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SUBJECT: 2020-2021 Comprehensive Plan Docket Item CP-11:

Recycled Asphalt Policy Amendment

What is the request?

Lakeside Industries, Inc. submitted a Comprehensive Plan Amendment application (Attachment
D) in November 2016 proposing amendments to Policy E.5 of the Nisqually Subarea Plan. The

app

lication requests that the County consider a Comprehensive Plan Amendment to policy

language within the Nisqually Subarea Plan. Specifically, the request is to consider a text
amendment to policy E.5 of the Nisqually Subarea Plan, which currently precludes the
reprocessing of asphalt (reclaimed asphalt pavement, hereby RAP) in the subarea due to water

quality concerns. The current language of the Nisqually Subarea Plan Policy E.5, and the

app

licant requested language for the policy amendment are:

Current Text (Policy E.5, p.21):

Allow accessory activities to be considered inside the mined out portion of the gravel pit through
the site plan review process. Examples of allowable accessory uses would include concrete pipe
and/or septic tank construction and the recycling of used concrete. The reprocessing of imported
mineral materials shall not be the primary accessory use and the reprocessing of asphalt shall not
be allowed due to water quality concerns. These activities shall be discontinued once reclamation
of the pit is completed in accordance with the WDNR standards.

Applicant’s Request:
Allow accessory activities to be considered inside the mined out portion of the gravel pit through
the site plan review process. Examples of allowable accessory uses would include concrete pipe
and/or septic tank construction and the recycling of used concrete_and asphalt pavement. The
reprocessmg of imported mineral materials shall not be the prlmary accessory use.-and-the
neofasphaltsha e W ! v nality-eoneerns: These activities shall
be dlscontlnued once reclamation of the pit is completed in accordance with the WDNR
standards.
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The proposed amendment would allow the recycling of asphalt pavement to occur as an accessory
use within the mined-out portion of gravel pits within the Nisqually Subarea. An “accessory use”
means that this is not the main activity happening on a site, rather a smaller yet still related activity.
According to Thurston County Code 20.03.040':

“An ‘accessory use’ means a use or building which is clearly subordinate to and customarily
found in association with a principal use.”

Currently, asphalt recycling is permitted elsewhere in the County on a case-by-case basis, subject
to current code regulations including critical area protections and zoning.

Review Process for this Comprehensive Plan Amendment

This docket item is #CP-11 on the 2020-2021 Comprehensive Plan Amendment Docket. The
docket was prioritized by the Board of County Commissioner’s in May 2020, and this item tied
for 3™ (out of a total of 6 citizen-initiated amendments). This docket item was also previously
docketed on the 2017-2018 and 2018-2019 Official Docket of Comprehensive Plan
Amendments. Review of this comprehensive plan amendment was been broken down into two

phases:
e Phase 1 — Consultant Review of Contaminant Leaching from Recycled Asphalt
Pavement
0 Part A — Develop Inventory List of Literature and Data
0 Part B — Issue Paper that Analyzes Potential Environmental and Public Health
Implications of Asphalt Recycling based on Existing Scientific Literature
e Phase 2 — County review of current regulations and permit process, related court rulings,
conditions within the Nisqually Subarea, and Best Management Practices

County staff developed an RFP-RFQ and hired a consultant for the first portion of the policy
review (Phase 1). Herrera Environmental Consultants conducted Phase 1 Part A and Part B
involving literature selection and review of potential implications of leachate, which is water that
has moved through a solid and in the course of passing through has become contaminated.
County staff conducted Phase 2, which was primarily a review of existing county processes,
review of prior court rulings, and development of policy options.

Background & Context

What is asphalt pavement recycling/reprocessing?
Asphalt pavement recycling is the crushing, sorting, and reprocessing of asphalt pavement to
breakdown, separate, and re-use the asphalt binding material (bitumen) and the sand and gravel

! Thurston County Code. Chapter 20.03.040 — Definitions. Accessed June 24, 2020 from:
https://library.municode.com/wa/thurston_county/codes/code_of ordinances?nodeld=TIT20Z0_CH20.03STINDE 20.03.040DE
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substrate that forms the asphalt pavement. Asphalt binding material is re-used by adding it into
new asphalt production processes. The sand and gravel substrate is re-used as a base material for
new roads and driveways and for various other uses. Asphalt is one of the most recyclable
materials and nearly 100% of removed asphalt can be recycled or stockpiled for future use.>
According to an annual survey of the industry conducted with the support of the Federal
Highway Administration, more than 80 million tons of asphalt pavement is reclaimed each year,
nearly all of which is either recycled or stockpiled. It is estimated that recycling of asphalt saves
the American taxpayer more than $2.5 billion per year, and more than 60 million cubic yards of
landfill space each year.?

Use of recycled asphalt means less raw materials and new petroleum products may be needed,
and removed asphalt pavement is kept out of landfills. Additionally, recycling asphalt reduces
costs for materials, and factors favorably into the bid process for capital improvement projects.
Under state law RCW 39.04.1333, the state’s preference for the purchase of recycled materials is
a factor of the design and development of state capital improvement projects. Additionally,
ESHB 1695 encourages the use of recycled materials, and if there is a tied bid, the contractor
with the most recycled material incorporated into the project gets the award.*

2 National Asphalt Pavement Association. “Asphalt for Recycling and Energy Reduction.”
https://www.asphaltpavement.org/index.php?option=com_content&view=article&id=201&Itemid=495

3 RCW 39.04.133. Accessed June 25, 2020 from: https:/app.leg.wa.gov/RCW/default.aspx?cite=39.04.133
4 ESHB 1695. Accessed June 25, 2020 from: http:/lawfilesext.leg.wa.gov/biennium/2015-
16/Pdf/Bills/House%20Passed%20Legislature/1695-S.PL.pdf?q=20200625143851



https://www.asphaltpavement.org/index.php?option=com_content&view=article&id=201&Itemid=495
https://app.leg.wa.gov/RCW/default.aspx?cite=39.04.133
http://lawfilesext.leg.wa.gov/biennium/2015-16/Pdf/Bills/House%20Passed%20Legislature/1695-S.PL.pdf?q=20200625143851
http://lawfilesext.leg.wa.gov/biennium/2015-16/Pdf/Bills/House%20Passed%20Legislature/1695-S.PL.pdf?q=20200625143851
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Background on the Nisqually Subarea

The Nisqually Subarea is approximately 9,000 acres of rural lands in northeastern Thurston
County. A map of the current subarea boundaries is available in Attachment B. The subarea
includes the Billy Frank Jr. Nisqually Wildlife Refuge and portions of: The Nisqually Indian
Reservation, Joint Base Lewis-McChord (JBLM), and the McAllister Geologically Sensitive
Area (MGSA). The subarea also includes 1,288 acres of Long-Term and Nisqually Agriculture,
and has a historically rural and pastoral character. The Nisqually Subarea Plan was adopted in
1992, after two years of intensive community and stakeholder involvement. The purpose of the
plan was to establish zoning, goals and policies to shape development and land-use in the
subarea. The 1992 plan included Policy E.5, which prohibits recycling of asphalt in the subarea,
but permits other accessory uses (such as concrete recycling) in the mined-out portion of gravel
pits. The subarea plan was readopted in 1996, when the County amended the Comprehensive
Plan to comply with Washington State’s Growth Management Act.

The Nisqually Subarea, like other areas of Thurston County, includes many environmentally
sensitive areas, such as the McAllister Geologically Sensitive Area, critical aquifer recharge
areas (CARAs), wetlands, steep slopes, and 100-year floodplain areas. McAllister Geologically
Sensitive Area is a district created to minimize the potential for contamination or significant loss

in recharge capacity of a vulnerable groundwater aquifer and potable water source.’

CARAs are areas of the county that provide for infiltration of water to replenish the aquifer and
groundwater sources. The County has category I, II, and IIl CARAs; CARA 1 1is an area of
extreme aquifer sensitivity with rapid recharge, CARA 1II is an area of high aquifer sensitivity of
slightly lower recharge, and CARA 111 is an area of moderate aquifer sensitivity where soil
material slows water entry into groundwater. The Nisqually subarea is mostly critical aquifer
recharge area category 1, with 81% of the subarea being classified as a CARA 1. The Thurston
County Code limits uses based on the type of CARA.

TABLE 1. ESTIMATED ACREAGE OF CRITICAL AQUIFER RECHARGE AREAS IN THE NISQUALLY SUBAREA

TYPE ACREAGES
CARA | ‘ 7,347

CARA I ‘ 557

CARA Il ‘ 543

SOURCE: THURSTON COUNTY GEODATA, FEB. 2018

Other critical areas in the subarea include 100-year floodplains, wetlands, and steep slopes
(Table 2 and Attachment B).

3 Thurston County Code. Chapter 20.23 — McAllister Geologically Sensitive Area.
https://library.municode.com/wa/thurston_county/codes/code_of ordinances?nodeld=TIT20Z0_CH20.23MCGESEARDIMG
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TABLE 2. ACREAGE OF OTHER MAPPED CRITICAL AREAS IN THE NISQUALLY SUBAREA

TYPE ACREAGES
100-year Floodplain ‘ 2,212
Wetlands ‘ 1,852
Steep Slopes ‘ 1,158

SOURCE: THURSTON COUNTY GEODATA, FEB. 2018

Aquifer Conditions of the Nisqually Subarea

Aquifer conditions such as permeability, groundwater flow, and depth to groundwater vary
considerably across the county and within the Nisqually Subarea. Currently, asphalt recycling is
permitted elsewhere in the County on a case-by-case basis, subject to current code regulations
including critical area protections and zoning. Specific hydrogeologic conditions are evaluated at
the site-scale at the time of permitting, as required under 17.20.200 of the Thurston County
Code.

Across the county, most users depend on groundwater for water supply. The County has highly
porous sand and gravel deposits that can make aquifers susceptible to contamination. CARA 1
areas in the subarea provide very rapid recharge with little protection, contain coarse soil textures
and soil materials, and are derived from glacial outwash. Deposits in the Nisqually Watershed
(WRIA 11) consist of predominantly sands and gravels, with some deposits of silt and clay.
Deposits vary in composition and thickness throughout the watershed. Recharge to the
groundwater system is primarily through infiltration of precipitation and secondarily from
surface water (lakes, ponds, and streams), septic systems, and irrigation return flow.® A
significant amount of water from the sub-basin likely originates as throughflow from other
aquifers in the Nisqually Watershed, and from the Deschutes Watershed (WRIA 13).6

History of Policy E.5

According to a memorandum from TRPC on the history of the Nisqually Valley Subarea Planning
Process (Attachment C), the earliest information regarding the topic of Policy E.5 was in the
Nisqually Bulletin #8 Draft Vision Statement from September 20, 1990:

“3. Identify existing mineral extractions, and establish guidelines for the design and
locations of any new operations.”

It was changed slightly in Nisqually Bulletin #9, Final Vision Statement: December 13, 1990.

“3. Recognize existing mineral extraction operations, require any new operations to be
visually buffered from adjacent properties and roads, and prohibit the location of any new
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facilities north of the Burlington Northern Railroad to protect the visual integrity of the
Nisqually valley viewshed.”

The policy further evolved into the earliest complete draft of the subarea plan, ‘Committee Draft
- October 1991°. The wording changed to a form similar to that which was ultimately adopted.
That policy read as follows:

“E.5. Allow accessory uses to be located inside the mined out portion of a gravel pit
through the site plan review process. Reprocessing of imported mineral resources shall
not be the primary accessory use and these activities shall be discontinued once
reclamation of the pit is completed in accordance with the WDNR standards.”

According to the TRPC Memorandum from 2000 (Attachment C), the addition of types of uses
came after discussions with what this policy would really mean. The existing pit (Holroyd pit)
already provided concrete products and reprocessing of concrete was not seen as much of a
change in use. Reprocessing of asphalt was also part of the discussion and ‘not desired’. The
rationale for that, according to the memorandum, was that there was a concern over water
quality, and that asphalt production was not part of the current operations at the Holroyd pit. The
planning committee redrafted the policy E.5 to its final wording, which was included in the
August 1992 Planning Commission Draft Subarea Plan.

The materials relating to the adoption of the Nisqually Subarea Plan and Policy E.5 that are
available through the County’s archives note concerns regarding the following:

e The concern that toxins or harmful chemical substances would leach from stockpiled
asphalt and negatively impact the environment.

e The concern that during the asphalt pavement reprocessing, asphalt substrate fines would
escape into waterways and negatively impact water quality.

Documentation of scientific sources referenced during the NSAP drafting and adoption process is
not present within the available archival materials.

History of Thurston County and Lakeside Industries Interactions Regarding RAP

Lakeside Industries, Inc. applied for a comprehensive plan amendment to consider changing the
policy language of Policy E.5 of the Nisqually Subarea Plan to allow for recycling of asphalt. They
submitted application in Nov. 2008, Nov. 2013, and Nov. 2016 for consideration to be added to
those comprehensive plan amendment dockets. In 2017, this item was added to the Official
Comprehensive Plan Docket as Item #11. It has been officially docketed since.

Lakeside currently owns an asphalt plant sited at the Holroyd mine, within the Nisqually
Subarea. Below is a summary of interactions between Lakeside Industries and Thurston County
regarding the asphalt plant.
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In 1999 Lakeside Industries, Inc. submitted a special-use permit to build an asphalt plant
and recycle asphalt pavement within the Holroyd gravel pit as an accessory use to the
gravel mine. Thurston County staff initially recommended denial of the special use permit
based on its review of location, impact, and service.

0 In recommending denial, the County reviewed the criteria of TCC 20.54.040 and
specifically the impacts to adjacent property and neighborhood character, the traffic
conditions to be generated by the asphalt plant, and whether the project conflicts
with the public welfare.

In 2001, the hearing examiner reviewed the application and granted the special-use permit
and upheld the SEPA determination (mitigated determination of non-significance).

A local citizen group, Friend of Nisqually (Friends), and the Nisqually Indian Tribe
appealed the hearing examiners’ decision to the Thurston County Board of County
Commissioners.

The Board of County Commissioners (BoCC) reversed the hearing examiner’s approval of
Lakeside’s special use permit on September 24, 2001. After a closed hearing, the Board
concluded the proposed Lakeside asphalt plant was not consistent with sub-area plan
policies because:

O (1) the sub-area plan generally prohibits new industrial uses,

0 (2) the sub-area plan specifically prohibits asphalt recycling,

0 (3) the existing extraction gravel site never processed asphalt, and

O (4) the proposed asphalt plant does not preserve the area's existing rural character.

In October of 2001 Lakeside Industries appealed the BoCC’s decision to Mason County
Superior Court under Washington State’s Land Use Petition Act (LUPA).

In November of 2001 Friends and the Nisqually Tribe responded to Lakeside’s appeal by
filing a challenge to the hearing examiners’ decision regarding the SEPA determination.
They also moved to change the venue.

The Mason County Superior Court denied the venue change, dismissed Friends’ and the
Nisqually Indian Tribe’s challenge of the SEPA determination of non-significance because
they had not filed their appeal within LUPA’s 21-day statutory time limit.

Mason County Superior Court reversed the Board’s decision on July 5, 2002 (Case No. 01-
2-00858-1). The judge remanded this matter back to the Board with the direction to issue
the permit as approved by the hearing examiner by decision dated April 20, 2001, with one
additional condition that reads as follows:

0 “Provided, however, the reprocessing of asphalt by Lakeside Industries shall be
prohibited at this location.”

The Board of County Commissioners, affirmed the decision of the hearing examiner with
the following amendment and addition:

0 Condition 2 amended as follows: “Recycling of asphalt-er concrete is permitted as
an accessory use only in conjunction with a permitted crusher and in accordance
with County and State Health Department regulations and requirements.”
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0 A new condition (condition #8) shall read as follows: “Provided, however, the
reprocessing of asphalt by Lakeside Industries shall be prohibited at this location.”
e The 2002 Mason County Superior Court decision was appealed by Lakeside, the County
and several citizen groups; Lakeside appealed the denial of its request to recycle asphalt.
Court of Appeals of the State of Washington (2004) affirmed the trial court.
e Lakeside Industries, Inc. was allowed to proceed with constructing their asphalt plant in
the Holroyd gravel mine, but was prohibited from recycling asphalt at that location.

Implications of an amendment on previous legal findings

This prior court decision and related permit condition do not preclude future amendment to the
Nisqually Subarea Plan. Although the Board of County Commissioners preserves its legislative
discretion, it is the County’s position that legislative revision of Policy E.5 would render the Mason
court prohibition on recycled asphalt as moot. In the event County Commissioners exercise their
discretion to amend the Nisqually Subarea Plan, the County still anticipates additional permitting
would be necessary for Lakeside to move forward with its plans. A legislative act cannot invalidate
conditions found in SUPT990457 and further permitting is likely needed by the applicant to allow
reprocessing of asphalt as an authorized use on the Lakeside site.

Water Quality Considerations

Activities such as handling and storing, equipment maintenance and cleaning, industrial
processing or other operations that occur at industrial facilities are often exposed to stormwater.
Pollutants conveyed in stormwater discharges from facilities involved with the manufacturing of
asphalt, roofing materials, and lubricants will vary with each facility and site. There are many
factors that influence to what extent industrial activities and significant materials could affect
water quality.®

e Geographic location
Topography
Hydrogeology
Extent of impervious surfaces (e.g., concrete or asphalt)
Type of ground cover (e.g., vegetation, crushed stone, or dirt)
Outdoor activities (e.g., material storage, loading/unloading, vehicle maintenance)
Size of the operation
Type, duration, and intensity of precipitation events.

6 EPA. Industrial Stormwater Fact Sheet Series. Accessed June 24, 2020 from: https://www.epa.gov/sites/production/files/2016-
03/documents/sector_d_asphalt 0.pdf
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Table 3: Common Activities, Pollutant Sources, and Associated Pollutants at Asphalt Paving and
Roofing Materials Manufacturers and Lubricant Manufacturing Facilities

Activity

| Pollutant Source

| Pollutant

Asphalt Paving and Roofing Materials

Outdoor stockpiling of materials

Exposure of aggregate (sand, stone,
limestone, gravel, etc.) to
precipitation

Total suspended solids (TSS), total
dissolved solids (TDS),
biochemical oxygen demand
(BODS), chemical oxygen demand
(COD), oil and grease (0&G),
benzene, methylene blue active
substances (MBAS), metals, pH

Storage of materials in above-
ground tanks

Leakage from tanks

TSS, TDS, BOD5, COD, O&G,
benzene, MBAS, metals, pH

Transport of materials by a
conveyor or front-end loader

Exposed materials and potential
spills

TSS, TDS, BOD5, COD, O&G,
benzene, MBAS, metals, pH

Lubricating Oils and Greases

Storage of raw materials

Spills and leaks of materials from
tank farms or 55-gallon drums

Petroleum or synthetic-based stocks
and various additives, O&G, pH

Vehicle and equipment
maintenance

Parts cleaning, waste disposal of
rags, oil filters, air filters, batteries,
hydraulic fluids, transmission
fluids, brake fluids, coolants,
lubricants, degreasers, spent
solvents

Gas/diesel fuel, fuel additives,
oil/lubricants, heavy metals, brake
fluids, transmission fluids,
chlorinated solvents, arsenic

Vehicle and equipment fueling

Spills and leaks during fuel transfer,
spills due to “topping off” tanks,
runoff from fueling areas,
washdown of fueling areas, leaking
storage tanks, spills of oils, brake
fluids, transmission fluids

Gas/diesel fuel, fuel additives, oil,
lubricants, heavy metals

This table is taken from EPA Industrial Stormwater Fact Sheet, page 2. Note: Pollutant sources can originate from
activities other than recycling/stockpiling of used asphalt pavement. Some activities listed above (asphalt batch
plants, concrete recycling) are currently allowed in the Nisqually Subarea, permitted on a case-by-case basis.

As part of the review for this comprehensive plan amendment, Thurston County contracted with
a third-party consultant to complete a review and analysis of contaminant leaching from recycled
asphalt pavement (Herrera, 2019, Attachment A). The consultant conducted a literature review
in two parts: part A to compile and identify highly rated studies to be reviewed, and part B to
review the literature selected. Eight studies were selected for the review. Due to a wide range in
testing materials and protocols, only broad summaries can be made from the research. The key
conclusions from that literature review are (Attachment A, p. III, p. 20):

e As asource of contaminants, RAP is highly variable. Factors contributing to variability in
leachate from RAP appear to include how the asphalt was originally manufactured (e.g.,
the sources of crude oil and aggregate or whether coal tar or bitumen was used), how the
RAP was used, the duration and degree to which it has weathered and been exposed to
traffic or other pollution generating sources, and how long it is stored. (Attachment A, p.

1)




Thurston County Planning Commission, July 15, 2020
2020-2021 Docket Item CP-11 - Recycled Asphalt Policy

Laboratory testing indicated that there were typically some contaminants leached from
RAP at concentrations that exceeded state groundwater quality standards. There were five
polycyclic aromatic hydrocarbons (PAHs) that were measured above state groundwater
quality standards with some frequency (i.e., in 50 percent or more of the studies where
detection limits were adequate). Some metals were also leached, primarily in tests run
under low pH environments. (Attachment A, p. III)

Testing indicated that there is a distinct, initial flush of contaminants from RAP that can
result in concentrations exceeding Washington State groundwater quality standards, but
that these peak concentrations decrease quickly to below detection limits as more water is
flushed through the RAP. (Attachment A, p. III)

Both batch and column tests indicated that there were typically some contaminants
leached from RAP at concentrations that exceeded Washington State groundwater quality
standards. Typically, these exceedances occurred during initial flushing of the RAP.
(Attachment A, p. 20)

0 Acenaphthene, fluoranthene, naphthalene, and pyrene were measured above
groundwater standards with the most frequency (in 50 percent or more of the
studies where detection limits were adequate) in both batch and column tests.

0 Metals data from batch testing indicated that increased release should be expected
under acidic (low pH) conditions.

Although this literature review specifically did not include an assessment of potential
environmental impact from fate and transport of these contaminants, a number of the
researchers suggested that the impact to the environment would be negligible if dilution
and assimilation were considered. (Attachment A, p. 20)

While some portion of the contaminants is likely generated from components of asphalt
itself, exposure to roadways (and traffic) was identified as a major contributor of
contaminants that were available for leaching in three of the studies (Metha et al. 2017;
Birgisdottir et al. 2007; and Norin and Stromvall 2004) (Attachment A, p. 20).

Batch and column laboratory tests, while informative, are not necessarily representative of
what can be expected under field conditions. In the one study that evaluated leachate
collected from outdoor stockpiles (Norin and Stromvall 2004) the results indicated that
the total cumulative loading of semi-volatile organics leached during laboratory-based
column studies was approximately only 25 percent of what was calculated from leachate
collected from the inner section (where the most leaching occurred) of the RAP stockpile.
The authors attributed this to differences between the L:S ratios, and to the cumulative
effect of contaminants leaching over a longer period of time in the stockpile versus the
column test. The authors of this study emphasized the need for field testing as a follow up
to laboratory studies. (Attachment A, p. 20)

This literature review did not evaluate how other factors may impact leachate from recycled
asphalt pavement. Other factors that could impact leachate and pollution concerns include best

management practices, fate and transport, natural attenuation in soils, geography, topography,

10
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hydrogeology, extent of impervious surfaces, type of ground cover, operation size, or duration
and intensity of precipitation events. PAHs tend to adsorb to organic or inorganic matter and
become immobilized in sediment. Adsorption of leachate and accumulation in the soil varies
depending on the class of PAH and soil composition. Environmental factors (e.g., hydrogeology,
geography, topography) vary within the Nisqually Subarea, and site-specific factors for
operations (extent of impervious surfaces, operation size, duration and intensity of uses, best
management practices) will vary dependent on the individual site. These factors are evaluated at
the site-scale during the permitting process.

Public Outreach and Comment Received to Date

To date, Thurston County has held two public meetings and given a presentation on the proposed
amendment. A kick-off meeting was held on July 27, 2017 to provide general information to the
public. An additional public meeting was held on June 20, 2019 where the consultant provided a
presentation on the consultant literature report and then a question and answer session was held.
Community Planning staff also gave a presentation to the Nisqually River Council on July 19,
2019 to provide a high-level summary of the consultant literature report and next steps. In
addition to these 3 public outreach events, a poster on the project was included in the March 3,
2018 open house for the Nisqually Subarea Plan. Staff also provided regular updates on the
project at the Nisqually River Council meetings.

As of this work session, 44 comments have been received on the proposed amendment. Staff
held a comment period on the consultant literature report, receiving 19 of the 44 comments
during that time. Of comments received to date: 26 are against, 9 request a change, 3 are in
support, and 6 requested information. General themes included:
e The no-RAP provision was designed to protect rural character.
e Concerns about flooding, groundwater contamination, and the impact of water quality.
e Best practices for using RAP is to keep it dry in an un-walled building or covered.
e Concerns over increased truck traffic.
e The consultant report generally concludes the impact is limited of negligible.
e The consultant report does not consider Best Management Practices.
e The consultant report looks at literature on laboratory testing, rather than literature on
stockpiles.
e Asphalt, PHA and bitumen are harmful to fish.
e Asphalt is a key building material in supporting physical and economic growth.
e Runoff and discharge are regulated by Ecology.
e Request for additional on-the-ground studies that evaluate local conditions and best
management practices related to RAP.

11
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You can view comments received online at:
https://www.thurstoncountywa.gov/planning/Pages/comp-plan-cpl 1-home.aspx

Next Meeting
e Current County Code Regulations
e Current Policy
e Other considerations (economic, best management practices)
e Options

e Attachment A — Herrera Environmental Consultant Literature Review on Contaminant
Leaching from Recycled Asphalt Pavement

e Attachment B — Relevant Maps of the Nisqually Subarea
e Attachment C — TRPC Memorandum from Steve Morrison, Jan. 3, 2000
e Attachment D — Comprehensive Plan Amendment Application


https://www.thurstoncountywa.gov/planning/Pages/comp-plan-cp11-home.aspx
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EXECUTIVE SUMMARY

Recycled asphalt pavement (RAP) is typically asphalt that has been removed from roadways or
parking lots during repair and replacement of the roadway surface. It is then reused extensively
in the creation of new roadway surfaces. Concerns over possible leaching of pollutants from RAP
stem from the original composition of the asphalt as well as from the pollutants added during
its use, for example, when the RAP has been taken from roadways where it has been exposed to
vehicle traffic and the metals and petroleum products that are associated with that use.

Between the time when RAP is removed and when it is reused, it must be stockpiled. When
stockpiled, precipitation falling onto the stockpile can result in contaminants leaching from the
RAP. These contaminants can then be transported to nearby surface waters or infiltrated to
groundwater. The purpose of this study was to review available research on leaching of
pollutants from RAP. The study was purposely constrained to a review of research on direct
measurements of leachate from RAP; no research that evaluated application of Best
Management Practices (BMPs) to reduce contaminant loading or that assessed fate and
transport of contaminants once the leachate reaches the environment were considered in this
literature review.

After an assessment of over 100 articles initially identified, eight highly rated studies were
selected for this literature review. They were selected because they were directly applicable to
the objectives of this study, and the research was of high quality in terms of the number of tests,
quality assurance, and in the detail provided for this review.

Key conclusions of the literature review are:

As a source of contaminants, RAP is highly variable. Factors contributing to variability in
leachate from RAP appear to include how the asphalt was originally manufactured (e.g.,
the sources of crude oil and aggregate or whether coal tar or bitumen was used), how
the RAP was used, the duration and degree to which it has weathered and been exposed
to traffic or other pollution generating sources, and how long it is stored.

Laboratory testing indicated that there were typically some contaminants leached from
RAP at concentrations that exceeded state groundwater quality standards. There were
five polycyclic aromatic hydrocarbons (PAHs) that were measured above state
groundwater quality standards with some frequency (i.e., in 50 percent or more of the
studies where detection limits were adequate). Some metals were also leached, primarily
in tests run under low pH environments.

Testing indicated that there is a distinct, initial flush of contaminants from RAP that can
result in concentrations exceeding Washington State groundwater quality standards, but
that these peak concentrations decrease quickly to below detection limits as more water
is flushed through the RAP.
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INTRODUCTION

Recycled asphalt pavement (RAP) is typically asphalt that has been removed from roadways or
parking lots during repair and replacement of the roadway surface. It is then re-used extensively
in the creation of new roadway surfaces. Concerns over possible leaching of pollutants from RAP
stem from the original composition of the asphalt as well as the pollutants added by vehicle
traffic. Asphalt can be composed of bitumen, coal tar, mineral aggregate, and fillers such as
adhesives and polymers. Bitumen and coal tar are derived from crude oil and contain metals and
polycyclic aromatic hydrocarbons (PAHs). The compaosition of the crude oil is also highly variable
in terms of these pollutants, which is why some of the studies summarized in this report have
compared different sources of RAP. Mineral aggregate can be a natural source of heavy metals
in RAP, and vehicle traffic contributes metals and PAHs from wear and tear of vehicle parts and
from gasoline and lubricants.

Between the time when RAP is removed and when it is reused, it must be stockpiled. When
stockpiled, precipitation falling onto the stockpile can result in contaminants leaching from
the RAP. These contaminants can then be transported to nearby surface waters or infiltrated
to groundwater. The latter is especially a concern in areas where the groundwater is more
vulnerable to contamination due to fast-draining soils and where it is used as a drinking water
supply, such as in the Nisqually area of Thurston County. Because of concerns about RAP
leaching contaminants while it is stockpiled, the Nisqually Sub-Area plan of the Thurston
County Comprehensive Plan specifically prohibits the use of mined-out gravel pits for the
reprocessing of asphalt due to water quality concerns.

The purpose of this study by Herrera Environmental Consultants, Inc. (Herrera) was to review
available research on leaching of pollutants from RAP. The study scope was specifically
constrained to summarizing research on direct leaching of pollutants. For example, it does not
account for use of best management practices (BMPs) such as covering the material to reduce
the amount of precipitation that comes into contact with the RAP, thereby limiting leachate
formation. It also does not address fate and transport as leached materials move over or
through ground and water. Such practices and processes could be evaluated in a subsequent
phase of study, if warranted.

Most of the laboratory studies reviewed can be grouped into two different methods of
simulating pollutant leaching: batch-leaching tests (referred to herein as batch tests) and water
column leaching tests (referred to herein as column tests).

Batch tests are those in which prepared samples of RAP are placed in containers with water,
which is sometimes acidified, and allowed to soak for a fairly short period, usually on the order
of hours or days. The samples are typically agitated during the soaking period to maximize
surface area contact. The samples are filtered, and the filtrate is tested for pollutants. The
objective of a batch test is to evaluate the short-term leaching potential of water-soluble
contaminants. Batch tests are small-scale tests used to provide quick estimates of maximum
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potential leaching behavior; the low water volume, high contact time, and agitation do not
simulate the conditions likely to exist in the field, where water continually flows through the
material. There are many variations in how batch tests are performed, such as how the samples
are prepared, size of the test containers, the ratio of liquids to solids (L:S ratio), the duration of
the test, and the character and pH of the water used as the extractant. The extractant in the
studies reviewed varied from neutralized deionized water, to slightly acidified water, to more
strongly acidified solutions. The more acidic the solution, the more aggressive the leaching of
most contaminants. In the United States (US), there are two standard protocols that are typically
followed for performing these tests: the Toxicity Characteristic Leaching Procedure (TCLP) and
the Synthetic Precipitation Leaching Procedure (SPLP). The TCLP test was designed to simulate
conditions that might be experienced by materials exposed for many years to the acidic
environment of a landfill. The SPLP is used to better simulate conditions in a more natural
environment but under acid rainfall conditions. Even the studies done in Europe often use these
protocols from the US Environmental Protection Agency (US EPA).

Column tests involve placing compacted samples into a column and delivering water to the
column at a specified flow rate for a specific period of time, typically a number of weeks. For
column tests, water samples are collected from the columns at multiple times during the test to
allow assessment of changes in contaminant leaching over time. In addition to the type,
quantity, and source of RAP used, the rate that the water is delivered to the column, the total
amount of water sent through the column (which affects the L:S ratio), and the sampling
intervals are important variables in column tests. As with the batch tests, the pH of the water
used for the test is also critical. There are no standard protocols for conducting column tests.

As described below, the literature review began with identification of 101 information sources to
consider. Through initial sorting and reviewing, eight studies were identified that were of high
quality in terms of how the research was performed and for which the research was most
applicable to the objective of this report. This report includes a brief synopsis of the findings of
each of the eight studies.

METHODS

During the first phase of this project, a list of preliminarily identified studies was created. At
project onset, Thurston County provided a list of 88 information sources that were identified by
project stakeholders over the years and submitted to Thurston County. As a first step in
development of this literature review, a reference library search was completed to identify
additional information sources; this resulted in the addition of 13 references to the database, for
a total of 101 information sources. Then, studies dated before 1995 were eliminated to remove
sources with outdated analytical techniques. The remaining sources were sorted with the
objective of including only those that serve as primary data sources; studies that did not contain
data or that summarized data collected by others were excluded. As a result, 33 of the

101 information sources were retained for further evaluation.
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During the second phase of the project, a closer examination of the study methods and
objectives used in each of the 33 studies was completed; and each of the studies was rated as
low, medium, or high in terms of its appropriateness for inclusion in this report. There were
initially 5 studies rated as high, and they were the only studies included in an early

(October 2018) draft of this literature review. The studies rated as low were not considered
further. In most cases, those rated as low did not appear to specifically address RAP, although
some were given low ratings because they did not provide data or because the author(s) had
completed a more recent study that superseded the preceding one. In general, the studies rated
as moderate were either: 1) older and had higher detection limits than those currently in use,

2) done by undergraduate students and did not have rigorous review, or 3) did not specifically
address the objective of this study. However, the results and conclusions of the moderate-rated
studies were reviewed to evaluate whether they used a testing approach or contained unusual
findings that should be considered. None of the studies rated as moderate had findings notably
different than the highly rated studies.

One concern identified during review of the early (October 2018) draft of the document was that
too many of the highly rated studies were done outside the U.S. where coal tar has been used in
the processing of asphalt for many years beyond when it stopped being used in the U.S.
Because coal tar has many times more PAHSs than the bitumen used in the U.S,, it could be
expected that the character of the RAP and leachate would be different. A second search of the
literature and review of reference sections of the other reports was done in an effort to identify
additional U.S.-based research. As a result, two additional highly rated studies were identified
and included in this evaluation. A third study, which had been included in the list of 33 studies
but removed from consideration due to its age, was also added to the list of literature to be
reviewed because it was done in the U.S. and was considered one of the preeminent studies of
RAP. This resulted in a total of 35 studies. Appendix A contains a list of the 35 studies that were
considered in this second phase and provides the rating rationale for each.

In the end, eight studies were highly rated because they were directly applicable to the
objectives of this study and the research was of high quality in terms of the number of tests,
quality assurance, and detail provided for the analysis. Each of these studies is described
individually below.

Tables 1 and 2 (following the Summary and Conclusions section of this report) provide a
comparison of key data provided in the eight studies. The intent of these tables was not to list
all of the data but to focus on those data of most interest and frequently reported. For the Total
Metals category, all 13 US EPA priority pollutant metals have been included plus a few others
that were commonly measured in the different studies. No elements were left out if they were
commonly detected or if they were detected in any study at a problem concentration. The data
for Polycyclic Aromatic Hydrocarbons (PAHS) is limited to the US EPA’s list of 16 priority
pollutant PAHs. With the exception of one study that assessed 29 PAHSs, the remaining seven
studies evaluated the list of 16 or a subset of these.

Tables 1 and 2 provide a comparison of study results to Washington State Groundwater Quality
Standards (Washington Administrative Code [WAC] Chapter 173-200-040). These standards are
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the most applicable because Thurston County refers to them for groundwater monitoring under
its mineral extraction and asphalt production code (Thurston County Code 17.20.210) and
because the literature reviewed relies on direct measurements in discharge. State drinking water
standards would have been applied if the measurements had been made in the groundwater.
Table 3 provides a comparison of the state groundwater quality standards to the Washington
State Drinking Water Standards for Group A Public Water Supplies (WAC 246-290-310). These
are standards that would apply under the Sanitary Code for Thurston County-Article Ill and are
applicable to assessments of domestic water supply. The drinking water standards are provided
for comparison purposes only.

SUMMARY OF SELECTED LITERATURE

In the research reports summarized below, the authors used a variety of standards for
comparison, including European Community (EU) drinking water standards, Danish groundwater
standards, US EPA standards, and state-specific standards, because the studies were done in
different countries and states. In the summary of each report, provided below, the authors’
conclusions related to the standards they used are included. For the purposes of this review, the
groundwater quality standards in Washington State are the standards that of are of most
interest and that would be applied in Nisqually. Therefore, in the Comparisons of Study Results to
Standards section of this report the data from all of the studies is compared to Washington
State groundwater quality standards. In that section, the authors’ conclusions related to the
standards they applied are summarized again so that all of those conclusions related to
standards exceedances are in one place.

Hydraulic and Environmental Behavior of Recycled Asphalt
Pavement in Highway Shoulder Applications (Aydilek et al. 2017)

This was an extensive study done by researchers at the University of Maryland for the Maryland
Department of Transportation. The objective of the testing was to evaluate RAP from seven
different sources in Maryland to reflect differences in original source materials (e.g., crude oil
and aggregate) and roadway use characteristics. The study included three different phases:
hydraulic behavior, environmental behavior, and pH relationships with leaching. The information
gained from the testing was used to develop models to predict fate and transport of
contaminants in surface water and through the ground.

For the purposes of this review, the second phase of the testing that examined environmental
behavior was most applicable. For those studies, the seven RAP samples, as well as three or four
control samples consisting of either aggregate base, stone, or topsoils, were tested. The tests
included batch and column tests.
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Batch Tests

Batch tests, which used deionized water with a low amount of salt as the extractant (likely close
to neutral pH), were done in triplicate. A total of 15 elements were analyzed, including most of
the heavy metals. Aluminum (Al), arsenic (As), barium (Ba), copper (Cu), iron (Fe), sodium (Na),
and zinc (Zn) were measured at detectable concentrations in one or more of the seven RAP
samples; the rest of the elements tested were below the detection limits for all samples. Of
those elements detected, Al, Ba, and Cu were detected at levels that exceeded either a US EPA
or Maryland State standard. Copper was detected in four of the seven samples, with two results
slightly exceeding the US EPA Water Quality Limits (US EPA WQLs), and all results exceeded
Maryland’s Aquatic Toxicity Limits (ATLs) for fresh water. Aluminum was detected in five of the
seven RAP samples; all five results were well below the US EPA WQLs but well above Maryland’s
ATLs. Barium was detected in three of the seven samples, with all three results above Maryland’s
ATLs; there is no US EPA WQL for barium. The authors do not specifically discuss the arsenic
results; however, all three of the RAP samples where arsenic was measured at detectable
concentrations exceeded Maryland’s ATL. The detection limit for the remaining four samples
exceeded the Maryland’s ATL standard; therefore, it is unknown how they compare to them.
Similarly, lead (Pb), Chromium (Cr), Cobalt (Co), Nickel (Ni) and Vanadium (V) were below
detection in all samples, but again the detection limit was higher than Maryland’s ATL for these
elements; however, they were all below US EPA WQLs.

column Tests

The same seven RAP samples used in the batch tests, were tested in flow-through column tests.
The column tests involved pumping a constant flow of water (pH 6.0 to 6.5) through the
columns and collecting samples at regular intervals that represented different pore volume
exchanges. Approximately 15 to 20 samples were collected from each column, representing
pore volume exchanges from approximately 1 to 250. In the column tests, peak concentrations
exceeded Maryland’s ATL standards for:

Aluminum (Al) (in three of the seven RAP samples)
Boron (B) (in all seven samples)

Barium (Ba) (in all seven samples)

Cobalt (Co) (in one of seven samples)

Copper (Cu) (in four of seven samples)
Manganese (Mn) (in six of seven samples)

Nickel (Ni) (in four of seven samples)

Zinc (Zn) (in one of the seven)
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The peak concentrations for Zn and Cu exceeded the US EPA WQLs (each in one of the seven
RAP samples) but decreased to below the US EPA WQLs very quickly. All As, Pb, Cr, and V
concentrations were below the detection limit, but the limit was higher than the ATL; thus, it is
unknown how the concentrations compare to Maryland’s ATL standard. However, the detection
limits are well below the US EPA WQL,; thus, those standards were met. AlImost all of the analytes
tested exhibited a strong first-flush characteristic; that is, peak concentrations occurred early in
the testing and then concentrations dropped precipitously. With the exception of one RAP
sample, which had very high (relative to the other RAP samples) aluminum (Al) concentration to
begin with, Al did not exhibit a first-flush characteristic. Instead, Al concentrations began to
increase late in the experiment and coincident with a pH increase. This result fits with what is
understood about the solubility of Al within the neutral range of pH.

As stated by the study authors, if any kind of a weighted average were to be applied to the
results, the concentrations for all constituents would be well below the most stringent standards.
The authors concluded that RAP from sources in Maryland does not release excessive amounts
of toxic elements, as determined through either the batch or column tests.

Leaching of Heavy Metals and Polycyclic Aromatic Hydrocarbons
from Reclaimed Asphalt Pavement (Legret et al. 2005)

This study was completed by researchers in France and funded by the French Public Works
Ministry. The objective was to evaluate potential environmental concerns associated with
leaching of contaminants from RAP. In this study, RAP samples were collected during a repaving
project on a heavily used highway. Batch and column tests were done on composite samples
collected from a stockpile of the RAP. Testing was also performed on core samples taken from
the roadway. All leachate samples were analyzed for heavy metals, total hydrocarbons, and
PAHs. The study authors compared results to European Community (EC) drinking water
standards, Dutch target (intervention) levels for groundwater, and US EPA standards. The
research included batch tests and column tests, as well as column tests completed with core
samples.

Batch Tests

Batch tests were performed on four composite samples collected from a stockpile of RAP. A
series of three extractions, done in a succession of 16-hour periods, were run on three RAP
samples. Deionized water was used as the extractant. Of the eight metals analyzed, only Zn and
mercury (Hg) were measured at levels above detection limits. Zinc was detected during only the
first of the three extractions in the 16-hour series test, but the concentration was below US EPA
standards. Mercury was detected during all three extractions but always at or near the detection
limit. Metals detected were all well below the maximum contaminant level (MCL). Total
hydrocarbons were detected slightly above the Dutch intervention level for groundwater during
the initial extraction but below the detection limit for the remaining extractions. Of the 16 PAHs
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analyzed, all were near or below the detection limit except phenanthrene, which was measured
at or just above the detection limit but well below the Dutch intervention level.

The last composite sample was tested over one, 24-hour extraction period in parallel with a
sample of new asphalt (as opposed to RAP). Heavy metals were below detection in both the RAP
and the new asphalt. Total hydrocarbons were higher in the RAP sample. Of the six PAHSs tested,
only benzo(a)pyrene and fluoranthene were measured above detection limits in the RAP
leachate; neither were above Dutch groundwater intervention levels. None of the six PAHs were
detected in the new asphalt sample.

The researchers also ran a two-stage batch test that included a first stage at neutral pH (7) and a
second stage at low pH (4). No data tables were provided for this test, but the researchers noted
that Zn, Ni, chromium (Cr), and cadmium (Cd) were released at the lower pH, while Cu and lead
(Pb) were not. All the elements tested were below the EC limits for drinking water.

column Tests

Column tests were performed on two of the composite RAP samples. One unique aspect of
these column tests was that the bottom of each sample was submerged at all times to simulate
saturated conditions that might occur in some roadway configurations. The column tests were
conducted by adding 1.5 liters of water to the columns every day for 75 days. Samples were
collected five times during that period (on Days 2, 10, 25, 50, and 75) to represent increasing
volumes of water passing through the columns and corresponding to an L:S ratio ranging from
0.5 to 30.

Similar to other studies, there was a definite first-flush effect for some analytes. Only five heavy
metals were tested: Cu, Pb, Zn, molybdenum (Mo), and Hg. Copper and Zn were detectable in
the initial test samples (Day 2) but at low concentrations, and Zn was detected again at even
lower concentrations on Day 10. Lead and Mo were below detection for all samples. Mercury
was not detected until Days 50 and 75 and was detected at concentrations just above the
detection limit. The total hydrocarbon concentration was above the EC drinking water standards
but well below the Dutch groundwater intervention level until Day 10; it was not detected after
that. Of the 16 PAHSs tested, 10 were below detection in all samples. The remaining six PAHs
showed classic, first-flush characteristics, with detectable concentrations during the Day 2 test
and in a few cases during the Day 10 test, but concentrations were generally below detection
after Day 10. Only benzo(a)pyrene slightly exceeded the EC drinking water standard during the
first two tests (Day 2 and Day 10). All PAHs were below detection by Day 20.

Core Samples

This study also included collection of four core samples: two from a pavement with 10 percent
RAP and two from a pavement with 20 percent RAP. The four core samples were placed in
columns and, after saturating them under pressure, 4 liters of deionized water was passed
through them and analyzed. Six heavy metals were tested. However, since the authors noted
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that the metal analyses may have been confounded by some of the equipment that was used,
no summary of those results is provided herein. As with the column tests, the concentration of
total hydrocarbons was significantly high as compared to the Dutch target value for
groundwater. Among the six PAHs analyzed, one (fluoranthene) was at a detectable level, and its
concentration was just above the detection limit.

The authors concluded that pollutant leaching is rather weak for most of the studied
parameters. Concentrations in the solutions derived from batch tests generally remained below
EC limits for drinking water. Column experiments showed higher concentrations in the initial
leaching stages that rapidly decreased to values below detection limits. The authors
recommended that the laboratory experiments be followed by field experiments to evaluate
real-world hydrologic conditions and scaling.

Environmental Impacts of Reclaimed Asphalt Pavement (RAP)
(Mehta et al. 2017)

This study was funded by the New Jersey Department of Transportation and performed by
researchers from the State University of New York and Columbia University. The objective of the
study was to investigate levels of 32 elements and PAHs in leachate from RAP (using batch and
column tests), as well as to evaluate how weathering might affect leachate characteristics. The
study also included toxicity testing. Three RAP sources from different areas in New Jersey were
used in the study, as well as a "fresh” hot mix asphalt sample (which had not been used in
roadways) as a control.

Batch Tests

Batch extraction experiments, using acidified water (pH 4.93) as the extraction fluid, were
performed on all samples (from all three RAP sources and the fresh asphalt, each in four
different weathered forms) and were analyzed for 32 major and trace elements, including most
of the heavy metals. The purpose of using a low pH extractant was to simulate a very aggressive
leaching environment, such as would occur in a landfill. The study authors summarized that,
overall, no elements except Pb exceeded US EPA drinking water MCLs. Lead was close to or
higher than the MCL for a number of the weathered samples, but all of them came from the
same RAP source (i.e., “NORTHRAP”). The elevated Pb was attributed to historical use of lead in
gas and white road paint. The control sample had significantly lower concentrations of most
elements, indicating that the source of the contaminants was related to road exposure.
Weathering of the control samples did not affect these findings, indicating that aging and
oxidation of the RAP did not lead to contamination.

The PAH testing included evaluating the acidified water-soluble fraction as well as the total
organic extractable fraction of 29 PAH compounds. The total organic extractable fraction used a
strong solvent (dichloromethane) as the extractant. The acidified water-soluble fraction
represents the portion that would be released into solution under more aggressive leaching
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conditions (e.g., in landfills) than would be expected with natural rainwater (i.e., rainwater with a
pH of approximately 5.6), while the total organic extractable PAH represents the maximal
amount of organic compounds that could be leached from the RAP under extreme conditions.

Acidified water extracted little, if any, PAHs from the samples. The water leaching process, on
average, mobilized less than 1 percent of the total PAHs. Again, the one RAP source
(NORTHRAP) and its weathering products showed the highest concentrations for most PAHSs,
while samples from the fresh asphalt and the other RAP sources often had concentrations below
detection. The authors noted that benzo(a)anthracene was the only PAH detected at levels of
concern. (This was based on 1995 US EPA human health advisory levels.)

For the 8 PAHSs for which specific data was provided, the total extractable PAH concentrations
were magnitudes higher than what was extracted with acidified water, as would be expected.
The fresh asphalt source and its weathering products had the lowest concentrations for most
PAHs. The NORTHRAP source and its weathering products had the highest PAH concentrations.

column Tests

Water column experiments were performed to investigate both leaching and the attenuation
effect of soil on contaminants leached. The columns had two stages—the first column contained
the RAP samples and the second contained a local sandy loam soil—to test leaching as well as
attenuation in the soil. The column experiments were done as a time series with samples
collected eight times over a 4-day period. Synthetic rain water (pH close to 5) was used as the
extractant. The RAP samples selected for testing included the sample with the consistently
highest concentrations of contaminants from previous testing (NORTHRAP) in weathered and
unweathered form, and the fresh asphalt, which had consistently low concentrations of
contaminants in weathered and unweathered form. As with the batch experiments, samples
from the column experiments were analyzed for 32 major and trace elements. No major or trace
elements were found to exceed US EPA’s primary drinking water MCL. The authors summarized
that, compared to the strong dissolution capacity of the more acidic water used in the batch
testing, the synthetic rain water used in the column experiments was less capable of eluting
elements. Most of the major and trace elements exhibited higher release from the soil than from
the asphalt, but in both stages (RAP and soil stage) the contaminants were leached out quickly.
The elements that were released from the asphalt column were attenuated in the soil column.

Overall, PAHs in the column experiments were detected at concentrations less than the 1995

US EPA guidelines cited by the authors. Some of the PAHs appeared to be generated by the soil
stage of the columns. The weathered RAPs generally generated more PAHSs, but the
concentrations were still below the US EPA guidelines and decreased to below detection after
attenuation through the soil.
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Toxicity Testing

This study also included extensive testing of toxicity using multiple test types and assay
organisms. Overall, the results did not identify significant toxicity associated with the solutions
emanating from fresh or weathered RAP. However, there were problems associated with the
testing, including that the extracting fluid itself exhibited toxicity and that fungal growth in the
soil may have affected some of the tests. The authors caution that minor toxicity could have
been obscured by these problems.

The authors included the following conclusions:

Leaching of some PAHs and Pb may occur under acidic environments such as landfills,
but typical New Jersey rainfall is expected to elute negligible contaminants.

Column testing indicated that weathered RAP can leach PAHs; however, the
contaminants were attenuated in the soil and reached baseline levels.

New Jersey soils can be a source of contamination for both metals and PAHSs; thus, soil
testing may be important in some usages.

Based on these findings, the authors made recommendations on use of RAP. They
recommended that it could be used as an unbound material in all environments except those
which are highly acidic (pH < = 4), such as mines or landfills. (Note: the assumption is that the
authors are referring to coal- and metal-type mines and not gravel-type mines since the former
can result in acidic drainage waters.) The authors listed acceptable, beneficial uses of unbound
RAP in addition to use in hot mix asphalt applications as including surface materials for parking
lots, farm roads, or pathways; for quarry reclamation; as non-vegetative cover underneath
guiderails; and mixed with other materials for subbase or base materials.

Leaching of PAHs from Hot Mix Asphalt Pavements
(Birgisdottir et al. 2007)

This study was performed by researchers at the University of Denmark. The underlying question
for the research was whether the source of elevated PAHs measured in soils near paved roads
originated from the asphalt. The researchers used laboratory results to inform model parameters
(e.g., diffusion coefficients for PAHs) and then to evaluate scenarios of PAHs moving to the
adjacent roadway soils. The research included testing of two core samples collected from
different paved surfaces: a gas station in operation since 1980 and a roadway constructed in
2001. Because the cores were collected in 2002, the samples represent more than 20 years of
potential contaminant accumulation for the gas station but only about 1 year of the same for
the roadway. The two core samples were subdivided to include a "wear course” (the upper
portion of the pavement core) and a "base course,” resulting in a total of four samples. Two
types of tests were run. The first used a column-based set up, but the methods and objectives
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were more similar to the batch tests done by other researchers; the second was a tank leaching
test, and those methods were more similar to column testing done by others.

Batch Type Test

The batch type tests (called availability tests in the paper) were done using columns, but the
leachate was recirculated through the system for a 7-day period. Deionized water was used for
the elutriate; the pH was not reported but presumably it would be near neutral. The total
content of PAHs was found to be higher in the wear course than in the base course for both
samples. This supports the findings of other studies indicating that the source of contaminants
was from pavement use (e.g., contaminants from vehicles or vehicle emissions) rather than from
the original asphalt material. The portion of the total PAHs that was calculated to be available
through leaching was 3 percent to 11 percent. In terms of availability of individual PAHs in the
wear course, they ranged from 0.5 to 75 percent available; naphthalene and phenanthrene had
the highest availability at 33 to 75 percent and 4 to 36 percent, respectively.

column Tests

The column tests in this study were done in large tanks over a 64-day leaching period. Samples
were collected eight times over that period, and the water was replaced each time samples were
collected. The extractant was deionized water stabilized with sodium-azide with a close to
neutral pH. The sample from the wear course of the gas station exhibited the highest
concentrations for all PAHs detected. Generally, in all four samples the highest concentrations
were measured for naphthalene and phenanthrene. However, in the wear course sample from
the gas station, 8 of the 16 PAHs were measured at detectable concentrations at some point
over the 64-day leaching period.

The cumulative leaching measured during the 64-day test was used to develop diffusion
coefficients for naphthalene and phenanthrene; those diffusion coefficients were applied to
hypothetical scenarios for leaching from a roadway. The authors concluded that leaching of
PAHSs from asphalt would only slightly influence the concentration of PAHSs in soil near roads.

The authors concluded that, for three of the four samples (all except the gas station wear
course), the total content of PAHs in the samples were below the Danish soil quality criteria; the
wear course from the gas station sample exceeded the criteria. Based on this study and the
modeling, the authors also concluded that only a minor portion of the PAHs present in the
asphalt is available to be leached during 25 years of leaching and it is very unlikely that leaching
of PAHs from the asphalt causes roadside soils to exceed Danish soil criteria. However, the
authors also noted that their conclusions were reliant upon the determination of PAH availability
and that further studies should be conducted due to uncertainty in that parameter.
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Leaching of Organic Contaminants from Storage of Reclaimed
Asphalt Pavement (Norin and Strémvall 2004)

This study was done by researchers at Chalmers University of Technology in Sweden. The
purpose of this study was to evaluate the leaching mechanism of organic contaminants
including how the leaching may be impacted during temporary storage or stockpiling of the
material. Of the sources reviewed, this may be the most directly applicable to this report
because its purpose was to characterize runoff from outdoor stockpiles of RAP. However, it must
also be noted that in Sweden coal tar was used as an additive in asphalt until 1975; and coal tar
contains 10°to 10° times more PAH than the bitumen used today (Norin and Strémvall 2004).
Coal tar has not been similarly used in the U.S. since World War Il (Lakeside Industries. Letter to
Thurston County Community Planning and Economic Development. November 6, 2018).

In addition to the testing of exposed stockpiles, column tests were carried out in laboratory
settings. (Batch tests were completed during an earlier phase of the study [Larson 1998]; some
of that data was provided in the report and therefore is included in Table 1; but generally, this
data was not summarized in this 2004 report and therefore is not summarized in this review.)

Stockpile Testing

Two stockpiles of RAP were designed and set up specifically to allow collection of leachate
samples from different places in each stockpile, such as from the center of the stockpile, where
the L:S ratio was lowest, and from near the outer edges of the stockpile, where the L:S ratio was
much higher. One stockpile comprised "scarified” RAP, which was asphalt collected from the top
3 centimeters (cm) of a highly used highway (called the wear course in other studies) and milled
into fine gravel (average diameter of approximately 2 millimeters). The second stockpile
comprised "dug” RAP, which consisted of coarse pieces (diameter of 20 to 50 cm) collected to a
depth of 10 cm from the same highway; it includes material from both the wear and base
courses. The stockpiles were uncovered and, therefore, exposed to precipitation. Precipitation in
the west coast of Sweden, where the study occurred, has an approximate pH of 4.5 and a
chloride content of 4 to 20 milligrams per liter. The authors describe it as representing "a
relatively aggressive leaching environment.”

Rainfall leachate samples from the two stockpiles were collected monthly for a year and were
analyzed for total organic carbon (TOC), which was used as a surrogate measure for all organic
contaminants; PAHs; and semi-volatile organics.

Thirty semi-volatile organic compounds (which includes PAHs) were identified in the stockpile
samples. The number of semi-volatile compounds identified, and their concentrations were
highest in leachate collected from the inner portions of both stockpiles. Leachate from the inner
part of the piles had the longest vertical transport time and drained through the thickest part of
the stockpiles, providing a lower L:S ratio and more contact between the percolating water and
the RAP. Leachate from the stockpile of scarified RAP exhibited higher concentrations of semi-
volatile organics than leachate from the stockpile of dug RAP. The authors attributed the
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differences between scarified and dug RAP to the scarified RAP’s greater exposure to pollutants
contributed from the roadway (because the scarified RAP was sourced from wear course only;
the dug RAP came from the wear and base courses) and the higher contact area of the more-
finely-ground scarified material.

Six of the 30 compounds identified occurred with the most frequency; they were naphthalene,
butylated hydroxytoluene (BHT), dibutylphthalate (DBP), N-butyl-benezenesulfonamide,
dibenzylhydrozylamine, and di(2-ethylhexyl)phthalate (DEHP). The concentration of total PAHs in
leachate from both stockpiles (scarified and dug RAPs) exceeded the threshold set by Sweden
for groundwater in polluted soils at gas stations.

column Test

A column test was done using the same scarified asphalt source to compare "unstored” (i.e.,
removed from the roadway and immediately tested) RAP to "stored” RAP, which had been
stockpiled for 2 years. Acidified water (pH 4) was continuously pumped through the columns.
Samples were collected early in the test, representing an L:S ratio of 0.05, and at the end of the
test, representing an L:S ratio of 1.0.

The highest concentrations and amounts of TOC were measured in the unstored sample at the
highest L:S ratio. The amount of TOC released by the stored samples decreased by more than
50 percent, although TOC concentrations remained high. The concentration of total PAHs
followed the same leaching trend as TOC. However, as the authors noted, total PAHs accounted
for only 0.005 percent of the TOC, indicating that nearly all the organic compounds leached
were from unidentified organic compounds of unknown origin. Where PAHs were detected, the
unstored RAP sample had higher concentrations, compared to the stored RAP sample.
Comparison of the total PAHs leached in the column tests with the total available for leaching
(based on a batch test previously performed by Larsson [1998] with an L:S ratio of 100),
indicated that less than <0.4 percent of the total available PAH amount leached during the
column tests. Naphthalene was by far the dominant PAH released, representing 85 percent of
the total PAH released. Naphthalene and other lower-weight, more volatile PAHs decreased
considerably over the 2 years of storage, while PAHs with higher molecular weights increased.

For semi-volatile organics, the trend was opposite that of TOC and PAHSs; the stored sample had
higher concentrations than the unstored sample, but the concentration difference was not great.

Comparison of Stockpile and Column Test Results

Norin and Stromvall (2004) compared results of the stockpile and column tests. The humber and
concentration of semi-volatile organic compounds was much lower in leachate samples
collected in the column test than were measured in the stockpiles. The total cumulative loading
of semi-volatile organics leached from the columns was approximately only 25 percent of what
was calculated from the inner section of the scarified RAP stockpile. Further, the leaching in the
columns continued for a few days while in the stockpiles it continued for a year. Due to these
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differences, the authors cautioned that it is crucial to do further studies and measurements of
field leachates because column test results for PAHs and other semi-volatile organics are
typically under or near detection limits (as demonstrated by many of the other studies reviewed
herein).

The authors attributed the differences in test results to the disparities between the L:S ratios,
especially the low ratios for leachate collected from the center (i.e., the deepest part) of the
stockpile, and to the cumulative effect of contaminants leaching over a longer period of time in
the stockpile test versus the column test. Consequently, the study authors considered the
leachate test results from the column tests to be less reliable than those from the stockpile tests.

The authors concluded that their findings "clearly show that the release of organic pollutants
from asphalt storage could cause environmental problems.” The cumulative amounts of organic
contaminants (as total PAHs) were high in leachates from both fresh and stored RAP in the
stockpile study and exceeded the Swedish recommended values for groundwater in polluted
soils at gas stations. The dominant contaminants identified were naphthalene, BHT, and DBP.
The authors note that these contaminants occur in urban groundwater, and their high emission
rates and persistent structures make them potentially hazardous.

Recycled Materials as Substitutes for Virgin Aggregates in Road
Construction: Il. Inorganic Contaminant Leaching
(Kang et al. 2011)

This study was done by researchers at the University of Minnesota in cooperation with the
Minnesota Pollution Control Agency and Minnesota Department of Transportation. It is one part
of a larger study to evaluate the suitability of fly ash, RAP, recycled cement material, and foundry
sand mixed with virgin aggregates as base and subbase materials in roadways. Part | of the
study was focused on hydraulic and mechanical characteristics of the materials and mixtures;
Part Il evaluated contaminant leaching. The study included both batch and column style testing;
however, most of the testing was on mixtures of materials and therefore not strictly
representative of RAP. A few of the batch tests included evaluation of 100 percent RAP and
those results are summarized in Table 1. Some findings from the column studies are described
as they related to evidence of leaching patterns, but no column testing data is included in

Table 2 because there were no column studies with 100 percent RAP.

Batch Tests

Batch tests were completed with 100 percent RAP using Mili-g® (ultra-pure) water as the
elutriate at an L:S ratio of 20. The pH of Mili-q water is reported as 6.998. The researchers were
more focused on fly ash than the other components, and therefore they did not formulate many
conclusions related to RAP. However, relevant results for metals for 100 percent RAP are
summarized in Table 1. Arsenic was detected at a concentration at the MCL, but no other
measured metals had high concentrations. Except for sodium, which was only moderately
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elevated, the 100 percent RAP sample had lower concentrations of all inorganic elements
detected than 100 percent fly ash and 100 percent aggregate materials.

column Test

Column tests were performed on six mixtures of three different materials (i.e., fly ash, RAP, and
aggregate). No column tests were performed on 100 percent RAP, but the mixtures contained
25 percent to 75 percent RAP. Initial leaching of some contaminants did occur; those mixtures
with the highest portion of fly ash (i.e., 15 percent) exhibited the most significant initial leaching.
This was attributed in part to the higher water residence time (contact time) of those columns
that contained high fly ash. The authors’ conclusions were primarily focused on use of fly ash
and were not relevant to this review. No column test results are included in Table 2 because
there were no column tests on 100 percent RAP.

Environmental Characteristics of Traditional Construction and
Maintenance Materials: Final Report (Morse et al. 2001)

This Texas Tech University study was done for the Texas Department of Transportation. The
purpose of the study was to determine the concentration of contaminants that would be
released into the environment from traditional construction and maintenance materials. RAP
was one of eight materials tested. The testing was limited to batch type tests that used the SPLP
method to evaluate the mobility of contaminants.

Batch Tests

RAP samples from three different districts in Texas were tested. The experiments used deionized
water (pH 5) as the extractant and were mixed by rotating for an 18-hour period at an L:S ratio
of 20. Samples were analyzed for 19 major and trace elements, including most of the heavy
metals. Organic compounds were also tested in this study, but not on RAP samples. In this study
analyte concentrations were compared to the Texas Risk Reduction Standard 2 (RRS2) to
evaluate whether the leachate concentrations exceed the values specified by TXDOT. RAP
samples exceeded RRS2 regulatory concentrations for at least one of the three samples for
antimony, barium, and lead. The average concentration exceeded RRS2 concentrations for
barium and lead. Table 1 provides a comparison of their results with groundwater standards
applicable in Washington, which were exceeded in one or more samples for antimony, lead, and
manganese.

Leaching of Pollutants from Reclaimed Asphalt Pavement
(Brantley and Townsend 1999)

This University of Florida study was done for the Florida Center for Solid and Hazardous Waste
and the Florida Department of Transportation. The purpose of the study was to address some of
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the environmental concerns related to possible leaching of pollutants from RAP. Testing was
performed on six RAP samples collected from six different asphalt plants in Florida. Both batch
tests and column tests were performed. The testing focused on volatile organic compounds
(VOCs), PAHs, and heavy metals. Although this is a dated study, it is considered one of the
preeminent RAP leaching studies and therefore was included in this review. The results are
summarized here, but it should be noted that the detection limits achieved during this study
were very high. In nearly all cases, the detection limits were higher than the state groundwater
quality standards, which means the data are not useful for determining whether the
contaminant is present at a level that exceeds the standards.

Batch Tests

Three batch type tests were performed on all six samples: TCLP, SPLP, and a test following the
same procedures but using unacidified deionized water. None of the 53 VOCs or 16 PAHSs tested
were found above detection limits, and no heavy metals were detected above Florida’s drinking
water standards that were in place at that time.

column Tests

Column tests were performed to simulate two different environmental scenarios: saturated and
unsaturated. In the saturated condition, the samples were completely submerged in a SPLP
solution for the entire 6-week experiment; the column was drained and refilled every 14 days,
and the elutriate was tested. This resulted in a total of three sampled “events” over the course of
the experiment. For the unsaturated condition, a liter was drained from the columns every

2 days and tested, and a new liter of SPLP solution was added to the columns. This resulted in a
total of 21 sampled events over the 6-week period. Column tests based on general water quality
parameters (total dissolved solids was the example used in the report) indicated the “typical
leaching curve” of higher concentrations of chemicals during the first 10 to 20 days of the
experiment. All of the PAHs were below detection limits. All heavy metals were below detection
limits except for lead. Lead exceeded drinking water standards in one of the samples under
unsaturated conditions and in three of the samples under saturated conditions. Based on other
sample characteristics measured, the samples with the higher measured lead were indicated to
be samples of older RAP material; thus, the authors suggest that the older samples likely
contained more lead as a result of longer exposure to traffic and emissions.

The authors concluded that few if any priority pollutant chemicals leached from the RAP
samples collected and that under most regulatory policies RAP would pose minimal risk from a
leaching standpoint. In terms of the lead results, they concluded that under most reuse
circumstances where some degree of dilution and attenuation would occur, even if lead was
encountered at levels of the highest concentrations measured in the study, the concentrations in
the environment would be below acceptable regulatory levels of drinking water. An exception
they noted was under saturated conditions with minimal dilution.
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COMPARISON OF STUDIES TO EXPECTED CONDITIONS IN
NISQUALLY

With the exception of the Norin and Strémvall (2004) study, all of the studies are based on
controlled laboratory conditions. For at least three of the eight studies, batch test results
followed protocols designed to test leaching under what were considered acidic environments
(i.e., pH levels at about 5 and below). However, the pH of precipitation in the Puget Sound
region can be very low; in one study mean rainwater pH in the Puget Sound region was reported
as 4.5 (Harrison et al. 1977), and the United States Geological Survey
(<https://pubs.usgs.gov/gip/acidrain/2.html>) indicates a pH for most of Washington State

as 5.3. Therefore, the acidic test conditions used in the batch tests are not too low to represent
expected conditions in Nisqually. For the other four studies, testing conditions were close to a
neutral pH and therefore represent a less acidic (less leaching) environment than would occur in
Nisqually. The one recent study (therefore with improved detection limits), performed at lower
pH conditions (Metha 2017) did appear to exhibit higher leaching of metals. In the column tests
there were only a few studies that used lower pH elutriates, and there was very little data for
metals (the contaminants that would be most impacted by pH) so it is difficult to draw any
relationships from those tests.

The Norin and Stromvall (2004) study was the only research conducted in an outdoor setting in
the west coast of Sweden where the precipitation has a pH of 4.5 and was considered by the
authors to be a “relatively aggressive leaching environment.” As noted above, this is similar to
the mean pH of precipitation in the Puget Sound region, so from a pH perspective the study
results are applicable to this region. The larger concern with the Swedish study is related to the
quality and type of asphalt used in Europe versus the U.S. In Europe the asphalt manufacturing
process (e.g., the presence of coal tar in European pavement), the make and model of vehicles,
and other factors (e.g., use of studded tires and winter de-icing solutions) could influence the
type of contaminants found in the RAP (Lakeside Industries. Letter to Thurston County
Community Planning and Economic Development. November 6, 2018). As noted by the study
authors, in Sweden tar was used as an additive in asphalt until 1975; and tar contains 10°to 10°
times more PAH than bitumen, which is what has been used in the U.S. since World War II. The
PAH results from the Norin and Strémvall (2004) study were the highest concentrations
measured, especially for naphthalene and phenanthrene, likely an indication of the quality of the
original asphalt. Thus, the basic findings of the Norin and Strémvall (2004) study, that is that
RAP from roadway wear course exhibits more leaching than base course RAP and that leaching
is highest at the beginning of storage, are likely applicable to the Nisqually area; but the
concentrations of contaminants measured may not be representative.

The most consistent trend in all of the studies was that most of the contaminant leaching
occurred during the early stages of flushing, whether in batch or column tests or at neutral and
low pH. In the Puget Sound region, summer and early fall are typically dry; and storm events
that do occur are small, likely too small to completely soak a large stockpile of RAP. Therefore,
leaching from stockpiles stored in Nisqually would likely occur during the first large storm
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events of the season when the stockpiles are first exposed to heavy rainfall. This is the period
when the greatest potential for leaching of contaminants would likely exist.

COMPARISON OF STUDY RESULTS TO STANDARDS

Tables 1 and 2 provide a summary of the most relevant data from each of the selected studies
and a comparison to current Washington State Groundwater Quality Standards. Batch test
results are presented in Table 1, and column test results are presented in Table 2. All data in
these tables reflect testing on 100 percent RAP. Ranges are shown where there was a range of
RAP materials tested. For example, seven different RAP sources were tested in one study
(Aydilek et al. 2017), and, therefore, Tables 1 and 2 include the range for all the test data from
that study. Bolded results in the tables indicate where that standard was exceeded. Results are
Italicized in cases where the detection limit was higher than the state groundwater quality
standard. This means that the concentration of the contaminant could have exceeded the
standard, or it could have been zero, and makes the results meaningless for evaluating against
the standard.

As indicated by Table 1, in four of the eight studies there was at least one metal detected at a
level that exceeded the standard. In the one study performed in a low pH (acidic) environment
and where detection limits were low enough to compare to the standards (Mehta et al. 2017),
four metals were detected at peak concentrations that exceeded a standard. In tests performed
under more neutral pH conditions only two metals exceeded a standard. PAHs were only tested
at appropriate detection limits (i.e., above groundwater standards) in four of the batch type
studies. Thirteen, of the sixteen PAHs were measured at detectable concentrations in at least
one of the four studies with appropriate detection limits. At least one PAH above groundwater
standards was measured in each of the four studies. Acenaphthene, fluoranthene, naphthalene,
benzo(a)pyrene, and pyrene exceeded groundwater standards in at least two (50 percent) of the
studies where detection limits were adequate.

Table 2 summarizes the study results from column tests. Metals data are largely lacking for
comparison between studies, due to high detection limits and the fact that only a few of the
studies evaluated metals in column tests. There was only one metal (manganese) that was
measured at a concentration that exceeded the Washington State groundwater standard. For
PAHSs, all 16 analytes exceeded the standard in at least one of the four studies where they were
tested at appropriate detection limits. There were eight PAHs that were measured above the
standard in at least two (50 percent) of the studies. These were acenaphthene,
dibenzo(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-c,d)pyrene, naphthalene,
phenanthrene, and pyrene.

Table 3 provides a comparison of the state groundwater quality standards to the state drinking
water quality standards. As shown, for all metals and PAH’s reviewed in this study, the
groundwater quality standards (those included in Tables 1 and 2) are the most stringent.
However, there are three metals for which there are drinking water standards but no
groundwater quality standards; beryllium, nickel, and thallium. With the exception of one case
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where thallium slightly exceeded the state drinking water standard, all other measurements of
these metals were below the standard.

The following standards comparisons have been excerpted from each of the report summaries
above and relate to the standards used by the various authors rather than Washington State
standards:

1. Aydilek et al. (2017) reported that Cu, Al, B, Ba, Co, Mn, Ni, and Zn exceeded Maryland’s
ATLs in either batch or column tests. Of those, Cu and Zn also exceeded US EPA WQLs.
Most of the exceedances occurred during initial flushing, after which concentrations of
all the elements quickly fell below detection.

2. In column tests by Legret et al. (2005), total hydrocarbon concentrations were measured
above the EC target level for groundwater, and benzo(a)pyrene) slightly exceeded the EC
drinking water standard. In both cases, the highest measured concentrations occurred
during initial flushing and concentrations were below detection in later tests.

3. Lead was close to or higher than US EPA drinking water standards for a number of the
weathered NORTHRAP samples in batch tests done by Mehta et al. 2017. In the same
study, benzo(a)anthrazene was detected at levels of concern based on 1995 US EPA
human health advisory levels. In the experiments conducted with a strong solvent, many
of the PAHs exceeded US EPA 2016 Clean Water Act criteria.

4. In Birgsdotter et al. (2007) the total content of PAHs in the wear course sample from a
gas station exceeded Danish soil quality criteria.

5. In Norin and Stromvall (2004), the concentration of total PAHs in leachate from
stockpiles of scarified, wear-course RAP and dug, wear- and base-course RAP, both
collected from a highly used highway, exceeded the threshold set by Sweden for
groundwater in polluted soils at gas stations. The dominant contaminants identified were
naphthalene, BHT, and DBP.

6. In Morse et al. (2003), RAP samples exceeded Texas regulatory standards for at least one
of the three samples for antimony, barium, and lead. The average concentration
exceeded Texas standards for barium and lead.

7. InKang et al. (2011), there was little testing on 100 percent RAP, and only metals were
assessed. Arsenic was measured at the MCL, but no other measured metals had high
concentrations as per the standards they were using.

8. InBrently and Townsend (1999), lead exceeded Florida’s drinking water standards in a
number of the samples during column testing.
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SUMMARY AND CONCLUSIONS

There was a wide range in testing materials and protocols used in these studies, and they
represent a wide range in conditions. For example, in Europe the asphalt manufacturing process
(e.g., the presence of coal tar in European pavement), the make and model of vehicles, and other
factors (e.g., use of studded tires and winter de-icing solutions) could influence the type of
contaminants found in the RAP (Lakeside Industries. Letter to Thurston County Community
Planning and Economic Development. November 6, 2018).The issue of the manufacturing
process is emphasized in one of the studies from Sweden where it was noted that in Sweden tar
was used as an additive in asphalt until 1975 and that tar contains 10°to 10° times more PAH
than bitumen (Norin and Strémvall 2004). In comparison, coal tar has not been used in the U.S.
since World War Il (Lakeside Industries. Letter to Thurston County Community Planning and
Economic Development. November 6, 2018). As a result of this and other sources of variability,
only broad summaries can be drawn from the research. The following points summarize basic
findings from the literature reviewed.

As a source of contaminants, RAP is highly variable. Factors contributing to variability in
leachate from RAP appear to include the asphalt manufacturing process, the RAP source,
the duration and degree to which it has weathered and been exposed to pollution
generating sources, and how long it is stored.

Both batch and column tests indicated that there were typically some contaminants
leached from RAP at concentrations that exceeded Washington State groundwater
quality standards. Typically, these exceedances occurred during initial flushing of the
RAP.

0 Acenaphthene, fluoranthene, naphthalene, and pyrene were measured above
groundwater standards with the most frequency (in 50 percent or more of the
studies where detection limits were adequate) in both batch and column tests.

0 Metals data from batch testing indicated that increased release should be expected
under acidic (low pH) conditions.

Although this literature review specifically did not include an assessment of potential
environmental impact from fate and transport of these contaminants, a number of the
researchers suggested that the impact to the environment would be negligible if dilution
and assimilation were considered.

While some portion of the contaminants is likely generated from components of the
asphalt itself, exposure to roadways (and traffic) was identified as a major contributor of
contaminants that were available for leaching in three of the studies (Mehta et al. 2017,
Birgisdottir et al. 2007; and Norin and Stromvall 2004).

Batch and column laboratory tests, while informative, are not necessarily representative
of what can be expected under field conditions. In the one study that evaluated leachate
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collected from outdoor stockpiles (Norin and Stromvall 2004) the results indicated that
the total cumulative loading of semi-volatile organics leached during laboratory-based
column studies was approximately only 25 percent of what was calculated from leachate
collected from the inner section (where the most leaching occurred) of the RAP stockpile.
The authors attributed this to differences between the L:S ratios, and to the cumulative
effect of contaminants leaching over a longer period of time in the stockpile versus the
column test. The authors emphasized the need for field testing as a follow up to
laboratory studies.
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Table 1. Summary of Batch Test Results from the Eight Research Studies Reviewed.
Washington Brantley and
Groundwater Quality Aydilek et al. Legret et al. Mehta et al. Birgisdottir et al. Norin and Strémvall Morse et al. Townsend Kang et al.

Constituent Standards® 2017° 2005° 20174 2007¢ 20047 20019 1999" 2011
pH - 7 721078 4,93 ~7 Not reported 5 49t05.2 7
Liquid:Solids Ratio - 20:1 10:1 to 30:1 - 100 100 20:1 20:1 20:1

Total Metals (ug/L)

Aluminum - <5-272 - ~30 - 800 - - <2,000 — <2,000 - 37
Arsenic 0.05 <50 - 39.5 - ~0.4-0.6 - - <25 - <25 - 10
Antimony - - - - 52-6.3 - -
Barium 1,000 <5-293 - ~0.08 — 300 - - <2,000 — <2,000 <500 - <500 70
Beryllium - - - ~0.08-05 - - <l-<1 - BDL
Cadmium 10 <2-<5 <0.01 - <0.01 ~0.04-0.8 - - 12-138 <5-<5 BDL
Chromium 50 <5-<25 <l-<1 ~04-15 - - <5-6.0 <100 - <100 BDL
Copper 1,000 <5-284 <5-<5 ~0.5-750 - - <100 - <100 <500 - <500 BDL
Iron 300 <5-10.2 - ~1.4-1,100 - - - 410
Lead 50 <5-<25 <5-<5 ~0.08 - 20 - - 204 <10-<10 BDL
Manganese 50 <5-<5 - ~0.08 - 1,000 - - <100 - 113 - 30
Mercury 2 - 01-0.2 - - - <2-<2 - -
Molybdenum - - <5-<5 ~0.05-0.8 - - <10 -<10 - BDL
Nickel - <5-<5 <2-<2 ~0.08 - 20 - - <50 - <50 <100 - <100 BDL
Selenium 10 - - ~4-12 - - <25 -<25 - -
Silver 50 <5-<5 - ~0.01-0.03 - - <100 - <100 - -
Thallium - - - ~0.03-0.2 -
Zinc 5,000 <5-8.90 <10 - 115 ~6 — 500 — — 290 - 977 <500 - <500 BDL

Bold values represent detected results that exceed Washington groundwater quality standards.

Italics represent when the detection limit is as high or higher than one of the groundwater quality criteria.
— = Not reported or not available.

ug/L = Micrograms per liter.

BDL = Below detection limit (used when detection limit was not reported).

< = Indicates the analyte was below detection; the adjacent number is the reported detection limit.

~ = Indicates approximate value

& Washington Groundwater Quality Standards (WAC 173-200-040).

b The numbers shown provide the range from all seven RAP samples tested.

c

€ These results show the range in concentrations from the wear course of RAP removed from a gas station that had been in use for 20 years as well as the wear course from a highway that had only been in use a few years.

9 The results shown represent the range of concentrations measured from three or four samples over two experiments as reported in Appendix B of the report.

P The results represent TCLP, SPLP, and deionized water batch tests for six RAP samples. Results were taken from Townsend and Brantley (1998) since only select data was reported in the referenced literature report (i.e., Brantley and Townsend 1999).

I Results are from testing of one RAP sample.

May 2019

Three extractions at increasing liquid to solid (L:S) ratios were done in these experiments. These data show the range measured in those extractions.

Results reported are from batch tests performed during previous research (Larsson 1998) that were performed on finely ground material.

Data reflect range of three unweathered RAP samples from supply sources in New Jersey. Raw data for metals were not provided but were grossly interpolated from graphics. These are shown as approximate (~) values.
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Table 1 (continued). Summary of Batch Test Results from the Eight Research Studies Reviewed.
Washington Brantley and
Groundwater Quality Aydilek et al. Legret et al. Mehta et al. Birgisdottir et al. Norin and Strémvall Morse et al. Townsend Kang et al.
Constituent Standards® 2017° 2005° 20174 2007¢ 20047 20019 1999" 2011
Polycyclic Aromatic Hydrocarbons (PAHS) (in pug/L)
Acenaphthene 0.01 - <0.05 - <0.05 BDL - 0.20 BDL - 0.05 0.057 - <5-<5 -
Acenaphthylene 0.01 - <0.05 - <0.05 - BDL- BDL 0.338 - <5-<5 -
Anthracene 0.01 - 0.030 - 0.030 - BDL — BDL <0.018 - <5-<5 -
Benzo(a)anthracene 0.01 - <0.025 - <0.025 BDL — BDL 0.06 - 0.08 - - <5-<5 -
Benzo(a)pyrene 0.008 - <0.010 - 0.020 - BDL - 0.02 <0.071 - <0.025 - <0.025 -
Benzo(b)fluoranthene 0.01 - <0.025 - <0.025 - - <0.053 - <1-<1 -
Benzo(k)fluoranthene 0.01 - <0.025 - <0.025 - BDL - 0.04 <0.036 - <25-<25 -
Benzo(g,h,i)perylene 0.01 - <0.025 - 0.030 - BDL - 0.01 <0.036 - <5-<5 -
Chrysene 0.01 - <0.025 - <0.025 BDL — BDL BDL- BDL 0.249] - <5-<5 -
Dibenzo(a,h)anthracene 0.01 - <0.025 - <0.025 - BDL- BDL <0.036 - <25-<25 -
Fluoranthene 0.01 - 0.050 - 0.060 0.0039 — 0.0087 0.07 - 0.20 <0.036 - <5-<5 -
Fluorene 0.01 - 0.030 - 0.040 BDL — BDL BDL - 0.01 0.057 - <l-<1 -
Indeno(1,2,3-cd)pyrene 0.01 - <0.025 - <0.025 - BDL — BDL <0.053 - <1-<1 -
Naphthalene 0.01 - <0.100 - <0.100 - 0.08 - 0.50 3.92 - <1-<1 -
Phenanthrene 0.01 - 0.250 — 0.300 - 0.10 - 0.50 0.012 - <25-<25 -
Pyrene 0.01 - <0.025 - <0.025 BDL - 0.019 0.07 - 0.09 0.062 - <5-<5 -

Bold values represent detected results that exceed Washington groundwater quality standards.
Italics represent when the detection limit is as high or higher than the groundwater quality standard.
— = Not reported or not available.

Hg/L = Micrograms per liter.

BDL = Below detection limit (used when detection limit was not reported).

< = Indicates the analyte was below detection; the adjacent number is the reported detection limit.

~ = Indicates approximate value interpreted from figures

& Washington Groundwater Quality Standards (WAC 173-200-040).

b

c

9 The results shown represent the range of concentrations measured from three or four samples over two experiments as reported in Appendix B of the report.

Results are from testing of one RAP sample.

The numbers shown provide the range from all seven RAP samples tested.

i Chrysene concentration represents both chrysene and benzo(a) anthracene as reported in the study.

May 2019

Three extractions at increasing liquid to solid (L:S) ratios were done in these experiments. These data show the range measured in those extractions.

Results reported are from batch tests performed during previous research (Larsson 1998) that were performed on finely ground material.

Data reflect range of three unweathered RAP samples from supply sources in New Jersey. Raw data for metals were not provided but were grossly interpolated from graphics. These are shown as approximate (~) values.

These results show the range in concentrations from the wear course of RAP removed from a gas station that had been in use for 20 years as well as the wear course from a highway that had only been in use a few years.

The results represent TCLP. SPLP, and deionized water batch tests for six RAP samples. Results were taken from Townsend and Brantley (1998) since only select data was reported in the referenced literature report (i.e., Brantley and Townsend 1999).
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Table 2. Summary of Column Test Results from the Eight Research Studies Reviewed.

Norin and Stromvall 2004
Washington Birgisdottir __ Brantley and
Groundwater Quality Aydilek et al. Legret et al. Mehta et al. et al. Scarified Recycled Asphalt Pavement Morse et al. Townsend Kang et al.
Constituent Standards? 20170 2005° 20174 2007¢ Not Stored Stored 2001 1999 2011
pH - 6.0-6.5 ~7 (deionized water) ~5 (artificial rain 8 45 4 4 ~7
water)
Liquid:Solids Ratio 25:1 30:1 100 0.05 0.07
Total Metals (ug/L)

Aluminum - <5-320 - - - - - - - -
Arsenic 0.05 <25 - <25 - <10 - - - - - -
Antimony - - - - - - - - - -
Barium 1,000 142 - 172 - <2,000 - - - - <500 -
Beryllium - - - - - - - - - -
Cadmium 10 <2-<5 - <5 - - - - <5 -
Chromium 50 <5-<25 - <100 - - - - <100 -
Copper 1,000 <5-16.1 13 <1,300 - - - - <500 -
Iron 300 <25-224 - - - - - - - -
Lead 50 <25- <25 <5 <15 - - - - <10-38 -
Manganese 50 <5-426 - - - - - - - -
Mercury 2 - <0.1 - - - - - - -
Molybdenum - - <5 - - - - - - -
Nickel - <5-108 - - - - - - <100 -
Selenium 10 - - - - - - - - -
Silver 50 - - - - - - - - -
Zinc - 23 - 213 71 - - - - - <500 -

Bold values represent detected results that exceed Washington groundwater quality standards.

Italics represent when the detection limit is as high or higher than the groundwater quality standard.

— = Not reported or not available.

Hg/L = micrograms per liter.

BDL = Below detection limit (used when detection limit was not reported).

< = Indicates the analyte was below detection; the adjacent number is the reported detection limit.

& Washington Groundwater Quality Standards (WAC 173-200-040).

b

This is the range in peak concentrations across seven recycled asphalt pavement (RAP) samples.

¢ This study was done over a 75-day period at increasing L:S ratios. These results are from Day 2 (the first testing day), and therefore reflect the highest concentrations measured for all parameters except mercury and total hydrocarbons which peaked later in the testing.

Raw data for metals were not provided but were reported as less than maximum contaminant level (<MCL). The MCLs (or in the case of copper and lead, US EPA-designated Action Levels) are shown in the table.

€ Range shown represents results of testing the wear course of RAP from a gas station that had been in use for 20 years and a highway that had been in service for approximately a year. They reflect the range in concentrations measured over the 64-day test period.

May 2019

Results for a laboratory column test where compounds were leached from two RAP samples: scarified asphalt that was not stored and scarified asphalt that was stored for 2 years. Both samples came from the same highway road surface at 3 cm of depth that had been in use for 11 years.
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Table 2 (continued). Summary of Column Test Results from the Eight Research Studies Reviewed.
Norin and Stromvall 2004
Washington __ Brantley and
Groundwater Quality Aydilek et al. Legret et al. Mehta et al. Birgisdottir et al. Scarified Recycled Asphalt Pavement Morse et al. Townsend Kang et al.
Constituent Standards? 2017° 2005° 20174 2007¢ Not Stored Stored 2001 1999 2011
Polycyclic Aromatic Hydrocarbons (PAHS) (in pg/L)
Acenaphthene 0.01 - <0.05 BDL — 0.09 <0.015 - 0.070 3.0 0.7 - <5 -
Acenaphthylene 0.01 - <0.05 - <0.015 - <0.003 0.5 0.4 - <5 -
Anthracene 0.01 - <0.025 - - 0.5 0.1 - <5 -
Benzo(a)anthracene 0.01 - <0.025 BDL 0.015-0.180 <0.01 <0.01 - <5 -
Benzo(a)pyrene 0.008 - 0.020 - <0.024 - <0.050 <0.01 <0.01 - <0.25 -
Benzo(b)fluoranthene 0.01 - 0.025 - - <0.01 <0.01 - <1 -
Benzo(k)fluoranthene 0.01 - <0.025 - 0.150 - 0.830 <0.01 <0.01 - <25 -
Benzo(g,h,i)perylene 0.01 - 0.080 - <0.024 - <0.050 <0.01 <0.01 - <5 -
Chrysene 0.01 - 0.045 BDL - <0.01 <0.01 - <5 -
Dibenzo(a,h)anthracene 0.01 - 0.055 - <0.024 - 0.043 0.04 0.20 - <25 -
Fluoranthene 0.01 - <0.025 BDL 0.015-0.078 0.1 0.1 - <5 -
Fluorene 0.01 - <0.025 BDL - 0.03 <0.015 - <0.030 2.1 0.5 - <1 -
Indeno(1,2,3-cd)pyrene 0.01 - 0.050 - 0.024 - 0.200 0.02 0.04 - <1 -
Naphthalene 0.01 - <0.100 - 0.310-0.320 28 9.2 - <1 -
Phenanthrene 0.01 - <0.025 - 0.026 - 0.120 1.8 0.7 - <25 -
Pyrene 0.01 - <0.025 BDL-0.19 <0.015 - 0.054 0.1 0.1 - <0.5 —

Bold values represent detected results that exceed Washington groundwater quality standards.

Italics represent when the detection limit is as high or higher than the groundwater quality standard.

— = Not reported or not available.
Hg/L = micrograms per liter.

BDL = Below detection limit (used when detection limit was not reported).

< = Indicates the analyte was below detection; the adjacent number is the reported detection limit.

& Washington State Groundwater Quality Standards (WAC 173-200-040).

b

c

May 2019

This is the range in peak concentrations across seven recycled asphalt pavement (RAP) samples.

Raw data for metals were not provided but were reported as less than US EPA’s maximum contaminant level (<MCL). The MCLs (or in the case of copper and lead, US EPA-designated Action Levels) are shown in the table.

This study was done over a 75-day period at increasing L:S ratios. These results are from Day 2 (the first testing day), and therefore reflect the highest concentrations measured for all parameters except mercury and total hydrocarbons which peaked later in the testing.

Range shown represents results of testing the wear course of RAP from a gas station that had been in use for 20 years and a highway that had been in service for approximately a year. They reflect the range in concentrations measured over the 64-day test period.

Results for a laboratory column test where compounds were leached from two RAP samples: scarified asphalt that was not stored and scarified asphalt that was stored for 2 years. Both samples came from the same highway road surface at 3 cm of depth that had been in use for 11 years.
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Table 3. Water Quality Standards Comparison.
Constituent Washington Groundwater Quality Standards? Drinking Water Standards®
Total Metals (in micrograms per liter [ug/L])
Aluminum - -
Arsenic 0.05 10
Antimony - 6
Barium 1,000 2,000
Beryllium - 4
Cadmium 10 5
Chromium 50 100
Copper 1,000 1,300¢
Iron 300 -
Lead 50 15°
Manganese 50 -
Mercury 2 2
Molybdenum - _
Nickel - 100
Selenium 10 50
Silver 50 -
Thallium - 2
Zinc 5,000 -
Polycyclic Aromatic Hydrocarbons (PAHS) (in micrograms per liter [ug/L])

Acenaphthene 0.01 -
Acenaphthylene 0.01 -
Anthracene 0.01 -
Benzo(a)anthracene 0.01 -
Benzo(a)pyrene 0.008 0.204
Benzo(b)fluoranthene 0.01 -
Benzo(k)fluoranthene 0.01 -
Benzo(g,h,i)perylene 0.01 -
Chrysene 0.01 -
Dibenzo(a,h)anthracene 0.01 -
Fluoranthene 0.01 -
Fluorene 0.01 -
Indeno(1,2,3-cd)pyrene 0.01 -
Naphthalene 0.01 -
Phenanthrene 0.01 -
Pyrene 0.01 _

— = Not reported or not available

& Washington State Groundwater Quality Standards (WAC 173-200-040)

b Washington State Drinking Water Standards for Group A Public Water Supplies (WAC 246-290-310)

¢ Although the state board of health has not established maximum contaminant levels for copper and lead, there is sufficient

public health significance connected with copper and lead levels to require inclusion in inorganic chemical and physical source
monitoring. For copper and lead, the US EPA has established distribution-system-related levels at which a system is required to
consider corrosion control. These Action Levels are 0.015 mg/L for lead and 1.3 mg/L for copper (WAC 246-290-310).

d yUsEepA Drinking Water Standard
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Appendix A: Literature Considered for Phase 2 of the Literature Review for Contaminant Leaching from Recycled Asphalt Pavement

Author Title Date | Overall Rating | Rating Rationale

Aydilek, Ahmet H.; Mijic, Zorana; Hydraulic and Environmental Behaviour of 2017 High Direct testing of leaching 7 different RAP. High

Seybou-Insa, Ousmane Recycled Asphalt Pavement in Highway Shoulder quality study.
Applications

Birgisdottir, H.; Gamst, J; Christensen, T. H. Leaching of PAHs From Hot Mix Asphalt 2007 High Direct testing of different RAP sources. High
Pavements quality study.

Brantley, A.S,; Townsend, T.G. Leaching of Pollutants from Reclaimed Asphalt 1999 High Laboratory batch and column tests of 6 different
Pavement RAP samples. Detection limits were high, limiting

the value of this study.

Kang, Dong Hee; Gupta, Satish C; Ranaivoson, Recycled Materials as Substitutes for Virgin 2011 High Focus of testing is fly ash and mixtures but one

Andry Z; Roberson, Ruth; Siekmeier, John A. Aggregates in Road Construction: II. Inorganic test sample is 100% RAP.
Contaminant Leaching

Legret, M.; Odig, L.; Demare, D.; Jullien, A. Leaching of heavy metals and polycyclic aromatic 2005 High Direct testing of RAP. High quality study.
hydrocarbons from reclaimed asphalt pavement

Mehta, Yusuf; Ayman, Ali; Beizhan, Yan; McElroy, Environmental Impacts of Reclaimed Asphalt 2017 High High quality study. Assessed various RAP sources

Anne E.; Huiming, Yin Pavement including "fresh" RAP and evaluated affects of

weathering.
Morse, A., A.M. Jackson, and R. Davio Environmental Characterization of Traditional 2001 High Direct testing of RAP from 3 different districts in Tx
Construction and Maintenance Materials was tested following std SPLP protocol.

Norin, Malin; Stromvall, A-M. Leaching of Organic Contaminants from Storage of| 2004 High Direct testing of RAP. High quality study
Reclaimed Asphalt Pavement

Arulrajah, A,; Piratheepan, J.; Disfani, M. M. Reclaimed Asphalt Pavement and Recycled 2014 Low Testing is related to its physical properties and
Concrete Aggregate Blends in Pavement Subbases: therefore RAP use as a subbase material.
Laboratory and Field Evaluation

Azah, Edmund; Kim, Hwidong; Assessment of Direct Exposure and Leaching Risk | 2017 Low Not about RAP. Samples were from stormwater

Townsend, Timothy from PAHs in Roadway and Stormwater System maintenance operations.
Residuals

Beyers, C; Clifton, M. Land use planning and the impacts of odour 2017 Low Testing was based on manufacturing of product
emissions from waste recycling in asphalt not impacts of recycled product. Comparison of
production odor emissions from hot mix and RAP facilities.

Brandt, H.C.A; de Groot, P.C. Aqueous Leaching of Polycyclic Aromatic 2001 Low Not about RAP but about petroleum bitumens that
Hydrocarbons From Bitumen and Asphalt make up asphalt and one asphalt product.

Cai, Hongmei; Wei, Jianming; Zhang, Yuzhen; The Research on the Potential Leachability of 2011 Low Testing is of 5 types of asphalt binders not RAP.

Changtai, Jin

Asphalt
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Appendix A: Literature Considered for Phase 2 of the Literature Review for Contaminant Leaching from Recycled Asphalt Pavement

Author Title Date | Overall Rating | Rating Rationale
Harrington, Joseph T.; Wagter, James M; R., Kevin Toxicity of Milled Asphalt Pavement to Aquatic 1996 Low Could not acquire this report. The age of the study
Organisms and its Effect on Stream Substrates in would have limited its usefulness due to poor
Deep Creek, San Bernardino County detection limits and likely false negatives.
Jullien, A., Monéron, P., Quaranta, G. and Air emissions from pavement layers composed of | 2006 Low Testing of air emissions during newly laid (hot mix)
Gaillard, D. varying rates of reclaimed asphalt asphalt pavement with different ratios of RAP.
Results are related to air emissions during roadway
building and for hot asphalt. Not related to RAP
storage.
Kang, Dong Hee; Gupta, Satish C; Ranaivoson, Leaching Characteristics of Fly Ash, Recycled 2010 Low Testing was of fly ash and RAP mixes. Therefore
Andry Z; Roberson, Ruth; Siekmeier, John A. Asphalt, and Aggregate Mixtures any results woud be biased by fly ash component.
Kayhanian, M., Vichare, A., Green, P.G. and Leachability of dissolved chromium in asphalt and | 2009 Low Leaching test on different pavement types but
Harvey, J. concrete surfacing materials doesn't appear to be RAP in any of the mixes.
Kayhanian, Masoud; Vichare, Akshay; Green, Peter | Water Quality Evaluation of Leachate Produced 2011 Low Testing is of different new roadway materials,
G.; Alaimo, Chris; Hwang, Hyun-Min; Signore, from Pavement Specimens Under Controlled many w an asphalt component but not directly
James M.; Troxler, Mark; Jones, David; Harvey, John| Laboratory Conditions pertaining to RAP.
Kriech, AJ.; Kurek, J.T.; Osborn LV, et al. Determination of Polycyclic Aromatic Compounds | 2002 Low Research on "virgin" asphalts from 6 sources. Not
in Asphalt and in Corresponding Leachate Water about recylced asphalt. No contaminants from its
use in the roadway would have been tested.
Licbinsky, R.; Huzlik, J.; Provalilova, L; Groundwater Contamination Caused by Road 2012 Low Testing is done on boreholes in existing roadway.
Jandova, V,; Licbinska, M. Construction Materials RAP may or may not be part of the roadway
structure. Either way, the results would not reflect
RAP alone.
Lopez, S; Sanchez, F; Kosson, D S Evaluation of the impact of environmental 2001 Low Did not test asphalt or RAP
conditions on constituent leaching from granular
materials during intermittent infiltration
Mitchel, M.R;; Link, R.E.; Hongmei, Cai; Xiaosheng, Factors Influencing the Leaching of Asphalt 2009 Low Testing is of asphalt binders not RAP. Precursor to

Huang; Peng, Wang; Yuzhen, Zhang

Components

2011 report.
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Stockpiles of Salvaged Concrete And Bituminous
Paving

Author Title Date | Overall Rating | Rating Rationale
Nelson, P.O., Eldin, N.N., Huber, W.C,, Lundy, J.R,, Environmental impact of construction and repair 2000 Low This report was superceded by NCHRP 448 listed
Williamson, K.J., Quigley, M.M., Azizian, M.F,, materials on surface and ground waters. Final above.
Thayumanavan, P., and Frey, K.M. report, 4, pp.25-9.
Nielsen, E. et al Processing and RA management at the mixing 2012 Low Not about environmental impacts but about
plant. Final report. Deliverable 4.6 of Re-Road - maximizing use of RAP in pavements.
End of life strategies of asphalt pavements
Ogunro, Vincent O.; Inyang, Hillary L Relating Batch and Column Diffusion Coefficients 2003 Low Leaching test was asphalt mixed with municipal
for Leachable Contaminants in Particulate Waste waste. Results would be biased by municipal waste
Materials component.
The Recycled Materials Resource Center — Project 11 - Leaching from Granular Materials 2006 Low Test objective was looking at impact of
Dr. David Kosson of Vanderbilt University Used in Highway Construction During Intermittent freeze/thaw cycles on leaching on recyled concrete
Wetting
Townsend, Timothy G. Leaching Characteristics of Asphalt Road Waste 1998 Low Graduate study. Laboratory batch and column
tests of 6 different RAP samples. See Brantly and
Townsend for reviewed paper
Unknown Asphalt Test Show Little Leachate 1998 Low News summary. No data. Superceded by Brantly
and Townsend study.
Ventura, A. Jullien, A., and P. Moneron. Polycyclic aromatic hydrocarbons emitted from a 2007 Low Testing was based on air emissions from
hot-mix drum, asphalt plant: study of the influence manufacturing of product not impacts of recycled
from use of recycled bitumen product or leaching from RAP.
Norrman, Jenny; Rosén, Lars; Norin, Malin Decision Analysis for Storage for Reclaimed 2005 Moderate This is about storage and fate/transport. Refers to
Asphalt Norin paper as source of original leachate tests.
Sadecki, Roger W., et al. An Investigation of Water Quality In Runoff From 1996 Moderate Comparison of leaching from stockpiles of

concrete and RAP in field application. Just a few
heavy metals were sampled and PAHs; however
the tests were done in mid-1990s and no
information on detection limits was provided. Age
of study and likely high detection limits, limit its
value.
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Williamson, K., and Lundy, J.

materials on surface water and groundwater:
Detailed evaluation of waste-amended highway
materials

Author Title Date | Overall Rating | Rating Rationale
Student Investigators: Nemeth, Andrew F.; Ward, The Effect of Asphalt Pavement on Stormwater 2010 Moderate Methods appear to be good and it is specifically
Devon A.; Woodington, Walter G. Contamination about RAP. However, it is undergraduate student
Advisor: Mathisen, Paul P. work. Doesn’t appear to have had much review.
Does not meet test of having met peer review
standards.
Student Investigators: Shedivy, Ryan F.; Leaching Characteristics of Recycled Asphalt 2012 Moderate Methods appear to be good and it is specifically
Meier, Amara Pavement Used as Unbound Road Base about RAP. However, it appears to be
Advisors: Edil, Tuncer B.; Tinjum, James M,; undergraduate student work. Doesn’t appear to
Benson Craig H. have had much review. Does not meet test of
having met peer review standards.
NCHRP Environmental Impact of Construction and Repair | 2001 Moderate Extensive study but RAP was only tested in initial
Materials on Surface and Ground Waters: toxicity phase. Because there was no toxic effect it
Summary of Methodology, Laboratory Results, and was eliminated from further testing.
Model Development
Thayumanavan, P., Nelson, P., Azizian, M., Environmental impact of construction and repair 2001 Moderate Looked at leaching from a wide range of recycled

materials and impacts in aquatic environment. RAP
was tested RAP during the first phase of aquatic
toxicity testing, since No Toxic Effect was observed,
it was not included in follow up testing.
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The contents of this appendix will be
provided separately.
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THURSTON REGIONAL PLANNING COUNCIL

2404 HERITAGE COURT SW #B OLYMPIA, WASHINGTON 98502-6031

MEMORANDUM

T Don Krupp

FROM: Steven Morrison W
DATE: January 3, 2000

SUBJECT: History of the Nisqually Valley Sub-Area Planning Process

INTRODUCTION:

Per our telephone conversation of the week of December 13, 1999, 1 have
reviewed the Nisqually Sub-Area I.and Use Plan and Zoning (1992) regarding the
proposed placement of an asphalt batch plant within the valley. In 1989 I was
assigned the Nisqually Sub-Area Planning Process as part of Thurston Regional
Planning Council’s contract with Thurston County. My work included preparation
of the emergency ordinance (O-#9316) up through the adoption of the sub-area
plan by the Thurston County Board of Commissioners in November 1992. 1 wil
summarize those sections which I believe are relevant to your question.

EINDINGS:

Ordinance No. 9316 started the planning process and established several of the
“themes” which were important throughout the planning process. Water Quality
Protection and Maintain the Rural Character were noted in several findings.
Finding 12 identified that land use activities near McAliister Springs (a regional
water source) had becn recently regulated by the Board of Health. Finding 8§
identified the vallcy as comprised of low density uses such as agriculture forestry,
undeveloped land and the Nisqually Wildlife Refuge. Several of the Findings (such
as6,7,8,9, 10 and 11) identified that the Nisqually Valley could be threatened by
surrounding development. The purpose of the Sub-Area Plan was to create a
development pattern which was consistent with the County Comprehensive Plan
and which would not lead to “irreparable damage to sensitive areas along the
tributaries, flood plains and bluffs of the Nisqually River and McAllister Creek.”
[Finding 19]

Providing Visionary Leadership on Regional Plans, Policies and Issues

T T
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These two themes were also very important in the early phases of the sub-area plan. The 1988
Thurston County Comprehensive Plan provided guidance as well and the recently adopted
Washington State Growth Management Act. The goals and policies of the sub-area plan are listed
on pages 17-27 of the adopted plan. Although the 12 categories are not noted in the sub-area plan
as being in priority order, those first few categories were more important that the ones at the end.
“1. Rural Character” was the first category because this was of overriding importance to all. This
was followed by “2. Water Resources” and then by “5. Commercial Development”.

The adopted Nisqually Sub-Area Plan policy which speaks most directly to the proposed batch plant
is Policy E.S, which reads:

Iike all policies in thé sub-area plan, there was an evolution of this policy. The earliest policy

statement 1 could find regarding this topic was from Nisqually Bulletin #8, Draft Vision Statement:
September 20, 1990. The policy can be found in section E Commercial Development.

%3 Identify existing mineral extractions, and establish guidelines for the design and locations of
any ncw operations.”

It was changed slightly in Nisqually Bulletin #9, Final Vision Statement: December 13, 1990.

*3. Recognize existing mineral extraction operations, require any ncw operations to be visually
buffered from adjacent properties and roads, and prohibit the location of any new facilities
north of the Burlington Northern Railroad to protect the visual integnty of the Nisqually
valley viewshed.”

The policy further evolved into the earliest complete draft of the sub-area plan, Committee Draft -
QOctober 1991. The wording changed to a form similar to that which was ultimately adopted. That
policy read as follows:

“E.5. Allow accessory uses to be located inside the mined out portion of a gravel pit through the
site plan review process. Reprocessing of imported mineral resources shall not be the primary
acccssory use and thesc activities shall be discontinued once reclamation of the pit is
completed in accordance with the WDNR standards.”
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Secondly, a batch plant would appear to far exceed the level of intensity of “accessory activities.”
Ordinance No. 9316 (the emergency downzone) was issued because of the possible adverse impacts
of intense land uses adjacent to and within the Nisqually Valley. Under the proposed batch plant
scenario, the gravel mine would appear to be accessory use and the batch plant the primary use.

Lastly, the issue of water quality is & trump card to both previous issues. If the committee had water
quality concerns regarding the handling of asphalt with an “accessory” recycling operation, then those

concerns would be doubled with a batch plant operation.

I'hope this history is useful. Should you have any additional questions, please contact me.

20:8p
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