 32 percent or 11-Ib concentration to the target concentration, and the amount of dilution
water would depend on the total dissolved solids content of the fresher water.

Transportation costs are based on hourly rates for tanker trucks with nominal capacities of
60, 80, 100, and 120 bbl. Typical hourly rates, contact information, and locations served are shown
for two regional water trucking companies in Table 3.8. Both example haulers mentioned the
possibility for negotiation of the hourly rates. For example, the total cost of a 100-bbl tanker truck
delivery of $1.00/bbl brine with a 4-hr travel time at $90/hr would be $460. The combination of
brine purchase and delivery would yield a total unit cost of $0.11/gal.

Table 3.8. Examples of Brine Hauling Companies

Company Phone Location Contact (;/?it) Locations Served

Andrews, Big Spring, Hobbs, Midland,

12N.H 7
3 wy8 Gary 90 Monahans, Odessa, Perryton, San

Globe Energy Services | (432) 263- 2801

Big Sprin Torres
'g >pring Angelo, Snyder, Westbrook
. . Crane, Fort Stockton, Iraan, Midland
Nabors Completion & 5000 N. FM 1053 | Eddie ! ' ' '
het (432) 683- 5000 \ 85 Monahans, Odessa, Pecos, San Angelo,

Production Service Fort Stockton | Gonzalez

Sheffield, and further east

The equipment available at the TXDOT maintenance sites, including storage tanks and tank
trucks to handle the brine, would have to be evaluated to determine whether transportation and
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storage needs can be met with existing equipment or if new facilities would be required. The
amount of brine storage for each site would be related to the number of lane miles in the priority
categories that require anti-icing treatments under appropriate weather conditions and the target
application rate in gal/lane mile. Delivery of the brines should be planned during warm weather
and clear road conditions, as the hauling companies will not send their trucks out in bad weather.
It should also be noted that natural brines do not have any corrosion inhibitors such as those
included in other commercial products. Addition of such chemicals would add to the unit costs of
this approach.

3.4 Summary

Brine is defined as any snow and ice control chemical mixed with water to form a liquid
solution. This chapter characterizes natural brines as a potential snow and ice control chemical for
Texas roads including the availability, water quality, storage requirements, and transport issues
related to natural brines.

Three types of geologic brines exist for consideration in snow and ice control. The first
type is natural brine that naturally exists either as surface water or in water-bearing formations
unrelated to oil or gas plays. The second type is brine manufactured by circulating fresher water
in naturally occurring below-ground NaCl deposits. The third type is produced water related to
oilfield operations for oil and gas production. These three are in addition to pre-approved brines
such as homemade salt brine manufactured at the Memphis Maintenance Section (Childress
District) or vendor-supplied, pre-blended brine products such as Meltdown Apex™ which are not
considered in this chapter.

The use of natural brines for snow and ice control is rare. Only one type of natural brine,
Kent County brine, has been identified as a potential candidate for snow and ice control in Texas.

A total of 20 manufactured brine sites were identified from the Texas Railroad Commission
permit list. These are 10-1b brines that are made by mixing fresher water with deep salt formations
to obtain a mixture that weighs 10 Ib per gal and that is free from hydrocarbon contamination and
useful for multiple applications. These sites are located in the Permian Basin or Southern High
Plains of West Texas.

Oilfield brines are a type of produced water related to oilfield operations for oil and gas
production. Per the Texas Railroad Commission (RRC), oilfield brines can only be purchased from
brine pit owners that hold specific permits from the RRC that allow them to sell the brine.
Historically, the pit operators with produced water from oil and gas wells will not sell their brine
for TXDOT’s intended use, but rather use their produced water for secondary recovery or eventual
disposal in deep wells.
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The research employed several procedures to analyze the concentrations of trace metals in
Kent County (natural) brine and Memphis (homemade) brine. The analytical results suggest that
concentrations of trace metals could be highly variable among different brine sources. For this
reason any geologic brine — natural, manufactured, or oilfield — should be tested and approved
prior to widespread use. The PNS product specification and test protocols identified herein are
appropriate for such evaluation.

It should be noted that when brines are applied to actual pavement surfaces for anti-icing
purposes, the trace elements and all other solutes in the brines are subject to subsequent dilution
by the melting ice and snow, which could typically reduce the concentrations of all solutes by 500-
fold within a short distance of the roadway.

Transportation costs are based on hourly rates for tanker trucks, and the combination of
brine purchase plus delivery would yield a total (nominal) unit cost of $0.11/gal. Storage tanks,
tank trucks and other equipment to handle the brine will be subject to district transportation and
storage needs.
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CHAPTER 4
IMPACT OF SNOW AND ICE CONTROL CHEMICALS
ON INFRASTRUCTURE DURABILITY

4.1 The Research Problem

This chapter addresses Task 3 of TXDOT research project 0-6793, which is to summarize
technical literature about infrastructure durability impacts directly related to snow and ice control
chemicals used on Texas roads under Texas winter weather conditions. This includes snow and
ice control chemicals which are currently used by TxDOT as well as locally available brines.
Durability concerns apply to the corrosion of steel reinforcement and scaling of surfaces of
concrete structures, and also to corrosion of other structures, e.g., steel bridge girders, steel
equipment, etc.

4.2 Method

4.2.1 Literature Review

The research team accomplished Task 3 through literature review and project-specific
testing. Awvailable literature was collected and synthesized regarding corrosion due to snow and
ice chemicals. With this, gaps in literature were addressed.

4.2.2 Laboratory Evaluation

Testing was completed to evaluate the unknown corrosion rates of local brines, using a
local representative sample. Test methods were identified and the Tex-624-J Atmospheric
Corrosion Test and the AASHTO T 259-02 Resistance of Concrete Chloride lon Penetration Test
were chosen for laboratory evaluation of snow and ice control materials.

Laboratory evaluation was completed to compare the effectiveness of corrosion-inhibited
chemicals to that of non-inhibited chemicals and to assess the impacts on infrastructure facilities.
The laboratory evaluation originally planned for two widely used concrete mixes along with the
chemicals sodium chloride and magnesium chloride. After discussion with the TxDOT Bridge
Division and local Lubbock District personnel, it was determined that one concrete mix design,
representative of the “worst case scenario”, that is, a concrete mix design least resistant to snow
and ice chemicals, was to be used. A test matrix including benchmark chemicals, chemicals
currently used by TxDOT, and one representative natural brine, was developed and approved by
the Project Monitoring Committee.
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4.3 Corrosion

4.3.1 Overview of Corrosion

Corrosion is a significant durability issue relative to the application and use of snow and
ice control chemicals. Corrosion is inevitable regardless of the snow and ice control chemical
used. Corrosion is a complex process that includes many factors making it site specific and hard
to predict in the field environment. Studies that have tried to compare specific snow and ice
control chemicals show a wide range of conclusions, and sometimes contradict one another
(Levelton Consultants Limited, 2006). Corrosion due to snow and ice materials varies between
concentration of chemical, metal type, and metal alloy. Overall, chloride-based snow and ice
control materials are the most corrosive. Studies attempting to rank the corrosiveness of chloride
salts have not come up with definitive conclusions. The hygroscopic magnesium and calcium
chlorides are generally considered the most aggressive due to the longer time of wetness, but for
practical purposes all chloride salts can be considered highly corrosive (Levelton Consultants
Limited, 2006). The main corrosion concern to infrastructure is the corrosion of ferrous metals,
specifically iron (Fe) in wrought carbon steels.

4.3.2 Background on Redox Reaction

Corrosion is a natural redox process that oxidizes metals. Corrosion of iron (Fe) occurs
due to the presence of water and oxygen. lIron does not rust in dry air because moisture must be
present, nor does iron rust in oxygen-free water because oxygen must be present. A winter storm
event, regardless of whether snow and ice chemicals are used, satisfies the criteria for both water
and oxygen, and therefore, corrosion will occur. Snow and ice chemicals are electrolytic, so the
rate at which corrosion occurs is increased. The corrosion process may be modeled as an
electrolytic cell. There is an anode, a cathode, an electrical connection between the two, and an
electrolyte in contact with both the anode and cathode. The anode is the area where metal is
oxidized causing material loss. This corrosion usually occurs at surface irregularities (Silberberg,
2006). The half-reaction is:

Fe(s) » Fe?*(aq) + 2e™ [anodic region, oxidation]

The free electrons move through the electrical connection, which is the metal itself, to the
cathode. The cathodic process is almost exclusively the reduction of oxygen. Therefore, the
cathode is a region of relatively high O2 concentrations, such as the surface of a surrounding
water droplet. The rate of corrosion is controlled by the rate of the cathodic process (Kotz, 2009).

0,(g) + 2H,0(l) + 4e~ - 40H™ (aq)|cathodic region, reduction]

2Fe?*(aq) + 40H (aq) - 2Fe(0H),(s) [precipitation]
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Water is the electrolyte in contact with both anode and the cathode, ferrying ions back
and forth. In a completely dry atmosphere, corrosion would be negligible. However, metal does
not need to be saturated; only a thin film of water will cause corrosion. The process is complete
without rust (iron(111) oxide) forming.

Rust is a secondary redox reaction in which iron(ll) hydroxide (Fe(OH)2) reacts with
oxygen (O) forming a red-brown iron(l1l) oxide. The rust deposits occur at a different place
than the anodic region, or region of iron loss (Silberberg, 2006). The formation of iron (I11) oxide
is:

4Fe(OH),(s) + 0,(g) = 2Fe,05 - H,0(s) + 2H,0(1)

The volume of the resultant iron(l1l) oxide is greater than the volume of metal from
which the iron(l11) oxide forms. This can allow the iron(l11) oxide to form a protective barrier to
oxygen diffusion. The effectiveness of the barrier depends on several things: thickness of the
oxide film, whether there are cracks or pores (reducing protection), whether it was formed in
tension (favoring fracture and reducing protection) or compression, etc. (Revie, 2008).

Depending on the acidity and amount of oxygen present, slightly different cathodic
reactions and oxidation of the iron (I1) hydroxide can occur. Snow and ice chloride salts (sodium
chloride, magnesium chloride, calcium chloride) form an ionic solution and improve the electric
conductivity of the solution near the anodic and cathodic regions, accelerating corrosion.
Corrosion is also accelerated at low pH (high [H']).

4.3.3 Corrosion of Infrastructure Due to Snow and Ice Chemicals

When snow and ice control chemicals, which are soluble ionic compounds, are added to
water, the water separates the ions and replaces the attraction with one between the water
molecule and ion. The substance then forms an electrolyte, which conducts current. It is the
ability of these agqueous solutions to conduct current which accelerates the rate of corrosion
(Silberberg, 2006). Conductivity also has a secondary corrosion effect by disturbing the
formation of passive rust. For example, in a sodium chloride solution, conductivity is greater
which allows additional anodes and cathodes to operate much farther from one another. At these
cathodes, sodium hydroxide (NaOH) does not react immediately with iron(ll) chloride (FeCl»)
formed at anodes. Instead, these substances diffuse into the solution and react to form iron (1)
hydroxide (Fe(OH)2) away from the metal surface. The iron (I1) hydroxide formed in this way
does not provide as adequate of a protective barrier on the metal surface. Hence, iron corrodes
more rapidly in dilute sodium chloride solution because more dissolved oxygen can reach
cathodic areas (Revie, 2008).

Chloride anions specifically, in chloride salts, have additional negative effects. Chlorides
break down the protective layer formed on steel in the atmospheric environment and the passive
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layer on steel rebar formed due to the high alkaline environment of concrete. Also, chlorides are
oxidizers which are good depolarizers (oxidizing salts can either be depolarizers, more corrosion,
or passivators, corrosion inhibitor). The chloride ions (CI") are attracted to the anode where
chloride forms ferrous chloride complexes. The soluble ferrous chloride complexes are oxidized
to ferric hydroxide on contact with air. The chloride ions are released which then supply the
anode front again (Revie, 2008).

The table below shows the percent chloride in each of the three main salts used for snow
and ice operations (Levelton Consultants Limited, 2006).

Table 4.1. Molecular weight calculations of chloride based materials (source: NCHRP 577)

Cation Atomic Compound Molecular % %
Weight P Weight Chloride Cation
Sodium 22.98977 | Road Salt (NaCl) 58.442 60.66% | 39.34% (Na)
Magnesium |, 3050 | Magnesium Chioride 95210 | 74.47% | 25.53% (Mg)
(MgCl5)
Calcium 40.078 | Calcium Chloride (CaCl,) 110.983 63.89% | 36.11% (Ca)

4.3.3.1 Atmospheric Corrosion Atmospheric corrosion includes the corrosion of vehicles,
roadside infrastructure, and steel bridges. Types of atmospheric corrosion include uniform (or
general) corrosion, crevice, poultice, pitting, and galvanic corrosion, and filiform corrosion of
aluminum and magnesium alloys (Levelton Consultants Limited, 2006). Alloying, coating such
as hot-dip galvanized or aluminum-zinc painting, and sacrificial anodes are methods used to
prevent or control atmospheric corrosion.

4.3.3.2 Corrosion of Concrete Reinforcing Steel and Deterioration of Concrete Good
quality concrete has high alkalinity, with a pH in the range of 12 to 13. This environment
produces a thin passive oxide film which protects steel rebar from corrosion. The passive layer
can deteriorate by neutralization of the alkalinity of the concrete or by chloride ions. The
chloride ions diffuse through the concrete cover to the depth of the rebar and destroy the passive
oxide layer (American Society for Metals, 2005).

Chloride ions breakdown the passive layer locally, so consequently, large cathodic areas
of passive metal surround small anodes. If sufficient water and oxygen are available, corrosion
will occur. When the steel corrodes the rust occupies a greater volume, creating expansion. The
expansion causes tensile stresses in the concrete which lead to cracking, delamination, and
spalling. This, in turn, allows more moisture to infiltrate and corrode the steel.
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A typical threshold value for chloride in concrete to initiate corrosion is 0.4 percent by
weight of cement, but values as low as 0.15 percent may be considered dangerous (Levelton
Consultants Limited, 2006).

Sulfates are a concern for the deterioration of concrete. Sulfates can be introduced in
snow and ice operations when natural brines are used. The sulfates react with hydrated
compounds in the hardened cement. This results in pressure that disrupts the cement paste,
causing a loss of cohesion and strength (American Society for Metals, 2005). Resistance to
sulfates can be achieved by using low water-to-cement ratio and cement with a small amount of
tricalcium aluminates. Some pozzolans, such as fly ash meeting the requirements of ASTM C
618 Class F, can increase the resistance to sulfates while other pozzolans, such as ASTM C 618
Class C fly ash can decrease sulfate resistance (American Society for Metals, 2005). Acids also
cause deterioration of concrete.

Concrete scaling, flaking, peeling, or pitting of the concrete surface has been caused by
snow and ice control chemicals in concrete lacking sufficient strength or air entrainment.
However, scaling has not been an issue on roads built and maintained by State DOTs where strict
standards for design and construction are followed. This is also true for roads maintained by
DOTs in northern states, even though the amount of snow and ice control chemical on their roads
is greater than that placed on Texas roads (Concrete Scaling Committee, 2002). The full
memorandum from the concrete scaling committee can be seen in Appendix I. For comparison
on the quantity of snow and ice control material placed by TxDOT and other states, refer to
Chapter 2.

4.3.4 Corrosion Inhibitors

Multiple strategies exist to mitigate corrosion. Measures can be introduced directly to the
infrastructure to protect against corrosion. Alternatively, corrosion inhibitors can be added to the
snow and ice chemicals themselves. These different methods vary in effectiveness and depend on
several factors. Of particular interest are corrosion inhibitors added to snow and ice chemicals.

Corrosion inhibitors are added to many of the manufactured and blended snow and ice
products. These corrosion inhibitors are almost always proprietary, so little is known about the
chemical makeup. In the past, agricultural by-products have been popular additives. Though the
corrosion inhibitors could have some corrosion-inhibiting effect on vehicles, these agricultural
products biodegrade and are thought to offer little long-term effect for inhibiting corrosion for
infrastructure. There are three basic types of corrosion inhibitors: anodic inhibitors, cathodic
inhibitors and mixed inhibitors (Levelton Consultants Limited, 2006).

4.3.4.1 Anodic Inhibitors Anodic corrosion inhibitors work by forming a passivizing film
that inhibits the anodic reaction, which is the dissolution of metal. The passive oxide film is
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cathodic to steel. In theory, this is the best type of inhibitor as it can completely prevent
corrosion. However, if the concentration of anodic inhibitor is lower than optimal, it can
accelerate corrosion. If the passive layer is penetrated, the exposed metal becomes a small anodic
area surrounded by a large cathodic (corrosion inhibitor) passivating film. Anodic snow and ice
control corrosion inhibitors can show very low corrosion results in the laboratory environment,
but in the field environment, when the chemical becomes diluted, corrosion results can be much
different. Forms of anodic inhibators include chromates, nitrites, molybdates, phosphates,
carbonates, and silicates. In snow and ice control practice, only phosphates, carbonates, and
silicates tend to be suitable to prevent corrosion of iron-based alloys (Levelton Consultants
Limited, 2006).

4.3.4.2 Cathodic Inhibitors Cathodic inhibitors work by preventing the reduction of
oxygen at the cathode. These are precipitating corrosion inhibitors which form an insoluble film
on the cathode under localized conditions of high pH. Cathodic inhibitors are generally
considered less effective than anodic corrosion inhibitors but are considered good, i.e. safe,
corrosion inhibitors for snow and ice applications due to the variability of dilution rates.
Cathodic inhibitors decrease general corrosion without stimulating pitting corrosion. Forms of
cathodic inhibitors include calcium bicarbonate, zinc ions, polyphosphates, and phosphonates
(Levelton Consultants Limited, 2006).

4.3.4.3 Mixed Inhibitors Mixed inhibitors are all other inhibitors that are not exclusively
considered anodic or cathodic inhibitors. Mixed inhibitors work by physical absorption,
chemisorptions, or film formation. Agricultural by-products fall into this category. These
organic products come with a wide range of compounds including amines, phosphates,
hetrocyclic nitrogen compounds, sulfur compounds and numerous natural compounds such as
proteins, plant extracts, phytic acid (inositol hexaphosphoric acid), rice bran, soybean cake, beet
juice, and grape seed oil (Levelton Consultants Limited, 2006).

4.4 Atmospheric Corrosion Testing

4.4.1 Overview

This study included a limited program of laboratory testing to evaluate the atmospheric
corrosion impacts of selected snow and ice chemicals. The goal of these tests was to compare
the durability impacts between chemicals, not to predict the longevity of infrastructure in the
field. The atmospheric corrosion test was completed using TXDOT’s Tex-624-J test procedure.
The Tex-624-J procedure is based on the Pacific Northwest Snowfighter’s (PNS) Test Method B
(Pacific Northwest Snowfighters, 2010). Appendix J provides the method along with notes of
extra criteria and procedural annotations used in tests, in an effort to increase repeatability of the
test.
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4.4.2 Test Procedure and Test Matrix

Three batches of tests were performed using the Tex-624-J method. The test matrix
evaluated eight different chemicals including control chemicals, two stock chemicals, and five
snow and ice chemicals as per Table 4.2. Details about the sources of these chemicals can be
found in Appendix J as well as information for additional materials needed for the test.

Table 4.2 Tex-624-J Test Matrix

Control/Stock Chemicals Snow and Ice Chemicals
Distilled Water Control Road Salt
Sodium Chloride Stock MeltDown 20®

Magnesium Chloride Stock MeltDown Apex™
Memphis Brine
Natural Brine

4.4.3 Test Results

Appendix K presents the raw data from the Tex-624-J atmospheric corrosion tests. Table
4.3 shows the corrosion rate (mils/yr) for each chemical with the corrosion due to the distilled
water subtracted from each test. This allows the difference in corrosion rate between the
chemicals to be compared without the effect of the corrosion rate due to the distilled water.
Subtracting the corrosion due to the distilled water is consistent with the Tex-624-J procedure.

Table 4.3 Tex-624-J Test Results

Tex- Coefficient
. 624-J Corrosion Standard . p-value Null
Chemical . Mean . of Variance .
Test (mils/yr) Deviation Hypothesis
(%)
Number
Chloride 2 22.894 23.59 2.52 10.7
Control 3 21.489
1 10.958
2 10.739 .
MD 20 8.59 3.92 45.6 0.00254 Reject
3 4.064
4 9.408
1 14.616
MD Apex 2 13.190 13.03 1.67 12.8 0.00189 Reject
3 11.288
1 27.433
Road Salt 2 21.141 23.45 3.47 14.8 0.47823 Accept
3 21.769
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Table 4.3 Tex-624-J Test Results, continued

Tex- Coefficient
. 624-J Corrosion Standard . p-value Null
Chemical . Mean - of Variance .
Test (mils/yr) Deviation Hypothesis
(%)
Number
Magnesium 1 32.037
Chloride 2 31.658 31.50 0.64 2.03 0.00314 Reject
Control 3 30.791
N 1 24.863
I'\B/'r?rr:;p 19 2 23.146 23.71 1.00 4.20 0.47095 |  Accept
3 23.130
| 1 23.956
g;t:ga 2 23305 23.42 0.489 2.09 0.45693 |  Accept
3 23.000

A p-value was determined in order to distinguish any differences between corrosion rates
of the chemicals. For the p-value, a Student’s T-test, one-sided tail and equal variance, and a
null hypothesis of equal mean with an alpha value of 0.05 were used. The null hypothesis is
rejected for Meltdown 20®, Meltdown Apex™, and Magnesium Chloride. Table 4.4 shows a
three-test average of the percent corrosion of the chemical as compared to the sodium chloride
control.

Table 4.4 Chemical corrosion percent compared to that of the sodium chloride control.

Percent Corrosion as
. compared to the
Chemical SodiLFJJm Chloride
Control
MeltDown 20® 37.51
MeltDown Apex™ 55.18
Magnesium Chloride Control 134.3

4.4.4 Analysis of Tex-624-J Atmospheric Corrosion Test

The magnesium chloride control shows the highest corrosion rate with a rate 134 percent
of the sodium chloride control. Meltdown 20® had a corrosion rate 38 percent of the sodium
chloride control, and Meltdown Apex™ had a corrosion rate 55 percent of the sodium chloride
control. The road salt (granular sodium chloride), Memphis brine (sodium chloride brine) and
the natural brine (sodium chloride brine) showed no difference in corrosion compared to the
sodium chloride control.

As noted previously, the Tex-624-J method is not intended to model the corrosion rate
(mils/yr) for chemicals applied in a field environment but should be used as a guide to compare
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the corrosivity between chemicals. Laboratory corrosion rates do not follow those of the field
environment, and Test Method Tex-624-J does not try to replicate field conditions. Actual
corrosion rates are affected by many factors which are different between the Tex-624-J test and
field conditions, most notably: temperature, humidity, and time of wetness.

Test Method Tex-624-J is currently used by TxDOT to evaluate chemicals with
proprietary material (corrosion inhibitor) to verify their compliance with Departmental Materials
Specification 6400 (DMS-6400). DMS-6400 states that corrosion-inhibited chemicals shall have
a corrosion rate less than or equal to 30% of the sodium chloride control. The test results
reported in Table 4.3 show that Meltdown 20® and Meltdown Apex™ did not meet this
requirement. However, the test program for this study adapted Test Method Tex-624-J with the
sole objective of comparing chemicals (both generic and proprietary) for corrosion, not to test for
compliance.

4.4.5 Conclusions and Observations

Atmospheric corrosion testing per Test Method Tex-624-J indicates that magnesium
chloride control has a higher corrosion rate than the sodium chloride control. The road salt
(granular sodium chloride), Memphis brine (sodium chloride brine) and the natural brine
(sodium chloride brine) all have the same corrosion rate as the sodium chloride control. Both the
Meltdown 20® (granular sodium chloride) and Meltdown Apex™ (magnesium chloride brine)
have a lower corrosion rate than the sodium chloride control. These are expected results based on
review of the literature. The coefficient of variance for the Tex-624-] tests is low enough for this
test to be an acceptable test for comparing the corrosion rate between chemicals.

The corrosion percent can vary significantly between chemical samples.
Recommendations for future testing would be to test different chemical samples — especially the
Meltdown 20® product and natural brines which have the highest variability — to determine a
confidence interval for the PNS corrosion percent.

It is recommended that the Tex-624-J procedure be revised to identify an acceptable
range of atmospheric temperature during the test. Temperature affects the corrosion rate, and
variances in temperature between labs will lead to different corrosion values. The Pacific
Northwest Snowfighter’s Test Method B sets a temperature range 69.8°F to 73.4°F (Pacific
Northwest Snowfighters, 2010).

4.5 Chloride Diffusion Through Concrete
4.5.1 Overview

Chloride diffusion through concrete destroys the steel rebar’s passive layer and initiates
corrosion of the steel rebar. Testing was done to evaluate the concentration of diffused chlorides
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of various snow and ice chemicals. The chloride diffusion test was completed using AASHTO
T-259-02 Standard Method of Test for Resistance of Concrete to Chloride lon Penetration
(AASHTO, 2002).

4.5.2 Test Procedure and Test Matrix

The concrete mix design was Class S concrete, specifically, a Highland Concrete mix
(Appendix L). The materials for the mix including the 1-inch Crockett intermediate aggregate,
sand, cement, fly ash (Class C), air entrainment (BASF MBAE-90), and water reducer (BASF
Polyhead 1720). All material was donated to the project courtesy of Highland Concrete in
Lubbock, Texas. Fiber reinforcement was not included.

Test specimens were cast in 12 in x 12 in x 4 in thick blocks. In accordance with Item
420 Concrete Structures, 420.4 J Curing Concrete, an evaporation retardant and curing
compound was applied after the water sheen had disappeared. Test specimens were wet mat
cured using cotton batting for 10 days. After the curing time, the test specimens were removed
from the forms and were stored on spacers to allow the top, bottom, and sides of the slabs to air
dry. The specimens were cured for 28 days, and cylinder specimens were tested to confirm the
concrete exceeded the minimum 28-day design strength.

On the 29" day, the slab surfaces of the specimens were sandblasted using 20-30 grit
walnut shell media. Acrylic dams were placed one inch inside the top edge of all the specimens.
Slabs were then returned to air dry for 13 days.

Samples were then subjected to continuous ponding with three percent by weight of
chemical. Eight different chemicals were evaluated for chloride diffusion, the same chemicals as
those identified in Table 4.2 for atmospheric corrosion testing. Details about the source of these
chemicals can be found in Appendix J.

Acrylic plates were placed over the ponded chemical solutions in such a way that the
surface of the slab was sealed from the surrounding atmosphere in order to retard evaporation.
Distilled water was added as needed to maintain constant solution depth. Samples were ponded
for 180 days.

For sample extraction, the Gilson Model HM-343 Sample Drilling Assembly was used.
A pilot hole was drilled using a %z inch bit. The pilot hole was drilled to a depth of 2% inches. A
2-inch core bit was used for sample extraction with a vacuum tube assembly collecting the
powder from the companion hole. The HM-343 Drilling Assembly had guide stops at a depth of
Y4 inch and %2 inch increments thereafter. Concrete samples were taken at four different depths:
Level O from 0 to ¥ inches, Level 1 from ¥4 to % inches, Level 2 from % to 1% inches, and Level
3 from 1% to 1% inches. Only one replicate concrete sample was tested for each specimen at

0-6793 VOL. 1 4-10



Level 0 and these data were not included in the analysis due to possible high variability at the
surface of the concrete sample. Samples from Level 1, Level 2 and Level 3 were tested with
three replicates per concrete specimen at each depth (i.e., 3 cores per specimen). A separate shop
vacuum and compressed air system was used to clean the core hole, bit, and sample vacuum
assembly between each sample extraction to prevent contamination between samples at different

depths.

4.5.3 Corrosion Diffusion Test Results
Table 4.5 shows the results of chloride concentration for concrete samples cored at
Levels 1, 2 and 3 in each specimen. Each depth included three replicates (one from each core

hole). The chloride concentrations are expressed in mg of chloride per 1 kg of concrete.

Table 4.5. Chloride Concentration at Different Depths from AASHTO T259 Ponding Test

Depth of Concrete Sample

Product Name Core 1/4"-3/4" 3/4"-1 1/4" 11/4"-1 3/4"
Number ) ) )
(mg/kg) (mg/kg) (mg/kg)
146.28 66.79 774.82
. . 214.22 68.67 42.49
Sodium Chloride
548.58 53.98 53.54
Avg 303.03 63.15 290.28
47.48 55.16 50.48
o 76.33 34.45 40.94
Distilled Water
42.50 33.19 41.52
Avg 55.44 40.94 44.31
98.97 93.00 524.65
32.98 38.15 366.55
MeltDown 20®
47.32 29.74 325.80
Avg 59.76 53.63 405.67
558.65 143.24 85.39
703.40 164.06 64.47
MeltDown Apex™
706.09 107.09 92.23
Avg 656.05 138.16 80.70
1022.65 74.97 3.63
513.41 97.20 61.20
Road Salt
319.71 71.57 63.28
Avg 618.59 81.25 42.71
691.40 123.61 56.46
) ) 1305.20 100.49 94.18
Magnesium Chloride
938.05 288.68 73.15
Avg 978.22 170.93 74.60

0-6793 VOL. 1

4-11



Table 4.5. Chloride Concentration at Different Depths from AASHTO T259 Ponding Test, cont.

Depth of Concrete Sample

Product Name Core "_3/4" " " " "
Number 1/4"-3/4 3/4"-11/4 11/4"-13/4
(mg/kg) (mg/kg) (mg/kg)
183.78 48.31 51.45
L. 283.91 46.45 39.10
Memphis Brine
366.60 46.40 47.00
Avg 278.10 47.19 45.85
119.27 51.46 45.19
. 87.44 39.15 25.13
Natural Brine 1
216.47 33.13 28.55
Avg 141.06 41.25 32.96

4.5.4 Discussion of Chloride Diffusion Results
Figure 4.1 shows chloride concentration values in the form of percent chloride by weight
of concrete for each of the chemicals and the control solution (distilled water). The magnesium
chloride solution resulted in the highest chloride concentration values at different depths.

Previously-published

research  (West

and Hime 1985)

identifies

threshold chloride

concentrations that can damage the protective layer formed around concrete reinforcement to be
between 0.031% and 0.039% chloride by weight of concrete.

0.35

0.3

0.25

0.2

0.15

Chloride Concentration as
% Weight of Concrete

0.1

0.05

hreshold (West and Hime 1985)
espmmDistilled Water

el MeltDown® Apex
esismRoad Salt

esp@mNatural Brine
esismMeltDown® 20

e=@==Magnesium Chloride
Sodium Chloride

==»Memphis Brine

Level 0 (0.00" to 0.25")

Level 1 (0.25" to 0.75")

Level 3 (1.25" to 1.75")

Level 2 (0.75" to 1.25")

Figure 4.1 Chloride Penetration of Snow and Ice Control Chemicals, AASHTO T259 Ponding

Test.
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All snow and ice control chemicals tested — except for natural brine which at all depths
had values at or below the threshold — were above the threshold range at Level 0. At Level 1,
magnesium chloride, road salt, and Meltdown Apex™ were still above the threshold region.
Sodium chloride, Memphis brine, natural brine, and Meltdown 20® were below the threshold
region. For Level 2 and Level 3, the chloride concentrations were well below the threshold
region. There were discrepancies in the Level 3 results for the Meltdown 20® and sodium
chloride which are believed to be caused by the non-uniformity of the salt particles sampled from
the stockpile. Fabrication variance in the concrete specimens, particularly non-uniformity of
concrete compaction, may have also contributed towards this discrepancy. Meltdown 20®
showed scatter in the data from the corrosion test. Sodium chloride was still below the threshold
region and the Meltdown 20® was just above the threshold region. Overall, the natural brine had
the least penetration into the concrete specimen.

Based on these results, it is reasonable to conclude that at a depth of 2 inches, which is
typically the shallowest depth where steel reinforcement bars are located in bridge decks, the
chloride concentrations were below the threshold levels reported by West and Hime (1985).
Sound quality control measures adopted for bridge deck concrete can provide safeguards against
high chloride concentrations. However, it is important to verify results in the field environment.

4.5.5 Product-Specific Chloride Diffusion Results

Figures 4.2 through 4.8 show the chloride penetration test results from Table 4.5 for each
concrete specimen ponded with one snow and ice control chemical. These charts show the high,
low and average chloride concentrations for three replicate concrete samples obtained from each
specimen ponded by one chemical, obtained from the AASHTO T259 Ponding Test. Figure 4.9
contains the chloride concentration for distilled water, which was used as the control, and as
expected, those results showed very low chloride concentrations.
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Figure 4.2: Chloride Concentration at different depths of AASHTO T259 Concrete Ponding
Specimen — Sodium Chloride.
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Figure 4.3: Chloride Concentration at different depths of AASHTO T259 Concrete Ponding
Specimen — Memphis Brine.
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Figure 4.4: Chloride Concentration at different depths of AASHTO T259 Concrete Ponding

Specimen — Natural Brine.
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Figure 4.5: Chloride Concentration at different depths of AASHTO T259 Concrete Ponding

Spnecimen — Road Salt.
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Figure 4.6: Chloride Concentration at different depths of AASHTO T259 Concrete Ponding
Specimen — Meltdown Apex™.
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Figure 4.7: Chloride Concentration at different depths of AASHTO T259 Concrete Ponding
Specimen — Meltdown 20¢.
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Figure 4.8: Chloride Concentration at different depths of AASHTO T259 Concrete Ponding
Specimen — Magnesium Chloride.
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Figure 4.9: Chloride Concentration at different depths of AASHTO T259 Concrete Ponding
Specimen — Distilled Water.
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4.6 Summary

The primary objective this task has been to evaluate various de-icing chemicals
commonly used by TxDOT for snow and ice control, at representative dosages and application
frequencies, relative to infrastructure durability impacts. Table 4.7 summarizes the findings and
shows that all currently-used de-icing chemicals tested “suitable” relative to infrastructure
durability based on TxDOT’s current application rates and application frequency.

Table 4.6 Suitability of Chemicals

Chemical Suitable relative to infrastructure durability based
on TxDOT operations current dosage and
application frequency?

Road Salt Yes
MeltDown 20® Yes
MeltDown Apex™ Yes
Memphis Brine Yes
Natural Brine Yes

Atmospheric corrosion results from laboratory testing showed that the corrosion rates are
similar for uninhibited sodium chloride salts. Therefore, infrastructure durability will not see an
increase in adverse impacts due to TXDOT operations substituting road salt for the other sodium
chloride products, i.e. the Memphis Brine or Kent County brine. Historically, over 50 percent of
granular chemical placed TXxDOT has been road salt without any corrosion inhibitors.

Results from the chloride ponding tests indicate that at a concrete depth of 2 inches below
the top of slab, which is the shallowest depth where steel reinforcement bars are typically located
in a bridge deck, the chloride concentrations for all chemicals tested were below the threshold
impact levels reported by West and Hime (1985). Sound quality control measures adopted for
bridge deck concrete will help provide safeguards against chloride concentrations above
threshold impact values.

For practical purposes, all chloride salts are considered highly corrosive with the main
factor being time of wetness. Hygroscopic de-icing materials cause roadway infrastructure to
stay wet longer, resulting in higher corrosion (Levelton Consultants Limited, 2006). Corrosion-
inhibited snow and ice control chemicals which are tested in the laboratory show reductions in
corrosion rates for the metals being tested, but they may show little or no inhibiting effect on
other untested metals (Levelton Consultants Limited, 2006). Also, corrosion-inhibited snow and
ice control chemicals can show significant reductions in corrosion rates in the laboratory, but
under field conditions show much lower inhibiting effects. This was the case in a 2002-2003
field study by Washington State DOT (Baroga, 2003) where results from a test section of
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magnesium chloride corrosion-inhibited chemical and sodium chloride corrosion-inhibited
chemical showed truck-mounted steel coupons with 27 to 30 percent less corrosion than the
sodium chloride test section as compared to laboratory results where these same corrosion-
inhibited products showed at least 70 percent less corrosion. In this same study, steel coupons
placed on guardrails showed that the corrosion-inhibited products yielded no corrosion-inhibiting
effects (Baroga, 2003).

When one considers that corrosion impacts directly relate to the quantity of chemical
used, and the quantity of chemical is driven by climate severity, it can be observed that because
Texas winters are relatively mild, most portions of the State see only a few winter storms per
year, and some see no storms at all. Further, even the coldest and snowiest portions of Texas
have less severe winters than northern states with active, chemical-based winter roadway
maintenance programs. Texas’ winter maintenance activities are an order of magnitude lower —
one-tenth to one-fiftieth — compared to states such as lowa, Ohio, and Massachusetts.
Quantitatively, it is reasonable to infer that TXDOT winter maintenance operations apply an
order of magnitude (or lower) less chemical to Texas bridges and roads than that used in the
northern states. While this level does not eliminate corrosion concerns associated with winter
roadway maintenance in Texas, it does provide some perspective.
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CHAPTER 5
ENVIRONMENTAL IMPACT

5.1 Introduction

This chapter evaluates environmental impacts of common de-icing chemicals used for
snow and ice control which was Task 4 of the research study. General conclusions are made about
the impacts of de-icers on the environment, with an important caveat that every roadside, stream,
and lake is different and may assimilate a de-icer differently because of variables such as
precipitation, soil type, wind direction and speed (Salt Institute 2004). The de-icer’s chemical
composition is the main factor in predicting the environmental impact. Table 5.1 illustrates that a
number of de-icing materials have both primary components and secondary attributes (Table 5.1).

Table 5.1 Primary components and secondary attributes of selected snow and ice control materials
(NCHRP 2007)

M?%éal Snow and Ice Control Material Primary Components Secondary Attributes
. Sodium Chloride (NaCl) Na, CI Heavy Metals, CN, P
bChIgrldIe Calcium Chloride (CaCl,) Ca, Cl Heavy Metals, P
ased salts Magnesium Chloride (MgCl>) Mg, ClI Heavy Metals, P
Acetates Calcium Magnesium Acetate (CMA) | Ca, Mg, C2H30; BOD
Potassium Acetate (KA) K, C2H303 BOD
Agricultural By-Products (Organic Organic Matter BOD, Heavy Metals,
. Biomass) (complex sugars) Phosphorus, Nitrogen
Organic - -
Products _ _ O_rganlc Matte_r- varies
Manufactured Organic Materials with product (i.e. BOD
glycol, methanol)
Nitrogen Urea U_rea, Ammonia (i.e. Not Available
Products Nitrogen)
Air Quality- PM10,
Abrasive | Abrasives PM2.5 Water Quality- | Heavy Metals, P
Sedimentation

The information contained in this section was obtained from a combination of a review of
the literature as well as interviews conducted with several State DOTs. Primary de-icing salts
include sodium, calcium, and magnesium chloride, while the secondary components are typically
low levels of heavy metals and phosphorus (NCHRP 2007). Except for small differences, the states
contacted generally used the same types of chemicals and tested for similar constituents as per
Table 5.2.
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Table 5.2 Snow and Ice Chemicals used by other states

State* Interviewee Chemicals
Minnesota Tom Peters Road Salt
New York Mike Lashment Road Salt, Salt treated with MgCl, + agricultural

additives, Salt brine (23%), Liquid MgCl; or CaCl,
Road Salt, CaCl;, a blend of potassium, sodium,

Ohio Thomas Lyden . . .

magnesium, calcium and organic extracts

Liquid MgCly, liquid NaCl, Solar salt from Great
Utah Lynn Bernhard Salt Lake, Road salt, Ice Slicer

Road Salt + Sand, liquid chlorides, Salt Brine
Vermont Wayne Gammell (23%), Ice-Be-Gone

i 0,

Washington Jay Wells Road Salt, Salt Brine (23%), CaCl,, MgCl.

(Freezegaurd)

*Colorado, lowa, Michigan, Montana, Massachusetts, New Hampshire and North Dakota were also
contacted but provided either no response or no relevant information.

5.2 Impacts of Sodium Chloride

Sodium chloride (NaCl), or road salt, is one of the most commonly used de-icing chemicals
(NCHRP 2007). When used in excess, sodium chloride can be detrimental to the environment;
however, a method known as sensible salting promotes using the appropriate amount of salt on
roads to reduce negative impacts (Salt Institute 2004). All of the State DOTSs that were contacted
use sodium chloride and none of them expressed environmental concerns involved with using road
salt. The state of Washington collects annual soil samples from roadsides to assess if damage is
being caused by their de-icing chemicals. The soil samples are tested for their chloride loading and
heavy metal contamination. To date, no adverse results have been reported (Jay Wells 2012).

The environmental effects of salt on soil are controlled by factors such as the land
topography, the soil type, and the vegetation cover (quantity and type) (Andel et al., 2012). The
soil chemistry is affected when cations adsorb to soil particles, changing the relative concentrations
of several ionic species in the soil. Adsorption of sodium ions can change the soil’s structure by
shrinking the soil particle size, compacting the soil, and reducing the permeability (NCHRP 2007).
Changing the permeability of the soil affects erosion and surface runoff patterns near the roadway.
Sodium ions weaken soil structure, slow water movement through the soil and increase runoff
(Fischel 2001). Negative impacts to the soil only occur when excessive levels of sodium
accumulate in the soil (NCHRP 2007). The report did not quantify what constitutes an excessive
level of sodium. The overall impact will be a combination of application rate, (total material
applied and area of application) as well as climatic variables such as precipitation rate.
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Texas uses relatively low quantities of NaCl compared to some states. For example, in
Washington approximately 50,000 tons of sodium chloride is used each year while Texas uses
~5,900 tons to de-ice roads (Jay Wells 2012).

When an anion like chloride adsorbs to soil particles it too can lead to structural changes
in the soil, loss of permeability, soil swelling and increased erosion (Fischel 2001). Chloride ions
from de-icers are at their highest concentration 2-3 m from the road and 1 m down into the soil
(Fischel 2001). Because the chloride ions do not travel far from the roadway, their effects are
negligible beyond 80 feet from the roadway (Salt Institute 2004). Because chloride ions do not
generally react with soil, chloride tends to quickly become flushed from the soil preventing
accumulation and therefore not posing a risk to the soil (Salt Institute 2004).

Another concern for soil contamination is accumulation and/or mobilization of heavy
metals. Some evidence suggests that heavy metals are released from de-icers, especially at higher
application rates (like those in Washington State), but the evidence is insufficient (NCHRP 2007).
More research is needed to determine how heavy metals in de-icers behave along with their
environmental impacts.

Sodium chloride poses a threat for many different types of water bodies. Groundwater is
the most at risk for contamination. The Ohio Department of Transportation recorded its application
rates over a ten year period and analyzed proximal groundwater quality (Kunze and Sroka 2004).
Table 5.3 lists application rates and Figure 5.1 displays a graph of chloride levels in observation
wells (Kunze and Sroka 2004). These data suggest that de-icers only impact the environment close
to the roadway and it appears that salt only entered the groundwater at relatively low rates. Other
studies have suggested concerns with chlorides causing acidification of ground water but no
analysis was presented to support this conclusion (Fischel 2001). When evaluating the impacts of
de-icers on surface water, NCHRP Report 577 concluded that the magnitude of the impact is
proportional to the amount of dilution. The example in Figure 5.2 illustrates how much dilution
affects concentration as the de-icer leaves the roadway (NCHRP 2007). A value of 50mm (~2.5
inches) is used for precipitation to reflect conditions found in Texas.
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Table 5.3 Countywide sodium chloride and sodium chloride amounts applied by the Ohio Department of Transportation, by year (Kunze

and Sroka 2004)
County : Tons
= % = = _ B = Season Season Smt:t:m per
g & 4 = E 5 _g i total average ftons] . lane-
3 £ = 2 = = & = mile, average
Sodium chloride [tons]
1990-91  el15000 7,000 5754 5220 4892 4087 2,838 998 5,809 5726 312698 7.54
1991-92 17000 7,000 6510 4712 4310 2472 1.723 782 44 709 5,580 338263 7.90
1952-93  e21000 56,000 6974 4660 4.503 3470 1,976 L0071 45.654 6,207 375264 872
1993-94 26079 6,706  B.063 5,842 5,332 1,733 1.518 2,145 37420 T178 514323 11.97
195495 17,494 8,356 4 583 4352 3,680 2,709 1,289 1643 44011 5501 338,735 7.88
1995-96 43.76% 13514 10786 8844 4592 4711 2936 2,540 91,682 11,460 628616 14.69
1996-97 32620 9441 6605 5246 3915 2902 2327 698 63.754 7969 339834 7.94
1997-98 25658 9148 5278 4829 2039 2082 1.554 524 31,502 6,438 280,820 6.56
1998-95 35492 16,096 10259 8832 3146 4971 3.882 2,758 B7.456 10932 599371 14
Total 234,112 B3261 64799 52457 38,399 29347 20063 13559 535997 87,004
Average 26012 9251 7200 5829 4267 3261 2229 1507  59.555 7.444 9.60
Calcium chloride (oallons)
19590-91 28541
1951-92 Diata not available 3,101.0
1952-93 4.023.5
1993-94 135844 2B496 10566 26022 4092 0 0 0 205,020 0 47730
1994-95 44995 11,680 4425 1,710 1,780 o 0 0 64 590 316,168 595
1995-96 96,313 24373 14,349 22665 4768 0 0 0 162 6588 735937 71.1
1956-97 a6l 4381 5,019 7,550 4863 4581 0 0 0 83454 337.502 131
1997-98 61,081 2881 6,900 0 1,587 ] 0 0 72,449 206,160 12
1958-99 81075 10,198 23319 6,150 11,695 330 0 0 132,767 681,410 94
Total 480,782 82647 AT309 61410 28503 330 0 0 T20988 2277177 48473
Average 80132 13775 11218 10235 47350 55 0 0 120,185 379,530 246
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Figure 5.1 Plot of chloride concentration showing peaks as they move down gradient well to well
(Kunze and Sroka 2004)

Runoff Value:
Area of Roadway (1 mile): 90,000m?
Annual Winter Precipitation: 50mm
Runoff = 90000m**50mm= 4,500 m?
Dilution:
NaCl Solution Applied: 8,300 L or 8.3m?
Dilution: 4,500 m*/8.3 m* = approx. 500 times
Concentration of Cl in undiluted NaCl Solution: 200,000 mg/L
Predicted Concentration of Cl exiting roadway: 200,000mg/L / 500= 400 mg/L

200,000mg/L / 500= 400 mg/L

Figure 5.2 Calculations to predict dilution effects
The concentration of de-icer leaving the road is only 0.2% of the original concentration of

de-icer applied. The concentration exiting the roadway is very small and will rapidly dilute further
with distance from the road as the dilution volume was only based on the road area while the
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drainage area will be much larger. Several factors affect dilution and the concentration of de-icers
in surface water (Table 5.4). In general runoff that is collected in larger bodies of water will
experience less impact from snow and ice control chemicals due to the larger dilution (NCHRP
2007).

Table 5.4 Factors that influence concentrations of snow and ice control materials in receiving
waters (streams, lakes, wetlands). (NCHRP 2007)

Factor !Effect on _Snow and Ice Control Materials
in Receiving Waters

Higher road surface per unit watershed Increases concentrations

Higher roadway runoff Decreases concentrations

Higher rate of application Increases concentrations

Greater distance to receiving water Decreases concentrations

Greater volume of receiving water Decreases concentrations

Greater flushing of receiving water Decreases concentrations

The Salt Institute recognizes that chloride can hinder a plant’s ability to take up water (Salt
Institute 2004). Section 3.7 of NCHRP Report 577 provides a lengthy assessment of the impacts
on vegetation and it states that damage to roadside plants are caused by deposition of snow and ice
chemicals on the foliage or infiltration into the soil and root exposure (NCHRP 2007). Foliar
deposition can be caused by vehicles or winds that mobilize dried chemicals on the road. Roads
with higher speed limits and more traffic increase the transport of snow and ice chemicals into the
air (NCHRP 2007). Terrestrial vegetation can be resistant to higher NaCl concentrations but some
adverse effects include reduced flowering, reduced root growth, thinning of tree crowns, and even
death of the plant (Fischel 2001). High salinity can decrease biodiversity by killing native species
and allowing the salt tolerant ones to flourish (Hackley et al. 2009). NCHRP Report 577 also states
that the soils 10 to 20 meters closest to the road are the most impacted. It is suggested to minimize
the amount of de-icer used in order to minimize detrimental effects to the vegetation (NCHRP
2007). Concentrations of chloride less than 70 ppm will not damage plants while concentrations
between 140-350 ppm can cause damage to moderately tolerant plants (Fischel 2001). Sodium is
toxic to plants when it reaches a level of 0.3% dry weight in the plant (Fischel 2001).

Sodium chloride may also impact microbial community structure. The roadside
environment is a “disturbed” environment and it is unclear what population structure should be
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present (NCHRP 2007) but at least one study has shown that elevated salinity can shrink and stress
microbial populations (Andel et al. 2012).

With regard to the impact on fish, the Salt Institute states that many freshwater fish are able
to tolerate peaks in salt concentrations (Salt Institute 2004). An increase in salinity in a lake can
create layers in the water by changing the density of the water and reducing temperature. The
lower, denser layers have reduced dissolved oxygen concentrations, harming the ecosystem in the
lake (Fay and Shi 2012). If the lake turns over and the layers are flipped then the ecosystem in the
lake could be harmed.

Many fish and other aquatic organisms are tolerant to chloride. The EPA limit of chloride
in water for acute toxicity is 860 ppm, and the limit is 230 ppm for chronic toxicity (Fischel 2001).
Additional information about chloride toxicity in freshwater fish and plants can be found in a report
by the EPA (Benoit 1988).

In the case of animals, many birds and large mammals are attracted to the sodium in the
salt on roads. For example, large mammals need to resalinate their bodies after salt loss. Large
mammals such as deer are attracted to the salt on the roads, creating a high risk of a collision. Salt
attracting animals to the roadside could be a factor attributing to road kills (Fischel 2001). High
chloride levels in animals may be toxic but larger animals may assimilate higher concentrations.
NCHRP Report 577 also states that where fresh water is readily available, chlorides will not be a
risk for wildlife (NCHRP 2007).

5.3 Impacts of Other Chloride-Based De-icers

Calcium and magnesium are commonly-used components in de-icers. As calcium and
magnesium are essential minerals for plants these types of de-icers are considered more
environmentally friendly and are very effective when paired with sodium chloride (Lewis 1999).
Magnesium and calcium can improve the permeability and structure of soil (NCHRP 2007). These
ions alter soil structure by encouraging fine clay particles to aggregate, improving drainage and
aeration (Fischel 2001). While improving soil structure, these cations can exchange with heavy
metals in the soil, causing the heavy metals to be released into the environment or nearby water
sources (Fay and Shi 2012). A positive characteristic of magnesium and calcium salts is that they
do not dry, flake, and affect the air in the same way as sodium chloride (NCHRP 2007).

Many of the State DOTSs contacted in this project use magnesium and calcium salts as extra
tools against snow and ice. These chemicals are typically combined with a corrosion inhibitor,
such as a corn syrup, sugar cane molasses, phosphorous, or nitrogen (Bernhard, Lashment and
Wells 2012). The sugar in organic corrosion inhibitors could create an oxygen demand, causing
problems for the receiving lakes and streams while phosphorous and nitrogen can cause
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eutrophication — that is, an increased concentration of nutrients, especially phosphates and nitrates,
which may be considered a form of pollution.

A report by Colorado Department of Transportation evaluated the environmental impacts
of a de-icer called Caliber M1000. Caliber M1000 is mainly a magnesium chloride de-icer. There
are also small amounts of sodium (2000 mg/L), calcium (900 mg/L) and potassium (1300 mg/L)
but magnesium makes up 95% of the cations (79000 mg/L) (Lewis 2000). This de-icer has high
amounts of phosphorous and nitrogen, which raise concerns for eutrophication. These two
nutrients are in the form of ammonia (52 mg/L) and soluble phosphorous (130 mg/L) (Lewis 2000).

The State of Texas regulates effluent phosphorous and total nitrogen levels in treated
wastewater to be 1 mg/L and 10 mg/L, respectively. Phosphorus is a main constituent of concern
because of its high concentration and the sensitivity of inland waters. Dilution effects are not
discussed, although, if the 500-fold dilution rate (NCHRP 2007) is used, the concentrations of
ammonia and phosphorous would be in regulation with Texas effluent standards. Caliber M1000
also contains a variety of heavy metals such as mercury, arsenic, and cadmium, all at
concentrations less than 2 mg/L (Lewis 2000). Caliber M1000 also contains 33mg/L of organic
matter. However, typical dilution rates will greatly reduce this impact. A test conducted using
Caliber M1000 in which water samples from three different streams were tested by adding 5%,
1%, 0.33% or 0% de-icer found no increase in BOD. According to tests performed in the study the
organic matter in the de-icer, surprisingly, did not change the oxygen demand by more than 0.06
mg/L/d (Lewis 2000).

The impact of the phosphorous and nitrogen were evaluated using a model and parameters
and impact levels specific to Colorado. Parameters used in the model included an application rate
of 12,000 L per lane mile per year, total phosphorus concentration of 190 mg/L, and runoff equal
to 300 mm/yr. Equations to execute the model were drawn from studies done in Summit County,
Colorado. The model predicted problems with eutrophication in parts of Colorado from the
elevated levels of phosphorus. The ammonia concentration also changed ambient water quality
above the chronic standard in some places (Lewis 2000). Water quality standards or toxicity values
were not cited in the report. The report suggested further testing if Colorado wanted to move
forward with using Caliber M1000. The tests conducted were specific to Colorado’s terrain and
environment, so if tests were performed in Texas results might differ.

In another study, the Colorado State Department of Transportation evaluated two simple
magnesium chloride de-icers. The two magnesium chloride de-icers were FreezeGard Zero and
GMCO. Each of these de-icers contained a proprietary rust inhibitor. Neither of the de-icers
exhibited an additional oxygen demand when BOD tests were run (Lewis 1999). While being
tested for biotoxicity, the researchers also tested pure magnesium chloride to see if the corrosion
inhibitors affect organisms. Standard biotoxicity tests were used, which involve introducing
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different dilutions of the de-icer to the test organisms. Only at higher concentrations of 1-2% were
organisms killed, but at smaller concentrations the development of organisms was retarded. The
test also showed that the majority of toxicity was from the magnesium and chloride ions, not rust
inhibitors. Synoptic sampling — that is, collecting samples from several locations within a short
period of time —was conducted in order to show how much dilution occurs when the de-icer leaves
the roadway. The study concluded that magnesium chloride de-icers have a relatively low impact
on the environment, especially 20 feet from the roadway (Lewis 1999).

5.4 Brines

Brine is simply salt dissolved in water. Three types of geologic brine exist for consideration
in snow and ice control: (1) natural brine, (2) manufactured brine, and (3) oilfield brines. Natural
brine can be found in surface waters (e.g. Dead Sea or the Great Salt Lake) or groundwaters.
Manufactured brines are made by dissolving salt in water. Many companies acquire salt for their
manufactured brines from a natural source. The difference between natural and manufactured brine
is only due to the processing involved. Oilfield brines are produced from drilling operations where
the brine is a waste product of drilling and oil and gas production. There is a possibility that oilfield
brines may contain heavy metals, hydrocarbons, or naturally-occurring radioactive materials.

The use of natural brines is an unexplored option for snow and ice control. Of the State
DOTs contacted, none directly used natural brines. A few bought brines from companies procuring
it from the Great Salt Lake. Those states use a 23% brine solution for pre-wetting the roads in
order to increase the effectiveness of the road salt. When discussing the viability of using natural
brines in Texas, concerns were raised by some other State DOTs (Table 5.2). For example, oilfield
brines cannot be used in Utah because of regulations on the heavy metals and hydrocarbons the
brine may contain (Lynn Bernhard 2012). The regulations in Utah require brines to be tested for
potentially dangerous constituents.

Many snow and ice supply companies acquire the brine they sell from the Great Salt Lake.
The USGS published a survey on the hydrology of the Great Salt Lake. The report only covers the
Great Salt Lake from 1847-1986. About 90% of the Lake’s ions are chloride and sodium, the other
10% is made up of sulfate, magnesium, and potassium (Arnow and Stephens 1990). Once the brine
is extracted from the lake, the brine contains small amounts of calcium, bicarbonate, lithium,
boron, fluorine, silica, and bromium dissolved into it (Arnow and Stephens 1990). These trace
constituents will not be of concern because of the amount of dilution (NCHRP 2007). Table 5.5
shows the composition of Great Salt Lake brine in percentage by weight. TXDOT currently uses a
product, MeltDown Apex™, which derives from brine solarized from the Great Salt Lake.

NCHRP Report 577 also briefly addresses the use of brines from groundwater wells or
oilfield brines (NCHRP 2007). According to the EPA, 30 percent of oil and gas operation have
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Table 5.5: Composition of Great Salt Lake Brine, percentage by weight, 1850-1986. (Arnow and Stephens 1990)

[Percentages are the raiio of the concentration of the indicated constituent to the sum of the concentrations for all consttuens determined Data prior 1o 1976 from Hahl and Handy (1969, p 14), data for
1976 adapted from Sturm (1980, p 155), data for 1986 from Utah Geological and Mineral Survey, unpublished]

Date Sihea Calowm  Magnesium  Sodium  Potas-  Lithiwm  Bicarbonate  Sulfate Chlorde  Fluonde  Boron  Bromium Total  Dissolved

(510, (Ca) (Mg) (Ma)  swm L1} (s COy)  (50)  (C) (F) (B) (Br)  percentage  solids

(K}
Precauseway
1850 = - 0 BB - - - SR T) g - - - 1000 2113
1360 - 017 252 kX B 1 ) - - 65 5500 - - - 100 0 150
August 1892 - [ 05 13 nn [ 71 - - 657 wi - - - 1000 ny
October 1913 - 16 276 B | G - 00 b 68 3548 - - - 1000 203
March 1930 - 17 275 129 1 6l - 05 547 5705 - - - 1000 200
South of causeway
Apnl 960 {002 12 291 nn 171 = L[ f &0 5598 - om — 1000 247
December 1963 a0l 09 il no | §6 - i 902 64 - ]l - 1000 3
May 1966 003 09 180 1056 n (1] I 799 557 0003 il - 1000 189
June 1976 - 11 g nx 1 66 {2 - R 5511 - 01 004 1000 69
Junc 1986 - H 366 il 141 = - f 99 55 36 - - - 1000 47
North of causeway

December 1963 00l ] 4 66 2908 175 - 1] ] 56 04 - ]| - 1000 25
May 1966 - 03 438 2067 261 0 9 B 58 5459 02 1] - 1000 260
June 1976 I 13 m 2 158 i - 662 5539 - ] M 10010 u7
June 1986 - 16 g nn | 82 - - fi 81 5587 I - - 1000 152
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naturally occurring radioactive matter (NORM) in their brine (NCHRP 2007). The report also said
that it was lacking information regarding radioactivity in specific regions or how much NORM is
actually contained in winter weather chemicals.

5.5 Survey of Regulations

The Texas Commission on Environmental Quality (TCEQ) has no implicit rules about
snow and ice control on their website or in the Texas Administrative Code.

Illinois has created policies to keep storm water and highway runoff away from surface
water bodies to avoid de-icing chemicals entering the environment (Hackley et al. 2009).

The lowa Institute of Hydraulic Research released Technical Report Number 420 as a guide
to choosing a de-icer. They took into account the environmental impacts of the de-icer based on
the performance results for several tests. The test methods for several parameters are described
because the quality of de-icers determines the regulations impacting their use. The parameters are
heavy metal concentrations, toxicity, nitrogen levels, the BOD of the liquid and, the chemical
oxygen demand (COD) of the liquid (Nixon and Williams 2001). The report instructs users to
weight each category for their specific needs in order to differentiate and rank the de-icers. Because
this guide takes into account more than just environmental concerns, it can be used to create a
standard for which de-icers used specifically in Texas can be judged. Table 5.6 compares the EPA
drinking water standards and the Pacific Northwest Snowfighter’s (PNS) requirements for de-
icers. Table 5.6 shows that the PNS regulations can be more stringent than the drinking water
standards for some constituents.

Table 5.6: Allowable Levels of Various Elements. (Nixon and Williams 2001)
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Metal PNS Requirement Drinking Water
(ppm) Standards (ppm)
Phosphorus 25 NA
Cyanide 0.2 0.2
Arsenic 5 0.05
Copper 0.2 1.3
Lead 1 0.015
Mercury 0.05 0.002
Chromium 0.5 0
Cadmium 0.2 0.005
Barium 10 2
Selenium 5 0.05
Zinc 10 5




5.6 Testing and Analysis Methods

NCHRP Report 577 examined water and wastewater industry standard methods for
quantifying various parameters. The lowa Institute of Hydraulic Research Technical Report
Number 420 examines the properties that impact the effectiveness and safety of de-icing
chemicals. Table 5.7 lists the parameter, standard method of testing and relevant reference.

Table 5.7 Testing and Analysis Methods

Publication | Parameter Test Method
Nixon and Toxicity EPA Fathead Minnow and Seed Germination Tests
\2/\(;:)Ill|ams Nitrogen Kjeldahl Method
BOD/COD BOD Test, COD Test
Metals AA Spectroscopy, ICP- Atomic Emission
Spectroscopy, ICP Mass Spectroscopy
Phosphorous American Public Health Association Method
NCHRP Nitrogen APHA Method
2007 BOD/COD BOD Test, COD Test
pH Electronic pH Meter
Cyanide APHA Method, Digestion Process
Aquatic Toxicity | EPA, Table 5-1

The PNS “Snow and Ice Control Chemicals Products Specifications and Test Protocols”
document provides guidance on preparing and submitting products for the testing and evaluation
process required to be placed on the Qualified Products List (see Appendix H). Per Table 3.4
(Chapter 3), the PNS specification identifies 23 tests which de-icing and anti-icing products must
meet to be considered for widespread use.

5.7 Summary

The Federal Highway Administration states that highway runoff is appreciably cleaner than
other non point runoff sources such as agricultural and industrial sources (FHWA 1997). The
United States Geologic Survey in Ohio reported that de-icing chemicals, including road salt, did
not affect the environment in the long term (Kunze and Sroka 2004). The Salt Institute encourages
cities and municipalities to plant salt tolerant vegetation along roadways (Salt Institute 2004).

Overall, especially in Texas, the literature suggests that there is minimal added risk to the
environment when using snow and ice control chemicals, certainly less risk than that which might
typically arise from a significant fuel leak in an accident caused by winter weather (Thompson et
al. 2009).
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There is a lack of research on natural brines. As has been noted, oilfield brine is a waste
product of drilling and oil and gas production, and the possibility exists that oilfield brines may
contain heavy metals, hydrocarbons, or naturally occurring radioactive materials. Any geologic
brine in question should be tested for constituents and toxicity prior to widespread use. It the brine
passes the criteria for an approved de-icer, for example, the Pacific Northwest Snowfighter’s
requirements, the brine should be safe for use on highways.

De-icing chemicals commonly used in Texas are road salt (both liquid and granular), liquid
MeltDown Apex™, and granular MeltDown 20®. MeltDown Apex™ contains 25-35 percent
magnesium chloride and MeltDown 20® contains 90 to 98 percent sodium chloride. These are
approved products on the PNS Qualified Products List (Appendix A). Excluding the proprietary
parts of the de-icers, the literature reviewed and information from the material safety data sheets
(Appendix F) suggest these chemicals will not pose a threat to the environment.

Much of the environmental risk involved with putting a de-icer on the roadway is negated
by the amount of dilution when the de-icer leaves the roadway. NCHRP Report 577 assumed that
the concentrations of the applied materials are diluted 500 times at the point these materials leave
the roadway. In a manner similar to the discussion of corrosion impacts, even the coldest and
snowiest portions of Texas have less severe winters than northern states with active, chemical-
based winter roadway maintenance programs. The inference is that environmental impacts from
Texas snow and ice control operations will therefore be less than those from winter maintenance
operations in the northern states.
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CHAPTER 6
CURRENT USE AND COST OF APPLICATION
OF TEXAS SNOW AND ICE CONTROL MATERIALS

6.1. Introduction

This chapter provides a comprehensive cost analysis of the use of snow and ice control
materials in Texas, which is Task 6 of the research study. The objective of this work was to
analyze the life-cycle cost of various snow and ice control materials including natural brines used
in Texas. The analyses considered both short-term cost factors (e.g., purchase, processing,
storage, transport, and application) and long-term factors (e.g., potential damage to equipment
and roadways) of these materials.

6.2.  Expenditure on Snow and Ice Control Materials by TxDOT Districts

Between 2008 and 2012, TxDOT spent an average of $3,429,639 per year on four snow
and ice control materials: Meltdown 20®, Meltdown Apex™, Salt, and Abrasive (Figure 6.1).
Approximately 51% ($1,765,757) of that amount was used on Meltdown 20°®, followed by 29%
($987,839) on Abrasive, 12% ($411,500) on Salt, and 8% ($264,544) on Meltdown Apex™.

Meltown Apex,
$264,544,8%

Figure 6.1 Annual expenditures on four snow and ice control materials by TxDOT (2008-2012)

The expenditures on Meltdown 20®, Meltdown Apex™, Salt, and Abrasive varied
significantly by year and district. Using the data between 2008 and 2012 period, the lowest,
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highest and annual average expenditures were calculated to demonstrate the variation in
spending patterns of 25 districts (Figure 6.2).
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Figure 6.2. Expenditure on snow and ice control materials by district between 2008 and 2012
(Red squares denote mean values while blue circles denote lowest and highest annual
expenditures)

As shown in Figure 6.2, the district with the highest expenditure on snow and ice control
materials was Amarillo ($448,753 per year), followed by Dallas ($387,527 per year) and Fort
Worth ($382,757 per year). In comparison, Corpus Christi, Pharr, and Laredo spent less than
$1,000 a year. It is noted that the Top 5 districts (Amarillo, Dallas, Fort Worth, Lubbock and
Abilene) accounted for 57% of the total TXDOT material expenditure whereas the Top 10
districts accounted for 86% of that.

Total expenditure by district may not reflect the degree of a district’s vulnerability to
winter weather as some districts have significantly more lane-miles of roadway than others. The
map (Figure 6.3) shows the annual expenditure on snow and ice control material normalized by
lane-miles maintained by each district. The values ranged from $0 to $50 per lane-mile. El Paso
and Childress led the group by spending $50/lane-mile a year on materials, followed by Amarillo
($48/lane-mile), Abilene ($43/lane-mile), and Fort Worth ($43/lane-mile). Dallas was not in the
Top 5 because of its large number of lane miles (10,847), second only to Lubbock among 25
districts (12,132). It terms of geographic area, the Lubbock District covers 15,861 square-miles
compared to 5,721 square-miles for Dallas and 6,717 square-miles for Houston.

0-6793 VOL. 1 Page 6.2




25 Districts in Texas
[ ]so-s2

[ Jsa-ss

[ 57510

B sz0-s36

150

0 300
B s:7 s 50 1Miles

Figure 6.3. Annual expenditure on snow and ice control materials of 25 districts per lane mile

Meanwhile, the expenditures swung wildly from year to year in response to winter
conditions. In 2011, Dallas' spending on snow and ice control materials reached a five-year high,
at the cost of $1,176,162 while in the following year it spent the least amount - $1,911. Fort
Worth had a similar pattern: its highest and lowest years were 2011 and 2012 with the spending
of $894,383 and $51,159 respectively while the 5-year average was $382,757. However, the
year-to-year expenditures for Amarillo were more consistent.

Dispersion was measured with dimensionless coefficient of variation (CV) by dividing
standard deviation with mean. Districts with more mild winter weather such as Dallas, Fort
Worth and Austin had much bigger CVs (1.21, 0.89, and 0.95) than those with colder winter
including Amarillo, Lubbock, and Childress (0.47, 0.40, and 0.58) as snow falls and storms in
former districts were less predictable and less consistent. This pattern would be more conclusive
if the study period were longer than the current 5-year analysis time frame.

Expenditures on each of four snow and ice control materials were examined at both
Department and district levels and a great deal of variation was revealed. The Department spent
an average of $1,765,757 per year on Meltdown 20®, representing 51% of their total expenditure
on snow and ice control materials. Per Figure 6.4, the Top 5 districts in term of spending on
Meltdown 20® - Abilene, Fort Worth, Lubbock, Dallas and Austin - collectively accounted for
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68% of the total department purchase of such material whereas the Top 10 districts accounted for
92%. Among them, Abilene, Fort Worth and Lubbock spent heavily on Meltdown 20® at the
costs of $348,376, 283,042, and $243,001 a year respectively. In fact, 97% of Abilene's
expenditure went to purchase Meltdown 20®, compared to 74% for Fort Worth and 65% for
Lubbock.
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Figure

6.4 Annualized expenditure on Meltdown 20® by district (2008-2012)

The use of road salt was highly concentrated to a few districts as shown in the Figure 6.5.

Childress, Amarillo, and Dallas led the group with the most expenditure while 14 districts had
zero or near-zero expenditure. The Top 5 districts collectively accounted for 92% of the total
spending by the department on road salt ($411,500 per year) and the Top 10 accounted for
almost 100%.
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Figure 6.5 Annualized expenditure on Salt by district (2008-2012)

For Meltdown Apex™, Amarillo, Dallas and Fort Worth were among the Top 3,

spending $45,079, $38,970and $30,511 respectively. Collectively, the Top 5 districts (Amarillo,
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Dallas, Fort Worth, EI Paso, and Houston) accounted for 66% of total department expenditure
whereas the Top 10 accounted for 96% (see Figure 6.6).
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Figure 6.6 Annualized expenditure on Meltdown Apex™ by district (2008-2012)

The district-by-district expenditure on Abrasives was also tabulated over the 2008-2012
period (Figure 6.7). As Abrasives could be used during summer months for pavement treatment,
the reporting on Abrasives tended to overestimate their application for snow and ice control. On
average, the department spent $987,839 per year on Abrasives and Amarillo, Dallas and Wichita
Falls were the three leading districts with annual expenditures of $156,090, $119,057, and
$116,051 respectively. Collectively, the Top 5 districts accounted for 58% of the total
department expenditures on abrasives and the Top 10 accounted for 86%.
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Figure 6.7: Annualized expenditure on Abrasive by district (2008-2012)

It is evident that there has been a large degree of variation in annual spending on snow
and ice control materials by districts. Districts in North and West Texas often outspent their
counterparts in South and East Texas although this pattern was also driven by severe weather
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trend that varied greatly from year to year. But a more interesting finding from the analysis was
that the decision on material selection lacked consistency across the entire department. Some
districts chose more proprietary products (e.g. Meltdown 20® and Meltdown Apex™) in snow
and ice control applications than others without clear justifications (e.g. frequency of storms,
lane-miles covered). Considering that proprietary products often cost 8 to 9 times more than road
salt, there should be a need for developing a uniform method for choosing snow and ice control
materials based more on documented performance and economics.

6.3.  Expenditure on Snow and Ice Control Maintenance Activities by Districts

Expenditures on snow and ice control activities are captured by Function Code 811 of
TxDOT's Maintenance Management Information System (MMIS). For this analysis, the MMIS
data were summarized by month, district, and cost categories. This dataset provided insight to
how snow and ice control activities were performed and therefore enabled a detailed analysis of
the spending patterns across spatial and temporal boundaries.

First, monthly expenditures were compared using MMIS data for the same 5-year period
(2008-2012). During this period, TXDOT spent $72 million in total on snow and ice control or
$14.5 million per year. As shown in Figure 6.8, it is apparent that spending does not occur on a
uniform basis throughout the year.
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Figure 6.8. Average monthly expenditure on snow and ice control activities (2008-2012)
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TxDOT spent heavily on snow and ice control in January, February, March and
December and these months accounted for 20%, 33%, 23%, and 16% of the annual budget
respectively. Together, they had a share of 92% of total Departmental expenditure on snow and
ice control for a given year.

Similar to the pattern of spending on materials, a small number of districts accounted for
the majority of Departmental expenditures for snow and ice control. The top three districts -
Amarillo, Dallas, and Lubbock - spent $2,490,223, $1,511,807, and 1,415,494 a year on snow
and ice control activities respectively, representing 37% of total amount by TXDOT. At the same
time, the Top 10 districts (Amarillo, Dallas, Lubbock, Fort Worth, Abilene, Childress, Wichita
Falls, El Paso, Paris, and Austin) collectively accounted for 80% of the total (see Figure 6.9).
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Figure 6.9: Annualized Expenditure on Snow and Ice Control Activities by Districts (2008-2012)

Total expenditure by districts on snow and ice control activities was later normalized by
lane-miles maintained by each district. The normalized values were expected to better reflect
each district's commitment to winter maintenance and ranged from $2 (Laredo) to $265
(Amarillo) per lane-mile (see Figure 6.10). The median value was $48 per lane-mile. Childress
and Wichita Falls ranked 2nd and 3rd with $201 and $169 per lane-miles. This pattern followed
closely with the classification of winter weather into three regions: mostly snow, snow and ice,
and ice and freezing rain as identified in Figure 16.

While Texas as a whole ranks near the bottom among 50 states in terms of spending on
snow and ice control per lane mile (see Table 2.2), it was interesting to make a comparison at the
district level. The average winter maintenance costs for Amarillo, Childress, and Wichita Falls
were fairly close to those for states like Tennessee ($274/Im), Kansas ($213/Im) and Arizona
($167) with the latest available data. Spending by these districts was significantly lower than that
of the northern states such as Massachusetts ($10,504/Im), Rhode Island ($3,624), and New
Hampshire ($3,510) as well as some bordering states including Colorado ($2,424/Im) and
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Oklahoma ($307/Im). In other words, even those TxDOT districts with the most severe winter
weather do not have the level exposure to snow and ice control activities comparable to many
states.

25 Districts in Texas
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Figure 6.10. Annual expenditure on snow and ice control activities of 25 districts per lane mile

Cost data retrieved from MMIS were presented in six categories: labor, material,
equipment, contractor, miscellaneous, and preparation (Figure 6.11). The majority of spending
on snow and ice control went to labor (28%), material (23%), and equipment (18%) as incurred
by TxDOT itself while only 2% was awarded to contractors. It is not very clear what constituted
miscellaneous and preparation costs though the latter was minimal.

One measure of efficiency in construction is the operation to material (O-M) cost ratio. A
lower ratio would indicate higher efficiency assuming material cost was fairly fixed. The average
ratio of spending on operation (labor and equipment) to spending on material for TxDOT for
snow and ice control was approximately 2 to 1. It is not surprising that the O-M ratio varied
greatly by district.
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Figure 6.11: Distribution of cost categories on snow and ice control activities (2008-2012)

Figure 6.12 shows the O-M ratios for all 25 districts as compared to the Department
average. The high value implied inefficiency in organizing snow and ice control activities though
drawing a definitive conclusion would call for a closer examination of work orders which was
beyond the scope of this project. It is noted that districts with very high values (e.g. Corpus
Christi, Pharr, San Antonio, Yoakum, and Laredo) did not have much snow and ice control
expenditures to start with and the abnormality could well stem from the lack of experience in
planning and organizing.
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Figure 6.12: Ratio of operation to material costs by district (2008-2012). Red dashed line
denotes the TXDOT average
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For some heavy-spending districts such as Amarillo, Lubbock, Fort Worth and Childress,
their operation to material cost ratios were fairly close to the average. At the same time, Dallas
and Abilene were able to attain impressively low ratios (1.3 and 1.2 respectively) but such low
numbers should not be blindly attributed to high efficiency. A closer look at the spending by
Abilene revealed that the majority of their material spending (i.e. 97%) concentrated on one
expensive product (Meltdown 20®), effectively increasing their material cost compared to their
peers — Amarillo, Lubbock, and Fort Worth spent 26%, 65% and 74% respectively on Meltdown
20® — and consequently lowering the O-M ratio. Meantime, Dallas might deserve the credit for
their low ratio as they only spent 53% of their material budget on Meltdown 20®. Therefore, a
topic worth further investigation would be developing best practices for budgeting and
controlling the cost of snow and ice control activities.

6.4. Primary and Secondary Materials Based on Annualized Expenditures by Districts
An analysis was conducted to examine the selection decision of snow and ice control
materials by districts based on the annualized expenditures between 2008 and 2012. Table 6.1

shows the primary and secondary materials chosen by each of 25 districts.

Table 6.1: Selection of snow and ice control materials by district expenditures (2008-2012)

District Melzt(l?@()) wn Salt M:ggg\“’ﬂvn Abrasive

1 PAR 2 1
2 FTW 1 2
3 WEFS 2 1
4 AMA 2 1
5 LBB 1 2
6 ODA 1 2
7 SJT 1 2
8 ABL 1 2
9 WAC 1 2
10 | TYL 1 2
11 | LFK 2 1
12 | HOU 1 2
13 | YKM 2 1
14 | AUS 1 2

15 | SAT 1 2
16 | CRP 2 1
17 | BRY 2 1
18 | DAL 1 2
19 | ATL 2 1
20 | BMT 2 1
21 | PHR 2 1
22 | LRD 2 1
23 | BWD 1 2
24 | ELP 1 2
25 | CHS 1 2

1: Primary Material; 2: Secondary Material
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Overall, Table 6.1 shows that Meltdown 20® was the primary material for 11 out of 25
districts and the secondary material for 10 out of 25 districts. Salt was the primary material for 1
out of 25 districts and the secondary material for 1 out of 25 districts. Meltdown Apex™ was the
primary material for 2 out of 25 districts and the secondary material for 1 out of 25 districts.
Abrasives were the primary material for 11 out of 25 districts and the secondary material for 13
out of 25 districts. The primary and secondary snow and ice control materials were Meltdown
20® and Abrasives for Lubbock, and Abrasives and Salt for Amarillo.

These data (primary source by actual expenditures) were compared to findings from a
study of best practices for winter weather operations by Prairie View A&M/Texas Transportation
Institute (Project 0-6669) that identified the primary and secondary chemicals reported by each
TxDOT District for snow and ice control (Perkins, 2012). The PVA&M/TTI study (see Table 2.8)
did not separate deicing materials in the liquid form from granular form, and likely labeled
Meltdown 20® and Meltdown Apex™ as MgCl,. Furthermore, more than 1 product could be
reported as the primary chemical and the secondary chemical. For example, Salt (NaCl),
Meltdown product (20® and/or Apex™, MgCl.), and Abrasive were all identified as the primary
chemicals used by Lubbock and Abilene. For Amarillo, Meltdown product and Abrasive were
reported as the primary chemical and Salt as the secondary one, which was somehow consistent
with the expenditure data: Salt (29%), Abrasive (35%), and Meltdown product (36%). Childress
reported Meltdown product and Abrasive as their primary chemical but they spent most of their
budget on Salt (64%) instead of on Meltdown (14%) and Abrasive (21%). Therefore, the
discrepancies between self-reported data and actual expenditures should be recognized. Besides,
no data was reported for Dallas, El Paso, Fort Worth, Houston, Odessa, San Angelo, Tyler, or
Waco.

6.5.  Price Patterns of Snow and Ice Control Materials

The prices for the four major snow and ice control materials used in Texas - Meltdown
20®, Meltdown Apex™, Salt and Abrasive - fluctuated year to year subject to various macro and
micro economic conditions and significantly affected the purchasing power of districts. The
package size and order quantity also had a great effect on the unit price being paid. In the
analysis, the effect of purchase unit was not considered, but the total purchase quantity made by
each district was used to calculate the weighted state averages. For example, the weighted state
average price for salt Psart ($/Ib) in 2008 was determined by:

25
Z 1 Expsalt,i

Pt =
25
21 Quasalt,i

where Expsan,i ($) is the expenditure on Salt by District i in 2008, Quasarti (Ib) is the quantity of
Salt purchased by District i in 2008.
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The weighted value minimizes the bias from districts that paid a much higher price on small
quantities.

The four panels in Figure 6.13 show yearly changes in unit prices of four materials (red
lines with square markers) in comparison to RS Means Historical Cost Index (HCI, blue lines
with diamond markers). The HCI used 1993 as the base year (=100) and tracked annual changes
in construction costs. During the study period (2008 to 2012), HCI experienced a total increase
of 7.9%.
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Figure 6.13: Annual change in unit prices of four snow and ice control materials in relation to
construction cost in general.

For Meltdown 20®, the total price increase between 2008 and 2012 was 11.6%. The price

jumped by 8.6% in 2009, from $0.267 per Ib to $0.290 per Ib while the HCI experienced a minor
decline. In 2010, the price returned to the 2008 level and appreciated afterward similarly to HCI.
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The price of salt fluctuated yearly and eventually logged a 13.5% decrease during the
study period. In 2009, its price had a 21.6% increase over the previous year, from $0.037/Ib to
$0.045/Ib. Since then, it dropped by 13.5% to $0.032/lb between 2009 and 2012 while the HCI
rose 8.1% during the same period.

The price trends for Meltdown Apex™ and Abrasive were more in line with that of HCI
with an upward tendency. But the magnitudes were far different: Between 2008 and 2012, the
price of Meltdown Apex™ changed from $1.547/gal to $1.844/gal, an increase of 19.2%, while
the price of Abrasive changed from $17.07/CY to $33.99/CY, an increase of 99.1%. It showed
that the unit prices of snow and ice control materials didn't respond well to the overall trend of
the construction industry.

It is also observed that the unit prices for each of four snow and ice control materials
were very different by district. As shown in Figure 6.14, the price range for Meltdown 20® was
between $0.212/1b (paid by Bryan) and $0.307/lb (paid by Waco) and the average was $0.277/1b.
The Top 5 users of Meltdown 20® - Abilene, Fort Worth, Lubbock, Dallas and Austin - paid
$0.302/Ib, $0.258/1h, $0.261/1b, $0.294/Ib, and $0.289/1b respectively. The measure of dispersion
across districts - coefficient of variation - for Meltdown 20® was 0.09.
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Figure 6.14 Unit prices paid by districts on Meltdown 20® ($/Ib, as denoted by blue diamond) in
comparison with usage (b, as denoted by red columns)

The unit price of Salt ranged from $0.030/Ib (paid by Abilene) to $0.089/lb (paid by
Brownwood) with the average of $0.045/Ib (see Figure 6.15). Two heavy users - Amarillo and
Childress - were able to pay a lower price than other districts. The coefficient of variation for
Salt was 0.34, much higher than that for Meltdown 20®. This might be attributed to salt being a
common product and supplied by multiple sources. Local availability could be another factor.
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Figure 6.15. Unit prices paid by districts on salt ($/Ib, as denoted by blue diamond) in
comparison with usage (b, as denoted by red columns)

The lowest, average and highest prices for Meltdown Apex™ were $1.146 (paid by Fort
Worth), $1.684, and $2.208 (paid by Atlanta) per gallon (see Figure 6.16). There did not seem to
be a strong correlation between unit price and usage as heavy users such as Wichita Falls,
Amarillo, and Dallas all paid above-average prices. The coefficient of variation for Meltdown
Apex™ was 0.17, higher than Meltdown 20® but lower than Salt.
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Figure 6.16 Unit prices paid by districts on Meltdown Apex™ ($/gal, as denoted by blue
diamond) in comparison with usage (gal, as denoted by red columns)

The lowest, average and highest prices for Abrasive were $13.261 (paid by Brownwood),
$26.977, and $53.393 (paid by EI Paso) per cubic yard (see Figure 6.17). Two heavy users -
Amarillo and Dallas - paid below-average prices while El Paso paid the highest and stood out as
outliner. The coefficient of variation for Abrasive was 0.33. Similar to Salt, this could be
attributed to multiple suppliers and local availability.
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Figure 6.17 Unit prices paid by districts on abrasive ($/cy, as denoted by blue diamond) in
comparison with usage (cy, as denoted by red columns)

6.6.  Snow and Ice Control Expenditure in Relation to Winter Weather Patterns

The expenditure on snow and ice was closely related to weather patterns as snow and ice
were removed from roadways during and after winter events. The relationship between total
expenditures at the department level and the number of winter storms in a given month was
plotted in Figure 6.18 for FY2007-2012 (September 2007 - August 2012).

Winter storms are defined by the National Weather Service (NWS) as weather hazards
associated with freezing or frozen precipitation (freezing rain, sleet, snow) or combined effects
of winter precipitation and strong winds. Typically during the period of April through November,
the expenditures were minimal whereas 92% of total spending incurred in January, February,
March and December. According to the data retrieved from the Storm Event Database of
NOAA/NCDC, the numbers of wind storms during FY2008, 2009, 2010, 2011, and 2012 were
15, 25, 75, 88, and 18 respectively. During the same periods, the TXDOT snow and ice control
expenditures were $7.9 million, $9.6 million, $22.6 million, $23.2 million, and $9.5 million
which to a great extent reflected the frequency of winter storms being experienced by the state. It
was found that the correlation of the snow and ice control expenditures (reported by Function
Code 811 of MMIS) and the number of winter storm was 69% based on monthly data calculation,
implying a strong relationship between these two variables.
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At the same time, there were a few abnormal cases requiring attention. For example, in
February of 2010, only two winter storms were reported but $6.9 million was spent on snow and
ice control. Similarly, in March of 2011, no winter storm was reported but $8.1 million was spent
by TxDOT. There could be several possible explanations for mismatch between snow and ice
control expenditures and the number of winter storms. First, the coverage and intensity of snow
precipitation might not be properly captured by the NCDC's Storm Event Database and therefore
a more detailed analysis of meteorological data should be conducted with the participation of an
experienced meteorologist or atmospheric scientist. Second, logging of expenses related to snow
and ice control at TXDOT might not be processed in a timely manner. Discussed with TxDOT
personnel in accounting could be helpful to shed light to this issue. Third, expenses may be
attributed to the previous months that had heavy snowfall and subsequently required the
replenishment of materials and cleanup of residuals left on roadways.

The monthly expenditure on snow and ice control activities was also examined at the
district level within the weather context. According to the TTI report titled Research on Best
Practices for Winter Weather Operations, Texas has three winter weather regions: mostly snow
(MS), snow and ice (Sl), and ice and freezing rain (IFR) (see Figure 2.16). Northern part of
Atlanta, Amarillo, Childress, southern part of El Paso, Lubbock, northern part of Paris, and
Wichita Falls fell into the most snow category. Districts including Abilene, Dallas, and Fort
Worth belonged to the snow and ice categories while Austin belonged to ice and freezing rain
category. Six districts were selected for the analysis including 2 MS districts (Amarillo and
Lubbock), 3 SI districts (Abilene, Dallas, and Fort Worth) and 1 IFR district (Austin) all of
which were in the Top 10 spenders of snow and ice control activities. The winter weather was
characterized by the amount of snowfall in mm in a given month as reported by NOAA/NCDC.

0-6793 VOL. 1 Page 6.16



Within a district, there were multiple weather stations recording snowfall and their values were
averaged to represent the intensity of winter weather. These stations are presented in Figure 19.

200
1Miles

Figure 6.19 Weather stations located within Six selected TxDOT districts

The monthly snow and ice control expenditures for two mostly snow districts - Amarillo
and Lubbock - are shown in Figure 6.20 and Figure 6.21. There was good degree of agreement
between expenditure and snowfall as measured by correlation of 71% and 91% for these two
districts respectively. In Lubbock, snowfall was a very reliable predictor for its expenditure on
snow and ice control activities.

Three snow and ice districts - Abilene, Dallas, and Fort Worth - are presented in Figures
6.22 through 6.24. The correlation between the snow and ice expenditure and snowfall were 59%,
59% and 56% respectively, somewhat lower than their two counterparts in the mostly snow
categories. The disagreement was more pronounced and marked by several outliers in the record.
For example, the 2008/2009 winter season in Abilene received little snow but $563,490 was
spent on snow and ice control in January and February. A similar pattern was observed in Dallas
and Fort Worth, raising the possibility of miscoding the expenditures and/or responding to
weather conditions other than snowfall. Further analysis would be required.
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Figure 6.20. Monthly snow and ice control expenditures (in dollars, as denoted by blue columns)
and amount of snowfall (in mm, as denoted by red squares) for Amarillo
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Figure 6.21. Monthly snow and ice control expenditures (in dollars, as denoted by blue columns)
and amount of snowfall (in mm, as denoted by red squares) for Lubbock
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Figure 6.22. Monthly snow and ice control expenditures (in dollars, as denoted by blue columns)
and amount of snowfall (in mm, as denoted by red squares) for Abilene
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Figure 6.23. Monthly snow and ice control expenditures (in dollars, as denoted by blue columns)
and amount of snowfall (in mm, as denoted by red squares) for Dallas
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Figure 6.24. Monthly snow and ice control expenditures (in dollars, as denoted by blue columns)
and amount of snowfall (in mm, as denoted by red squares) for Fort Worth

The historic February 2011 Groundhog Day Blizzard blanketed most of Texas with snow
and ice during the period when Texas was hosting Superbowl XLV in the Dallas/Fort Worth
Metroplex. Abilene, Dallas, and Fort Worth all spent record amounts on snow and ice control
activities in February of 2011 as well as the following month on cleanups. Districts in the snow
and ice region did not experience heavy snowfall and harsh winter weather on a regular basis and
therefore were not as prepared as Lubbock and Amarillo. In addition, districts such as Dallas and
Fort Worth served major population centers and maintained large transportation networks. The

combination of less predictable weather pattern and greater exposure to severe events made
Dallas and Fort Worth especially vulnerable.

The last case study focuses on Austin which is located in the ice and freezing rain region.
The relationship between snow and ice control expenditure and snowfall was much weaker than
for districts in the mostly snow region (e.g. Lubbock and Amarillo) with a correlation of 45%
(Figure 6.25). Similar to districts in the snow and ice region (e.g. Abilene, Dallas and Fort
Worth), Austin's annual expenditure was mainly driven by a few major events. Mismatch
between snowfall and expenditure was observed in several instances such as the 2008 winter
season during which minimal snowfall was recorded. At the same time, $154,408 (of which
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$153,133 was material cost) reported in snow and ice control expenditure in August, 2010, a
possible case of error.
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Figure 6.25. Monthly snow and ice control expenditures (in dollars, as denoted by blue columns)
and amount of snowfall (in mm, as denoted by red squares) for Austin

6.7.  Summary and Recommendations

The objective of the cost analysis was to establish the baseline of TxDOT snow and

control expenditures and explore ways to improve efficiency and performance. The following
discussions and recommendations are directed at several key areas:

6.7.1 Standardize selection of snow and ice control materials

The cost analysis identified little consistency in selecting which snow and ice control
materials to use for winter roadway maintenance operations by the districts. Development of a
uniform standard for TxDOT will require examination of both the performance of various
products on the market and the costs (purchase, application, cleanup, and etc.). Product
performance had been investigated in other tasks of this project and therefore will not be
discussed in detail here. Since the project team only had access to material and operation costs
(labor and equipment) aggregated to the district level, the recommendations are based on high-
level observations rather than decision-making by individual TXDOT employees. Nevertheless,
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insight is provided for potential savings which could be attained but which might not have drawn
attention before.

The following suggestions are made to better protect districts from sudden shifts in
material prices:
1) Expand the list of approved products and suppliers for snow and ice control materials
to improve competition

2) Establish standards on performance equivalency for intended application so that lower-
priced materials can be substituted for expensive ones

3) Utilize the purchase power of the Department when negotiating with suppliers.

As an illustration, Meltdown 20® and Salt were compared to show the effect of material
substitution. On average, TXDOT presently purchases 6,302,896 Ibs of Meltdown 20® a year at
the cost of $1,765,757. If all of the Meltdown 20® product were substituted with Salt at the ratio
of 1 to 2 — the recommended application rates for deicing for Meltdown 20® and Salt are
1501b/lane-mile and 3001b/lane-mile respectively — TxDOT would have purchased 12,605,792 Ib
of Salt in addition to 11,731,254 Ib they currently use at the cost of $459,144. This would
represent an annual savings of $1,306,612. This comparison is based on the assumption that the
costs of damage to roadways, bridges and equipment by Meltdown 20® and Salt are almost the
same or the difference between them is negligible due to the low level of exposure. If better data
are available on these points, the substitution ratio can be re-evaluated.

Similarly, TXDOT could achieve considerable savings by negotiating low prices with
suppliers on behalf of all 25 districts. For example, the lowest and highest prices paid for
Meltdown 20® were $0.212 and $0.307 per Ib, with the median price at $0.281 per Ib. If all
districts had paid at the same low price of $0.212, the accumulated saving would be $427,795 a
year for Meltdown 20® alone. The additional potential savings would be $54,307 for Salt,
$81,202 for Meltdown Apex™, and $454,396 for Abrasive. Taken together, when paying the
lowest prices TXDOT could have saved 30% ($1,017,699) off their annual expenditure on snow
and ice control materials.

For more common materials such as Salt and Abrasives, the spread in prices paid by
districts was much wider than for the proprietary products. If TXDOT leveraged its tremendous
purchase power and locked in low prices on behalf of its districts before each winter season,
districts wouldn't have to buy materials on the spot market and would be protected from price
fluctuation. This will help districts located in the snow and ice (SI) and ice and freezing rain (IFR)
regions since their usage of materials tend to be more sporadic. Consider Salt as an example.
Currently, 25 districts together spent $411,500 a year and the unit prices being paid were as low
as $0.030/1b and as high as $0.089/1b. If $0.030 had been a department-wide price for all districts,
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TxDOT would have spent $351,938 on purchasing Salt, a saving of $59,563 (14%). In the case
of Abrasive, the potential saving could be as high as $454,396, or 46%.

6.7.2 Improve efficiency of snow and ice control

One measure of efficiency documented in herein was operation to material (O-M) costs
ratio. Assuming material costs are fairly fixed, a lower ratio would indicate good planning and
organization by districts to minimize labor and equipment expenses. Currently, only 7 districts
had O-M ratios below the state average 2 to 1. Fort Worth, Odessa, Abilene, Waco, Austin,
Dallas, and EI Paso. If the O-M ratios for the remaining 18 lower-performing districts were
brought to the state average through better training and education, the operation costs (labor and
equipment) could be reduced from $6,743,865 a year to $5,501,304 a year, a saving of
$1,242,561.

Another area of potential improvement is the choice between anti-icing and de-icing
operations strategies. Anti-icing is the snow and ice control practice of preventing the formation
or development of bonded snow and ice to the pavement surface by the timely application of a
chemical freezing-point depressant. Anti-icing is a proactive strategy and could reduce the need
and/or application rate of deicing. However, the current TXDOT MMIS did not capture anti-icing
and de-icing costs in separate categories and therefore did not support an in-depth analysis on
this subject. Therefore, it is recommended to create a sub-code under 811 to differentiate
expenditures on anti-icing and de-icing activities.

Secondary costs of snow and ice control such as post-storm cleanup should also be better
recorded in the MMIS to enable detailed analysis of TXDOT operations at the event level. When
a district is hit by a major storm, costs not associated with initial responses could be long-lasting
and significant. How much these costs were and over what period they occur could be important
information that can be later correlated to the storm characteristics and used by districts for
activity and resource planning. Therefore, it is recommended to create a sub-code under 811 to
differentiate expenditures on primary and secondary snow and ice control activities.

6.7.3 Strengthen risk management practices

Winter weather, as the main driver of snow and control maintenance activities and
expenditures, is inherently unpredictable. It poses a great challenge to TxDOT and its districts
for making informed decisions on the appropriate level of resources allocated for a coming
winter season. Especially for districts located outside the mostly snow regions, the average
demand for snow and ice control was low but a severe storm (e.g. 2011 Superbowl storm) could
put the whole system to its maximum stress. Risk from such low-frequency, high-impact events
could be better absorbed by entities with great financial strength or distributed to a large pool of
small risk-bearers.
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The transfer of risk in the case of snow and ice control could be achieved in two ways.
First, TXDOT may consider awarding more contracts to outside companies complementing their
own capability. It is recommended that TXDOT or its districts pre-qualify contractors prior to an
event and solicit bid prices from this list of contractors once an event has occurred. The
solicitation for pre-qualifying contractors should define all the potential types of snow and ice
control in the proposed scope of work, and the size of events for which a contract may be
activated. In fact, the response to severe winter weather could be processed under the existing
rules for expedited award of emergency contracts.

Second, weather risk could be transferred to large insurance companies or investors in the
form of weather derivatives. Weather derivatives are financial products designed to transfer
weather-related risk from individual businesses to the capital market. Such derivatives first
started in the late 1990's between private parties in the over-the-counter (OTC) market. Since
then, weather derivatives have been standardized and are now publicly traded on Chicago
Mercantile Exchange (CME) based on a range of weather conditions in more than 45 cities in the
United States, Europe, Canada, Australia and Asia. These financial products are widely used in
agricultural, construction, energy and power, and insurance sectors to hedge weather risk. In
Texas, temperature-based products are currently only available for Dallas.

Collaboration with meteorologists and climate scientists would enable TxDOT to better
manage winter weather risks. On a short-term scale, improved forecasting of snowfall with
respect to location and intensity will help districts to set up deployment plans. If the anticipated
work exceeds their own capability, assistance from other districts and contractors should be
requested. Over the longer term, each district should have access to a reliable outlook for the
upcoming winter season and use this information to support decisions on material and equipment
acquisition. For TxDOT as a whole, awareness can be raised about the future snow and ice
control expenditures in the context of changing climate. How to adjust the operation to shifts in
climate patterns which will alter the intensity, frequency and location of severe weather events
could be a topic worth further investigation.

6.7.4 Use of performance-based models for snow and ice control

Like TxDOT’s winter maintenance practices, this cost analysis had mainly focused on
input factors in terms of expenditures with the aim to make future improvements. However, the
cost analyses did not address the output side which is the performance outcome resulting from
snow and ice control operations. Consequently, the significant question of whether the current
level of winter maintenance spending is adequate in maintaining snow and ice free roadways in
Texas remains to be answered.

There are several measures of performance of transportation systems and one of them is
level of service (LOS). As an example, in New York State, regular LOS should be provided to all
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classes of highway between 4:00 AM and 10:00 PM Monday thru Friday, and at all times on
highways having Average Daily Traffic (ADT) of 50,000 vehicles per day or more. It allows a
maximum accumulation of 2.0 inch during a storm and requires full width of pavement be
cleared 1.5 hours after it for Highway Class Al. Modified Level of Service should be provided
on all classes of highway between 10:00 PM and 4:00 AM Monday thru Friday, and all day
Saturday and Sunday, except for highways with and ADT of 50,000 vehicles per day. It allows a
maximum accumulation of 2.5 inch during a storm and requires full width of pavement be
cleared 2.0 hours after it for Highway Class Al.

Another example is Washington State, where snow and ice operations are rated based on
expected road surface conditions after the treatment. These conditions range from A (Snow or
ice buildup encountered rarely. Bare pavement attained as soon as possible. Travel delays rarely
experienced) to F (Compact snow buildup encountered regularly. Traveler will experience delays
and slow travel).

Transition from an input-based LOS model to a performance-based LOS model for snow
and ice control will yield a number of benefits to TXxDOT:

. Setting clear performance goals allows TxDOT to evaluate their practices
strategically and find the most cost-effective ways to utilize their resources.

. Performance-based LOS will require districts to re-evaluate their ability to meet
LOS goals and adjust their budget accordingly. It will also give Districts the flexibility to
deploy innovative methods in snow and control that produce better result at a lower cost.

. The public could appreciate more about TXDOT’s mission in providing safety and
mobility. The concept of level of service is simple to understand and easy to
communicate. In addition to surface conditions, other indicators such as traffic flow and
accident count could also be included.

. Given the variability of Texas weather and Texas climate, performance-based
LOS outcomes might be most appropriate to implement (at least initially) in the snowier
districts where annual winter weather operations are more consistent and a more routine
part of overall roadway maintenance activities.
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Date of Listing: November 24, 2014

Pacific Northwest Snow Fighters (PNS) Qualified Product List - PRODUCTS

Category 1 - Corrosion Inhibited Liquid Magnesium Chloride

Product Name Manufacturer Corrosion Rate % Effectiveness | % Concentration Date Approved
Iceban 200* Earth Friendly Chem. 8.4 26% 8/15/2002
Caliber M1000 AP Envirotech Services Inc. 20.8 28% 8/2/2004
Meltdown with Shield AP Envirotech Services Inc. 25.9 30% 8/2/2004
Hydro-Melt Green Cargill 24.3 28.5% 8/1/2005
Meltdown APEX with Shield AP Envirotech Services Inc. 25.1 30% 1/25/2006
FreezGard CI Plus North American Salt 12.2 30% 8/28/2006
Ice B'Gone Il HF Sears Ecological Appl. 28.6 25% 8/9/2007
FreezGard LITE ClI Plus North American Salt 12.3 27% 6/13/2011
HydroMelt Liquid Deicer Cargill 28 28.6% 8/15/2011
FreezGard CI Plus Sub Zero North American Salt 14.1 27.5% 10/11/2011
Ice Ban 305 GMCO Corporation 25.3 26.6% 1/10/2013
FreezGard 0 CCI GMCO Corporation 21.2 30.0% 1/10/2013
Meltdown Apex Envirotech Services Inc. 22.4 30.0% 4/16/2014
Meltdown Inhibited Envirotech Services Inc. 24.1 30.0% 4/29/2014
Note-Iceban 200 was formerly Iceban Performance Plus M
Those products marked with an asterisk (*) indicates that the stratification can be seen and agitation is required.

Category 2 - Corrosion Inhibited Liquid Calcium Chloride
Product Name Manufacturer Corrosion Rate % Effectiveness | % Concentration Date Approved
Ligquid Dow Armor Dow Chemical 26 30% 6/25/1999
Winter Thaw DI Tetra Technologies 16.5 32% 9/13/1999
Corguard TG Tiger Calcium Services 27.7 29% 1/9/2001
Road Guard Plus Tiger Calcium Services 16 25% 6/5/2006
Calcium Chloride with Boost (CCB) America West 18.4 32% 4/10/2014
Category 3 - Non Corrosion Inhibited Liquid Calcium Magnesium Acetate
Product Name Manufacturer Corrosion Rate % Effectiveness | % Concentration Date Approved
Liquid CMA 25% Cryotech -11 25% 5/19/1998
SC CMA 25% Sure Crop Farm Services -2.8 25% 9/13/1999
1
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Category 4 - Corrosion Inhibited Solid Sodium Chloride

Category 4A- Corrosion Inhibited Solid Sodium Chloride (Corrosion Percent Effectiveness of 30% or less)

Product Name Manufacturer Corrosion Rate % Effectiveness | % Concentration Date Approved
Inhibited Ice Slicer Envirotech 30 N/A 5/19/1998
CG-90 Non-Phosphate 2.8% Cargill 27 N/A 5/19/1998
IMC CI SALT A 3.5 North American Salt 28 N/A 8/21/2001
IMC CI SALT B 4.5 North American Salt 18.6 N/A 8/21/2001
Clear Lane PNS Enhanced Deicer Cargill 28.9 N/A 8/1/2005
Ice Slicer Elite Envirotech 16 N/A 8/1/2005
Category 4B- Corrosion Inhibited Solid Sodium Chloride (Corrosion Percent Effectiveness 31% to 85%)
Product Name Manufacturer Corrosion Rate % Effectiveness | % Concentration Date Approved
Ice Slicer RS Redmond 80 N/A 10/13/2009
Ice Slicer Super Blend Plus Redmond 60.4 N/A 10/13/2009
Category 5 - Corrosion Inhibited Sodium Chloride Plus 10% Magnesium Chloride (Solid)
Product Name Manufacturer Corrosion Rate % Effectiveness | % Concentration Date Approved
CG-90 Surface Saver 10% Cargill 15 N/A 5/19/1998
Meltdown 10 Envirotech 30 N/A 5/19/1998
Surface Saver PNS 10% Cargill 27.2 N/A 8/21/2001
Category 6 - Corrosion Inhibited Sodium Chloride Plus 20% Magnesium Chloride (Solid)
Product Name Manufacturer Corrosion Rate % Effectiveness | % Concentration Date Approved
CG-90 Surface Saver 22% Cargill 26 N/A 5/19/1998
Meltdown 20 Envirotech 27 N/A 8/8/2000
Surface Saver PNS 20% Cargill 22 N/A 8/21/2001
Category 7 - Calcium Magnesium Acetate (Solid)
Product Name Manufacturer Corrosion Rate % Effectiveness | % Concentration Date Approved
CMA Cryotech -7 96% 5/19/1998
2
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Category 8 - Non Corrosion Inhibited Solid Sodium Chloride

CATEGORY 8A-B Standard Gradation, Brining Salt, Insoluble Material less than 1%, and Moisture less than 0.5%.

Product Name Manufacturer Date Approved
DriRox Coarse Salt* North American Salt 9/21/2012
Bulk Coarse Solar Morton Salt 4/21/2006
Intrepid Coarse Salt Intrepid Potash 6/3/2010

* Product was renamed from NASC Salt (Coarse). The product has been approved since 8/2000.

CATEGORY 8A-R Standard Gradation, Road Salt, Insoluble Material less than 10%, and Moisture less than 0.5%.

Product Name Manufacturer Date Approved
Cargill Dry Salt Cargill 6/1/1998
Mineral Melt NSC Minerals 6/1/1998
DriRox Coarse Salt* North American Salt 9/21/2012
Kayway Salt (Coarse) Kayway Industries 12/23/2003
Bulk Coarse Solar Morton Salt 4/26/2005
Ice Slicer Super Blend Redmond Mineral 8/2/2006
ISCO Bulk Rock Salt K+S 6/23/2008
Natural Alternative Ice Melt NaturaLawn of America 5/17/2010
Intrepid Coarse Salt Intrepid Potash 6/3/2010
* Product was renamed from NASC Salt (Coarse). The product has been approved since 8/2000.

CATEGORY 8B - Insoluble Material less than 10%, and Moisture less than 5.0%.
Product Name Manufacturer %Moisture Date Approved
Ice Slicer RS Redmond Mineral 1.95 2/9/2003
QwikSalt North American Salt 2.54 6/30/2004
Type C Treated Salt Broken Arrow 2.94 8/2/2004
SS-5.0 Shelton's Salt 0.90 9/16/2004
Bulk Type C Road Salt Morton Salt 2.63 4/26/2005
ESSA Salt ESSA 0.84 6/26/2007
Rapid Thaw Broken Arrow 2.49 3/4/2009
Bulk Deicing Salt Central Salt 2.39 6/24/2013

CATEGORY 8C-B Fine Gradation, Brining Salt, Insoluble Material less than 1%, and

Moisture less than 0.5%.

Product Name Manufacturer Date Approved
Mineral Melt NSC Minerals 3/1/2006
Quick Brine RF NSC Minerals 3/1/2006
Rocanville Standard Road Salt NSC Minerals 10/6/2006
Medium Solar Salt North American Salt 8/12/2009
Mixing Solar Salt North American Salt 8/12/2009
Intrepid Medium Salt Intrepid Potash 6/3/2010
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CATEGORY 8C-R, Fine Gradation, Road Salt, Insoluble Material less than 10% and Moisture less than 0.5%.

Product Name Manufacturer Date Approved
Mineral Melt NSC Minerals 3/1/2006
Quick Brine VS NSC Minerals 3/1/2006
Quick Brine RF NSC Minerals 3/1/2006
Rocanville Standard Road Salt NSC Minerals 10/6/2006
Medium Solar Salt North American Salt 8/12/2009
Mixing Solar Salt North American Salt 8/12/2009
Intrepid Medium Salt Intrepid Potash 6/3/2010
Ice Slicer Near Zero Redmond Minerals 12/3/2010
Category 9 - Corrosion Inhibited Liquid Sodium Chloride
Product Name Manufacturer Corrosion Rate % Effectiveness | % Concentration Date Approved
Salt Brine + Brine ClI Cargill 25.4 23.3 8/12/2009
Brine with Headwaters Inhibitor Rivertop Renewables 25.6 22.5 11/24/2014
Brine with Headwaters 10F Inhibitor Rivertop Renewables 26.7 22.4 11/24/2014
Category 10 - Corrosion Inhibited Liquid Sodium Chloride Plus Calcium Chloride

Product Name Manufacturer Corrosion Rate % Effectiveness | % Concentration Date Approved
TC Econo* Tiger Calcium Services 20.5 2072 8/12/2009
Beet Heet Severe K-Tech Specialty Coatings 21.1 15.3/5.4%) 7/13/2011
ESB America West 21.0 18.8/2.3% 4/14/2014
SO-CAL Custom Spray Services 27.8 20.8/2.5 % 4/14/2014

1-20% NacCl and 2% CacCl,

2 -15.3% NaCl and 5.4% CacCl,
3- 18.8% NacCl and 2.3% CacCl,
4 -20.8% NaCl and 2.5% CacCl,

Category 11 - Corrosion Inhibited Liquid Chloride Blended Brines

Product Name

Manufacturer

Corrosion Rate % Effectiveness

% Concentration

Date Approved

Road Guard Plus* Tiger Calcium Services 16 27 8/12/2009
Road Guard TC Tiger Calcium Services 21.3 32.1@ 8/12/2009
Road Guard XCEL Tiger Calcium Services 20.3 3320 8/12/2009
IB 7/93-Thermapoint Millennium Roads 24 26.7% 5/1/2013

1 - 25% Calcium Chloride and 2% Magnesium Chloride

1 - 27.3% Calcium Chloride and 4.8% Magnesium Chloride
2 - 28.5% Calcium Chloride and 4.7% Magnesium Chloride
4 - 17.8% Calcium Chloride, 5.4% Sodium Chloride, and 3.5% Magnesium Chloride
Those products marked with an asterisk (*) indicates that the stratification can be seen and agitation is required.
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PNS Experimental Category - Approved Liquid Corrosion Inhibited Products

Product Name Manufacturer Corrosion Rate % Effectiveness [% Concentration Date Approved
CF-7 Cryotech 0.0 50 6/20/2001
CMAK Cryotech 0.0 12.5/25@ 6/20/2001
NC 3000 Glacial Technologies -35 25 3/13/2002
Alpine Ice-Melt Nachurs Alpine Sol. Ind. -4.8 50 6/23/2008
Fusion 60/40 Eco Solutions 22.1 15.0® 11/23/2009
Beet Heet Concentrate*** K-Tech 14.8 21.70 9/26/2012
AguaSalina+ Nature's Own Source 26.4 22.50 9/19/2013
Isoway Omex Environmental -5.1 25.09 4/15/2014
Geomelt S7 SNI Solutions 25.9 18.1® 4/17/2014
SOS AP*** Envirotech Services 21.0 26.010 4/18/2014
SOS Inhibited*** Envirotech Services 25.3 26.04Y 8/28/2014
AQ-+IceBite Liquid Brine Deicer Nature's Own Source 11.4 20.442 8/28/2014
Ecolution Liquid Deicer State Industrial Products 26.5 24.6% 8/28/2014
Ice Bite S Road Solutions Inc. 15.0 22149 10/21/2014
XO-Melt, K-Tech 22.9 245 11/3/2014
Husker Plus*** Smith Fertilizer and Grain 10.2 3619 11/24/2014

1 - 50% Potassium Acetate

2 - 12.5% Calcium Magnesium Acetate and 25% Potassium Acetate
3 - The product contains a 25% Potassium Acetate concentration. The product also contains 30% Carbohydrate material which is still
under consideration as an active ingredient but at this time has not be included.

4 - 50% Potassium Acetate

5 - 15.0% Sodium Chloride, blend of 60% Fusion/ 40% Salt Brine
6 - Total Chloride Salt Blend with CaCl,-11.9%, MgCL,- 3.4%, KCL-2.7%, NaCl-3.7% . Carbohydrate content-28.8%. ***Material approved as a
pre-wet material to solid salt. Not for direct application as a liquid deicer.

7 - Total Chloride Salt Blend with CaCl,-9.0%, MgCL,- 2.5%, and NaCl-11.0% .

8 - 25% Potassium Acetate

9 - 18.1% Sodium Chloride, blend of 30% Geomelt 55/ 70% Salt Brine.

10 - 26.0% MgCl, with a thicking additive. ***Material approved as a pre-wet material to solid salt. Not for direct applications as a liquid deicer.
11 - 26.0% MgCl, with a thicking additive. ***Material approved as a pre-wet material to solid salt. Not for direct applications as a liquid deicer.
12 - Total Chloride Salt Blend with NaCL-13.0% and CaCl,-7.4%, blended with 15% IceBite.
13 - Total Chloride Salt Blend with CaCl,-9.8%, MgCL,- 2.3%, and NaCl-12.5% .

14 - 22.1% Sodium Chloride.

15 - Total Chloride Salt Blend with CaCl2-12.3%, MgCL2- 2.1%, and NaCl-10.1% .
16 - 36% Mixed Matrix Organic Salt Compounds derived from Sugar. ***Material approved as a pre-wet material to solid salt. Not for direct

application as a liquid deicer.
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Pacific Northwest Snow Fighters (PNS) Qualified Product List - INHIBITORS

Date of Listing: July 18, 2014

Category Al - Corrosion Inhibitor for Sodium Chloride Brine (Minimum 21% NaCl)

Product Name Manufacturer % NacCl % Additive Class % Effectiveness | Date Approved
ArctiClear Cl Plus North American Salt 21.2 5 1 21.3 12/3/2010
Headwaters Corrosion Inhibitor Rivertop Renewables 22.5 3.5 1 24.9 4/15/2014
Shield GLT Plus Paradigm Chemical 22.6 5 1 28.7 4/15/2014
Headwaters 10F Corrosion Inhibitor| Rivertop Renewables 22.4 4.5 1 26.7 7/18/2014

Category A2 - Corrosion Inhibitor for Sodium Chloride and Calcium Chloride Brine (Minimum 15% NaCl & 2% CacCl,)

Product Name Manufacturer % NaCl | % CaCl, | % Additive | Type/Class | % Effectiveness | Date Approved

Boost SB America West 18.8 2.3 20 /2 21.0 4/14/2014
Category A3 - Corrosion Inhibitor for Sodium Chloride (Minimum 15% NaCl)

Product Name Manufacturer % NacCl % Additive Class % Effectiveness | Date Approved
ArtiClear Gold North American Salt 18.8 15 2 26.6 12/3/2010
Beet 55 Concentrate Smith Fertilizer & Grain 17.2 35 2 23.1 9/19/2013
Geomelt 55 SNI Solutions 18.1 30 2 25.9 4/17/2014
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APPENDIX B
Characteristics of Typical Snow and Ice Control Chemicals
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Characteristics of Sodium Chloride

SODIUM CHLORIDE

Symbol | Eutectic Temperature
MaCl -B°F at 23.3% by weight

| Effective Temperature | Cost*

20°F 340 - 350 per ton

m Solid colorless crystals or white granules

LT ETCR S CTS Pl Dries completely; endothermic

Environmental and Infrastructure Concerns Phase Diagram

= Potential for minor eyve, skin, respiratory, and gastrointenstinal effects
# Lovy acute oral toxicty (assuming concentrations less than 230 pom)

Plants, Animals and Aquatic Life

= May damage veqetation

= May decrease stabilty of some types of soll

* [ncreases salindy of sod and water

= May aftract wildlife onfo roads contributing to road kills

= Lowy taxicty to aquatic life (assuming concertrations less than 230 ppm)

Infrastructure Impact

= Spalling of concrete
= Corrosive 1o steel

TEMPERATURE {°F}

30
Fi]

Freemng point of water {32°F)

Refreszong Saturated Solution
Cococurs {too much sait)

Refreenng Cococws
{too cold)

15 1 45 <11
SOLUTION COHNCENTRATION {%: vy wieight)

Deicmg Traimmg, coprmight © Ameniean Assocation of Sate Highway and Transportation Offieizls, 2003
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Characteristics of Magnesium Chloride

MAGNESIUM CHLORIDE

Eutectic Temperature Effective Temperature
MgClo -28°F at 21.6% by weight -10°F $120 per ton

m Typically liquid (30%); white crystals also available AT TR SICTS Pl Significant residual; exothermic

Environmental and Infrastructure Concerns Phase Diagram

Human o _______Freezing point of water (32°F)
= Potential for minor eve, skin, respirstory, and gastrointestinal effects
= Lovy acute oral toxicty (dependent on concentration)

E
Plants, Animals and Aquatic Life E Saturated Sclution
= Damage to vegetation E {too much chemical)
= Lowy toxicity to aguatic ife {dependent on concentration) 1]
* Increases salinidy of soil and water E

=R
Infrastructure Impact 0 e
= Minimal =palling to concrete il
* Potential negative affects on aluminum 70

o 15 a0 45 A0
SOLUTION CONCENTRATION (% by weight)

Deicmg Traiunmg, coprrizht © Ameiean Aszociation of State Highway and Transportation Offteazls, 2003
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Characteristics of Calcium Chloride

CALCIUM CHLORIDE

Eutectic Temperature

CaCls -59°%F at 29.8% by weight

Effective Temperature
-20°F $130 per ton

LN Fiakes (70-80%), pellets (©92-98%). liquid (32%+)

LT =Rl W Leaves maist film; exothermic

Environmental and Infrastructure Concerns Phase Diagram

= Patential for minor eye, skin, respirstory, and gastrointestinal effects
= Lovy acute oral toxicty (dependert on concentration)

Plants, Animals and Aquatic Life

* Damane to vegetation
= Lowy toxiciy to aguatic ife (depending on concentration)
* ncreases salinty of =0l and water

Infrastructure Impact

= Minimel spalling to concrete
= Slightly corrosive to stesl
* Patential for increased nitrates n drinking water

Freenmng pont of water {32°F)

Saturated Solution
Occurs {toa much chemical)

{toD ithe chamical)

TEMPERATURE (°F)
=2

Refresnng Occurs (too cold)

1] 15 | 45 G0
SOLUTION CONCENTRATION {%: vy weight)

Dexcing Traimmg, coprmight © Amenican Association of State Highway and Transpeortation Officizls, 2008
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Characteristics of Calcinm Magnesium Acetate

CALCIUM MAGNESIUM ACETATE
Eutectic Temperature Effective Temperature
ChA -17 5°F at 32 5% by weight 20°F $1150 per ton
White pellets or granular LT ETCNS 1= Has residual effect; endothermic
snmental anc : s Concerns Phase Diagram

Human Freanng point of water {32°F)
= Potertial for minor eye, skin, respirstory, and gastrointestinal effects N Meit
= Loy goute oral toxicity (dependent on concentration]) 20 =

= 10

t Refreaning

i i I |.u e Qcocus
Plants, Animals and Aquatic Life & Saturated Solution
- E -0 — {too much salt)

= iinimal damags to vegetation §
= Loy toxicity to aquatic life (dependent on concentration) ] -10
= Potertial for oxygen depletion in oil and water E -30

E Refreezing Occurs

-40 (too coid)
Infrastructure Impact 50
= Mon-corrosive -G0
0 15 30 45 60
SOLUTION CONCENTRATION (% by weight)

Detcing Traimmg, coprright © Ameriean Association of State Highway and Transportation Officials, 2008
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Characteristics of Potassium Acetate

POTASSIUM ACETATE

Eutectic Temperature
AL -fB°F at 0% by weight

Effective Temperature |
-13°F $1000 per ton

Typically liguid (50%); crystals & flakes available

Environmental and Infrastructure Concerns Phase Diagram

_ Freening pont of water (327F)

= Potential for minor eye, skin, respiratory, and gastrointestingl effects
= Loy acute oral toxicity (dependert on concentration)

Plants, Animals and Aquatic Life

= Minimal damage to vegetation
= Moderate toxicity to aguatic life (dependert on concentration)
= Potential for oxcygen depletion in soil and water

Infrasttucture Impact

= plo corrosion to steel if corrosion inhibiors added

TEMPERATURE (°F)

AT TSNS TS Pl Slight slippery effect; endothermic

Melting
Ocours

Refreeang
Occura
{too tthe chemical)

Saturated
Solubon

15 0 45 G0
SOLUTION CONCENTRATION (%% by weight)

Detcmg Traimmg, coprmight © Amencan Azzociation of State Highway and Transportation Officials, 2008
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Melting Potential Examples for Standard Snow and Ice Control Materials®
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APPENDIX C
OPERATIONS GUIDE FOR MAINTENANCE FIELD PERSONNEL

from
MANUAL OF PRACTICE FOR AN EFFECTIVE ANTI-ICING PROGRAM
A Guide for Highway Winter Maintenance Personnel
Ketcham, et al. 1996
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APPENDIX C. OPERATIONS GUIDE FOR MAINTENANCE FIELD PERSONNEL
C.1 INTRODUCTION

This appendix is a guide to highway anti-icing operations for maintenance field personnel. Its
purpose is to suggest maintenance actions for preventing the formation or development of
packed and bonded snow or bonded ice during a variety of winter weather events. It is intended
to complement the decision-making and management practices of a systematic anti-icing
program so that roads can be efficiently maintained in the best possible condition.

The guidance is based upon the results of four years of anti-icing field testing conducted by 15
State highway agencies and supported by the Strategic Highway Research Program (SHRP) and
the Federal Highway Administration (FHWA). It has been augmented with practices developed
outside the U.S., where necessary, for completeness. The recommendations are subject to
refinement as U.S. highway agencies gain additional experience with anti-icing operations. Final
decisions for their implementation rests with management personnel.

C.2 GUIDANCE FOR ANTI-ICING OPERATIONS

Guidance for anti-icing operations is presented in Tables 8 to 13 for six distinctive winter
weather events. The six events are:

Light Snow Storm

Light Snow Storm with Period(s) of Moderate or Heavy Snow
Moderate or Heavy Snow Storm

Frost or Black Ice

Freezing Rain Storm

Sleet Storm

The tables suggest the appropriate maintenance action to take during an initial or subsequent
(follow-up) anti-icing operation for a given precipitation or icing event. Each action is defined
for a range of pavement temperatures and an associated temperature trend. For some events the
operation is dependent not only on the pavement temperature and trend, but also upon the
pavement surface or the traffic condition at the time of the action. Most of the maintenance
actions involve the application of a chemical in either a dry solid, liquid, or prewetted solid form.
Application rates (“spread rates”) are given for each chemical form where appropriate. These are
suggested values and should be adjusted, if necessary to achieve increased effectiveness or
efficiency, for local conditions. The rates given for liquid chemicals are the equivalent dry
chemical rates. Application rates in volumetric units such as L/lane-km (or gal/lane-mi) must be
calculated from these dry chemical rates for each chemical and concentration.

Comments and notes are given in each table where appropriate to further guide the maintenance
field personnel in their anti-icing operations.
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C.3 GLOSSARY OF TERMS

Black ice. Popular term for a very thin coating of clear, bubble-free, homogeneous ice which
forms on a pavement with a temperature at or slightly above 0°C (32°F) when the temperature of
the air in contact with the ground is below the freezing-point of water and small slightly
supercooled water droplets deposit on the surface and coalesce (flow together) before freezing.

Dry chemical spread rate. The chemical application rate. For solid applications it is simply the
weight of the chemical applied per lane kilometer (or mile). For liquid applications it is the
weight of the dry chemical in solution applied per lane kilometer (or mile).

Freezing rain. Supercooled droplets of liquid precipitation falling on a surface whose
temperature is below or slightly above freezing, resulting in a hard, slick, generally thick coating
of ice commonly called glaze or clear ice. Non-supercooled raindrops falling on a surface whose
temperature is well below freezing will also result in glaze.

Frost. Also called hoarfrost. Ice crystals in the form of scales, needles, feathers or fans deposited
on surfaces cooled by radiation or by other processes. The deposit may be composed of drops of
dew frozen after deposition and of ice formed directly from water vapor at a temperature below
0°C (32°F) (sublimation).

Light snow. Snow falling at the rate of less than 12 mm (1/2 in) per hour; visibility is not
affected adversely.

Liquid chemical. A chemical solution; the weight of the dry chemical in solution applied per
lane kilometer (or mile) is the chemical application rate — the “dry chemical spread rate” — used
in this appendix.

Moderate or heavy snow. Snow falling at a rate of 12 mm (1/2 in) per hour or greater; visibility
may be reduced.

Sleet. A mixture of rain and of snow which has been partially melted by falling through an
atmosphere with a temperature slightly above freezing.

Slush. Accumulation of snow which lies on an impervious base and is saturated with water in

excess of its freely drained capacity. It will not support any weight when stepped or driven on
but will “squish” until the base support is reached.

0-6793 VOL. 1 C-3



Table 8. Weather event: light snow storm.

PAVEMENT INITIAL OPERATION SUBSEQUENT OPERATIONS COMMENTS
TEMPERATURE | pavement maintenance dry chemical spread maintenance dry chemical spread
RANGE, surface at action rate, kg/lane-km action rate, kg/lane-km
AND TREND time of (Ib/lane-mi) (Ib/lane-mi)
initial liquid solid or liquid solid or
operation prewetted prewetted
solid solid

Above 0°C (32°F), | Dry, wet, None, see None, see 1) Monitor pavement temperature closely for drops
steady or rising slush, or comments comments toward 0°C (32°F) and below

light snow 2) Treat icy patches if needed with chemical at

cover 28 kg/lane-km (100 Ib/lane-mi); plow if needed
Above 0°C (32°F), | Dry Apply liquid or 28 28 Plow as needed; | 28 28 1) Applications will need to be more frequent at
0°C (32°F) or prewetted solid (100) | (100) reapply liquid or | (100) (100) lower temperatures and higher snowfall rates
below is imminent; chemical solid chemical 2) Itis not advisable to apply a liquid chemical at

when needed the indicated spread rate when the pavement

ALSO Wet, slush, | Apply liquid or 28 28 temperature drops below -5°C (23°F)
-7to0°C or light solid chemical (100) | (100) 3) Do not apply liquid chemical onto heavy snow
(20 to 32°F), snow cover accumulation or packed snow
remaining in range
-10to -7°C Dry, wet, Apply prewetted 55 Plow as needed; 55 If sufficient moisture is present, solid chemical
(15 to 20°F), slush, or solid chemical (200) reapply (200) without prewetting can be applied
remaining in range | light snow prewetted solid

cover chemical when

needed

Below -10°C Dry or light | Plow as needed Plow as needed 1) It is not recommended that chemicals be applied
(15°F), snow cover in this temperature range
steady or falling 2) Abrasives can be applied to enhance traction

Notes

CHEMICAL APPLICATIONS. (1) Time initial and subsequent chemical applications to prevent deteriorating conditions or development of packed and
bonded snow. (2) Apply chemical ahead of traffic rush periods occurring during storm.
PLOWING. If needed, plow before chemical applications so that excess snow, slush, or ice is removed and pavement is wet, slushy, or lightly snow covered

when treated.
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Table 9. Weather event: light snow storm with period(s) of moderate or heavy snow.

PAVEMENT INITIAL OPERATION SUBSEQUENT OPERATIONS COMMENTS
TEMPERATURE | pavement | maintenance | dry chemical spread | maintenance dry chemical spread
RANGE, surface at action rate, kg/lane-km action rate, kg/lane-km
AND TREND time of (Ib/lane-mi) (Ib/lane-mi)
initial liquid solid or liquid solid or
operation prewetted prewetted solid
solid light heavier light heavier
Snow snow Snow snow
Above 0°C (32°F), | Dry, wet, None, see None, see 1) Monitor pavement temperature closely
steady or rising slush, or comments comments for drops toward 0°C (32°F) and below
light snow 2) Treat icy patches if needed with
cover chemical at 28 kg/lane-km
(100 Ib/lane-mi); plow if needed
Above 0°C (32°F), | Dry Apply liquid 28 28 Plow as 28 55 28 55 1) Applications will need to be more
0°C (32°F) or or prewetted (100) (100) needed; (100) | (200) (100) | (200) frequent at lower temperatures and higher
below is imminent; solid reapply liquid snowfall rates
chemical or solid 2) Do not apply liquid chemical onto
ALSO Wet, Apply liquid 28 28 chemical heavy snow accumulation or packed snow
-4t0 0°C slush, or or solid (100) (100) when needed 3) After heavier snow periods and during
(25 to 32°F), light snow | chemical light snow fall, reduce chemical rate to
remaining in range | cover 28 kg/lane-km (100 Ib/lane-mi); continue
to plow and apply chemicals as needed
-10 to -4°C Dry, wet, | Apply 55 Plow as 55 70 1) If sufficient moisture is present, solid
(15 to 25°F), slush, or prewetted (200) needed; (200) | (250) chemical without prewetting can be
remaining in range | light snow | solid reapply applied
cover chemical prewetted 2) Reduce chemical rate to 55 kg/lane-km
solid (200 Ib/lane-mi) after heavier snow
chemical periods and during light snow fall;
when needed continue to plow and apply chemicals as
needed
Below -10°C Dry or Plow as Plow as 1) It is not recommended that chemicals be
(15°F), light snow | needed needed applied in this temperature range
steady or falling cover 2) Abrasives can be applied to enhance
traction

Notes

CHEMICAL APPLICATIONS. (1) Time initial and subsequent chemical applications to prevent deteriorating conditions or development of packed and

bonded snow. (2) Anticipate increases in snowfall intensity. Apply higher rate treatments prior to or at the beginning of heavier snowfall periods to prevent
development of packed and bonded snow. (3) Apply chemical ahead of traffic rush periods occurring during storm.
PLOWING. If needed, plow before chemical applications so that excess snow, slush, or ice is removed and pavement is wet, slushy, or lightly snow covered

when treated.
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Table 10. Weather event: moderate or heavy snow storm.

PAVEMENT INITIAL OPERATION SUBSEQUENT OPERATIONS COMMENTS
TEMPERATURE | pavement | maintenance | dry chemical spread | maintenance | dry chemical spread
RANGE, surface at action rate, kg/lane-km action rate, kg/lane-km
AND TREND time of (Ib/lane-mi) (Ib/lane-mi)
initial liquid solid or liquid solid or
operation prewetted prewetted
solid solid
Above 0°C (32°F), | Dry, wet, None, see None, see 1) Monitor pavement temperature closely for drops
steady or rising slush, or comments comments toward 0°C (32°F) and below
light snow 2) Treat icy patches if needed with chemical at
cover 28 kg/lane-km (100 Ib/lane-mi); plow if needed
Above 0°C (32°F), | Dry Apply liquid 28 28 Plow 28 28 1) If the desired plowing/treatment frequency cannot be
0°C (32°F) or or prewetted (100) (100) accumulation | (100) (100) maintained, the spread rate can be increased to
below is imminent; solid and reapply 55 kg/lane-km (200 Ib/lane-mi) to accommodate longer
chemical liquid or solid operational cycles
ALSO Wet, Apply liquid 28 28 chemical as 2) Do not apply liquid chemical onto heavy snow
-1to 0°C slush, or or solid (100) (100) needed accumulation or packed snow
(30 to 32°F), light snow | chemical
remaining in range | cover
-4 to -1°C Dry Apply liquid 55 42-55 Plow 55 55 1) If the desired plowing/treatment frequency cannot be
(25 to 30°F), or prewetted (200) (150-200) accumulation | (200) (200) maintained, the spread rate can be increased to
remaining in range solid and reapply 110 kg/lane-km (400 Ib/lane-mi) to accommaodate longer
chemical
Wet, Apply liquid 55 42-55 liquid or solid operational cycles
slush, or or solid (200) (150-200) chemical as 2) Do not apply liquid chemical onto heavy snow
light snow | chemical needed accumulation or packed snow
cover
-10 to -4°C Dry, wet, | Apply 55 Plow 70 1) If the desired plowing/treatment frequency cannot be
(15 to 25°F), slush, or prewetted (200) accumulation (250) maintained, the spread rate can be increased to
remaining in range | light snow | solid and reapply 140 kg/lane-km (500 Ib/lane-mi) to accommodate longer
cover chemical prewetted operational cycles
solid 2) If sufficient moisture is present, solid chemical without
chemical as prewetting can be applied
needed
Below -10°C Dry or Plow as Plow 1) It is not recommended that chemicals be applied in this
(15°F), light snow | needed accumulation temperature range
steady or falling cover as needed 2) Abrasives can be applied to enhance traction

Notes

CHEMICAL APPLICATIONS. (1) Time initial and subsequent chemical applications to prevent deteriorating conditions or development of packed and bonded snow -- timing
and frequency of subsequent applications will be determined primarily by plowing requirements. (2) Apply chemical ahead of traffic rush periods occurring during storm.
PLOWING. Plow before chemical applications so that excess snow, slush, or ice is removed and pavement is wet, slushy, or lightly snow covered when treated.
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Table 11. Weather event: frost or black ice.

PAVEMENT TRAFFIC INITIAL OPERATION SUBSEQUENT OPERATIONS COMMENTS
TEMPERATURE | CONDITION | maintenance | dry chemical spread maintenance dry chemical spread
RANGE, action rate, kg/lane-km action rate, kg/lane-km
TREND, AND (Ib/lane-mi) (Ib/lane-mi)
RELATION TO liquid solid or liquid solid or
DEW POINT prewetted prewetted
solid solid
Above 0°C (32°F), | Any level None, see None, see Monitor pavement temperature closely; begin
steady or rising comments comments treatment if temperature starts to fall to 0°C
(32°F) or below and is at or below dew point
-2t02°C Traffic rate less | Apply 7-18 Reapply 7-18 1) Monitor pavement closely; if pavement
(28 to 35°F), than 100 prewetted (25-65) prewetted solid (25-65) becomes wet or if thin ice forms, reapply
remaining in range | vehicles per h solid chemical as chemical at higher indicated rate
or falling to 0°C chemical needed 2) Do not apply liquid chemical on ice so thick
(32°F) or below, Traffic rate Apply liquid 7-18 7-18 Reapply liquid | 11-32 7-18 that the pavement can not be seen
and equal to or greater than or prewetted (25-65) (25-65) or prewetted (40-115) | (25-65)
below dew point 100 vehicles solid solid chemical
per h chemical as needed
-7 to -2°C Any level Apply liquid 18-36 18-36 Reapply liquid | 18-36 18-36 1) Monitor pavement closely; if thin ice forms,
(20 to 28°F), or prewetted (65-130) | (65-130) or prewetted (65-130) | (65-130) reapply chemical at higher indicated rate
remaining in range, solid solid chemical 2) Applications will need to be more frequent at
and equal to or chemical when needed higher levels of condensation; if traffic volumes
below dew point are not enough to disperse condensation, it may
be necessary to increase frequency
3) It is not advisable to apply a liquid chemical
at the indicated spread rate when the pavement
temperature drops below -5°C (23°F)
-10to -7°C Any level Apply 36-55 Reapply 36-55 1) Monitor pavement closely; if thin ice forms,
(15 to 20°F), prewetted (130-200) | prewetted solid (130-200) | reapply chemical at higher indicated rate
remaining in range, solid chemical when 2) Applications will need to be more frequent at
and equal to or chemical needed higher levels of condensation; if traffic volumes
below dew point are not enough to disperse condensation, it may
be necessary to increase frequency
Below -10°C Any level Apply Apply It is not recommended that chemicals be applied
(15°F), abrasives abrasives as in this temperature range
steady or falling needed

Notes

TIMING. (1) Conduct initial operation in advance of freezing. Apply liquid chemical up to 3 h in advance. Use longer advance times in this range to effect
drying when traffic volume is low. Apply prewetted solid 1 to 2 h in advance. (2) In the absence of precipitation, liquid chemical at 21 kg/lane-km (75 Ib/lane-
mi) has been successful in preventing bridge deck icing when placed up to 4 days before freezing on higher volume roads and 7 days before on lower volume

roads.
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Table 12. Weather event: freezing rain storm.

PAVEMENT INITIAL OPERATION SUBSEQUENT OPERATIONS COMMENTS
TEMPERATURE maintenance chemical maintenance chemical
RANGE, action spread rate, action spread rate,
AND TREND kg/lane-km kg/lane-km
(Ib/lane-mi) (Ib/lane-mi)
Above 0°C (32°F), | None, see None, see 1) Monitor pavement temperature closely for drops toward 0°C (32°F) and below
steady or rising comments comments 2) Treat icy patches if needed with prewetted solid chemical at 21-28 kg/lane-km
(75-100 Ib/lane-mi)
Above 0°C (32°F), | Apply prewetted | 21-28 Reapply 21-28 Monitor pavement temperature and precipitation closely
0°C (32°F) or solid chemical (75-100) prewetted solid (75-100)
below is imminent chemical as
needed
-7to0°C Apply prewetted | 21-70 Reapply 21-70 1) Monitor pavement temperature and precipitation closely
(20 to 32°F), solid chemical (75-250) prewetted solid (75-250) 2) Increase spread rate toward higher indicated rate with decrease in pavement
remaining in range chemical as temperature or increase in intensity of freezing rainfall
needed 3) Decrease spread rate toward lower indicated rate with increase in pavement
temperature or decrease in intensity of freezing rainfall
-10 to -7°C Apply prewetted | 70-110 Reapply 70-110 1) Monitor precipitation closely
(15 to 20°F), solid chemical (250-400) prewetted solid (250-400) 2) Increase spread rate toward higher indicated rate with increase in intensity of
remaining in range chemical as freezing rainfall
needed 3) Decrease spread rate toward lower indicated rate with decrease in intensity of
freezing rainfall
Below -10°C Apply abrasives Apply abrasives It is not recommended that chemicals be applied in this temperature range
(15°F), as needed
steady or falling
Notes

CHEMICAL APPLICATIONS. (1) Time initial and subsequent chemical applications to prevent glaze ice conditions. (2) Apply chemical ahead of traffic rush
periods occurring during storm.
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Table 13. Weather event: sleet storm.

remaining in range

prewetted solid
chemical when
needed

PAVEMENT INITIAL OPERATION SUBSEQUENT OPERATIONS COMMENTS
TEMPERATURE maintenance chemical maintenance chemical
RANGE, action spread rate, action spread rate,
AND TREND kg/lane-km kg/lane-km
(Ib/lane-mi) (Ib/lane-mi)
Above 0°C (32°F), | None, see None, see 1) Monitor pavement temperature closely for drops toward 0°C (32°F) and
steady or rising comments comments below
2) Treat icy patches if needed with prewetted solid chemical at 35 kg/lane-km
(125 Ib/lane-mi)
Above 0°C (32°F), | Apply prewetted | 35 Plow as needed, 35 Monitor pavement temperature and precipitation closely
0°C (32°F) or solid chemical (125) reapply (125)
below is imminent prewetted solid
chemical when
needed
-2to 0°C Apply prewetted | 35-90 Plow as needed, 35-90 1) Monitor pavement temperature and precipitation closely
(28 to 32°F), solid chemical (125-325) reapply (125-325) 2) Increase spread rate toward higher indicated rate with increase in sleet
remaining in range prewetted solid intensity
chemical when 3) Decrease spread rate toward lower indicated rate with decrease in sleet
needed intensity
-10 to -2°C Apply prewetted | 70-110 Plow as needed, 70-110 1) Monitor precipitation closely
(15 to 28°F), solid chemical (250-400) reapply (250-400) 2) Increase spread rate toward higher indicated rate with decrease in

pavement temperature or increase in sleet intensity
3) Decrease spread rate toward lower indicated rate with increase in
pavement temperature or decrease in sleet intensity

Below -10°C
(15°F),
steady or falling

Plow as needed

Plow as needed

1) It is not recommended that chemicals be applied in this temperature range
2) Abrasives can be applied to enhance traction

Notes

CHEMICAL APPLICATIONS. (1) Time initial and subsequent chemical applications to prevent the sleet from bonding to the pavement. (2) Apply chemical
ahead of traffic rush periods occurring during storm.
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APPENDIX D

Using Road and Weather Information to Make
Chemical Ice Control Treatment Decisions

from
NCHRP Report 526
SNOW AND ICE CONTROL: GUIDELINES FOR MATERIALS AND METHODS
Blackburn, et al. 2004
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ATTACHMENT 1

Using RoaD AND WEATHER INFORMATION TO MAKE
CHEMICAL ICE CONTROL TREATMENT DECISIONS

This Attachment contains recommended steps for using road and weather information to
make snow and ice control treatment decisions. Its purpose is to define a step-by-step procedure
that winter maintenance field personnel can follow in determining an appropriate treatment action
to take in response to a variety of conditions.

Snow and ice control material rate guidelines are presented. These application rates are
based upon results of three winters of field testing various strategy/tactic combinations by
24 highway agencies. The recommended rates apply to both state and local highway agencies
engaged in snow and ice control operations on highways, roads, and streets. Appropriate
application rates for solid, prewetted solid, and liquid sodium chloride are given as a function of
pavement temperature range, adjusted dilution potential level, and the presence or absence of
ice/pavement bond. The adjusted dilution potential level accounts for precipitation type and rate,
snow and ice conditions on the road. and treatment cycle time and traffic volume conditions. The
recommended snow and ice control material application rates depend on atmospheric and
pavement conditions at the time of treatment and on how these conditions are expected to change
over the time period (window) prior to the next anticipated treatment.

Implicit in the recommended treatment steps is the requirement that plowing, if needed.
should be performed before chemical applications are made. This is necessary so that any excess
snow, slush, or ice is removed and the pavement surface is wet, slushy, or lightly snow covered
when treated.

When applying solid, prewetted solid. or liquid snow and ice control chemicals, the usual
intent is to achieve or maintain an unbonded, bare, or wet pavement condition. The following
procedure will provide a generally successful result.

STEP1

The first step in the procedure is to determine the pavement temperature at the time of
treatment and the temperature trend after treatment. A judgment, either estimated or predicted by
modeling techniques, will need to be made of what the pavement temperature will be in the near
term, 1 to 2 hours after treatment. This is one aspect of what is commonly called “nowcasting.”
Nowcasting refers to the use of real-time data, or best information available, for very short-term
forecasting. It relies on the rapid transmittal of data from RWIS installations, weather radar,
patrols, and other information sources for making a judgment of the probable weather and
pavement condition/temperature over the next hour or two. Nowcasts can be provided by a private
weather service or performed within the maintenance agency.

The end result of this step in the procedure will be the determination of the “pavement
temperature and trend.”
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STEP 2

The second step in the procedure is to establish the dilution potential that a chemical
treatment must: (1) endure before another treatment is made during a winter weather event, or
(2) produce a satisfactory result in the absence of precipitation at the end of an event. The
establishment of the dilution potential for each treatment includes consideration of precipitation
type and rate (including none), precipitation trend. the presence of various wheel path area
conditions, treatment cycle time, and traffic speed and volume.

The dilution potential for the precipitation at the time of treatment and its anticipated trend
in the short-term is determined from Table A-1. The level of precipitation dilution potential will
be either low, medium, or high. In the absence of precipitation, the dilution potential is
determined from the wheel path area condition and is shown in Table A-2.

STEP 3

In the third step. an adjustment to the precipitation dilution potential shown in Table A-1
may have to be made for various wheelpath area conditions. These adjustments are given in
Table A-3.

STEP 4

In the fourth step, an additional adjustment to the precipitation dilution potential may have
to be made for treatment cycle time. This is the time between anticipated successive treatment
passes. In the case of pretreating, it is the time between the onset of precipitation and the next
anticipated treatment. These adjustments are given in Table A-4.

STEP 5

In the fifth step, an extra adjustment to the precipitation dilution potential may have to be
made for traffic speeds greater than 35 mph and traffic volume greater than 125 vehicles per
hour. These adjustments are also given in Table A-4. No adjustment is made for traffic volume
when traffic speeds are 35 mph or below.

When making additional level adjustments to the precipitation dilution potential. an
adjustment level of 1 would change a low level to a medium level or a medium level to a high
level. An adjustment level of 2 would change a low level to a high level. The end result of
adding various factor adjustment levels to the precipitation dilution potential is termed “adjusted
dilution potential.” The final adjusted dilution potential level cannot exceed “high.”

STEP 6
The sixth and final step in the procedure is to make a judgment of whether an

ice/pavement bond condition exists. This determination (yes or no) is made based on field
observations or sensor data.
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TABLE A-1 Precipitation dilution potential in the presence of precipitation

Precipitation rate

Precipitation type Light Moderata Heavy Linknown
1. Snow 1 (powder) Low Low Madium Low
2. Snow 2 {ordinary) Low Medium High Medium
3. Snow 3 (wetheavy) Medium High High High
4. Snow U (unknown) - Medium - -
5. Rain Low Medium High Medium
B. Freezing rain Low Meadium High Medium
T. Sleet Low Madium High Medium
8. Blowing snow - Madium - -
a. Snow with blowing snow (Same as type of snow)
10. Freazing rain with sleet Low Medium High Medium

TABLE A-2 Precipitation dilution potential in the absence of precipitation for varions wheel path

area conditions

Pracipitation _ Wheel path area condition Precipitation d_ ilution potential
Diry or damp Mot applicable ("NA")
Wet Low
Mane Frost or black ice (thin ice) Low
Slush or loosa snow Meadium
Packed snow or thick ice High

TABLE A-3 Adjustment table to precipitation dilution potential for the presence of various wheel
path area conditions

Increase precipitation dilution

Pracipitation _ Wheel path condition potential by number of levels
Bare 0
Frost or thin ice 0
Yos

thick ice

Slush, loose snow, packed snow, or

1

TABLE A4 Cycle time and traffic volume adjustments to precipitation dilution potential (final

level not to exceed “high™)

Increase precipitation dilution
Cycle time, hours potential by number of levels:

0—-15 1]

1.6-3.0 1

Mara than 3.0 2

For traffic speads = 35 mph
Traffic volume {vehicles per hour)
Lass than 125 0
More than 125 1
0-6793 VOL. 1
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The appropriate application rates for solid, prewetted solid, and liquid sodium chloride
can then be determined from Table A-5 using the results from the previously described steps.

Calculations were performed to develop application rate data for calcium chloride (CaCl,).
magnesium chloride (MgCls), potassium acetate (KAc), and calcium magnesium acetate (CMA),
that were normalized with respect to the application rate data for dry solid NaCl. The ice melting
characteristics of each chemical were used in the computations. The equivalent application rates
for each of the five ice control chemicals are given in Table A-6 for a range of pavement tempera-
tures. The application rates are normalized to 100 Ib/LM of dry solid NaCl.

A word of caution is in order concerning the use of the application rates in Table A-6. The
equivalent application rates for a 23-percent concentration solution of NaCl determined from the
use of Table A-6 are more conservative (larger) than those in Table A-5 for unbonded ice-
pavement conditions. The liquid application rate data in Table A-6 were derived from freezing
point (ice melting) data of the five chemical solutions. The liquid application rate data in Table
A-5 for unbonded ice-pavement conditions were derived from field test data and include the influ-
ence of such variables as precipitation type and rate, pavement wheel path conditions, maintenance
treatment cycle time, and traffic volume. As such, the equivalent application rates for the five ice
control chemicals in Table A-6 should be considered as starting points in determining the appro-
priate rates for snow and ice control operations. Local experience should refine these values.

Two forms were developed to assist in the process of selecting an appropriate treatment
chemical application rate. Form 1 shown in Figure A-1 is a weather and pavement condition
sheet. Here, all relevant weather and pavement data are arrayed for various points in time of
interest. These time points may be:

. shortly before a winter weather event begins

. at the onset of precipitation

. at the beginning of each treatment cycle

. at the end of an event

N at various points in time after the winter weather event

The data may come from a variety of sources. The form is intended to display all relevant
weather and pavement condition data in one convenient location and format. The form could be
used as a format for private sector weather forecasters to deliver their products.

Form 2 shown in Figure A-2 is a snow and ice control treatment design worksheet. It
was developed to assist in determining an appropriate treatment and application rate by arraying
the necessary data in a logical order.

Both forms could be easily computerized to assist in the treatment decision-making

process in support of level of service requirements. An example of how to select a treatment
using the treatment design procedure is given in Attachment 2.
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TABLE A-5  Application rates for solid, prewetted solid, and liquid sodium chloride

Application rate
Pavement Adjusted Solid (1) Liquid (2)
Temperature (°F) diluticn potential lce pavement bond IB/LM gallL M
Mo 90 (3) 40 (3)
Low Yas 200 MA {4}
. Mo 100 (3) 44 (3)
Over 32° F Medium Yes P NE (2)
Mo 110 (3) 48 (3)
High ez 250 MR (4}
Mo 1320 57
Low Yas 275 MR (4)
Mo 150 66
321030 Medium Yes 300 NR (4)
Mo 160 70
High Yas 325 MR (4}
Mo 170 74
Low Yas 350 MA (4}
Mo 180 79
3010 25 Madium Yos 375 NR (4)
Mo 190 83
High Y as 400 ME (4}
Mo 200 87
Low a5 425 MA (4}
Mo 210 g2
251020 Medium Yeos 350 NA ()
Mo 220 96
High Yas 475 MR
Mo 230 MR
Low Yas 500 MA
Mo 240 MR
20013 Medium Yes 525 NR
Mo 250 MHE
High Yas 550 MR
Mo 260 MAE
Low Yas 575 MA
Mo 270 MA
1510 10 Madium Vos =) N
Mo 280 MR
High Yas 625 MH
A, Ifunbonded, try mechanical removal without chemical.
Below 10°F B. |f bonded, apply chemical at 700 Ib/LM. Plow when slushy. Repeat as necessary.
C. Apply abrasives as necassary.
MR = Mot recommendad.
Specific Motes:
1. Values for "solid” also apply to prewet solid and incluede the equivalent dry chemical weight in prawetting solutions.
2 Liquid values are shown for the 23-parcent concantration solution.
3. Inunbonded, try mechanical removal without applying chemicals. If pretreating, use this application rate.
4. [fwveory thin ice, liquids may be appliad at the unbondad ratas.
Ganeral Motes:
5. These application rates are starting points. Local experience should refine these recommendations.
6. Prewetling chamicals should allow application rates to be reduced by up to about 20% depanding on such primary
factors as spread pattern and spreading speed.
7. Application rates for chemicals other than sodium chloride will need to be adjusted wsing the equivalant application
rates shown in Table A-6.
8. Baiore applying any ice control chemical, the surface should be cleared of as much snow and ice as possible.
0-6793 VOL. 1 D-6



TABLE A-6 Egquivalent application rates for five ice control chemicals

NaCl CaCl, MgCl, KAC CMA

50-
100%  23%°  02%' 32%'  50%" 27%  100%" 50%  100%' 25%
Temperature _Solid _ Liguid  _Solid _Liguid _Solid _Liguid Solid _Liguid _ Solid _Liguid
(°F)__ “IbM_gallM__biLM_gallM LM gallM /LM _ gallM___IbLM__gallM
315 100 45 100 32 90 a1 150 30 150 60
31 100 46 111 32 ol 3 181 3 161 72
05 100 47 111 33 o1 a2 185 20 155 71
30 100 48 107 33 CER- 158 3 158 74
20 100 40 100 34 o1 33 155 3 155 70
28 100 52 100 34 o1 23 152 3 152 81
27 100 54 100 35 00 24 153 3 153 86
26 100 56 104 34 96 36 161 33 161 95
25 100 57 102 34 0o 35 167 35 167 108
24 100 61 108 38 102 41 167 35 167 114
23 100 62 12 4 102 41 184 35 164 117
22 100 65 1o 4 102 42 1680 35 160 121
21 100 68 107 40 101 42 155 35 185 125
20 100 70 108 42 98 42 150 34 150 129
15 100 o0 103 44 06 44 142 24 142 170
10 100 120 101 49 95 47 138 35 138 265
5 100 165 104 57 06 &1 139 37 120 630

MaCl: Sodium chioride.

CaCle:: Calcium chioride.
MaCl,: Magnesium chloride.
KAc:  Potassium acetate.
CMA: Calcium magnesium acetate.

* Typical percent concentrations of the solid and liquid forms with the balance being largely water.

General Notes:

1. The above application rates are normalized to 100 Ib/LM of dry solid MaCl. The application rates

comresponding to a dry solid NaCl rate other than 100 [b/LM are detarminad by multiplying the equivalent
chamical application rates for a given temperature by the ratio of the desired dry solid NaCl rate to 100

Ib/LM. For example, if a 200 In/LM of dry solid MaCl application rate were recommended at a
temperature of 20°F, then switching to a 90 to 92 percent concentration of solid CGaCl: would reguire a

slightly higher application rate of 216 Ib/LM.
2. The abowve application rate data wera derved from the freezing point (ice melting) data of the five

chamical solutions. As such, the data are more conservative (larger) than fisld data would suggest for
anti-icing operations.
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from
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FIELD HANDBOOK FOR SNOWPLOW OPERATORS

Minnesota Department of Transportation 2005
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Manual Number 2005-01

Minnesota
Snow and Ice
Control

Field Handbook for Snowplow Operators

UN]'\TERSITY OF MINNESOTA
TRANSPORTATION STUDIES

»LTAP

NESOTA LOCAL TICHNICAL A58 STANCE FRDGRAM

University of Minnesoia
Center for Transportation Studies
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Application Rate
Suideli

Develop your own application rates using the guidelines on
pages 16-18 as a starting point and modify them incremental-
ly over time to fit your needs. You can summarize information
gathered from your truck logs into application rates for your
area. Be aware, though, that sample rate charts vary greatly
from one area to another, and most are very high. Make it a
goal to reduce application rates while keeping our roads safe.
You can reduce rates by following anti-icing and other strate-
gies covered in this field handbook.

GUIDELINES FOR DETERMINING APPLICATION RATES

« Sand/salt mix isn't advised but may help in some situa-
tions such as freezing rain.

« Always plow before applying chemical. For reapplication,
start with the lowest rate in the range.

« High traffic volume will work salt into the snow and aid in
melting—so use a lower rate.

« Higher traffic speeds will blow salt off the road and hinder
melting—so increase use of prewetted materials.

« Use sand for short-term traction only. It will never melt
anything.

« For application on a single lane, cut rates in half. For an 18-
foot-wide road, use 34 of the listed rate (i.e., multiply rate
by 0.75).

« It is usually not cost-efficient to apply salt (sodium chlo-
ride) at pavement temperatures below 15° E

15

>

Salt spray
damages roadside
vegetation.
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Application Rate Guidelines s —

Anti-icing Application Rate Guidelines
These guidelines are a starting point. Reduce or increase rates incremen-
tally based on your experience.

Gallons/Lane Mile
Condition MgCl, Salt Brine | Other Products
1. Regularly scheduled | 15-25 | 2040 Follow
applications .
manufacturers
2. Prior to frostor black | 15-25 | 2040 recommendations.
ice event
3. Prior to light or 15—-25 20-50
moderate snow

Pounds of Ice Melted Per Pound of Salt

Pavement Temp. 'F One Pound of Salt Melt Times
(NaCl) melts
30 16.3 |bs of ice 5 min.
25 14.4 |bs of ice 10 min.
20 86 Ibsof ice 20 min.
15 6.3 Ibs of ice 1 hour
10 49 Ibsof ice Dry salt is ineffective and will
. blow away before it melts
5 41 Ibs of ice anything.
0 3.7 Ibsofice
-B 3.2 Ibsof ice

It is not cost-efficient to apply salt (sodium chloride) at pavement temperatures less than 15" F

16
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—— ADplication Rate Guidelines

Deicing Application Rate Guidelines
24’ of pavement (typical two-lane road)
These rates are not fixed values, but rather the middle of a range to be selected and adjusted
by an agency according to its local conditions and experience.
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Lbs/ two-lane mile
Pavement |Weather |Maintenance |Salt Salt Dry Salt* Winter Sand
Temp. {°F) |Condition | Actions Prewetted/ |Prewetted/ {abrasives)
and Trend Pretreated |Pretreated
(it With Salt | With Other
Brine Blends
=30° 1 Snow Plow, treat 80 70 100% Not
intersections recommended
__________________________________ O e
Frz.rain | Apply chemical |80 — 160 70-140 100-200%  |Not
recommended
a0°] Snow Plow & apply |80-160 70-140 100-200%  |MNot
SR IS | chemical | | | ] recommended
Frz.rain | Apply chemical 150 — 200 130—180 |180—240%  |Not
recommended
25-30° T |Snow Plow & apply |120—160 100—140 |150-200%  |Not
chemical recommended
Frz.rain | Apply chemical | 150 — 200 130-180 |180-240%  [Not
recommended
25-30°] |Snow Plow & apply [120-160 100—140 |150-200%  |Not
SRS IO | chemical | ! recommended
Frz.rain | Apply chemical | 160 — 240 140-210 |200-300% |400
20-725"T |Snowor |Plow &apply |160-240 140-210 |200-300% |400
frz.rain | chemical
20-257] |Snow Plow & apply [200 - 280 175—250 |250-350%  [Not
SRS U | chemical | ! recommended
Frz.rain | Apply chemical | 240 — 320 210-280 (300-400% |400
15-20°T |Snow Plow & apply [200 - 280 175—250 |250-350%  [Not
chemical recommended
Frz.rain | Apply chemical | 240 — 320 210-280 (300-400% |400
15-20°] [Snowor |Plow &apply |240-320 210-280 (300 -400%  |500 for frz. rain
Frz.rain  |chemical
0to 15" 1] |Snow Plow, treat Mot 300-400 |Not 500 — 750 spot
with blends recommended recommended |treat as needed
sand hazardous
areas
<0 Snow Plow, treat Not 400 - 600** | Not 500 — 750 spot
with blends recommended recommended |treat as needed
sand hazardous
areas

*DOry salt is not recommended. It is likely to blow off the road before it melts ice.
**A blend of 6 —8 gal/ton MgCl, or CaCl, added to NaCl can melt ice as low as -10"
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Application Rate Guidelines s ————

How to use the table on page 17:

1. Select the row with the appropriate pavement temperature,
temperature trend, and weather conditions.

2.Select the column that has the type of material you are us-
ing.

3.Find the box where the row and columns intersect to find
the application rate. These rates are not fixed values, but
rather the middle of a range to be selected and adjusted by
your agency according to your local conditions and experi-
ence.

4.Compare those values to the calibration chart for your
truck.

5. Dial the correct setting for the rate indicated on the Applica-
tion Rate Guidelines.

6.If you are not treating a 24-foot-wide road (typical two-lane
road), adjust the rate as follows: for application on a single
lane, cut rates in half. For an 18-foot-wide road, use 3 of the
listed rate (i.e., multiply rate by 0.75).

18
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= ENVIROTECH ]

MATERIAL SAFETY DATA SHEET

SECTION I: FRODUCT, COMPANY AND SHIPPER IDENTIFICATION

Product WName: MeltDown® 20 Graonular Deicer

Chemnical Name Compler Chloride—Sodivm Chloride, Potassivom Chiloride, Magnesium
Chloride, Calcivm Chloride with corrosion inhibition

Mamufacturer Radmond Minarals, Inc. (B01) 4231622
P Box 210

Redmend, UT §4d32

Shipper/Thstribuior:  EsvireTech Services, Inc. BT 3403200
910 54" Avenue, Suire 230

Greelgy, CO 80534

Chamtrac (E00) 424-2300

SECTION IT: COAPOSITION / INFOREMATION ON INGEEDIERTS
Ingredients CAS Number Percent
Sodivm Chicride To47v-I4-3 L
Magnezium Chioride FTRI-18-0 Q00 =020
Porassium Chloride T44T-40-7 0035020
Calcinm Chioride J0043-52-4 Q30— 140
Corresion Inhibiter Nene Exists Proprietary

SECTION III: HAZARDS INDENTIFICATION

Emersency Chemzew: Thiz MEDE has been compiled as a response fo cusiomer reguesis

fo addrazs the sqfe handling of the product.

THIS PRODUCT IS NOT REGULATED UNDER O5HA.
It does mor comtain any hazardons componenis.
CAUTION = MAY CAUSE EFE IRRITATION

Potential Health Effects
Foute(s) OFf Entrv:  Eve, Inkalation, Ingezrion, Skin Conract
Eyes: May canze mild irvitation.
Inhalation: May canse respiratory mract irvitation.
Ingestion May eauze GI irvitation.
Skin: May canze mild irvitation.
Chrome Effects Nowe Imown.
SECTION IV: FIRAT AID MEASTRES
Ingestion: Nom roxic, rinse mouth wirh warer, do not give an uNconscious person somerhing
fo imgest.
Skan: Flusk with water, wash with mild zeap and water, and practice reasonable and
erdinary hygicne.
Eyes: Look for and remove contact lenses. Irvigate with water.

Inhalation:  [finhaled, remove to frech air, if net breathing, give artificial respivation. Obtain
medical artendion {f irrifation oocurs.

Page l of 4
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SECTION V: FIRE AND EXPLOSION HAZARD DATA

Flammable Linuts: N4 Not Flammable
LEL. N

UEL-: N

Extmamszling Meadia:  None, non-flammable
Flash Poant Nene

specizal Fie Fighting Proceduras: None
Unusual Foe and Explosion Hazards: None

WFPA Classification: Health =0  Flammability =0 Feactiviy = 0

SECTION VI: ACCIDENTAL RELEASE MEASURES
Spill or Leak Procedure:

Swesp up. Store in a dry area.

SECTION VII: HANDLING AND STORAGE
Precautions to be faken m Handling and Storage:
EKEEP OUT OF THE REACH OF CHILDREN
Material can be corvosive o some metalz; care should be faken when stored for long
periods in metal confainers.
Avoid contact with eye, skin or clothing.
Wash thoroughly after handling.
Practice reasonable care and precautions.
Wear zafety glazzes and rubber or other impervious gloves
Store in a dry area
Orther Frecautions
Not for food or drug use. Do not take internally.
SECTION VII: EXPOSURE CONTROLS / PERSONAL PROTECTION

Fespiratory Protection None
Ventilation: Local Exhauzi: Not reguired
Mechanical {Generall: Not reguired

Protactive Gloves: Rubber or ather impervious glover recommendsd.
Eve Protection Safery glaszez or gogeles with splash shislds recommended.
Orther: Nome

SECTION IX: PHYSICAL AND CHEMICAL PROPERTIES
Bollimg Pont Solid Marerial, N4 Spacific Gravity: Solid Marevial, N/A
Vapor Preszure: Solid Marerial, N/4 Melting Pont J474 °F
Vapor Density: Solid Marerial, N4 Evzporation Rate: Not Determined

Sclubility in Water- 92 - 00%;
Appearance and Odor: Reddizh to white, no odor.

Page 2 of 4
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SECTION X: STABILITY AND REACTIVITY

Stability: Stable

Incompatibilities: Nene known
Hazardous Decompositon: Nene known.
Hazardous Polvmenzation: Wil notf occur
Conditions to Avoild: None establizhed

SECTION XI: TOXICOLOGICAL INFOEMATION

Desciption: Not Listed

SECTION XII: ECOLOGICAL INFOEMATION

Emvrommental Efects: Nor dvailable
Ecotoxicity: Not Available

SECTION XIIT: DISPOSAL CONSIDERATIONS

Disposal Method:
If a waste is identified it must be dispored of in accordance with federal state and
local regulation:.

SECTION XIV: TRANSPORTATION INFOEMATION

1.5, Department of Tranzpeortation:
Not regulated az dangevous goods. Not regulated az hazardous.
Transpertation of Dangerous Goods (TDG — Camada):

Not regulared as dangevous goeds. Not regulated az hazardows.

SECTION XV: REGULATOREY INFOEMATION

OSHA Stams: Not Listed

TSCA Status Not Listed

CERCLA reportable quanaty: None

SABA Section 302 Extremelv Hazardous Substances: Not Listed

SARA Section 311312 Hazard Category: Not an O5HA hazardous material
SARA Secnion 313 Tome Chenueal: Not an O5HA hazardous material
RCEA Status: Not Listed

Paze dof 4
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SECTION XVI: OTHEE INFOEMATION

Disclanmer:

Lzsue Date:

Thiz Marerial Data Sqfery Sheet (MEDE) is provided in response to customer
reguests to address the sqfe handling of the product. All statementz, technical
irfformation and recommendations contained herein are the best of our
imowledee, reliable and accurate. Thiz M3D5 iz not intended ro make am
representation as fo how the product will perform when used for itz intended
purpose by a user. In that regards the product is sold "A% I5" and nothing in this
MEDS should be desmed 1o be a reprezentation or warranty af any imjury, loss, or
damage. of any kind or natire, which are sustained by or arize from the use of the
product. Nothing in thiz M5DS5 iz intended to be a representation or warranty by
the manyfacturer of the accuracy, safetv, er usgfilnaz:s for any purpose af any
technical information, materials, fechmigques, or pracfices.

September 1%, 2011

Supersedes Date: All Frevious Versions

e ryformiion contaimed m dhis Waserial Sgfery Dara Sheet 5, fo the best o owr fnowledge, accuraie and reliakle.
This ryftomuniion showld be provided o all maividuals hdlimg thiz producy,. Federal, siare, and local reguianions
should ba fhiloead when Bandiing it product.

0-6793 VOL. 1
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ENVIROTECH

SETHICES, VG
MATERIAL SAFETY DATA SHEET

SECTION L PRODUCT, COMPANY ANDSHIPPER IDENTIFICAT IOM

Product Mame: MeltDown® Apex
Chemical Mame: Magnesivm Chloride Saolution plus Praprigary Additive
hamifachrer EnviraTach Services, Inc. (970 346-3 90

91 0 54™ dvenue, Suite 230
(reeley, OO 80634

Shipper/Ihstributor:
i i e b M o)

Chemmitrac: (RO & 28-S0

SECTION Iz COMPOS TTION S INFORMATION OM INGREDIENTS

Inmgredients CAS Mumber Pemcent
Mapmesium Chilorids FRO -1 -6 25 —35
Water FFI2-184-5 iy — 75
Shicld AP Corrasion Inhibitor MNone Exists FPraprictary
Pranrietary Additive None Erisis Fraprictary

SECTHIN I HAZARDS INDENTIFICATION
Emergency Ohverviea: Thiz MEDE har bean compiled az a resnonse 1o CHRIGMEr FEGUERES
1o addvess the safe handling of the product.
THEN PROYVICT L5 NOT RECGULATELY UNDER OSHA
It does not contain any Aazardous CompoRERTE.
CAUTION — MA Y CAUSE EXE TRRITATION

Potential Health Effects
Boute(=) Of Entry: Epe, Inhalation, Ingestion, Skin Contact

Exyes: Moy couse mild irritation
Inhalation: Moy cowse respiratary tract freifation.
Ingestion: May couwse (2 irritation
Skin: May coure mild frritation
Chronic Effects Mone known.

SECTION 1V: FIRST ALD MEASURES

[nigestion: Nan taxic, do not induce womiting, rinse mowh with warer, do not ghe an
WRCanSCions person somahing 1o ingest

Skin: Flugh with water, wazh with mild zoap and water, and practice reasonable and
ordinary hygisns.

Exyes: Laak for and remiove contact lenzes. Trrigate with water.

Inhalation:  ANermally nat applicable. I inhaled, remove to fresh air, ifnot braathing, give
artificial respivation. (Mhtaim medical attention §f iFritation ocours.
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SECTLON Vi FIRE ANMID EXPLOSIIN HAZARD DATA

Flammable Limits: N/A Not Flammable
LEL: MNiA

LIEL: Nid

Extinguishing Media:  Nowne, non-flammable
Flash Point: MNone

Special Fire Fighting Procedures: MNone
Unusual Fire and Explosion Hazands: Nome

MFEPA Classification: Health = Flammahiling = i) Reactivity = i)

SECTION VI: AUCIDENTAL RELEASE MEASURES

Spill or Leak Procedure:
Contain spills to prevent aocess to walerways, Fewers and hasemants.

Flush with water

SECTHON VI HANMDLING AND STORAG E
Precautions to be taken in Handling and Storage:
KEEP OUT OF THE REACH OF CHILIREN
Material can be corrogive to some maals; care showd be takan when stored far long
periods i metal containers.
Avoid comtactwith eye, skin or clathing
Wash thoraughly after handiing.
Practice reasonable care and precautions.
Wear sajay glasses and rubber or ather impervious gloves.
Other Precautions:
Mot for food ar drug use. Do nottake intarnally  May couse leather to shrink.
SECTHON VI EXPOSURE CONTROLS / PERSONAL PROTECTION

Respimtory Protection: None
Ventilation: Local Exhaust: Not requived
Meachanical {(renerall: Not required

Protective Gloves: Rubber ar ather imparvions gloves Fecommendsed.
Eve Protection: Kafery plasser oF goggles with splash shislds recommanded.
Other: Naone

SECTHON IX: PHYSICAL ANID CHEMICAL PROPERTIES
Hoiling Point: 225°F Specific Gravity: 124134
Vapor Pressure: N4 Melting Point: N/
Vapor Density: M4 Evapomtion Rate:  Not Determined
Solubihty n Water: M2 pH: 4 — W az shipned

6 —91m al:4 dilution
Appearance md Odor: Liguid, Clear to Slight Yellow, Very Low or No Odor

Page 2 of 4
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SECTHMN X: STABILITY AND REACTIVITY

Stability: Srabie

Incompatibilities: Strong avidizers, concentrated acids (i.e. nitric acid)

Hazardous Decomposition: Hydrogen chioride, halogenatad compounds. Thermal
decompazition above temparatures of 570° F may release chlorine gas.

Hazardows Polymerization: Wil nat accwr

Conditions to Avold: dvaid contaa and storage with abave listed compowunds oF materials,

SECTION XL TOMIOOLAM ICAL INFOVRMATION
Description: Net Listed

SECTHIN I ECO LW PCAL INFORMATION
Emvimmmental Effects; Nor dvaifabie
Ecotoicity: Nat Auwzilabie

SECTICON XD DISPOSAL COMSIDERATIONS

Dizposal Method:
If a waste iv idenrified it must be dizposed of in accordance with federal, state and
local reguilations.

SECTHON XIV: TRAMSPORTATION INFORMAT HOMN
LS. Department of Tmansportation:
Mot repulared as dongerous goods. Nt regulatad ax hazardous.
Tmnsportation of Dangerous Goods { TG — Canada):
Mot repulared av dangerous poods. Not regidatad av hazardous.

SECTHMN XV: REGULATORY INFIVDREMATICNMN

O5HA Status: Mot Listed

THCA Status: Not Listed

CERCLA reportable quantity: Nons

SARA Section 302 Extremely Hazardous Substances: Mot Listed

SARA Section 2117212 Hazard Category: MNotan OSHA hacardous material
SARA Section 212 Toxic Chermical: Notan OSHA haeardous material
BCEA Status: Mot Listed

Page 3 of 4
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SECTION XAVEOTHER INFIYRM ATIONMN

[Msclaimer:

lzsue Date:

This Marerial Data Safety Sheet { MEDE) is provided in response 19 cus tomer
Faquests ta address the safe handling of the produc. Al statements, technical
information and Frecommendations contained herein are the best of owr
knowledpe, reliable and accwrare. Thivs MEDE ix not intendad to make any
represeRiation as o how the praduct will perform when used jor its intended
purpose by a user. In that regards the product is sold “AS 187 and nothing in this
MEDE showld be deemed to be a representation oF warranty of any imjury, lass, oF
damage, of any nd or nature, which are sustained by or arizse from the use af the
product Naothing in this MEDE iz intended to be a representation or warranty by
the mamgacturer of the acauracy, safety, oF wsefluiness for any purpose of any
technical information, materials, techniques, or pradices.

September 1%, 2011

Supersedes Date: All Previous Versions

The iformerion confained o this Moteriod Saiery Dgto Sheer i, @ the best of our knowledye, avcungie and reliobie.
T mbrmanan showd be provided o all maividuals hamaing e producs Fegerad, sirte, and docal repulasons
should be fallowed when hanadling this proguce

0-6793 VOL. 1
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Winter Weather Definitions from the National Weather Service (NWS) Directive 10-1605

"The Collection and Dissemination of Storm Data"*

7.3 Blizzard (Z). A winter storm which produces the following conditions for 3 hours or longer:
(1) sustained winds or frequent gusts 30 knots (35 mph) or greater, and (2) falling and/or
blowing snow reducing visibility frequently to less than 1/4 mile, on a widespread or localized

basis.

7.16 Freezing Fog (Z). Fog which freezes on contact with exposed objects and forms a
coating of rime and/or glaze, on a widespread or localized basis, resulting in an impact on
transportation, commerce, or individuals. Freezing fog can occur with any visibility of 6 miles or

less. Even small accumulations of ice can have an impact.

7.17 Frost/Freeze (Z). A surface air temperature of 32 degrees Fahrenheit (F) or lower, or the
formation of ice crystals on the ground or other surfaces, over a widespread or localized area for
a period of time long enough to cause human or economic impact, during the locally defined

growing season.

7.22 Heavy Snow (Z). Snow accumulation meeting or exceeding locally/regionally defined 12
and/or 24 hour warning criteria, on a widespread or localized basis. This could mean such values
as 4, 6, or 8 inches or more in 12 hours or less; or 6, 8, or 10 inches in 24 hours or less. In some
heavy snow events, structural damage, due to the excessive weight of snow accumulations, may
occur in the few days following the meteorological end of the event. The preparer should include

this damage as part of the original event and give details in the narrative.

7.26 Ice Storm (Z). Ice accretion meeting or exceeding locally/regionally defined warning

criteria (typical value is 1/4 or 1/2 inch or more), on a widespread or localized basis.

7.47 Winter Storm (Z). A winter weather event which has more than one significant hazard
(i.e., heavy snow and blowing snow; snow and ice; snow and sleet; sleet and ice; or snow, sleet

and ice) and meets or exceeds locally/regionally defined 12 and/or 24 hour warning criteria for at
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least one of the precipitation elements, on a widespread or localized basis. Normally, a winter

storm would pose a threat to life or property. In cases of winter storms, the preparer should be

careful to classify the event properly in Storm Data.

In general, the event should be classified as a Winter Storm event (rather than an Ice Storm event

or a Heavy Snow event) only if more than one winter precipitation type presented a significant

hazard.

7.48 Winter Weather (Z). A winter precipitation event that causes a death, injury, or a
significant impact to commerce or transportation but does not meet locally/regionally defined
warning criteria. A Winter Weather event could result from one or more winter precipitation
types (snow, or blowing/drifting snow, or freezing rain/drizzle), on a widespread or localized

basis
7.36 Sleet (Z). Sleet accumulations meeting or exceeding locally/regionally defined warning

criteria (typical value is ¥2 inch or more). The Storm Data preparer should include in the

narrative the times that sleet accumulation began, met criteria, and ended.
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2010
PACIFIC NORTHWEST SNOWFIGHTERS
SNOW AND ICE CONTROL CHEMICAL PRODUCTS
SPECIFICATIONS
AND TEST PROTOCOLS
FOR THE PNS ASSOCIATION OF
BRITISH COLUMBIA, COLORADO, IDAHO, MONTANA,
OREGON AND WASHINGTON

I. GENERAL SPECIFICATIONS

To bid a product, that product shall be on the most current Qualified Products List (QPL), or the product
is currently being evaluated for qualification as part of this bid process if the offer to submit samples is
made by the agency. To submit a product for the qualification process, contact any of the PNS members
for information. In the case of a request for bid, please contact the agency requesting the bid for
information on how to become a qualified bidder.

The PNS Association of British Columbia, 1daho, Montana, Oregon, and Washington have developed
the Qualified Products List. The list is composed of products that have been tested and found to be in
conformance with these specifications. Any material changes to a product that is listed on the QPL by
either the manufacturer or the bidder, which in any way makes the product different from the original
qualified material, shall be grounds for disqualifying the product from the list. The new product will
have to be re-qualified before it will be allowed to be placed back on the QPL.

The bidder of any product that is delivered and/or applied, which is found to be contaminated and is
cause for environmental concerns, shall be responsible for all clean up expenses. This includes but is
not limited to clean up measures as needed for the following: storage facility, yard, equipment, and
roadside.

The bidder shall be liable, as determined by the purchaser for causing any unanticipated extraordinary
damages to equipment used in the storage or distribution of the chemical products.

The PNS has the right to qualify or disqualify, accept or reject products based on the materials used to
produce the product. The products will be assessed for the potential of causing a decrease in the public
safety. The right to qualify or disqualify, accept or reject a product based on manufactured composition
rest solely with the PNS. The PNS assessment shall be final and in the best interest of the PNS.

Each bidder submitting a sample will be notified whether the sample passes or fails to meet the
specifications. Copies of the complete lab reports will be available upon request.

All submitted products shall be tested to the specified limits contained within these specifications and as
per the products’ specific category classifications. A product that passes the required specification
testing limits and has passed the PNS review shall be placed onto the PNS Qualified Products List. A
product that fails to meet the standard limits as specified will not be placed onto the Qualified Products
List and the bid will be disqualified.

REVISION 12-10
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A A submitted product that contains any constituent in excess of the following established
total concentration limits as tested in accordance with the listed test methodology from
Section VI shall be not be acceptable. Results are stated as parts per million (ppm).

Arsenic 5.0
Barium 100.0
Cadmium 0.20
Chromium 1.0
Copper 1.0
Lead 1.0
Mercury 0.05
Selenium 5.0
Zinc 10.00
Phosphorus 2500.
Cyanide 0.20

Note: Liquid products shall be tested as received. Solid Salts are to be diluted to a 25%

(W/V) concentration and then tested as if the material was a liquid sample. Report only
the values determined from the 25% solution for all of the parameters as compared to the
specification limits. Do not back calculate the concentration of the parameters to the dry
weight of the material.

B. No bid will be accepted on any corrosion inhibited product that has not successfully
completed the National Association of Corrosion Engineers (NACE) Standard TM0169-
95, as modified by the PNS, and found to have a Corrosion Value of at least 70% less
than that of Sodium Chloride (salt).

C. The manufacturer shall also supply the following analyses for information purposes for
liquid products or solid products that will be converted into a liquid product for
application purposes. Testing of the following parameters will be done by the listed
testing methodology from Section VI.

Ammonia - Nitrogen

Total Kjeldahl Nitrogen

Nitrate and Nitrite - Nitrogen

Biological Oxygen Demand

Chemical Oxygen Demand

Frictional Analysis

Toxicity Testing
Rainbow Trout or Fathead Minnow Toxicity Test
Ceriodaphnia Dubia Reproductive and Survival Bioassay
Selenastrum Capricornutum Algal Growth

REVISION 12-10
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I1. SAMPLE SUBMITTALS

A

If a product that is currently listed on the Qualified Products List is to be bid no sample
submission or information packet is required. If a new product is being submitted for
evaluation during a bidding opportunity the bid shall be accompanied by two one gallon
(4 liter) containers of the product along with the chemical, biological, and physical
analyses of the product by a qualified laboratory. See “Product Sample Checklist” for
complete instructions “as to how to provide required samples and information. All
samples must be marked with an easily distinguishable name and the associated paper
work must be clearly marked as such so that the samples and the submitted product
information can be easily identified and matched up. Failure to supply the required
samples and product information will be cause for disqualification. These samples
will be used to establish a database for future fingerprinting of all approved products
when delivered to any of the PNS locations and for future bid comparisons. Any products
purchased in the future will be expected to meet specifications as established in the bid
process. All test data that is submitted with each product sample is subject to verification
by one or more of the PNS laboratories. Results of the testing from the PNS’s laboratories
shall be verifiable and final. Information and laboratory results shall be submitted
according to the general and specific product specification contained within this
document. The following results and information are mandatory at the time of
submission and shall be verified from the Product Sample Check List.

1. Corrosion test data obtained according to NACE Standard TM0169-95 as modified
by PNS.

2. pH (liquid products only) - The pH of submitted liquid chemical products shall be
within the specified limits as designated in the appropriate categories. The pH of
liquid chemical products that contains organic matter as one of it constituents may be
waived by the PNS for each of the liquid categories that require adherence to a
specified pH range. The right to waive the pH will be at the discretion of the PNS.
The PNS decision to waive the pH requirement shall be in the best interest of the PNS
and shall be final.

NOTE: Recent testing has concluded that brines inhibited with organic matter
exhibit lower pH values than do brines with non-organic matter inhibitors.
Organic matter, such as peat, routinely exhibits low pH values because they
generate weak organic acids. These weak organic acids are prevalent in the
ecology system and are necessary to maintain a healthy environment. Our main
concern, in addressing pH, was to limit the amount of excess inorganic acidity or
alkalinity that brine could carry. Corrosion testing has shown that these weak
organic acids do not have a detrimental effect but seem to enhance the corrosion
inhibiting power of the products. Due to this, the pH parameter on brines that
contain organic matter may be waived by the PNS. The organic matter
information shall be included in the Product Information section of the Bid
Schedule and bidder may apply for the pH waiver. The bidder must also provide
documentation as to what the organic material consists off, and the minimum
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concentration that it will be added to their product. The PNS reserves the right to
use any and all testing procedures necessary to verify bidder data.

3. Analytical results of all constituents for which limits have been set by the General
Specifications in Section I, Part A. The analytical results shall reflect testing to the
specified limit or below. For example the specified limit for Cadmium is 0.20
ppm, therefore the supplied analytical results need to reflect testing to that limit
or below. A submitted value of less than 1.00 ppm is not acceptable.

4. All biological, chemical, toxicology and friction test results as listed in Section | Part
C. Friction testing shall be conducted on all liquid samples and may be required on
solid products per the discretion of the PNS.

5. Specific gravity chart (liquid products only) with correlating weight percentage and
freeze point information presented in 1% increments beginning with a five percent
solution. The chart must contain information up to, including, and exceeding, by 5%
(or the solubility limits of your product) the concentration being submitted for
evaluations.

6. Detailed information on the corrosion inhibitor, the minimum concentration of the
corrosion inhibitor contained in the product, complete and precise laboratory
procedures for verifying inhibitor concentrations SHALL be included with the bid
document. Failure to provide sufficient detail to address all specification
requirements may result in bid disqualification. Proprietary information must be
included and will be held confidential by the PNS. Mark and submit in a separate
sealed envelope all the proprietary information to maintain confidentiality.

B. Bids shall be accompanied with the most recent detailed product specification sheet and
Material Safety Data Sheet (MSDS) including the MSDS of the inhibitor. All documents
must be clearly legible.

C. Most chemical products after successfully completing the PNS’s initial screening process
and corrosion tests may then be required to successfully complete field
application/effectiveness tests. The decision as to whether or not to require a supplier to
furnish an ample supply of their product (at no charge including shipping) for field-
testing lies solely with the PNS. If the product requested for field-testing is not furnished,
or if an inadequate amount is supplied, or if product performance is not satisfactory, the
product will not be placed on the approved product list.

Field application/effectiveness testing of some products may be waived based on the
chemical constituents of the product. The PNS has laboratory and field-tested many
variations of these products. The results of the field tests should be predictable based on
the percentage of the active chemical constituent. The option to waive field
application/effectiveness tests lies solely with the PNS.

REVISION 12-10
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I11. ORDERS, DELIVERIES, AND INVOICING OF PRODUCTS

ATTENTION: PLEASE REFER TO EACH INDIVIDUAL AGENCIES

SPECIFICATIONS REGARDING ORDERING AND
DELIVERING PRODUCTS.

A. Bidder will be responsible for all necessary equipment to transfer liquid chemical
products to purchasers’ storage tanks. Purchaser’s storage tanks will be fitted with a
three-inch male pipe fitting to allow for unloading of product.

B. Each shipment shall be accompanied by a current and clearly legible MSDS.

C. An anti-foaming agent will be available from the Bidder for use as needed, at no
additional charge to the Purchaser, to control foaming during loading, unloading, and
agitation of liquid chemical products.

D. The bill of lading for each shipment must contain the following information.

agrwNRE
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Name of product.

Supplier and manufacturer of product.

Delivery Destination.

Total number of units being delivered.

Total weight of delivery using a certified scale ticket or certified flow meter. As
an option on liquid deliveries only, the bidder can use a legibly printed certified
ticket from a flow meter that has been tested and certified by an approved PNS
member’s agency of Weight and Measures. The certification of the meter shall
not be older than one year. Any PNS member can request that the meter be
retested and certified again during the delivery year if the data from the meter is in
question. This retesting and certification shall be done at no extra charge to the
PNS member. Reciprocity among the PNS members for meter calibration may be
employed. The bidder shall provide a copy of the certification and product
information about the flow meter at the time of bid. The PNS member may at
any time choose to spot check a delivery of liquid product by having the load
weighed on certified scales before and after delivery to insure the accuracy of the
flow meter. No additional cost will be charged to the PNS member for spot-
checking deliveries of liquid products.

Lot Number for the product being delivered. The Lot Number is a specific
number assigned to that particular product as delivered. This number must be
denoted as the “LOT NUMBER” on the bill of lading and shall be clearly legible.
The lot number must enable purchaser to track a delivered product back to its
manufacture point, date of manufacture and specific batch. Failure to have a
defined LOT NUMBER that appears on the Bill of Lading is grounds for
rejection of the load.

Transport information--Name of transporting company, tank, trailer or rail car
number, point and date of origin.




8. For liquid products include the Bidder Quoted Concentration and Specific
Gravity.

E. The Agency will not process invoices for payment until the bidder has met all
requirements under this section. The invoice shall include the following:

A copy of the original bill of lading.
Contract unit of measure.

Total number of units delivered.
Contract unit price for product delivered.
Total price for units delivered.

agrwNRE

IV. FIELD INSPECTION, UNLOADING, SAMPLING AND TESTING

All material is subject to field inspection, sampling, and testing on an as delivered base. Sampling and
field-testing is the prerogative of the Purchaser. The bidder shall not off load any material without
affording the Purchaser an opportunity to conduct the field inspection, sampling or the testing. Off
loading of material without affording the Purchaser an opportunity to conduct said work shall deem the
delivered material non-compliant and is subject to total rejection. The bidder shall only off load material
without field inspection, testing and sampling by the Purchaser when the agency representative grants
prior written approval.

A. FIELD INSPECTION

BEFORE ALLOWING ANY PRODUCT TO BE UNLOADED AGENCY
PERSONNEL WILL ADHERE TO THE FOLLOWING PROCEDURES:

1. Document and maintain records on all deliveries, including those that are rejected.

2. Check to assure that the product is being delivered according to the terms of the
contract. This may include but is not limited to the following:

Date of the order.

Date and time of delivery.

Verification of advance delivery notification.

Delivered within allowable times.

Name of Delivery Company and license plate numbers.

Is any price adjustment assessments required?

Is the product being delivered what you ordered?

Document all procedures prior to unloading of product.

Verify that all papers required of a delivery are present, complete, and legible.
1. Accurate, complete, and legible bill of lading and/or invoice.
2. Legible and current MSDS sheet.
3. Certified weight slip.

3. Verify separation or non-separation of product.

4. Visually inspect the load to determine if there are any obvious reasons why the load

should be rejected.

—T@hooooTe
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5. No precipitate or flocculation in liquid products shall be allowed in excess of the
specification limits. Material portraying these or other uncharacteristic traits when
delivered may be immediately rejected at the option of the agency or their representative
at the delivery location.

6. Any problems must be noted at the point of delivery by agency personnel, documented,
and relayed to their agency representative for action.

B. UNLOADING

1. Provided that all the required information is in place and the material appears to be
the correct material as ordered, document the amount of product currently in storage
prior to unloading and begin the unloading process.

2. The delivery truck shall unload solid materials in a windrow.

3. For liquid products, visually inspect the discharge valve prior to unloading for the
presence of any foreign material.

4. Visually inspect the delivered product again while unloading. If problems are noted
that are a cause for rejection of the load, immediately halt the unloading process.
Take photos if applicable and record any pertinent information. Conduct the
following procedures if the material is to be rejected.

a.

b.

If material fails the field inspection or testing, reload the product and reject the
load.

If reloading can't be done, (mixed with previous material) note the amount of
product (liquid only) pumped into the tank and total product now present in
the tank.

Circulate the tank and then pull two one-gallon (4 Liter) samples of the
contaminated chemical material now in the tank

Check and record the specific gravity of the samples.

Take appropriate action as needed to assure the integrity of product on hand if
possible. Will all products on hand have to be removed?

Send samples directly to the Agency’s designated testing laboratory.
Immediately advise the Agency’s Representative of any ordering, delivery,
storage, or product quality issues.

C. SAMPLING AND TESTING

One sample, of the liquid or dry product being delivered, may be taken from the delivered
shipment for laboratory testing after the shipment has passed the initial inspection and is
approved for unloading. This sample will be used for testing and/or fingerprinting at the
agency’s expense to insure product quality. Clearly, label samples for identification. Send
the sample directly to the appropriate agency testing laboratory. Be sure the Transmittal
form is placed in the box and contains at least the following information; Manufacture or
bidders name, name of product, lot number of product, shipping date, date received, name of
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delivery point, quantity of material delivered, and name and phone number of person who
received the load and took the samples. Test results from the appropriate Laboratory will
be final and in the best interest of the Purchaser.

REVISION 12-10
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1.

If the load is liquid, a one-gallon sample will be taken from the transfer hose in three
equal parts. Each part will be compositely mixed together with the other parts to
make up the one-gallon sample that will be submitted to the laboratory for testing.
The samples will be collected during unloading as the first third, the second third and
the last third of the product that is being delivered. If the trailer or pup has
compartments the three equal samples shall be taken from only one of the
compartments to complete the sample. Check and record the specific gravity of the
samples.

If the load is solid, the delivery truck shall unload the solid material in a windrow.
Samples of the windrow materials should be obtained from the complete cross section
of the windrow. Portions of the sample shall be taken from the top, center, and
bottom in proportion to the cross section area at that point and well within the stack
each time. Itis best practice to cut completely through the stack if practical. Fine
material sifts to the bottom. Care should be taken to obtain a complete and
representative sample. The sample shall be placed into a wide mouth 1-gallon
container with a screw top lid as soon as the sample has been taken to avoid exposing
the sample unduly to atmospheric moisture.

Samples sent to the Laboratory will be tested for conformance to specification during
the year. Each type of product may be tested for those parameters listed in the
General Specifications and in the appropriate Category requirements.



V. CHEMICAL PRODUCT AND INHIBITOR PRODUCT CATEGORIES

Chemical Product Category 1

Corrosion Inhibited
Liquid Magnesium Chloride Specifications

In addition to the General Specifications the following requirements shall also apply:
1. Product must contain no less than 25% magnesium chloride.
Test Method: Number 1

2. Weight per gallon will be established according to the specific gravity and percentage of
magnesium chloride contained in the product bid as indicated by the bidder.

Test Method: Number 2

3. Product will contain the corrosion control inhibitor in quantities not less than those indicated by
the bidder. The finished deicing product, including corrosion inhibitors, must be completely
accomplished at the original manufacturing plant location. Post adding of corrosion inhibitors or
any other ingredients and splash mixing is unacceptable after the product has left the original
manufacturing plant.

Test Method: Number 3
4. The pH must be 6.0 - 9.0
Test Method: Number 4
5. This chemical product shall not contain greater than 1.0% (V/V) Total Settleable Solids and

shall have Ninety-nine percent (99.0%) of the Solids Passing through a Number 10 sieve after
being stored at -17.8°C +/- 1°C (0°F +/- 2°F) for 168 hours (Seven days).

Test Method: Number 6
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Chemical Product Category 2

Corrosion Inhibited
Liquid Calcium Chloride Specifications

In addition to the General Specifications the following requirements shall also apply:
1. Product must contain no less than 25% calcium chloride.
Test Method: Number 1

2. Weight per gallon will be established according to the specific gravity and percentage of calcium
chloride contained in the product bid as indicated by the bidder.

Test Method: Number 2

3. Product will contain corrosion control inhibitor in quantities not less than those indicated by the
bidder. The finished deicing product, including corrosion inhibitors, must be completely
accomplished at the original manufacturing plant location. Post adding of corrosion inhibitors or
any other ingredients and splash mixing is unacceptable after the product has left the original
manufacturing plant.

Test Method: Number 3
4. The pH must be 6.0 - 10.0
Test Method: Number 4
5. This chemical product shall not contain greater than 1.0% (V/V) Total Settleable Solids and shall

have ninety nine percent (99.0%) of the Solids Passing through a Number 10 sieve after being
stored at -29°C +/- 1°C (-20°F +/- 2°F) for 168 hours (Seven days).

Test Method: Number 6

REVISION 12-10
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Chemical Product Category 3

Liquid Calcium Magnesium Acetate
CMA Specifications (Bidder Manufactured)

In addition to the General Specifications the following requirements shall also apply:
1. Product must contain no less than 25% calcium magnesium acetate (CMA).
Test Method: Number 1

2. Weight per gallon will be established according to the specific gravity and percentage of CMA
contained in the product bid as indicated by the bidder.

Test Method: Number 2
3. The pH must be 8.0 - 10.0
Test Method: Number 4
4, This chemical product shall not contain greater than 4.0 % (V/V) Total Settleable Solids and

shall have ninety nine percent (99.0%) of the Solids Passing through a Number 10 sieve after
being stored at -12°C +/- 1°C (+10°F +/- 2°F) for 168 hours (Seven days).

Test Method: Number 6
5. Calcium to magnesium mole ratio shall be 3 to 7.
Test Method: Number 1
6. Residual base shall be a maximum of 0.30 meq (milliequivalents) base per gram of sample.

Test Method: Number 11
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Chemical Product Category 4

Corrosion Inhibited
Solid Sodium Chloride Specifications

CATEGORIES 4A AND 4B

The Categories shall be defined as follows:
1. Category 4A Corrosion Percent Effectiveness of 30% or less
Gradation — ASTM D 632 Type I, Grade 2
2. Category 4B Corrosion Percent Effectiveness of 31% to 85%
Gradation ASTM D 632 Type I, Grade - Modified

In addition to the General Specifications the following requirements shall also apply:

1. Gradation - Test Method: Number 13

CATEGORY 4A CATEGORY 4B

Sieve Wt. % Sieve Wt. %
Size Passing Size Passing
3/4" 100 3/4" 100

#4 20 - 100 1/4” 75-85
#8 10-60 #8 50-70
#30 0-15 #30 10-20

2. Anti-Caking agent will be included to insure that the material remains free from hard caking and

suitable for its intended purpose.

Test Method: Number 14

NOTE: Salt for highway use is usually treated with either Ferric Ferrocyanide, also known as
Prussian Blue, or Sodium Ferrocyanide, also known as Yellow Prussiate of Soda (YPS), to
prevent the salt from caking. The amount of Prussian Blue added is 70 to 165 parts per million
(ppm), equivalent to 0.33 to 1.14 pounds per ton of salt. YPS is added in the amount of 50 to
250 ppm, equivalent to 0.1 to 0.5 pounds per ton of salt. YPS is also used as an anti-caking
agent in table salt, and has approval of the U.S. Food and Drug Administration. Based on
exhaustive testing no evidence of toxicity was demonstrated. If used, the presence of these
products will not be assessed towards the total cyanide concentration when testing this product.
However, the total cyanide concentration of the original material must meet specifications.
Information may be obtained from the Salt Institutes Highway Digest Publication.

Bidder may bid this product with or without the anti-caking agent. Bidders must note on the
Sample Checklist if the sample does contain anti-caking agent or not. If the Bidder
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Chemical Product Category 4---Continued

chooses not to add the anti-caking agent it does not prevent the bidder from assuring that the
delivered product is in a free-flowing state.

3. Material must be clean and free from extraneous matter. The material must be homogenous or
manufactured in such a manner to assure that the corrosion inhibitor, anti-caking agent and the
chemical product does not segregate.

Test Method: Number 14
4. Moisture Content

Category 4A

The salt shall be dried to a maximum moisture content of 0.5 % (percent by weight). Water in
excess of 0.5% of dry salt weight will not be paid for. The amount of salt to be paid for, when
moisture exceeds 0.5% shall be computed as follows:

Pay Weight = (100.5 x Wet Wt. of Salt) divided by (100 + Percent of Moisture)

NOTE: The moisture content is judged as available free water. Organic Bases Corrosion
Inhibitors that are used in the processes of making this product that impart a loss in weight
(Organic Matter Weight Loss) when ran according to the prescribe test method but do not reflect
the loss of available free water shall be limited to a maximum of 3% by weight. Products that
exceed the 3% by weight limit shall be subject to the same equation as above with the limit being
adjusted to 3%. Additionally, the use of said inhibitors may be used provided that the material
remain free flowing, will not clump, cause hard caking and remains suitable for use. The use of
these types of inhibitors may require additional testing to be provided by the bidder at the request
of the PNS before approval to the qualified products list is granted. The amount of available
water in the inhibitor and the base salt will be required along with a mass balance analysis of the
two products to show the theoretical amount of free water that is available in the finished
product.

Test Method: Number 12

Category 4B

The salt shall not exceed a maximum moisture content of 5.0 % (percent by weight). Water in
excess of 5.0% of dry salt weight will not be paid for. The amount of salt to be paid for, when
moisture exceeds 5.0% shall be computed as follows:

Pay Weight = (105.0 x Wet Wt. of Salt) divided by (100 + Percent of Moisture)
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Chemical Product Category 4---Continued

5. Pay Weight Schedule for Insoluble Residue
Category 4B
The salt shall have a maximum insoluble residue of 10.0 % (percent by dry weight). Insoluble
residue in excess of 10.0% of dry salt weight will not be paid for. The amount of salt to be paid

for, when the insoluble residue exceeds 10.0% shall be computed as follows:

Pay Weight = (110.0 x Dry Wt. of Salt) divided by (100 + Percent Insoluble Residue)

6. Corrosion Control Inhibitor and Concentration

Test Method: Number 3
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Chemical Product Category 5

Corrosion Inhibited
Sodium Chloride Plus 10% Magnesium Chloride Specifications

In addition to the General Specifications the following requirements shall also apply:

The bidder must state the use of solid or liquid magnesium chloride. For liquid applications the
manufacturer shall use at a minimum a 28% concentration of magnesium chloride. The manufacturer
shall supply information as to what concentration of the magnesium chloride was used in the process.

1. Gradation of product shall be Type 1, Grade 2, for Sodium Chloride.

Test Method: Number 13

PHYSICAL REQUIREMENTS AND TOLERANCES

Sieve Wt. %
Size Passing
3/4" 100
#4 20 - 100
#8 10-60
#30 0-15
2. Anti-Caking agent will be included to insure that the material remains free from hard caking and

suitable for its intended purpose.
Test Method: Number 14

NOTE: Salt for highway use is usually treated with either Ferric Ferrocyanide, also known as
Prussian Blue, or Sodium Ferrocyanide, also known as Yellow Prussiate of Soda (YPS), to
prevent the salt from caking. The amount of Prussian Blue added is 70 to 165 parts per million
(PPM), equivalent to 0.33 to 1.14 pounds per ton of salt. YPS is added in the amount of 50 to
250 PPM, equivalent to 0.1 to 0.5 pounds per ton of salt. YPS is also used as an anti-caking
agent in table salt, and has approval of the U.S. Food and Drug Administration. Based on
exhaustive testing no evidence of toxicity was demonstrated. If used, the presence of these
products will not be assessed towards the total cyanide concentration when testing this product.
However, the total cyanide concentration of the original material must meet specifications.
Information may be obtained from the Salt Institutes Highway Digest Publication.

Bidder may bid this product with or without the anti-caking agent. Bidders must note on the
Sample Checklist if the sample does contain anti-caking agent or not. If the Bidder chooses not
to add the anti-caking agent it does not prevent the bidder from assuring that the delivered
product is in a free-flowing state.
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Chemical Product Category 5---Continued

3. Material must be clean and free from extraneous matter. The material must be homogenous or
manufactured in such a manner to assure that the corrosion inhibitor, anti-caking agent and the
chemical product does not segregate.

Test Method: Number 14
4. Moisture Content Of Sodium Chloride Only.
A Sodium Chloride Only

The salt shall be dried to a maximum moisture content of 0.5 % (percent by weight). Water in
excess of 0.5% of dry salt weight will not be paid for. The amount of salt to be paid for, when
moisture exceeds 0.5% shall be computed as follows:

Pay Weight = (100.5 x Wet Wt. of Salt) divided by (100 + Percent of Moisture)
Test Method: Number 12
B. Magnesium Chloride Hexahydrate Only

The total moisture content of the magnesium chloride (both free and bound) shall
not exceed 56%.
*Unbound water is defined as that water that is not a normal part of the
ingredients and becomes part of the product due to hygroscopic action.

Test Method: Number 12

NOTE: The moisture content is judged as available free water. Organic Bases Corrosion Inhibitors that
are used in the processes of making this product that impart a loss in weight (Organic Matter
Weight Loss) when ran according to the prescribe test method but do not reflect the loss of
available free water shall be limited to a maximum of 3% by weight. Products that exceed the
3% by weight limit shall be subject to the same equation as above with the limit being adjusted to
3%. Additionally, the use of said inhibitors may be used provided that the material remain free
flowing, will not clump, cause hard caking and remains suitable for use. The use of these types of
inhibitors may require additional testing to be provided by the bidder at the request of the PNS
before approval to the qualified products list is granted. The amount of available water in the
inhibitor and the base salt will be required along with a mass balance analysis of the two products
to show the theoretical amount of free water that is available in the finished product.

5. Corrosion Control Inhibitor and Concentration

Test Method: Number 3
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Chemical Product Category 5---Continued

6. Product Must Contain No Less Than 10% Magnesium Chloride Hexahydrate by Weight.

This product will consist of 10% magnesium chloride hexahydrate (MgCl, +6H20) as specified
by weight. Weight of the magnesium chloride shall be calculated as a percent of the total
mixture with zero percent unbound water *. The manufacture shall establish unit densities and
correlating weight for the product based on the zero percent of unbound water content at time of
manufacturing. The required percentage of magnesium chloride (MgCl,) in the total mixture
shall be based on the weight of magnesium chloride hexahydrate (MgCl, +6H20).

Test Method: Number 1
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Chemical Product Category 6

Corrosion Inhibited
Sodium Chloride Plus 20% Magnesium Chloride Specifications

In addition to the General Specifications the following requirements shall also apply:

The bidder must state the use of solid or liquid magnesium chloride. For liquid applications the
manufacturer shall use at a minimum a 28% concentration of magnesium chloride. The manufacturer
shall supply information as to what concentration of the magnesium chloride was used in the process.

1. Gradation of product shall be Type 1, Grade 2, for Sodium Chloride.

Test Method: Number 13

PHYSICAL REQUIREMENTS AND TOLERANCES

Sieve Wt. %
Size Passing
3/4" 100
#4 20 - 100
#8 10 - 60
#30 0-15
2. Anti-Caking agent will be included to insure that the material remains free from hard caking and

suitable for its intended purpose.
Test Method: Number 14

NOTE: Salt for highway use is usually treated with either Ferric Ferrocyanide, also known as
Prussian Blue, or Sodium Ferrocyanide, also known as Yellow Prussiate of Soda (YPS), to
prevent the salt from caking. The amount of Prussian Blue added is 70 to 165 parts per million
(PPM), equivalent to 0.33 to 1.14 pounds per ton of salt. YPS is added in the amount of 50 to
250 PPM, equivalent to 0.1 to 0.5 pounds per ton of salt. YPS is also used as an anti-caking
agent in table salt, and has approval of the U.S. Food and Drug Administration. Based on
exhaustive testing no evidence of toxicity was demonstrated. If used, the presence of these
products will not be assessed towards the total cyanide concentration when testing this product.
However, the total cyanide concentration of the original material must meet specifications.
Information may be obtained from the Salt Institutes Highway Digest Publication.

Bidder may bid this product with or without the anti-caking agent. Bidders must note on the
Sample Checklist if the sample does contain anti-caking agent or not. If the Bidder chooses not
to add the anti-caking agent it does not prevent the bidder from assuring that the delivered
product is in a free-flowing state.
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Chemical Product Category 6---Continued

3. Material must be clean and free from extraneous matter. The material must be homogenous or
manufactured in such a manner to assure that the corrosion inhibitor, anti-caking agent and the
chemical product does not segregate.

Test Method: Number 14
4. Moisture Content Of Sodium Chloride Only.
A Sodium Chloride Only

The salt shall be dried to a maximum moisture content of 0.5 % (percent by weight). Water in
excess of 0.5% of dry salt weight will not be paid for. The amount of salt to be paid for, when
moisture exceeds 0.5% shall be computed as follows:

Pay Weight = (100.5 x Wet Wt. of Salt) divided by (100 + Percent of Moisture)
Test Method: Number 12
B. Magnesium Chloride Hexahydrate Only

The total moisture content of the magnesium chloride (both free and bound) shall
not exceed 56%.
*Unbound water is defined as that water that is not a normal part of the
ingredients and becomes part of the product due to hygroscopic action.

Test Method: Number 12

NOTE: The moisture content is judged as available free water. Organic Bases Corrosion Inhibitors that
are used in the processes of making this product that impart a loss in weight (Organic Matter
Weight Loss) when ran according to the prescribe test method but do not reflect the loss of
available free water shall be limited to a maximum of 3% by weight. Products that exceed the
3% by weight limit shall be subject to the same equation as above with the limit being adjusted to
3%. Additionally, the use of said inhibitors may be used provided that the material remain free
flowing, will not clump, cause hard caking and remains suitable for use. The use of these types of
inhibitors may require additional testing to be provided by the bidder at the request of the PNS
before approval to the qualified products list is granted. The amount of available water in the
inhibitor and the base salt will be required along with a mass balance analysis of the two products
to show the theoretical amount of free water that is available in the finished product.

5. Corrosion Control Inhibitor and Concentration

Test Method: Number 3
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Chemical Product Category 6---Continued

6. Product Must Contain No Less Than 20% Magnesium Chloride Hexahydrate by Weight.

This product will consist of 20% magnesium chloride hexahydrate (MgCl, +6H20) as specified
by weight. Weight of the magnesium chloride shall be calculated as a percent of the total
mixture with zero percent unbound water *. The manufacture shall establish unit densities and
correlating weight for the product based on the zero percent of unbound water content at time of
manufacturing. The required percentage of magnesium chloride (MgCl,) in the total mixture
shall be based on the weight of magnesium chloride hexahydrate (MgCl, +6H20).

Test Method: Number 1
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Chemical Product Category 7

Solid Calcium Magnesium Acetate Specifications

In addition to the General Specifications the following requirements shall also apply:

1.

Product will consist of Calcium Magnesium Acetate (CMA)

Only those ingredients that are normally found in high quality CMA will be acceptable.
Any products that do not meet this requirement during the bid process will be
immediately rejected unless scientific data shows the additional ingredients/ingredients
result in an improvement to the product.

Test Method: Number 14
Calcium to magnesium mole ratio shall be 3 to 7
Test Method: Number 1
This product when liquefied at or near a 25% concentration shall not contain greater than
4.0 % (VIV) settleable solids and shall have ninety nine percent (99.0%) of the Solids

Passing through a Number 10 sieve after being stored at -12°C +/- 1°C (-10°F +/- 2°F)
for 168 hours (Seven days).

Test Method: Number 6

Moisture (free and hydration) shall not exceed 10%.

Test Method: Number 12

Product attrition shall be less than 2.5% with minimum dust generated on handling.
Test Method: Number 14 and any other tests deemed necessary.

Residual base shall be 0.30 milliequivalents base per gram of sample.

Test Method: Number 11

The pH of product in a 10% solution shall be 8 to 10.

Test Method: Number 4 except in this case a 10% solution will be used.
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Chemical Product Category 8

Non Corrosion Inhibited
Solid Sodium Chloride Specifications

CATEGORIES 8A, 8B, and 8C

The Categories shall be defined as follows:

1. Category 8A
A. Category 8A-B
B. Category 8A-R
2. Category 8B
3. Category 8C
A. Category 8C-B

Dry Salt, Standard Gradation
Brining Salt

Road Salt

Wet Salt, Standard Gradation
Dry Salt, Fine Gradation
Brining Salt

B. Category 8C-R  Road Salt

In addition to the General Specifications, the following requirements shall apply.

1. Moisture Content — Test Method No. 12
Category 8A — 0.5% Maximum
Category 8B — 5.0% Maximum
Category 8C — 0.5% Maximum

2. Insoluble Material- Test Method No. 22
Category 8A-R — 10.0 % Maximum
Category 8B - 10.0% Maximum
Category 8C-R - 10.0 % Maximum
Category 8A-B — 1.0% Maximum
Category 8C-B — 1.0% Maximum

3. Gradation — Test Method No. 13

Type 1, Grade 2, with the following Gradation for each Sodium Chloride Category.

Category 8A and 8B Category 8C

Sieve Wt. % Sieve Wit. %
Size Passing Size Passing
3/4" 100 #4 100
#4 20 - 100 #100 0-3
#8 10 - 60

#30 0-15

4. Anti-Caking agent will be included to insure that the material remains free from hard caking and

suitable for its intended purpose.
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Chemical Product Category 8---Continued
Test Method: Number 14

NOTE: Salt for highway use is usually treated with either Ferric Ferrocyanide, also known as
Prussian Blue, or Sodium Ferrocyanide, also known as Yellow Prussiate of Soda (YPS), to
prevent the salt from caking. The amount of Prussian Blue added is 70 to 165 parts per million
(PPM), equivalent to 0.33 to 1.14 pounds per ton of salt. YPS is added in the amount of 50 to
250 PPM, equivalent to 0.1 to 0.5 pounds per ton of salt. YPS is also used as an anti-caking
agent in table salt, and has approval of the U.S. Food and Drug Administration. Based on
exhaustive testing no evidence of toxicity was demonstrated. If used, the presence of these
products will not be assessed towards the total cyanide concentration when testing this product.
However, the total cyanide concentration of the original material must meet specifications.
Information may be obtained from the Salt Institutes Highway Digest Publication.

Bidder may bid this product with or without the anti-caking agent. Bidders must note on the
Sample Checklist if the sample does contain anti-caking agent or not. If the Bidder chooses not
to add the anti-caking agent it does not prevent the bidder from assuring that the delivered
product is in a free-flowing state.

5. Material must be clean and free from extraneous matter. The material must be homogenous or
manufactured in such a manner to assure that the corrosion inhibitor, anti-caking agent and the
chemical product does not segregate.

Test Method: Number 14

6. Pay Weight Schedule for Excessive Moisture

Category 8A and 8C

The salt shall be dried to a maximum moisture content of 0.5 % (percent by weight). Water in
excess of 0.5% of dry salt weight will not be paid for. The amount of salt to be paid for, when
moisture exceeds 0.5% shall be computed as follows:

Pay Weight = (100.5 x Wet Wt. of Salt) divided by (100 + Percent of Moisture)

Category 8B

The salt shall be dried to a maximum moisture content of 5.0 % (percent by weight). Water in
excess of 5.0% of dry salt weight will not be paid for. The amount of salt to be paid for, when
moisture exceeds 5.0% shall be computed as follows:

Pay Weight = (105.0 x Wet Wt. of Salt) divided by (100 + Percent of Moisture)
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Chemical Product Category 8---Continued
7. Pay Weight Schedule for Insoluble Residue

Category 8A-R, 8B, and 8C-R

The salt shall have a maximum insoluble residue of 10.0 % (percent by dry weight). Insoluble
residue in excess of 10.0% of dry salt weight will not be paid for. The amount of salt to be paid
for, when the insoluble residue exceeds 10.0% shall be computed as follows:

Pay Weight = (110.0 x Dry Wt. of Salt) divided by (100 + Percent Insoluble Residue)

Category 8A-B and 8C-B

The salt shall have a maximum insoluble residue of 1.0 % (percent by dry weight). Insoluble
residue in excess of 1.0% of dry salt weight will not be paid for. The amount of salt to be paid
for, when the insoluble residue exceeds 1.0% shall be computed as follows:

Pay Weight = (101.0 x Dry Wt. of Salt) divided by (100 + Percent Insoluble Residue)
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Chemical Product Category 9

Corrosion Inhibited
Liquid Sodium Chloride Specifications

In addition to the General Specifications the following requirements shall also apply:
1. Product must contain no less than 21% sodium chloride.

Test Method: Number 1 (Adapted to measure Sodium by emission spectroscopy.)
Number 23

2. Weight per gallon will be established according to the specific gravity and percentage of sodium
chloride contained in the product bid as indicated by the bidder.

Test Method: Number 2

3. Product will contain the corrosion control inhibitor in quantities not less than those indicated by
the bidder. The finished deicing product, including corrosion inhibitors, must be completely
accomplished at the original manufacturing plant location. Post adding of corrosion inhibitors or
any other ingredients and splash mixing is unacceptable after the product has left the original
manufacturing plant.

Test Method: Number 3
4. The pH must be 6.0 - 9.0
Test Method: Number 4
5. This chemical product shall not contain greater than 1.0% (V/V) Total Settleable Solids and

shall have Ninety-nine percent (99.0%) of the Solids Passing through a Number 10 sieve after
being stored at -17.8°C +/- 1°C (0°F +/- 2°F) for 168 hours (Seven days).

Test Method: Number 6
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Chemical Product Category 10

Corrosion Inhibited
Liquid Sodium Chloride Plus Calcium Chloride Specifications

In addition to the General Specifications the following requirements shall also apply:
1. Product must contain no less than 15% sodium chloride plus no less than 2% calcium chloride.

Test Method: Number 1 (Adapted to measure Sodium by emission spectroscopy)
Number 23

2. Weight per gallon will be established according to the specific gravity and percentage of sodium
chloride and calcium chloride contained in the product bid as indicated by the bidder.

Test Method: Number 2

3. Product will contain the corrosion control inhibitor in quantities not less than those indicated by
the bidder. The finished deicing product, including corrosion inhibitors, must be completely
accomplished at the original manufacturing plant location. Post adding of corrosion inhibitors or
any other ingredients and splash mixing is unacceptable after the product has left the original
manufacturing plant.

Test Method: Number 3
4. The pH must be 6.0 - 9.0
Test Method: Number 4
5. This chemical product shall not contain greater than 1.0% (V/V) Total Settleable Solids and

shall have Ninety-nine percent (99.0%) of the Solids Passing through a Number 10 sieve after
being stored at -17.8°C +/- 1°C (0°F +/- 2°F) for 168 hours (Seven days).

Test Method: Number 6
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Chemical Product Category 11

Corrosion Inhibited
Liquid Chloride Blended Brines Specifications

In addition to the General Specifications the following requirements shall also apply:

1.

Product must contain no less than 25% concentration of the total accumulation of chloride based
salts in percent including Magnesium Chloride, Calcium Chloride, Sodium Chloride and
Potassium Chloride. Any one individual chloride based salt shall exist in a concentration above
2% to be added to the total accumulated concentration.

Test Method: Number 1 (Adapted to measure Sodium and Potassium by emission
spectroscopy.)
Number 23

Weight per gallon will be established according to the specific gravity and total percentage of
chloride blended brines contained in the product bid as indicated by the bidder.

Test Method: Number 2

Product will contain the corrosion control inhibitor in quantities not less than those indicated by
the bidder. The finished deicing product, including corrosion inhibitors, must be completely
accomplished at the original manufacturing plant location. Post adding of corrosion inhibitors or
any other ingredients and splash mixing is unacceptable after the product has left the original
manufacturing plant.

Test Method: Number 3
The pH must be 6.0 - 9.0
Test Method: Number 4
This chemical product shall not contain greater than 1.0% (V/V) Total Settleable Solids and

shall have Ninety-nine percent (99.0%) of the Solids Passing through a Number 10 sieve after
being stored at -17.8°C +/- 1°C (0°F +/- 2°F) for 168 hours (Seven days).

Test Method: Number 6
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PNS EXPERIMENTAL CATEGORY

The PNS Experimental Category is designed for potential products that do not fit the current chemical
profiles of the already existing defined PNS categories.

The submitted experimental products shall meet the specified limits of the General Specifications
including corrosion inhibition. The experimental products shall be analyzed for the informational
requirements also listed in the General Specifications.

Products submitted for acceptance testing within the Experimental Category shall remain in this
category until other similar products warrant a new category to be developed at the discretion of the
PNS. The manufacturer shall submit all test results as required along with the following information:

Define the active ingredient that can be analytically measured.
Define the concentration of the active constituent at which the product will be manufactured.
Test protocols for analyzing the primary constituent.

For liquid products the manufacturer shall designate the appropriate temperature at which the Percent
Total Settleable Solids and Percent Passing the No. 10 Sieve test shall be accomplished.

Once the testing information is completed the manufacturer shall then follow the protocols for
submitting samples and testing information to the PNS for Quality Assurance Testing. Upon request of
the PNS the manufacturer shall supply all additional testing information that may be deemed necessary
to complete the review of the product before acceptance to a provisional standing is provided.
Provisional standing will be imposed on products that have satisfactorily completed the standards of the
PNS. Provisional standing will be issued for the products for a period not to exceed 12 months so that
field testing and evaluations can be completed. Provided that the field testing and evaluations are
determined to be successful the product will then be classified as a Qualified Product in the
Experimental Category.

Field testing of the products for this category shall be conducted by the PNS members or by agencies
within the Associations’ domain. If other than a PNS member is conducting the testing the manufacture
shall be responsible for collecting the field data and submitting it to the PNS for review. Field Data
from Taper logs will be reviewed for the products ability to perform. Additionally, the names and
telephone numbers of the individuals conducting the field testing and providing the taper logs shall be
submitted so that the PNS can not only review questions of performance but also handling, storage,
application information and any other information that the PNS feels is relevant regarding a product and
its use.
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INHIBITOR PRODUCT CATEGORY A-1
CORROSION INHIBITOR FOR SODIUM CHLORIDE (SALT) BRINE

This specification is for a liquid corrosion inhibitor for field addition to concentrated sodium
chloride (salt) brine.

The finished corrosion inhibited sodium chloride shall have a minimum sodium chloride
concentration of no less than 21% and shall have a Corrosion Percent Effectiveness Rating of 30% or
less as tested by PNS specifications.

This liquid corrosion inhibitor when added to concentrated sodium chloride brine will provide a
finished product that is compliant to all the General Provisions of the PNS Specifications.

The finished product shall provide eutectic temperature points equal to or lower than that of a
standard uninhibited liquid sodium chloride brine of 23.3% concentration. The manufacture shall
provide a eutectic temperature graph and table showing both eutectic curves of the finished product
and the standard uninhibited liquid sodium chloride solution of 23.3% concentration for direct
comparison. The graph shall be constructed according the specifications in Section Il Sample
Submittals.

For testing purposes, the inhibitor product shall be added to reagent grade sodium chloride brine
prepared from distilled water meeting ASTM D 1193 Type Il. The salt brine concentration will be
prepared in a weight to weight ratio with water. The inhibitor concentration will be added as a
volume to volume measurement to the brine solution. The sodium chloride brine and inhibitor
concentrations will be prepared according to the inhibitor manufacturer’s specifications and
guidelines.

The inhibitor shall be capable of being homogenously mixed with the 23% to 24% concentration of
sodium chloride brine and resulting in a finished product that does not separate or settle out.

The corrosion inhibitor product bid shall be flowable and have the capability to be mixed fully into
the concentrated sodium chloride brine solution at a minimum temperature of 15° F.

Temperature Storage Class of Inhibitor: The corrosion inhibitor must be capable of being stored at a
minimum temperature Class as delivered until time of use with no separation or settling.

Class 1: 10° F
Class2: 0°F

This chemical product shall not contain greater than 1.0% (V/V) Total Settleable Solids and shall
have Ninety-nine percent (99.0%) of the Solids Passing through a Number 10 sieve after being stored
at the designated Temperature Storage Class (+/- 2°F) for 168 hours (Seven days).

Test Method: Number 6
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INHIBITOR PRODUCT CATEGORY A-2
CORROSION INHIBITOR FOR SODIUM CHLORIDE PLUS CALCIUM CHLORIDE BRINE

This specification is for a field added liquid corrosion inhibitor to produce corrosion inhibited
sodium chloride/calcium chloride brine.

The finished corrosion inhibited product shall have a minimum concentration of 15% sodium
chloride and a minimum concentration of 2% calcium chloride. The product shall have a minimum
of 10% inhibitor added to the product. The finished product shall have a Corrosion Percent
Effectiveness Rating of 30% or less as tested by PNS specifications.

The finished product shall provide eutectic temperature points equal to or lower than that of a
standard uninhibited liquid sodium chloride brine of 23.3% concentration. The manufacture shall
provide a eutectic temperature graph and table showing both eutectic curves of the finished product
and the standard uninhibited liquid sodium chloride solution of 23.3% concentration for direct
comparison. The graph shall be constructed according the specifications in Section Il Sample
Submittals.

The process by which this is achieved is classified into the following Types:

Type | — The corrosion inhibitor contains sufficient calcium chloride that additional calcium chloride
is not required to be added to the salt brine.
Type Il — The corrosion inhibitor, salt brine, and calcium chloride are added separately.

For testing purposes of Type | inhibitors, the inhibitor product shall be added to the concentrated
liquid salt brine prepared from reagent grade sodium chloride and distilled water meeting ASTM D
1193 Type II. The salt brine concentration will be prepared in a weight to weight ratio with distilled
water. The inhibitor concentration will be added as a volume to volume measurement to the brine
solution. The sodium chloride brine and inhibitor concentrations will be prepared according to the
inhibitor manufacturer’s specifications and guidelines.

For Testing purposes of Type Il inhibitors, the inhibitor product shall be added to a mixture of
concentrated salt brines prepared from reagent grade sodium chloride and calcium chloride, and
distilled water meeting ASTM D 1193 Type Il. The salt brine concentrations will be prepared in a
weight to weight ratio with distilled water. The inhibitor concentration will be added as a volume to
volume measurement to the brine solution. The brine and inhibitor concentrations will be prepared
according to the inhibitor manufacturer’s specifications and guidelines.

The inhibitor shall be capable of being homogenously mixed with the 23% to 24% concentration of
sodium chloride brine and resulting in a finished product that does not separate or settle out.

The corrosion inhibitor product bid shall be flowable and have the capability to be mixed fully into
the concentrated brine solution at a minimum temperature of 15° F.

Storage Class of Inhibitor: The corrosion inhibitor must be capable of being stored at a minimum
temperature Class as delivered until time of use with no separation or settling.
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Class 1: 10° F
Class2: 0°F

This chemical product shall not contain greater than 1.0% (V/V) Total Settleable Solids and shall
have Ninety-nine percent (99.0%) of the Solids Passing through a Number 10 sieve after being stored
at the designated Temperature Storage Class (+/- 2°F) for 168 hours (Seven days).

Test Method: Number 6
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INHIBITOR PRODUCT CATEGORY A-3
CORROSION INHIBITOR FOR SODIUM CHLORIDE (SALT) BRINE

This specification is for a liquid corrosion inhibitor for field addition to concentrated sodium chloride
(salt) brine.

The finished corrosion inhibited sodium chloride shall have a minimum sodium chloride
concentration of no less than 15% and have a minimum corrosion inhibitor concentration of no less
than 15%. The finished product shall have a Corrosion Percent Effectiveness Rating of 30% or less
as tested by PNS specifications.

The finished product shall provide eutectic temperature points equal to or lower than that of a
standard uninhibited liquid sodium chloride brine of 23.3% concentration. The manufacture shall
provide a eutectic temperature graph and table showing both eutectic curves of the finished product
and the standard uninhibited liquid sodium chloride solution of 23.3% concentration for direct
comparison. The graph shall be constructed according the specifications in Section Il Sample
Submittals.

This liquid corrosion inhibitor when added to concentrated sodium chloride brine will provide a
finished product that is compliant to all the General Provisions of the PNS Specifications.

For testing purposes, the inhibitor product shall be added to a salt brine prepared from reagent grade
sodium chloride and distilled water meeting ASTM D 1193 Type Il. The salt brine concentration will
be prepared in a weight to weight ratio with water. The inhibitor concentration will be added as a
volume to volume measurement to the brine solution. The sodium chloride brine and inhibitor
concentrations will be prepared according to the inhibitor manufacturer’s specifications and
guidelines.

The inhibitor shall be capable of being homogenously mixed with the 23% to 24% concentration of
sodium chloride brine and resulting in a finished product that does not separate or settle out.

The corrosion inhibitor product bid shall be flowable and have the capability to be mixed fully into
the concentrated sodium chloride brine solution at a minimum temperature of 15° F.

Storage Class of Inhibitor: The corrosion inhibitor must be capable of being stored at a minimum
temperature Class as delivered until time of use with no separation or settling.

Class 1: 10° F
Class2: 0°F

: This chemical product shall not contain greater than 1.0% (V/V) Total Settleable Solids and
shall have Ninety-nine percent (99.0%) of the Solids Passing through a Number 10 sieve after being
stored at the designated Temperature Storage Class (+/- 2°F) for 168 hours (Seven days).

Test Method: Number 6
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VI. TEST METHODS

1. Percent Concentration of Active Ingredient In The Liquid

Test Method: Atomic Absorption or Inductively Coupled Plasma Spectrophotometry as
described in “Standard Methods for the Examination of Water and Waste Water”, APHA-
AWWA-WPCEF is acceptable. Test Method “A” in Appendix “A” is used to determine
percent concentration of Calcium Chloride or Magnesium Chloride by Atomic
Absorption. The operator should be aware that the high solids content of the samples
can present special considerations when conducting the analysis.

2. Weight Per Gallon

Test Method: Specific Gravity by ASTM D 1429 Test Method A - Pycnometer
at 20° C +/- 1° C.

3. Corrosion Control Inhibitor Presence and Concentration

Test Method: The Materials Laboratory may use the test procedures provided by
the bidder or manufacture for testing quantitative concentrations of additives.
These same tests can then be used to verify that materials being delivered are the
same as those previously tested and approved in the bid process.

4. pH

Test Method: ASTM D 1293 except a dilution shall be made of 1 part chemical product
to 4 parts distilled water before attempting a reading.

5. Corrosion Rate

Test Method: NACE Standard TM0169-95 (1995 Revision) as modified by PNS. This
procedure is listed as Test Method “B” in Appendix A.

6. Percent Total Settleable Solids and Percent Solids Passing a 10 Sieve

Test Method: This procedure is listed as Test Method “C” in Appendix A.

7. Total Phosphorus

Test Method: Total Phosphorous as described in “Standard Methods for the
examination of Water and Waste Water”, APHA-AWWA-WPCF.

8. Total Cyanide

Test Method: Total Cyanide as described in “Standard Methods for the examination of
Water and Waste Water”, APHA-AWWA-WPCF.
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9. Total Arsenic, Barium, Cadmium, Chromium, Copper, Lead, Selenium and Zinc.

Test Method: Atomic Absorption Spectrophotometry or Plasma Emission Spectroscopy
as described in “Standard Methods for the examination of Water and Waste Water”,
APHA-AWWA-WPCF.

10. Total Mercury

Test Method: Cold Vapor Atomic Absorption Spectrophotometry as described in
“Standard Methods for the examination of Water and Waste Water”, APHA-AWWA-
WPCF.

11. Milliequivalents OR “meq”

Test Method: This is a measure of the amount of unreacted base in the product. “meq”
means milliequivalents or the milligrams of acetic acid to neutralize 1 gram of unreacted
base.

Method for measuring unreacted base is a standard acid/base titration procedure. A fixed
volume of acid (30 ml of 0.1 N HCI) is added to 1 gram sample of CMA. The excess
acid is titrated with a standard base (0.1 N NaOH) to phenolphthalein endpoint, pH of
8.6.

12. Moisture Content Of Solid Chemical Products.

Test Method:  According to ASTM E 534

13. Gradation

Test Method: Gradation shall be ran according to ASTM D 632. The sample size shall
be a minimum of 300 grams and be hand shaken through each sieve until the sample has
been adequately processed. Caution: Care should be used when running the gradation
test, as the salt is very soft and can be resized by over shaking. Salts that contain sticky
organic matter inhibitors may require additional attention with a rubber policeman to
insure that the sample passes the screens correctly as the sticky inhibitors will tend to
clump up smaller particles of salt and prohibit them from being analyzed correctly.

14, Visual Inspection and Field Observations.

Test Method: Visual inspection and field observations to assure that the material
remains clean and free of extraneous matter, free from hard caking, does not segregate,
and remains suitable for the intended purpose and as otherwise outlined in Section IV.
NOTE: Purchaser may use any laboratory test method necessary to verify conclusions
from visual inspections.
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15.

Toxicity Test

16.

Test Method: According to “Short-Term Methods for Estimating the Chronic Toxicity of
Effluent and Receiving Waters to Freshwater Organisms”, Third Edition, EPA-600/4-
91/002.

Ammonia - Nitrogen

17.

Test Method: Ammonia as described in “Standard Methods for the examination of
Water and Waste Water”, APHA-AWWA-WPCF.

Total Kjeldalh Nitrogen

18.

Test Method: Total Kjeldalh Nitrogen as described in “Standard Methods for the
examination of Water and Waste Water”, APHA-AWWA-WPCF.

Nitrate and Nitrite as Nitrogen

19.

Test Method: Nitrate and Nitrite as Nitrogen as described in “Standard Methods for the
examination of Water and Waste Water”, APHA-AWWA-WPCF.

Biological Oxygen Demand

20.

Test Method: Biological Oxygen Demand as described in “Standard Methods for the
examination of Water and Waste Water”, APHA-AWWA-WPCF.

Chemical Oxygen Demand

Test Method: Chemical Oxygen Demand as described in “Standard Methods for the
examination of Water and Waste Water”, APHA-AWWA-WPCF.

21. Frictional Analysis

Test Method: Frictional Analysis shall be conducted on products that have been applied
at the prescribe application rate to a pavement surface within a sealed and controlled
humidity chamber. The frictional coefficient shall be measured on pavement surface as
the humidity in the chamber is lowered and raised over the course of time. The data shall
show a plot of the humidity curve and a plot of the coefficient of friction curve over time.
The device that measures the friction coefficient shall be calibrated and certified prior to
use on the sample analysis.

22. Insoluble Material
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Test Method: ASTM E534 “Standard Test Methods for Chemical Analysis of Sodium
Chloride”. The method shall be modified by dissolving 100 grams of the sodium chloride
sample into the prescribed volume and filtering the entire solution through a Whatman
No. 541(or equal), 125 mm diameter filter paper seated in a Buchner Funnel.

23. Chloride

Test Method: Chloride as described in “Standard Methods for the examination of Water
and Waste Water”, APHA-AWWA-WPCF.

VIl. PRODUCT REJECTION AND PRICE ADJUSTMENTS

ATTENTION: PLEASE REFER TO EACH INDIVIDUAL AGENCIES
SPECIFICATIONS FOR PRODUCT REJECTIONS AND PRICE
ADJUSTMENTS.

VI1I. BID EVALUATION PROCESS

A. BID PREFERENCES FOR HIGHER CONCENTRATIONS
(Approved Liquid Chemical Products)

STEP 1. Best buy (FOB delivery destination) based on percentage of active chemical in the
product will be determined by the following formula. Bidder Quoted Concentrations
(BOQC) and price per ton will be used for _calculations. Delivered
Price/Concentration Percentage equals the best buy factor for this step of the process.
(The bidders quoted concentration will be used in the calculation.)

Example:
a. $60.00/27%
b. $65.00/30%

222.22 best buy factor
216.67 best buy factor

Example “b” at the higher purchase price per ton, with the higher concentration, and with
the lower best buy factor would be selected if this were the final step.

B. BID PREFERENCES FOR SUPERIOR CORROSION INHIBITION
(Approved Liquid and Solid Chemical Products)

STEP 2: Bid preferences based on the corrosion inhibiting ability of a product as demonstrated
by the PNS’s laboratories and verified by field applications will be applied from the
values as shown in the following table. The values shown in the table under “Value
Added” are used to reduce the calculated best buy factor (see above) to arrive at the
final calculation/determination of best buy.
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PERCENT CORROSION VALUE

EFFECTIVENESS RANGES ADDED
25.0to 30.0 0.00
20.0t024.9 40.00
15.0t0 19.9 60.00
10.0to0 14.9 80.00
5.0t0 09.9 100.00
4.9 and less 150.00
Example:

As noted above in step 1, based on concentration calculations, product “b”
resulted in the lowest best buy factor. When corrosion inhibiting values are considered,
the calculations will be as follows. Product “a” has a corrosion value of 15.5%, which
equates to 60.00 added value points while product “b” displayed a corrosion value of
27.0%, which results in no added value points. See the following:

a. $60.00/27% = 222.22 -60.00 = 162.00 our final best buy factor.
b. $65.00/30% = 216.67- 00.00 = 216.67 our final best buy factor.

Example “a” with the lower concentration but with higher corrosion inhibiting value
would be determined to be the best buy in the final step.

Acceptance of bids will be based on approved PNS laboratory results. Final determination of the
liquid chemicals products will be based on the “final best buy factor” calculated from the
combination of the lowest cost per percent concentration of liquid chemical and credit for
corrosion inhibiting ability as specified in Steps 1 & 2. On solid chemical products, only the
value added for corrosion inhibiting performance will be used in the “final best buy factor”
determination process as specified in Step 2. Bids will be awarded for the lowest “final best buy
factor” for each category and to each designated location or zone.

IX. QUALIFIED PRODUCTS LIST

Purchased products that appear on the Qualified Products List may be tested for compliance to
the material that was originally submitted for qualification. The agency has the right to conduct
this testing at its own will. The most current Qualified Products List can be viewed at the PNS
web site location of http://www.wsdot.wa.gov/partners/pns/ or by contacting one of the PNS
members.

X. CHEMICAL PRODUCT SUBMISSION FOR THE QUALIFIED PRODUCTS LIST

The PNS member who is conducting the qualification testing has the right to test for verification
or to accept the product as approved. Bidders of samples to be tested for acceptance to the
Qualified Product List shall complete all the information and submit all the required
documentation as specified in these specifications. Two One-gallon samples of the bid product
shall accompany the required information for qualification testing.
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XI. PRODUCT SAMPLE CHECKLIST

All samples that are submitted must be accompanied with the Product Sample Checklist if they
are to be considered for evaluation to the Qualified Product List. Fill in blanks with yes, no, or
what is appropriate. If something does not apply, use N/A. Do not leave blanks. Blanks will
be considered missed information and may be cause for rejection. Type or print clearly in ink.
All documents must be clear and legible. If unreadable, it may be rejected.

Bidder's response to the following items will be considered representative of their product.
During qualification testing of the submitted sample the liquid products cannot deviate from the
percent concentration by more than minus one full percentage of the bidder quoted concentration
as indicated below. If the submitted sample exceeds this deviation tolerance, that product will be
disqualified. During a bid opportunity the submitted Percent Concentration and the
Percent Effectiveness will be compared to the approved product test results for verification.
If different, the qualification results that appear on the PNS Qualified Products List will be
used to determine the “final best buy factor”.) At no time will any sample be allowed to be
below the minimum concentration requirement for that product as stated in these specifications.
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PRODUCT SAMPLE CHECKLIST

Bidder Information

1
2
3
4.
5
6

Name of bidding company?
Mailing Address:
Email Address:

Phone number with area code:

Fax Number with area code:

Name of company contact:

Chemical Product Information (Categories 1-11 or Experimental)

1

. Which chemical product category is your chemical to be sold under?
2.
3.

What is the name of the product?

The product is manufactured by

If the product is a liquid what is the percent concentration of the product? %.**
(**This is the Bidder Quoted Concentration NO ranges please. If a range is used, the lowest
bidder specified concentration will be used for cost analysis.)

. Corrosion inhibited products have a Percent Effectiveness determined to measure the

products corrosion rate on steel. What is the Percent Effectiveness of the Product? %

Inhibitor Product Information (Inhibitor Categories A1-A3)

1
2
3
4.
)
6
7
8

Which inhibitor product category is your chemical to be sold under?

What is the name of the product?

The product is manufactured by?

What is the finished concentration(s) of the brine(s)?

What is the percent volume of the inhibitor to be added to the brine(s)?

What is the corrosion Percent Effectiveness of the finished product?

What temperature class is the product (1 or 2)?

If the product is submitted for category A2, what Type is it (1 or 11)?

Information to be included with all submittals.

N o g~ w DR

Product Data Sheet:
Material Safety Data Sheets (MSDS) for the product and the corrosion inhibitor:

Specific gravity information for liquid products as required:

Eutectic Temperature chart and graphs:

pH data (liquid products only):

Does your product contain an organic matter based corrosion inhibitor?

If yes, complete and submit the required information on the inhibitor as specified within these
specifications.
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10.

11.
12.
13.
14.

15.
16.

Waiver of pH requirements being requested? Yes No

Percentage of organic matter present in your material?

Analytical results of all specified and informational chemical constituents as specified in the General

Specifications, and for the specific category for which application is being made.

Toxicity Report
Frictional Analysis Report
Corrosion test data for corrosion inhibited products

Proprietary information regarding the corrosion inhibitor shall be included in a separate
sealed envelope and marked in large bold lettering “Confidential Information”.

Analytical testing procedures for verifying corrosion inhibitor concentration.

Two each one gallon containers samples of the product included with submittal.

Experimental Products

1.

2
3.
4

In addition the information contained above the following information is required.

Identify the primary active ingredient that the product can be measured for

Test protocols for testing the main ingredient

For liquid products, what is the lowest temperature that the material can be stored to while
meeting the requirements of the Settleable Solids and Percent Passing the No. 10 sieve?

Have you completely read the PNS specifications and included all the required information into the

submittal package?  Yes No

Signature of the Individual making the submission

Date of Submission

Please send all information to the following address:

Attention: Ron Wright

Idaho Transportation Department
Materials Section

P.O. Box 7129

Boise, Idaho 83707-1129

Please ship all samples to the following address:

Attention: Ron Wright

Idaho Transportation Department
Materials Section

3311 W. State Street

Boise, Idaho 83703-5879
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XII1. BID AND SAMPLE DELIVERY
All bids and samples shall be delivered by the time and date of the bid opening. Bids and
samples that are received late will be rejected and not tested. Mark all samples submitted to the
Laboratory in large black lettering as “BID SAMPLES-TIME CRITICAL”.

XIIl. BID SCHEDULE

The following quantities of chemical products are projected from use for the terms of this
contract. These quantities are estimates to be used for bidding purposes only. They are not
guaranteed deliverable quantities as the winter weather can and does change and quantities may
be less or more than what is being represented. Bidders can bid their approved products but are
limited to two new chemical product submissions per category. Bids will be awarded for the
lowest “final best buy factor” for each category (if applicable) and to each designated Area.
All prices are to be bid per ton and based on BULK DELIVERY, FOB point of delivery. If
your are not entering a bid for an Area of the selected category enter a “No Bid” for that
line item.

LIQUID CHEMICAL PRODUCTS

The liquid portion of this contract will be bid based on the following locations within an Area. These
locations are the sites of delivery. The unit price bid for each Area will be the price of delivery to all
location within the Area and will be used in the analysis for the “Final Best Buy Factor”. The bid will
be award based on the lowest “Final Best Buy Factor” of each category per Area.

Identify the Category for which you are bidding and provide the product name, the name of your
company and the Vendor Quoted Concentration of the Product.

Category

Product Name

Bidders Name

Vendor Quoted Concentration of Product

ATTACHED AGENCY BID LIST FOR AREAS, LOCATIONS AND QUANTITES

SOLID CHEMICAL PRODUCTS

The solid portion of this contract will be bid based on the following locations within an Area. These
locations are the sites of delivery. The unit price bid for each Area will be the price of delivery to all
location within the Area and will be used in the analysis for the “Final Best Buy Factor”. The bid will
be award based on the lowest “Final Best Buy Factor” of each category per Area (if applicable).

Identify the Category for which you are bidding and provide the product name and the name of your
company.
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Category

Product Name

Bidders Name

DOES YOUR PRODUCT CONTAIN AND ANTICAKING AGENT? (CircleOne) YES NO

IF YOUR PRODUCT DOES CONTAIN AN ANTICAKING AGENT PLEASE PROVIDE THE
FOLLOWING INFORMATION:

AMOUNT OF ANTICAKING AGENT ADDED PER TON OF PRODUCT:

WHAT IS THE NAME OF THE ANTICAKING AGENT ARE YOU ADDING:

ATTACHED AGENCY BID LIST FOR AREAS, LOCATIONS AND QUANTITES

INDEX

TEST METHOD “A” — Concentration Percentage of Active Ingredient In
Liquid Chemical Products

TEST METHOD “B” — Corrosion Rate As Conducted From The NACE
Standard TM0169-95 (1995 Revision) As Modified
By The Pacific Northwest States

TEST METHOD “C” — Percent Total Settleable Solids And Percent Solids
Passing A No. 10 Sieve
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MONTANA DEPARTMENT OF TRANSPORTATION
Haedana, Montana SE0-1004

MEMORANDUM
To: Concreta Scaling Commitlesa
From: Susan C. Sillick

Manager, Resaarch Program
Data: Fehruary 8, 202
Subject: Meeting Minutes, January Z8, 2002

A committee met on January 28, 2002 to discuss the concrete scaling issue. Attendees were Jim
Walther/Engineenng Division, Kent BamesMaterials Bureau, Nigel Mends/Bridge Burean,
Mike Lynch/Materials Bureau, Mike Bouslimam/Mantenance Division, Dan
WilliamsMaintenance Division, Craig Abemathy/Research Section, and Sue Sillick/Research
Section. The purpose of this meeting was to take a step back from the on-going effort to ensure
involvement of all appropnate MDT staff, a clear definition of the problem, and a survey of the
literature. In taking this step back, the committee can reevaluate the need for research so that
whatever is done, is done the right way the fist time.

The committee first discussed the problem. This problem is limited to concrete scaling, a surtace
defect charactenzed by flaking, peeling, or pitting of the concrete surface. For the most part this
has only been seen in residential conerete. The extent of concrete scaling in residential aneas is
unknown; however, it seems to have increased over the past few years.

The committee then discussed the literature. It is clear concrete must have sufficient strength,
and proper air entrainment and placement to prevent concrete scaling. These factors can be
achieved through proper concrete mix design (including, but not limited to appropriate cement
content, aggregate gradation, and addition of admixtures), appropriate air entrminment, proper
placement, low water to cement ratio, and sufficient curing. Deicing chemicals and inadequate
dminage can exacerbate the scaling of concrete, especially concrete without sufficient strength or
air entminment. Sealing the concrete can help to prevent concrete scaling. Many good resources
in addition to the published litemture are available on this topic, some containing more speci fic
guidelines - see http:/wanw. beaverconerete comicorner2. htm |,

hittp:ananar prmeoncrete comdscaling . him, and http:Saraear lafameecorpcomdttt sur him. The
ldaho Department of Transportation ([T also suppaorts this opinion. 1T sampled and tested
cores of scaled concrete. These cores all exhibited low air entrainment.

The committee feels that scal ing is occurring on residential concrete mther than roads built and
maintained by MDT because the Department has strict standards for design and construction. In
addition, the committee feels that this phenomenon is not ocowrring all of a sudden, rather, it
appears to be a curmulative effect ina couple of different ways. First, it should be expected to
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take homeowners a certain period of time and discussion with other homeowners to realize that
the conerete scaling they are seeing is not an isolated event, but an event that others are also
seeing. Second, MDT and homeowners have increased use of deicing chemicals over the last five
years or s0. As mentioned above, deicing chemicals can exacerbate the scaling of poory
produced or improperly placed concrete. Before deicing chemicals reach residential concrete,
mixing with spow, mud, etc has diluted them. Over time, this continual application of these
dilute chemicals may enhance scaling. Finally, older conerete does not seem to be exhibiting
comerete scaling. The mswer seems to be that before the industry knew how to engineer
comcrete, it contained an unusually high content of cement. Also, the older concrete has had
additional time for the cement to hydrate and the concrete to gain strength. A high cement
content in conerete can overcome many flaws, Finally, concrete placed many years ago that was
not good has since been removed.

Itis the opinion of this committee that there are too many causal factors and not enough
documentation of concrete design and construction in residential areas, as well as application of
materials, such as deicing chemical {both residual MIDT chemicals and persomal application ) to
determine why the concrete is scaling. In addition, there are many more causal factors such that
what canses scaling in one doveway may not be the same cansal factor for another doveway. It
is clear that concrete with sufficient strength and proper air entrainment can prevent concrete
scaling.

MDT moved to the use of deicers due to air quality and safety issues. Use of deicers is not a
panacea. Winter maintenance is a balance and safety has always been MDT s mtmost comearn.
The 1zsue is to maxim ze safety md to mimmize the detrimental effects of MDT s winter
maintenance practices, while not decreasing safety. Given this, the Maintenance Division needs
to continually evaluate application mtes, new potential deicing chemicals, and other potential
practices through litemture, field trials, etc to minimize the detrimental effects of their use.

This committes recommends a mmber of actions.
# A public relations campaign

& MDT needs to inform the public of its deicing strategy and needs to make it clear
that the safest moads come at a cost.

# MCA should take a proactive approach to educate residential concrete contractors
and the public with regards to designing and constructing concrete with the proper
strength and air entrainment for the intended use.

# MDT should participate in the South Dakota Department of Tmnsportation’s (SDIDOT)
pooled-fund study investigating the effects of deicing chemicals on concrete.

MDT Maintenance needs to contimually evaluate best management practices { BMP"s) on
application mtes, new potential deicing chemicals, and other potential pmctices through
literature, field trials, etc., to maximize the beneficial aspect of these products as well to
rinirmze the detnmental effects of their use

LT
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CORROSION TEST OF DE-ICERSAND ANTI-ICERS TXDOT DESIGNATION: TEX-624-J

Test Procedure for

CORROSION TEST OF DE-ICERS AND ANTI-ICERS =3

Texas
. . Department'
TXDOT Designation: Tex-624- Ip
Effective Date: January 2001

1. SCOPE

1.1 Use this method to determine the percent corrosion of de-icers and anti-icers on steel
washers as compared to corrosion using sodium chloride.

1.2 The values given in parentheses (if provided) are not standard and may not be exact
mathematical conversions. Use each system of units separately. Combining values from
the two systems may result in nonconformance with the standard.

2. APPARATUS

2.1 Ungalvanized washers, in conformance with ASTM F 436, hardened to RC 38-45.

2.2 Erlenmeyer flask, 500 mL (16.9fl. 0z.)

2.3 Corrosion test apparatus, to automatically lower and raise washers into solutions for the
specified amount of time.

2.4 Concentrated hydrochloric acid.

25 Deionized water.

2.6 Sodium chloride, reagent grade.

2.7 Sannous chloride.

2.8 Antimony trioxide.

2.9 Cloth, to clean washers.

2.10 Trichlorethylene.

2.11 Analytical balance, Class B in accordance with Tex-901-K.

3. SOLUTION

3.1 De-icer or anti-icer, 3% solution.
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CORROSION TEST OF DE-ICERSAND ANTI-ICERS TXDOT DESIGNATION: TEX-624-J

4. PREPARATIONS

4.1 Preparing Washers:

41.1 All washers used should be from the same batch to assure accuracy in test results. Use
3 washers for each de-icer/anti-icer solution (to include NaCl) and for the deionized
water control tests.

4.1.2 Wash washers with concentrated hydrochloric acid to remove any type of residue, and
rinse with deionized water.

41.3 Using a micrometer, measure the dimensions of each washer to the nearest 0.01 mm
(0.0004 in.), and calculate the surface area as described under Section 6.

41.4 Rinse the washers with trichloroethylene.

415 Air-dry the washers.

4.1.6 Weigh the washers using an analytical balance to the nearest 0.001 g.

4.2 3% Solutions:

42.1 In an Erlenmeyer flask:

[ | for liquid de-icerg/anti-icers, mix 3 parts de-icer/anti-icer to 97 parts deionized
water, by volume.
m for solid de-icerd/anti-icers, prepare a 3% solution, by weight.

4.2.2 Prepare a 3% NaCl solution (by weight).

423 Thoroughly mix solutions to ensure solubility.

4.3 Cleaning Solution:

431 Add 50 g stannous chloride and 20 g antimony trioxideto 4 L (1 gal.) of concentrated
hydrochloric acid (HCI).

4.3.2 Mix the solutions thoroughly.

Note 1—Add the saltsto the HCI to stop the reaction of the HCI with the steel once
removing the rust or corrosion.

S. PROCEDURES

5.1 Corrosion Test:

5.1.1 Pour 300 mL (9 fl. oz.) of each solution (de-icer/anti-icer, NaCl, and deionized water)
into separate 500-mL (16.9-fl. oz.) Erlenmeyer flasks.

5.1.2 Label each flask appropriately.
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CORROSION TEST OF DE-ICERSAND ANTI-ICERS TXDOT DESIGNATION: TEX-624-J

5.1.3 Place 3 washersin each flask, and cover flasks.
514 Set up the corrosion test apparatus to alternately lower the washers in the solution for
10 minutes and raise them to air dry for 50 minutes. Run for 72 hours.
5.1.5 Immediately remove washers from the solutions after the 72-hour cycle.
5.2 Cleaning Washers:
5.2.1 Place washers into a beaker containing the cleaning solution.
5.2.2 After 15 minutes, remove the washers, rinse them with deionized water, and wipe them
with a cloth to clean off any deposit.
5.2.3 Return washers to the cleaning solution and repeat Sections 5.2.1 and 5.2.2.
5.24 Rinse with trichlorethylene, air dry, and weigh to the nearest 0.001 g.
6. CALCULATIONS
6.1.1 Calculate weight loss:
W(mg)=(1 - F)lOOO%
Where:
W = test specimen weight lost
| = test specimen initial weight
F = test specimen final weight.
6.2 Calculate the surface area of the washers:
31416(D?-d?)
A= 5 31416 (t)(D)+314(t)(d)
Where:
D = outside diameter, mm (in.)
d = inside diameter, mm (in.)
t = thickness, mm (in.)
6.2.1 Calculate corrosion rate of each washer:

KW
CR(mMpY)="175
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CORROSION TEST OF DE-ICERSAND ANTI-ICERS TXDOT DESIGNATION: TEX-624-J

Where:

CR = corrosion rate (mils per year [mpy])
K = constant = 3450 for weight lost, mg
W = weight lost, mg

A = specimen area, mm? (in.%)

T=time, hr.

D = specimen density, 7.86 mg/mm?°.

7. ARCHIVED VERSIONS

7.1 Archived versions are available.
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Tex-624-J Laboratory Notes.

These are additional laboratory notes that were followed in the procedure of the tests to increase
the repeatability between tests:

4.1.2 The washers can be placed in the hydrochloric acid in batches. For my tests | used 24
washers and split between two 250mL of HCL. The easiest way to get the washers out of the
hydrochloric acid is to pour the acid into another container using a glass funnel. The glass funnel
will catch the washers. Be careful not to break the funnel.

4.1.5 Washers were taken out of the ethanol and hand dried with paper towels. The washers
were then transferred to a clean and dry paper towel and were air dried for 10 minutes. 5
minutes per side.

4.2.1-4.2.3 Solid material was split sampled in order to get a mix of material. Solid material was
mixed in 500ml solution (15g solid) and liquids were mixed in 300mL solutions. Immediately
after mixing (using the magnetic stirrer) the chemical excess was dumped allowing for 300mL
solution (as called for in the procedure).

All chemicals were then allowed to sit for at least 12 hours before the start of the test to ensure
complete solubility.

4.2.1-4.2.3 Meltdown 20 was a non-homogeneous mixture. After split sampling a 1000mL
solution (30g of meltdown 20) was mixed. After mixing the solution for 10 minutes it was
allowed to sit for at least 12 hours. After the minimum 12 hours a second 10 minute mixing took
place using the magnetic stirrer. Immediately afterwards, 300ml of the solution was placed in
the Erlenmeyer flask for testing.

4.2.3 All chemicals were stirred using a magnetic stirrer for 10 minutes. The magnetic bar was
dipped in distilled water between batches to clean the bar and dried on a paper towel.

5.3.2 The Corrosion Constant K has the unit of( [grams*hours*mils]/[mg*cm*yr]). See below:
g 10mm (365 *24)hr 87.6 g * hr x mm
k =

- 1000mg i cm yr mg *x cm x yr
K 87.6 g * hr x mm lin 1000mils 3448.8 g * hr * mils
= * * =
mg * cm x yr 25.4mm in mg x cm x yr

K = 3448.8 g * hr x mils
 mg*cm*yr
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The following are pictures from the tests. The testing apparatus can be seen in the following
pictures:

Controller with wiring for DC Linear Actuator Linear Actuator

0-6793 VOL. 1

J-7



The following are pictures of the chemicals before and after the completion of the Tex-624-J
test:
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Documentation and pictures for the materials needed for the Tex-624-] test:

Materials needed for test

Description:

Bought from Fisher Scientific

Product Name:

Catalog Number

Hydrochloric Acid, Certified ACS | A144212
Plus

Sodium Chloride Certified ACS S271-1
Antimony Trioxide Certified ACS | A860100
Stannous Chloride ACS T142100
Denatured Ethanol S73985A

Bought from Ad-Tek, Inc.
Advanced Calibration Technologies
phone: 800-259-5058

Steel Coupons

Y inch flat steel washers

Hardener Round Washer Domestic
ASTM F436, Type 1.

Hardened to RC 38-45,

Non galvanized Code Number:
CouponTSI#

0-6793 VOL. 1
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Documentation for chemicals used in Tex-624-J Test:

Chemicals DHT# | Shipmen | Invoice# | Date Location
t Date / Received
Ticket # | from
TxDOT/othe
;
(1 | MD 20 16561 | 1/26/201 16345-02 | 8/20/2012 Lupbock Southeast
) 4 2 Maintenance
(2 | MD Apex 15707 | 1/26/201 6493-002 | 8/20/2012 Lupbock Southeast
) 2 2 Maintenance
(3 | Roadsalt 13982 | 51100012 | 843886 | sie/2012 | MeEMPhIS
) 1 Maintenance
(4| Brine 166771 o/10012 | asses | sfei2012 | MeMPNIS
) 5 Maintenance
()5 Natural Brine N/A N/A N/A 8/2/2012 Kent County, Texas
Sodium Fisher Scientific
Chloride N/A N/A N/A N/A Catalog Number:
Certified ACS S271-1
Magnesium Fisher Scientific
Chloride Catalog Number:
Hexahydrate NIA NIA NIA NIA 7791-18-6
Certified ACS

0-6793 VOL. 1
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APPENDIX K

RAW DATA
TxDOT Designation TEX-624-J
Test Procedure for
Corrosion Test of De-lcers and Anti-Icers
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Tex 624-)

Date: 1/18/2013 1/21/2013
Product Sample  Washer Initial Weight Final Weight Change Inner Diameter Outer Diameter Thickness Surf. Area Corrosion PNS % Corrosion
Name Number (g) (g) (in) (in) (in) (in?) (mils/yr)
1 1 15.5443 15.4476| 0.0967 0.6130 1.3730 0.1000 2.9948
NacCl 2 2 15.4898 15.3902( 0.0996 0.6115 1.3765 0.1010 3.0197
3 3 15.5597 15.4521( 0.1076 0.5600 1.3720 0.1010( 3.0773
Avg 0.1013 3.0306 31.585 ----
1 4 15.5154 15.5041| 0.0113 0.5675 1.3770 0.0990| 3.0773
H20 2 5 15.5221 15.5025( 0.0196 0.5605 1.3775 0.1005 3.0990
3 6 15.4828 15.4627( 0.0201 0.5610 1.3780 0.1010( 3.1036
Avg 0.0170 3.0933 5.193 ---
1 7 15.3873 15.3337| 0.0536 0.5655 1.3740 0.0990( 3.0664
2 8 15.3950 15.3394( 0.0556 0.5565 1.3740 0.1000( 3.0855
MD 20 3 9 15.5806 15.5316( 0.0490 0.5565 1.3760 0.1015( 3.1039
'( 1) Avg 0.0527 3.0852 16.151 41.52
1 10 15.5178 15.4578| 0.0600 0.5650 1.3735 0.1010 3.0770
2 11 15.5341 15.4670( 0.0671 0.6000 1.3770 0.1000( 3.0340
MD Apex 3 12 15.2019 15.1360( 0.0659 0.5465 1.3750 0.0985( 3.0953
'(2) Avg 0.0643 3.0688 19.809 55.38
1 13 15.4925 15.4032( 0.0893 0.5925 1.3720 0.0100( 2.4671
2 14 15.4343 15.3333( 0.1010 0.5665 1.3725 0.0995( 3.0610
RoadSalt 3 15 15.2361 15.1329( 0.1032 0.6205 1.3735 0.0980( 2.9724
'(3) Avg 0.0978 2.8335 32.626 103.94
1 16 15.5034 15.3826( 0.1208 0.5680 1.3745 0.0995( 3.0681
2 17 15.4213 15.2976( 0.1237 0.5895 1.3710 0.1000( 3.0226
Magnesium Chloride 3 18 15.5483 15.4328( 0.1155 0.5960 1.3750 0.1025( 3.0465
Avg 0.1200 3.0457 37.230 121.39
1 19 15.5572 15.4612| 0.0960 0.5665 1.3765 0.1000 3.0826
Memphis 2 20 15.4367 15.3380( 0.0987 0.5870 1.3735 0.0995( 3.0349
Brine 3 21 15.3741 15.2791| 0.0950 0.6205 1.3760 0.0990 2.9903
"4) Avg 0.0966 3.0359 | 30.056 94.21
1 22 15.2762 15.1808| 0.0954 0.5655 1.3740 0.0990( 3.0664
Natural Brine 1 2 23 15.5452 15.4469( 0.0983 0.5750 1.3750 0.1010 3.0692
'(5) 3 24 15.1920 15.1020( 0.0900 0.5650 1.3740 0.0980( 3.0610
Avg 0.0946 3.0655 29.150 90.77
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Tex 624-)

Date: 2/15/2013 2/18/2013
Product Sample Washer Initial Weight Final Weight Change Inner Diameter Outer Diameter Thickness Surf. Area Corrosion PNS % Corrosion
Name Number (g) (g) (8) (in) (in) (in) (in?) (mils/yr)
1 25 15.5539 15.4666| 0.0873 0.5700 1.3750 0.1000 3.0705
NaCl 2 26 15.1982 15.1135|  0.0847 0.5695 1.3760 0.0995 3.0728
3 27 15.2314 15.1462| 0.0852 0.5680 1.3730 0.0990 3.0581
Avg 0.0857 3.0671 26.413 ----
1 28 15.4421 15.4307| 0.0114 0.5700 1.3750 0.1010 3.0766
H20 2 29 15.4844 15.4734| 0.0110 0.5515 1.3780 0.1010 3.1172
3 30 15.4513 15.4392| 0.0121 0.5720 1.3735 0.1015 3.0697
Avg 0.0115 3.0879 3.519 ---
1 31 15.4404 15.4280 0.0124 0.5465 1.3750 0.1010 3.1103
2 32 15.4446 15.4338| 0.0108 0.5650 1.3780 0.1010 3.0978
MD 20 * 3 33 15.4579 15.4473| 0.0106 0.5705 1.3750 0.1000 3.0697
'(1) Avg 0.0113 3.0926 3.442 -0.34
1 34 15.4866 15.4367| 0.0499 0.5730 1.3740 0.1015 3.0706
2 35 15.4689 15.4131 0.0558 0.5720 1.3740 0.1015 3.0721
MD Apex 3 36 15.2123 15.1550|  0.0573 0.5680 1.3760 0.0995 3.0750
I22) Avg 0.0543 3.0725 16.710 57.62
1 37 15.4821 15.3956| 0.0865 0.5415 1.3785 0.1020 3.1396
2 38 15.5433 15.4676| 0.0757 0.5705 1.3785 0.1020 3.0982
RoadSalt 3 39 15.5364 15.4549|  0.0815 0.5680 1.3775 0.1025 3.1003
'(3) Avg 0.0812 3.1127 24.660 92.34
1 40 15.4697 15.3539] 0.1158 0.5715 1.3740 0.1010 3.0697
2 41 15.5098 15.3960] 0.1138 0.5715 1.3750 0.1025 3.0835
Magnesium Chloride 3 42 15.4741 15.3593| 0.1148 0.5665 1.3785 0.1010 3.0980
Avg 0.1148 3.0838 35.177 138.28
1 43 15.5180 15.4273 0.0907 0.5475 1.3760 0.1035 3.1287
Memphis 2 44 15.4603 15.3767| 0.0836 0.5735 1.3770 0.1020 3.0868
Brine 3 45 15.4962 15.4085| 0.0877 0.5700 1.3760 0.0990 3.0690
I'(4) Avg 0.0873 3.0948 26.665 101.10
1 46 15.2170 15.1325|  0.0845 0.5725 1.3765 0.1000 3.0737
Natural Brine 1 47 15.5091 15.4167 0.0924 0.5675 1.3790 0.1020 3.1049
'(5) 3 48 15.4693 15.3832| 0.0861 0.5730 1.3780 0.1010 3.0861
Avg 0.0877 3.0883 26.824 101.79

*Note: The Meltdown 20 product is not a homogenous material. Aftera higher than expected corrosion rate from the 1/18/2013 to 1/21/2013 Tex-624-J test, the split
sampling for Meltdown 20 was completed with the omission of large diameter particles, with the larger diameter particles consisting mostly of salt. This inevitably
changed the ratio of sodium chloride to corrosion inhibitor. Split sampling should have a mix of particle sizes, roughly at the same ratio of the overall batch. Therefore,
Meltdown 20 results from this test were omitted in the analysis of the results.
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Tex 624-)

Date: 2/19/2013 2/22/2013
Product Sample  Washer Initial Weight Final Weight Change Inner Diameter Outer Diameter Thickness Surf. Area Corrosion PNS % Corrosion
Name Number (g) (g) (in) (in%) (mils/yr)
1 49 15.5663 15.4854| 0.0809 0.5695 1.3740 0.1045 3.0941
NaCl 2 50 15.4713 15.3831| 0.0882 0.5715 1.3755 0.1055 3.1042
3 51 15.5189 15.4335| 0.0854 0.5705 1.3770 0.1065 3.1188
Avg 0.0848 3.1057 25.811 -
1 52 15.4090 15.3952( 0.0138 0.5675 1.3740 0.1035 3.0909
H20 2 53 15.5204 15.5061| 0.0143 0.5705 1.3750 0.1060 3.1064
3 54 15.4293 15.4150| 0.0143 0.5690 1.3710 0.1030 3.0717
Avg 0.0141 3.0897 4.322 ---
1 55 15.5009 15.4512( 0.0497 0.5715 1.3730 0.1035 3.0804
2 56 15.4118 15.3640| 0.0478 0.5675 1.3730 0.1030 3.0832
MD 20 3 57 15.4741 15.4239| 0.0502 0.5625 1.3730 0.1050 3.1026
'( 1) Avg 0.0492 3.0887 15.062 49.98
1 58 15.4319 15.3829| 0.0490 0.5725 1.3745 0.1025 3.0797
59 15.5190 15.4666( 0.0524 0.5695 1.3760 0.1055 3.1095
MD Apex 3 60 15.2330 15.1813| 0.0517 0.5690 1.3730 0.1025 3.0779
'(2) Avg 0.0510 3.0891 15.611 52.53
1 61 15.4519 15.3664| 0.0855 0.5715 1.3740 0.1030 3.0820
2 62 15.4859 15.3972| 0.0887 0.5715 1.3760 0.1050 3.1035
RoadSalt 3 63 15.2297 15.1476| 0.0821 0.5695 1.3765 0.1030 3.0965
'(3) Avg 0.0854 3.0940 26.092 101.31
1 64 15.5329 15.4202| 0.1127 0.5710 1.3725 0.1035 3.0788
2 65 15.5650 15.4476( 0.1174 0.5700 1.3780 0.1040 3.1089
Magnesium Chloride 3 66 15.4778 15.3627| 0.1151 0.5700 1.3765 0.1040 3.1019
Avg 0.1151 3.0965 35.113 143.29
1 67 15.4794 15.3880| 0.0914 0.5705 1.3735 0.1040 3.0872
Memphis 68 15.4761 15.3912( 0.0849 0.5710 1.3730 0.1035 3.0811
Brine 3 69 15.5459 15.4531| 0.0928 0.5720 1.3735 0.1055 3.0942
'(4) Avg 0.0897 3.0875 27.452 107.64
1 70 15.4975 15.4077| 0.0898 0.5685 1.3730 0.1055 3.0970
Natural Brine 1 71 15.1852 15.0944| 0.0908 0.5690 1.3765 0.1030 3.0972
r(5) 3 72 15.5017 15.4134| 0.0883 0.5675 1.3745 0.1055 3.1054
Avg 0.0896 3.0999 27.323 107.03
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Tex 624-)

Date: 5/7/2013 5/10/2013 Temp 71F
Product Sample Washer Initial Weight Final Weight Change Inner Diameter Outer Diameter Thickness Surf. Area Corrosion PNS % Corrosion
Name Number (g) (g) (g8) (in) (in) (in) (in?) (mils/yr)

1 76 15.4212 15.3291| 0.0921 0.5771 1.3755 0.1035 3.0838
NaCl 2 77 15.4284 15.3352( 0.0932 0.5715 1.3795 0.1035 3.1106

3 78 15.5190 15.4153( 0.1037 0.5685 1.3750 0.1035 3.0941

Avg 0.0963 3.0961 29.400 -

1 73 15.5531 15.5356| 0.0175 0.5730 1.3785 0.1030 3.1007
H20 74 15.2762 15.2549( 0.0213 0.5705 1.3765 0.1020 3.0889

3 75 15.5163 15.4922| 0.0241 0.5640 1.3765 0.1050 3.1167

Avg 0.0210 3.1021 6.387 ---

1 79 15.5147 15.4776( 0.0371 0.5675 1.3750 0.1035 3.0955

2 80 15.4902 15.4559| 0.0343 0.5665 1.3765 0.1040 3.1070
MD 20 3 81 15.4471 15.4153| 0.0318 0.5685 1.3785 0.1065 3.1287
'(1) Avg 0.0344 3.1104 10.451 17.66

1 82 15.5540 15.5039| 0.0501 0.5660 1.3795 0.1055 3.1309

2 83 15.5327 15.4811| 0.0516 0.5700 1.3780 0.1065 3.1242
MD 20 3 84 15.5226 15.4678( 0.0548 0.5690 1.3755 0.1055 3.1079
1) Avg 0.0522 3.1210 | 15.794 40.88
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APPENDIX L

LAB NOTES CHLORIDE DIFFUSION

AASHTO T-259-02
Standard Method of Test for Resistance of Concrete
to Chloride lon Penetration
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Concrete Mix Design

Last Updated:
Monday March 12,
Name: 215 Class S yd 2012
Description: TXDOT Class S
HPC
Mix Yield: 25.771 cf WI/C Ratio: 0.42
Ingredient Amount
1" Crockett 1800 Ib
Intermediate 245 1b
Sand 990 Ib
Cement 397 1b
Fly ash (Class C) 212 1b
Water 255 1b
BASF MBAE-90 6 0z
BASF Polyhead 1720 54 0z

Crockett County Mining Plant #2
Material:

1" Crockett

Intermediate

R.E. Janes Gravel Co.
Woods

Material:

Sand

0-6793 VOL. 1
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Gilson Model HM-343 Sample Drilling Assembly



Sample blocks after coring.
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