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Tire Derived Aggregate for Underdrain Applications- Final Report
1. INTRODUCTION
Since 1990, VTrans and the Vermont Agency of Natural Resources (VANR) have had an interest in the repurposing of
tire byproducts in transportation infrastructure, including the use of shredded whole scrap tires, known as Tire Derived
Aggregate (TDA). Vermont’s universal recycling laws have made reliable quantities of material available, though a market
for their use does not currently exist in Vermont. Instead, the approximately 700,000 scrap tires that Vermont generates
per year are shipped out of state for processing and use [1]. These are mainly burned as Tire Derived Fuel (TDF) in paper
mill boilers or cement kilns, with lesser amounts used for mulch, playground surfaces, and rubberized asphalt. VTrans is
supporting the repurposing effort by researching methods to recycle and repurpose scrap tires. Since 1990 TDA has been
used in several VTrans projects including a test side slope embankment in Middlesex, VT [2], a study on geotechnical
properties of TDA [3], and documentation of 65,000 tires used as TDA in a capillary break layer beneath gravel roads in
Georgia, VT [4][5].
The successful use of TDA as a geotechnical replacement material has been researched and documented nationally
and in Vermont. In 2006, VTrans developed plans to test tire chips in blended aggregate to obtain a lightweight fill for
abutment backfill. Literature also suggests that tire chips can function as a full replacement material for drainage backfill
in subsurface drains with proper design and installation. The VTrans’ Research Section and Recycled Materials Working
Group concluded through literature review and discussion that substituting TDA for aggregate in an underdrain would also
be feasible. This project planned to investigate the performance, suitability, and practicality of using TDA as an aggregate
replacement in underdrains, with a focus on its performance during installation and assessing potential environmental
impact.
A full depth reconstruction project: Londonderry-Chester STP PS19(10), on VT 11 was chosen for the trial. VANR
identified five regional sources of Type A TDA that would meet ASTM D6270 Standard Practice for Use of Scrap Tires in
Civil Engineering Applications. This project targeted using TDA that meets the requirements in Special Provision – Draining
Aggregate (Shredded Tires), see Appendix A. Type A TDA will have the parameters as shown in Table 1 [6]. TDA for the
Londonderry-Chester project was ultimately acquired from BDS Waste Disposal in Norridgewock, Maine.
Table 1: Type A TDA Parameters
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2. OBJECTIVE
The objective of this research project was to determine the effectiveness and appropriate application for TDA as a
drainage medium in underdrains. The outcomes of interest in using TDA were (1) gauging constructability, (2) determining
performance after installation, (3) assessing any environmental impacts, and (4) cost versus other drainage media. The
VTrans Research Section and Recycled Materials Group have concluded that incorporating TDA as an underdrain material
is a feasible technique to beneficially use recycled material in Vermont’s transportation infrastructure. This research effort
included the following four phases:
1) Observation and documentation of the construction;
2) Field observations comparing the TDA test section performance to the control section;
3) Field collection and laboratory analyses of water quality samples; and
4) Cost/benefit comparisons.

3. TEST SITE SUMMARIES
This section describes the Londonderry-Chester STP PS19-(10) demonstration project installed in Summer 2020, which
was the 14.006-mile full depth reclamation of VT 11 starting in Londonderry at MM 1.952 and continuing to Chester MM
4.373. To better support the new roadway infrastructure additional underdrains were installed, including the TDA test
sections. This was the first project using TDA for underdrain in Vermont. There are two locations where the underdrain
was installed with TDA on this project: one in the Town of Andover and the other in the Town of Chester. The Chester TDA
section is identified as “East Underdrain” and located between C142+40LT and 145+80LT. The Andover TDA section is
identified as “West Underdrain” and located between stations A183+00RT and A186+10RT. The Londonderry-Chester
project construction began November 1, 2019 and was completed July 1, 2021.

3.1. Andover – West Underdrain
The West Underdrain was constructed for a 310’ section off the eastbound lane of VT 11, just east of the intersection
of TH (37), Stigers Road, location shown in Figure 1. 43.27 CY of TDA was utilized. The installed underdrain was placed 15’
from the centerline of the road and had an inlet elevation of 974.861’, an outlet elevation of 967.641’, and a correlating
slope of 2.3%.
The West Underdrain is in a location that did not have previous underdrain. The trench excavation revealed sandy
soils with clay fines and scattered cobbles. Groundwater was not intercepted to depth, and no mottling was observed in
the soils. VTrans standard underdrain design was employed, with TDA substituting for ¾” stone aggregate. As part of
standard underdrain design geotextile lining was placed in the excavated trench, on the bottom and sides, with width
enough for a 1’ overlap at the top, once piping and TDA were in place.

Figure 1: Location of Andover Test Section, VT-11
The TDA used in the Andover test section had wires protruding from the rubber. This may have impacted the
probability of mobilizing iron due to the greater potential for water contact as water flows through the underdrain. The
Special Provision Drainage Aggregate (Shredded Tires) stated that the TDA should follow ASTM D6270, Appendix B. This
ASTM standard requires that TDA have less than 1% by weight of metal fragments that are not at least partially encased
in rubber. Metal fragments that are partially encased in rubber shall protrude no more than 25mm from the cut edge of
the TDA on 75% of the pieces by weight and no more than 50mm on 90% of the pieces by weight. Based on observation
only, VTrans and VANR do not believe that the TDA used on this project met this specification.
It was noted that in some discrete areas of the off-site stockpile, the TDA was coated with fine grained soil, while TDA in
other areas of the stockpile was free of soil. It appeared that the degree of “cleanliness” varied by incoming load as seen
in Figure 2.
Photos of the material are available in Figure 2.
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Figure 2: Andover Materials used in test section
Construction took place on June 10, 2020. A trench was excavated and fabric was then laid in the trench and spiked
into the trench walls to anchor in place. 6” of TDA was then placed inside the fabric and the 6” perforated drainage pipe
was laid on top of the TDA bed. An additional 12” layer of TDA was placed over the drainage pipe. Compaction with a
vibratory compactor was attempted, however, the TDA rebounded to its original volume, and compaction was abandoned.
Fabric was then wrapped around the underdrain system. A 12” layer of soil was placed above the underdrain and the soil
was compacted. VTrans Research and VANR staff were present for observation and written and photo documentation
with assistance from VTrans Resident Engineers. The contractor noted no great installation advantages or disadvantages
with TDA compared to crushed stone. Spreading and leveling the TDA is somewhat more difficult as the material does not
lend itself to hand shoveling. The protruding steel wires remaining in the TDA also did adhere to some extent to the
geotextile trench walls. Both issues were deemed minor by the contractor. The installation process can be seen in Figure
3.
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Figure 3: Test Section Construction

3.2. Swett Rd, Chester – East Underdrain
The project installed 47.9 CY of TDA along 340 feet of the west side of VT-11 just south of Swett Road in Chester,
location shown in Figure 6. There was no existing underdrain at the site. The installed underdrain was placed 16’ from the
centerline of the road and had an inlet elevation of 758.11’, an outlet elevation of 741.10’, and a correlating slope of 5%.
The TDA used in this underdrain was the same material as that used for the Andover test section, as shown in Figure 2.

Figure 6: Location of Chester Test Section, VT-11.
Research staff were not on hand during construction of the East Underdrain on July 11, 2020, to observe and
document construction practices and conditions. During excavation for the TDA underdrain, VTrans Resident Engineers
reported no existing piping or drainage medium discovered, although groundwater flow into the inlet sleeve was
commonly observed. The existing drainage structure at the outlet end of the reported underdrain only had an inlet sleeve.
This drainage structure discharged through an 18” CMP culvert that went under VT 11 with an outlet into the Williams
River. The structure is shown in Figure 7. Design of the 340’ TDA underdrain was identical to conventional underdrains,
that is, as shown on Figure 3, with the substitution of TDA for natural aggregate.

Figure 7: Drainage structure at Chester underdrain

4. COST BENEFIT
This is the first project in Vermont using TDA since the 1990s, therefore VTrans does not have significant data on the
typical costs of TDA other than the four contractors who bid on this project. From these four bids, the average cost of TDA
underdrain was $37.62 per LF. The chosen contractor priced TDA underdrain at $36.50 per LF. The typical aggregate
underdrain item used on this project had an average bid price of $24.94 per LF. The chosen contractor priced this item at
$21.00 per LF.
In this project, using TDA instead of typical aggregate, the underdrain costs $15.50 more per LF, or an increase of
73.81%.

5. INSTALLATION CONCLUSIONS
Neither the contractor, VTrans Resident Engineers, nor VTrans Research and ANR staff noted appreciable
constructability differences between TDA and conventional aggregate. TDA is more difficult to spread with hand tools,
and the protruding wires tended to adhere to the geotextile filter fabric, but these were considered minor nuisances.
Beneficially, TDA is less dense than crushed stone, allowing for transport in larger trucks or roll-off containers.
One minor hindrance to construction was difficulty with compaction. The vibratory compactor visibly bounced on the
TDA. Additionally, the material did not seem to change in elevation after having been run over by the vibratory compactor.
The VTrans Resident Engineers considered this a minimal issue and directed the contractor to continue on with underdrain
construction after the TDA did not compact.

6. WATER QUALITY MONITORING
Based on data available regarding environment impacts of TDA when used in similar construction applications, and on
the design and purpose of the underdrain, the VANR developed a water quality monitoring program designed to document
preexisting water quality conditions of the groundwater and surface water and any water quality variations following
construction of the TDA underdrain(s).

6.1. Approach
Establish Background Locations: The original project workplan, developed prior to selection of the Londonderry-Chester underdrain

locations, envisioned obtaining background water quality data with one, or a combination, of these methods:
a. If the sites proposed for TDA underdrain had functioning underdrain(s), sample(s) of the preexisting
underdrain discharge were to be collected and analyzed before construction;
b. If during excavation of the new underdrain(s) any groundwater were encountered, sample(s) of the
groundwater would be collected and analyzed; and
c. If neither (a) nor (b), above, were feasible, and background groundwater quality was still desired, a
temporary,upgradient monitoring well was to be installed by VTDEC. This installation was to occur prior
to project initiation, in a suitable location within the right-of-way and in accordance with USEPA
guidance “Design and Installation of Monitoring Wells” dated January 16, 2018.
The location of the proposed East Underdrain was believed to have had an existing underdrain, based on historic
records and the existence of a drop inlet on the westbound shoulder. A visible inlet to the structure consistently carried
water flow from what was presumed to be the existing underdrain. The drop inlet discharged into an 18” corrugated
metal pipe passing under VT 11 with outflow into the Williams River (Figure 7). The outflow of the culvert was deemed to
be representative of East Underdrain background water quality, and this sampling location was utilized for each
subsequent sampling event after the TDA underdrain was constructed.
The site of proposed West Underdrain was not co-located with a preexisting underdrain. However, a groundwater
seepage was present, and a small stream entered an existing culvert slightly west of the proposed West Underdrain
location. These locations were considered representative of background water quality and sampled for background
conditions.
Water Quality Sampling Events and Analysis: Water quality samples were collected by ANR staff on six occasions: prior
to installation of the TDA underdrains, three weeks after installation, and four more occasions over the following year.
All water samples were field measured for pH, specific conductance, and temperature using an Accumet 85
meter, with pH being calibrated on the day of sampling. Additionally, a field measurement of estimated flow was
taken by filling a container with a known capacity over a measured amount time, as practicable.
The suite of laboratory analyses selected for this work were based on previous studies of potential contaminants
of concern associated with TDA and included:
•
•
•
•
•
•
•
•
•
•
•
•
•

Total Dissolved Solids (TDS)
Chemical Oxygen Demand (COD)
Metals, Total and Dissolved (0.45-micron filter)
manganese
iron
barium
zinc
lead
sodium
Hardness as CaCO3
Chloride
Volatile Organic Compounds (VOCS) by EPA Method 8260C
Semi- Volatile Organic Compounds (SVOCs) by EPA Method 8270

Inorganic parameters were analyzed by the Vermont Agency of Agricultural/Natural Resources Laboratory in Randolph
Center, Vermont. Organic parameters, VOCs, and SVOCs, were analyzed by Endyne Inc., of Williston, Vermont.

Contingency for Sampling Expansion: The original project workplan included contingency sampling in the event that
the analytical results of the TDA underdrain discharge indicated high concentrations of parameters, or parameters or
concentrations markedly different than those previously cited in the literature. If this occurred, and there was evidence
of impacts to ground or surface water above established standards, water samples were to be collected from an
appropriate location at the nearest permanent surface water body, if feasible. Implementation of this expanded
contingency plan, ultimately, was not necessary.

6.2. Water Quality Results
West Underdrain: During excavation no groundwater was observed at the location and while the underdrain was
located at the base of a steep, wooded slope, there was no indication that groundwater was seasonally present at depth
within the installation area. Therefore, no preexisting natural conditions background sample was able to be obtained
from this location. A single sample was obtained from a stream contributing to a preexisting underdrain located
immediately to the west of the installation area. The underdrain that this stream contributed to and where the sample
was taken from, was visually impaired, with iron staining and bacterial growth. Following installation, Underdrain West
does not appear to be collecting water, either from the subsurface or runoff from the VT 11 road surface, even after
periods of prolonged rainfall. No samples have been obtained from this TDA underdrain system since installation.
East Underdrain: Samples were collected at the site in May 2020, July 2020, October 2020, April 2021, July 2021,
and November 2021. Samples were sent to Endyne Inc. to be analyzed for Volatile Organic Compounds (VOC) and Semi
Volatile Organic Compounds (SVOC) parameters. Samples were sent to the Vermont Agriculture and Environmental
Laboratory (VAEL) to be analyzed for inorganic and indicator parameters. Through an interagency MOI agreement, VANR
paid for testing at VAEL and VAOT paid for testing at Endyne Inc.
Flow: Discharge from the East Underdrain, through the 18” CMP, was low but relatively constant, varying at the times
of sampling from 0.12 gallons per minute (GPM) to 1.3 GPM.
Specific conductance is utilized as an indirect measurement of dissolved inorganic substances in the water. Elevated
or increasing conductivity could be indicative of a source of contamination. The conductivity of the East Underdrain water
peaked with the first sample after installation of the TDA underdrain. This was very likely due to disturbance of soil during
trench excavation, with some possible contribution from soil adhered to the surface of the TDA. By the final November
2021 sampling, specific conductance had declined to 77 µmhos/cm, at the low end of the range for naturally occurring
ground or surface water. Within the overall trend of decreasing conductivity following installations slight fluctuations
appear to reflect the relationship between conductivity and temperature (Figure 8).
pH of the discharge ranged from 6.00, slightly acidic, to 8.14, slightly basic. The highest pH was recorded in the first
sample collected after the installation of the TDA underdrain. However, the pH declined to 6.62 and 6.43 respectively in

the subsequent sampling events, before a pH of 8.12 was measured in July 2021. No particular trend or cause for variability
was observed (Figure 8).

Figure 8: East Underdrain pH and Conductivity trends following installation.
Total Dissolved Solids (TDS) is another indicator parameter measuring the amount of inorganic chemicals dissolved
in water, primarily metals, minerals, and salts, either naturally occurring or anthropogenic. Elevated TDS could denote a
source of contamination. Groundwater TDS levels of less than 300 parts per million (ppm) are typical, and as a point of
comparison, it is recommended that drinking water sources be investigated and/or treated when TDS exceeds 1,000 ppm.
TDS concentrations within the East Underdrain ranged between 310-122 ppm, well within the range of naturally occurring
Vermont groundwater.
Chemical Oxygen Demand (COD) is a measure of the organic matter content within a sample that is available to be
biochemically decomposed. Uncontaminated groundwater, with little surface connections, will have little, if any, organic
matter present. Uncontaminated surface water will contain some organic content from plants and animals living in the
water, with a COD measurement generally less than 20 mg/l. COD from the East Underdrain had an average COD
measurement of 25.8 mg/l. This is slightly higher than uncontaminated surface water and groundwater, but not
unexpected as the underdrain is collecting roadside drainage and blends groundwater and infiltrated surface water and
runoff.
Hardness as CaCO3 – Hardness of water is caused by magnesium and calcium compounds, and is measured by the
concentration of calcium carbonate (CaCO3). Below 60 milligrams per liter (mg/l) of CaCO3 is considered “soft” water. The
average CaCO3 concentration in East Underdrain water was 36.4 mg/l, with only the November 2021 sample being above
60 mg/l, at 94.5 mg/l. These concentrations are within the typical range for Vermont waters.
Volatile Organic Compounds (VOCs) and Semi-Volatile Organic Compounds (SVOCs) - VOCs and SVOC are organic
chemicals that typically escape from surface water through volatilization, but tend to be persistent when dissolved in
groundwater. They are common components in many household and industrial products and if found in the groundwater
following TDA installation may be representative of the additives, residual oils, fuel range organics, and polynuclear
aromatic hydrocarbons (PAHs) that may be present within the TDA. Over the six sample events, the suite of VOCs and
SVOCs were all reported below method detection limits, with the exception of three compounds detected during the July
2020 sampling event, immediately following installation. The three compounds detected are reported within Table 2
below along with the applicable water quality criteria.

Table 2: Organic compounds detected at the East Underdrain
Units: µg/L
July 2020 detection
Acetone
240
4-Methyl 2-Pentanone
11.2
(MIBK)
Aniline
9.9
The detection of the VOCs (acetone and 4-Methyl 2-pentanone or MIBK) and SVOC (aniline) only during the first
sample event following installation of the TDA is likely related to the flushing of these compounds from the installed
material with no indication of persistent leaching and/or a reflection of a shift in the oxidative/reductive conditions due
to the installation. Aniline has been documented in the literature as leaching from tire shred [7]. Acetone and MIBK are
utilized as industrial solvents and MIBK can be released to the environment in exhaust gas from vehicles.
Metals, Total and Dissolved - Total and dissolved (filtered through a 0.45-micron filter) metals samples were
collected, in order to differentiate between metals that may be present in the sediment carried by the underdrain
discharge (total) and those that could be attributed to leaching or desorbing from the TDA (dissolved).
The table presented in Appendix C summarizes the water quality analytical results for parameters that were reported
to be present at concentrations above Laboratory Practical Quantitation Levels (PQLs). Shaded values highlight
exceedances of either groundwater enforcement standards or a surface water quality criterion. The inorganic compounds
detected in exceedance of Vermont available water quality standards (either groundwater or surface water) were iron,
manganese and arsenic. It should be noted that these three compounds are commonly detected within Vermont
groundwater and are particularly susceptible to being released from bedrock and sediments under reducing, limited
oxygen, conditions. For each of these compounds, a portion of the total concentrations detected were attributed to the
dissolved components, but there were also significant particulate (total) concentrations present in each sample.
Samples obtained in November 2021 were significantly elevated in all compounds analyzed when compared to all
prior samples. It should be noted that flow rate was estimated to be only 0.14 gallons per minute and that drought
conditions had been reported across much of Vermont for the preceding months. These conditions are believed to be
reflective of that low flow rate and the water primarily being derived from roadside runoff rather than intercepted
groundwater. This sudden increase in concentrations is not likely due to the underdrain installation, but the sampling
period ended after this November sample was collected and it is impossible to comment upon potential recovery in
quality.
Excluding these potentially anomalous November 2021 samples, the other sampling events did indicate a change in
water quality conditions following installation of the East Underdrain. The background sample obtained in May of 2020,
prior to installation of the TDA, is only a single sample point, but average total barium concentrations increased 53%,
average dissolved calcium concentrations increased 77% and average dissolved nickel concentration increased 46% over
the pre-installation sample concentration. The observed increases were all at their greatest concentrations immediately
following installation of the underdrain and decreased with time. However, they did remain elevated relative to the preinstallation background conditions. This may reflect either the introduction of material with the installation of the TDA,
either from the TDA or the coated sediment, or the general impacts of disturbance associated with the construction. In
hindsight, sampling a control section to rule out this general disturbance associated with construction would have been
helpful.

6.3. Water Quality Conclusions
Following installation of the East Underdrain, samples were able to be obtained allowing for a comparison of pre-and
post- TDA installation water quality conditions. The Vermont groundwater enforcement standard, which is equivalent to
Vermont drinking water standards was exceeded only for manganese and arsenic during two of the five sampling events.
It should be noted that these compounds, similar to iron which exceeded Vermont surface water criteria, are commonly

found in high concentrations throughout Vermont, particularly where reducing conditions are present. Indicators of
contamination were also present with the detection of organic compounds. However, these were only detected in the
sampling event immediately following installation indicating that this impact may be of limited duration and were not in
exceedance of any Vermont standards.

7. CONCLUSIONS
On an economic basis, in Vermont, TDA will likely not be cost competitive with conventional aggregate, and for that
factor alone, it is unlikely that TDA will be used as a direct substitute for stone. The benefits of TDA are that it is light
weight, vibration dampening, and has insulative properties. In transportation design applications where these properties
are required, TDA could be a cost-effective alternative to conventional materials.
While there was some indication of short-term impact on water quality, there was no ongoing exceedance of Vermont
surface water quality criteria or groundwater quality standards that indicate that the TDA installation has not resulted in
significant health or environmental risks. It is likely that additional projects utilizing TDA would similarly have no harmful
impact, provided specifications, design and constructions methods are developed with consideration of environmental
impact. Although TDA is not currently cost competitive with conventional aggregate, it does prove a viable reuse
alternative.
At the project’s end of life, we expect that cleanly excavated TDA can be used on another project. If it is not usable,
then the used TDA needs to be managed as a waste.
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DRAINAGE AGGREGATE (SHREDDED TIRES)

45.

Londonderry-Chester STP PS19(10)

DESCRIPTION. The work shall consist of constructing drainage systems using
underdrains, underdrain outlets, flushing basins, and risers.
There is one underdrain location in Andover at station A 183+00 to A 185+96
and one underdrain location in Chester at station C 142+00 to C 145+80 that
will be installing 6” underdrain utilizing Tire Derived Aggregate (TDA).
These locations are experimental sections and require Vermont Agency of
Natural Resources-Department of Environmental Conservation (ANR-DEC) to be
on-site during construction to observe and document the installation. This
monitoring will be paid for separately and is not included in the contract.
The contractor shall notify the engineer 10 business days prior to this
underdrain being installed so that ANR-DEC can be on-site during the
installation of the underdrain with TDA. This sentence deleted. The ANRDEC will be monitoring these installations during each quarter of the 2020
construction season with additional monitoring in 2021 and 2022. All
construction observation and monitoring will be paid for separately and is
not included in the contract.

46.

MATERIALS. Materials
subsections:

shall

meet

the

requirements

of

the

following

Corrugated Polyethylene Pipe.....................................710.03
Polyvinyl Chloride (PVC) Plastic Pipe............................710.06
Corrugated Steel Pipe, Pipe Arches and Underdrains................711.01
Corrugated Aluminum Alloy Pipe, Pipe Arches, and Underdrains......711.02
Gray Iron Castings............................................715.01(b)
A Type A Certification shall be furnished for each of the materials listed
above.
Drainage Aggregate (Shredded Tires) shall be a Type A Tire Derived Aggregate
(TDA) in accordance with ASTM D6270. TDA shall not be contaminated by
petroleum hydrocarbons, including but not limited to; oil, grease, gasoline,
and diesel fuel as determined in accordance with EPA Method 8015. TDA shall
not exceed the regulatory levels of metals contained in 40 CFR § 261.24
Table 1 – Maximum Concentration of Contaminants for the Toxicity
Characteristic (D004 Arsenic, D005 Barium, D006 Cadmium, D007 Chromium,
D008 Lead, D009 Mercury, D010 Selenium, D011 Silver) as determined in
accordance with EPA Method 1311.
A Type D Certification shall be furnished with a Certificate of Analysis
demonstrating the following:
(a)
A gradation in accordance with ASTM D6270 for Type A TDA.
(b)
TDA contains less than 1% (by weight) metal fragments in accordance
with ASTM D6270.
(c)
TDA is free of contaminates in accordance with EPA Method 8015.
(d)
TDA does not exceed the regulatory levels of metals in accordance
with EPA Method 1311.
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47.

INSTALLATION.
Underdrains.

Installation shall meet the requirements of Section 605

48.

AVAILABLE SUPPLIERS. As of February 2019, known Northeastern sources of
Type A tire shreds are listed below. Other sources may also be available.
1. Lakin Tire, West Haven, CT, Attn: David Greenstein, (203) 932-5801
2. Geiter Done Demolition and Disposal, Buffalo, NY, Attn: Mike Honer, (716)
895-8121
3. FBS Tire Recycling, Inc., Littleton, MA, (978) 772-4251
4. BDS Waste Disposal, Inc., Norridgewock, ME, (207) 278-3833
5. Bob’s Tire, New Bedford, MA. Attn: Aaron Bates, (508) 294-1781

49.

METHOD OF MEASUREMENT. The quantity of Special Provision (Underdrain With
Tire Derived Aggregate) to be measured for payment will be the number of
linear feet installed in the complete and accepted work.

50.

BASIS OF PAYMENT. The accepted quantity of Special Provision (Underdrain
With Tire Derived Aggregate) will be paid for at the Contract unit price
per linear foot.
Payment will be full compensation for fabricating, furnishing,
transporting, handling, and placing the material specified, including
coupling bands and fittings, tire derived aggregate, geotextile fabric,
and for furnishing of all labor, tools, equipment, and incidentals
necessary to complete the work.
Excavation will be paid for as Trench Excavation.
Payment will be made under:
Pay Item
900.640 Special Provision (Underdrain With Tire Derived
Aggregate)

51.

Deleted with Addendum #1.

52.

Deleted with Addendum #1.

Pay Unit

Linear Foot

Appendix B: ASTM D6270

Table 3 Appendix C water quality analytical results for parameters that were reported to be present at concentrations above Laboratory Practical
Quantitation Levels (PQLs). Shaded values highlight exceedances of either groundwater enforcement standards or a surface water criterion.
Inorganic Parameters: Totals, unfiltered
units:
µg/L

As

Ba

10

Apr-21

<1

Jul-21

<1

20
00
9.
8
33
.3
12
.7
12
.2
18

49
.5

56
.5

Standard
May-20
Jul-20
Oct-20

Nov-21

*Surface
standard

<1
1

1.
<1

water

Ca

Cd

Cr

Fe

Pb

N/A

5

10

300*

15

217
0
146
00
591
0
394
0
876
0
271
00

<1

1.

74

<1

1.

5,970

4.1

1

1,010

2

<1

<1

744

<1

<1

1

3,390

2.6

52.
5

51

1,020

51.3

<1
<1

0
4
6

M

Mg

Ni

Zn

Na

Cl

30

N/A

65*

N/A

12

591

10
0
2.1

24.4

49.9

8600
00*
71.6

1,
330
16
2
85

3,720

6.7

91.9

81.2

49.9

185

2.4

62.4

48.6

19.6

809

2.2

56.4

35.8

29.7

29

1,770

2.6

30.4

40.8

6.4

59

6,520

54.
4

543

10.5

4.7

n
0

0
3

Inorganic Parameters: Dissolved, 0.45-micron filter
units:
µg/L
Standard
May-20
Jul-20

(D)As
10
<1
<1

Oct-20
Apr-21
Jul-21

<1
<1
<1

Nov-21

NS

*Surface water standard

(D)
Ba
200
0
7.2
28.
5
12
12
15.
2
NS

(D)Ca

(D)Cd

(D)Cr

(D)Fe

(D)Pb

(D)M
g
N/A

(D)Ni

(D)Zn

15

(D)M
n
300

N/A

5

100

300*

100

65*

2.02
14.6

<1
<1

<1
<1

73.5
998

<1
<1

<5
1230

0.38
3.73

1.6
5.2

16.6
22.7

7.26
3.94
9.2

<1
<1
<1

<1
<1
<1

369
482
1600

<1
<1
<1

147
82.7
261

1.85
0.8
1.68

2.2
2.2
2.2

47.4
27.7
21.1

NS

NS

NS

NS

NS

NS

NS

NS

NS

Inorganic Parameters: Totals, unfiltered
units:
µg/L
Standard
May-20
Jul-20
Oct-20
Apr-21
Jul-21
Nov-21

COD
N/A
18.2
47.9
30.8
17.2
25.6
<15

*Surface water
standard

O3

CaC

TDS

N/A

N/A

7.85
51.8
21.5
13.2
29.2
94.5

186
310
194
122
166
NS

