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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD

MIDWEST GENERATION, LLC )
Petitioner, )

) PCB

\2 ) (Adjusted Standard-Land)

)
ILLINOIS ENVIRONMENTAL )
PROTECTION AGENCY )
Respondent. )

ENTRY OF APPEARANCE OF SUSAN M. FRANZETTI

NOW COMES Susan M. Franzetti, of Midwest Generation, LLC, and hereby enters her
appearance as counsel in this matter on behalf of Midwest Generation, LLC. This appearance

shall also serve as consent to service via email.

Respectfully submitted,

__/s/Susan M. Franzetti

Susan M. Franzetti

Attorney

Nijman Franzetti LLP

10 S. LaSalle Street, Suite 3600
Chicago, IL 60603

(312) 251-5590
sfl@nijmanfranzetti.com

MWG13-15_119369



BEFORE THE ILLINOIS POLLUTION CONTROL BOARD

MIDWEST GENERATION, LLC )
Petitioner, )

) PCB

\2 ) (Adjusted Standard-Land)

)
ILLINOIS ENVIRONMENTAL )
PROTECTION AGENCY )
Respondent. )

ENTRY OF APPEARANCE OF KRISTEN L. GALE

NOW COMES Kristen L. Gale, of Midwest Generation, LL.C, and hereby enters her
appearance as counsel in this matter on behalf of Midwest Generation, LLC. This appearance

shall also serve as consent to service via email.

Respectfully submitted,

__/s/Kristin L. Gale

Kristen L. Gale

Attorney

Nijman Franzetti LLP

10 S. LaSalle Street, Suite 3600
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MIDWEST GENERATION, LLC )
Petitioner, )

) PCB
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)
ILLINOIS ENVIRONMENTAL )
PROTECTION AGENCY )
Respondent. )

ENTRY OF APPEARANCE OF MOLLY SNITTJER

NOW COMES Molly Snittjer, of Midwest Generation, LLC, and hereby enters her
appearance as counsel in this matter on behalf of Midwest Generation, LLC. This appearance
shall also serve as consent to service via email.

Respectfully submitted,

__/s/Molly Snittjer

Molly Snittjer

Attorney

Nijman Franzetti LLP

10 S. LaSalle Street, Suite 3600
Chicago, IL 60603
(312)868-0081

ms(@nijmanfranzetti.com
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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD
IN THE MATTER OF:

PETITION OF MIDWEST GENERATION AS 21-

FOR AN ADJUSTED STANDARD FROM (Adjusted Standard-Land)
845.740(a) AND FINDING OF

INAPPLICABILITY OF PART 845

MIDWEST GENERATION, LLC’S PETITION FOR AN ADJUSTED STANDARD AND
A FINDING OF INAPPLICABILITY FOR THE JOLIET 29 STATION

Midwest Generation, LLC (“MWG”) petitions the Illinois Pollution Control Board (“Board”)
for an adjusted standard from the Part 845 Illinois Standards for the Disposal of Coal Combustion
Residuals in Surface Impoundments at 35 Ill. Adm. Code 845 (“Illinois CCR Rule”). MWG seeks
this regulatory relief for three ponds at its Joliet 29 Station (“Joliet 29” or “Station”) in Joliet, Will
County, Illinois known as Pond 1, Pond 2, and Pond 3. An adjusted standard is needed for Pond 2
to allow the decontamination and retention of its existing liner rather than the liner’s removal as
provided in the Illinois CCR Rule. For the Ponds 1 and 3, MWG seeks an adjusted standard finding
that Part 845 of the Board rules is inapplicable because both are process water basins that do not
accumulate CCR.

In 2016, Joliet 29 Station ceased burning coal for the generation of electricity and began
generating electricity with natural gas. Consequently, when the Joliet 29 Station converted to gas
2016, it no longer generated coal ash. Before the conversion, Joliet 29 used Pond 2 as a Coal
Combustion Residual (“CCR”) surface impoundment, and Pond 2 is regulated as a CCR surface
impoundment under the Illinois CCR rule. For the future operations of the Station, MWG is
converting Pond 2 to a low-volume waste pond to hold the Station’s process water. As part of the
conversion, MWG seeks to reuse the high-density polyethylene (“HDPE”) liner in Pond 2, because

it is in good condition and, after decontamination, can continue to serve its intended purpose as a
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liner for the new process water pond. The CCR surface impoundment closure by removal

requirements under the Illinois CCR Rule instead requires removal of the liner in a CCR surface
impoundment. By comparison, the federal CCR does not require removal of a liner when a CCR
surface impoundment is closed by removal. Because the liner in Pond 2 is in good condition and
can be effectively decontaminated, consistent with the federal CCR rule, MWG is requesting an
adjusted standard from Section 845.740(a) to allow the continued post-closure use of the liner.

Ponds 1 and 3 are not CCR surface impoundments, instead both operate as a “service water
basin” or “process water basin.” In December 2019, lllinois EPA determined, without consultation
with MWG, that both ponds were CCR surface impoundments and issued an invoice for the initial
fee pursuant to Section 22.59(j) of the Illinois Environmental Protection Act (“Act”). 415 ILCS
5/22.59(j). However, Pond 1 was emptied and decontaminated of all CCR in 2015 and Pond 3 does
not collect CCR as part of its operation and has never collected CCR part of its operations. Because
the ponds do not fall within the definition of CCR surface impoundment under Section 3.143 of
the Act, MWG is seeking an adjusted standard finding that the CCR rules are inapplicable to both
ponds. 415 ILCS 5/3.143. 415 ILCS 5/3.143.

This Petition sets forth the factual and legal bases for MWG’s request. In further support of
this Petition, MWG submits affidavit of William Naglosky and the affidavit and expert opinion of
David Nielson, P.E. attached as Exhibits 1, 2, and 3, respectively, along with additional supporting

documents.

l. Background

On July 30, 2019, Illinois enacted the Coal Ash Pollution Prevention Act (“CAPP Act”) to
regulate CCR surface impoundments and ordered the Illinois EPA and the Board to draft and

implement regulations, including a permit program, to regulate CCR surface impoundments at
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generating stations. Public Act 101-0171. Pursuant to the CAPP Act, a “CCR surface

impoundment” means “a natural topographic depression, man-made excavation, or diked area,
which is designed to hold an accumulation of CCR and liquids, and the surface impoundment
treats, stores, or disposes of CCR.” 415 ILCS 5/3.143. The CAPP also created a new Section 22.59
of the Act for CCR surface impoundments. In relevant part, Section 22.59 requires an owner or
operator of a CCR surface impoundment to pay an initial fee to the Agency six months after the
effective date of the CAPP Act. 415 ILCS 5/22.59(j)(1).

A. lllinois CCR Rulemaking on Liners

Pursuant to Section 22.59 of the Act, Illinois EPA filed proposed new standards for the
operation, maintenance, and closure of CCR surface impoundments as new Part 845 of the Board’s
Rules. In the Matter of: Standards for the Disposal of Coal Combustion Residuals in Surface
Impoundments: Proposed New 35 Ill. Adm. Code 845, PCB 20-19. The proposed CCR rule closely
mirrored the federal CCR rule, and the Illinois EPA stated that the desired purpose was to obtain
federal approval of the program. Id., Illinois EPA Statement of Reasons, March 30, 2020, p. 10.
To follow that purpose, the original language for closure by removal in the proposed CCR Rule
included the same language as in Section 257.102(c) of the federal CCR Rule:

“An owner may close by removing and decontaminating all areas affected by releases
from the CCR surface impoundment. CCR removal and decontamination of the CCR
surface impoundment are complete when the CCR in the surface impoundment and any

areas affected by releases from the CCR surface impoundment have been removed.
Proposed 35 1ll. Adm. Code 845.740(a).

Throughout the hearing process, including pre-filed questions, pre-filed answers, and two hearings
held in August and September 2020, the Agency maintained this proposed language and gave no

indication that it was considering revising it.
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By comparison, in the proposed Section 845.770 requirements for retrofitting a CCR surface

impoundment, Illinois EPA included a requirement to remove the liner even though the federal
CCR rule required only that the CCR and any contaminated soils and sediments be removed. 40
CFR 257.102(k). MWG provided expert testimony by David E. Nielson that geomembrane liners
like those in its impoundments could be effectively decontaminated, dispensing with the need for
removal. See Ex. 4, Pre-filed Expert Testimony of David Nielson, p. 12. Geomembrane liners are
flexible membranes manufactured of polyethylene (i.e., plastic) and are defined by the ASTM
International as “an essentially impermeable geosynthetic composed of one or more synthetic
sheets.” Ex. 4, p. 12; ASTM D4439. They “are very low-permeability plastic products that are
nonabsorptive,” meaning they are unlikely to absorb the CCR constituents. Ex. 5, 9/30/2020 Tr.,
p. 199:7-8. Based on the conservative assumption that geomembranes could have small holes, the
U.S.EPA nevertheless determined that a liner did not have to be removed as part of retro-fitting a
CCR surface impoundment. Ex. 6, MWG Pre-Filed Answers, p. 44-45., 40 CFR 257.102(k).
Relying upon the ASTM standard and these U.S.EPA conclusions, Mr. Nielson’s expert witness
testimony demonstrated that a liner may be decontaminated, without requiring the entire liner to
be removed. The Board subsequently inquired in its pre-filed questions whether Section
845.770(a)(1) could specify that only “contaminated liners” would need to be removed, which
MWG agreed was acceptable and Mr. Nielson supported. Ex. 6, pp. 1, 47.

In the Agency’s post-hearing comments, for the first time and without any prior indication or
explanation, the Agency presented new requirements for closure by removal. Ex. 7, Agency Final
Comment, pp. 86-87. Without any technical support, the Agency submitted that an owner/operator
must also remove ‘“containment system components such as the impoundment liner and

contaminated subsoils, and CCR impoundment structures and ancillary equipment.” EX. 7, p. 87.
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The Agency merely offered its belief that the modifications were required to comply with the Part

B proposed federal CCR rule. Ex. 7, p. 86-87. MWG objected because the federal CCR rule does
not require removal of the liner. Ex. 8, MWG’s Response, p. 3. The applicable federal CCR rule
as well as the proposed federal CCR rule the Agency relied upon, only require that materials which
contacted CCR be decontaminated. Id. There was no evidence in the rulemaking record to
demonstrate that a liner contaminated with CCR cannot be effectively decontaminated. Id., p. 3-5.
In fact, Illinois EPA admitted it was simply assuming without any scientific or other support that
all liners became contaminated and could not be decontaminated. Id. citing 8/25/2020 Hearing Tr.,
pp. 73:20-23, 76:14-17 attached as Ex. 9. Moreover, the expert testimony during the rulemaking
stated precisely the opposite. 1d. at 4. MWG’s expert explained that synthetic liners (or
“geomembrane liners”) do not absorb CCR. Hence, they are not likely to be contaminated merely
because of contact with CCR. Id. But where a geosynthetic liner has been contaminated by CCR,
it can be decontaminated so that it is suitable to reuse as part of a CCR surface impoundment
retrofit. 1d.

B. linois CCR Final Rule

On February 4, 2021, the Board issued its Second Notice Order and Opinion for the Illinois
CCR Rule. The Board adopted the Illinois EPA’s requested changes to the closure by removal
requirements that required removal of a liner and all associated equipment regardless of the
condition. Feb. 4, 2020 Order, pp. 95-96. The Board reasoned that these changes were required to
be consistent with the proposed federal CCR rule. 1d. The Board did not address or discuss MWG’s
objections to this modified language. 1d. But the Board agreed with MWG that when retrofitting a
CCR surface impoundment, a competent plastic liner could be reused as long as the owner or

operator demonstrated that the liner was decontaminated. The Board stated that “Midwest
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Generation has raised a valid concern about removing competent, uncontaminated existing

synthetic (geomembrane) liners while retrofitting CCR surface impoundments.” Opinion, p. 99.

The Board’s Opinion also addressed areas where a regulated party disputed Illinois EPA’s
position on whether an area qualified as a CCR surface impoundment under Section 3.143 of the
Act. The Board stated that a party could seek a regulatory relief mechanism, such as an adjusted
standard, to resolve the dispute. In the Matter of: Standards for the Disposal of Coal Combustion
Residuals in Surface Impoundments: Proposed New 35 Ill. Adm. Code 845, PCB 20-19, Order
(February 4, 2021), p. 14.

C. Joliet 29 Station Background

The Joliet 29 Station, located in an industrial area, was built in 1964-1965. Ex. 1, 14, Naglosky
Affidavit. MWG began operating the Joliet 29 Station in 1999. Id., {5 Joliet 29 Station has various
environmental permits, including an NPDES permit for its wastewater discharges. See NPDES
Permit, attached as Ex. 10. In 2016, Joliet 29 converted its operations to burn natural gas, instead
of coal, and ceased generating CCR. Ex. 1, 17. Ponds 1, 2, and 3 are located on the east side of the
Joliet 29 Station, and operate as part of the Station’s NDPES permitted system.! Ex. 10 and Ex.
11, Fig. 1. Each of the ponds was built in 1978 with a poz-o-pac liner. Ex. 1, 118, 10, 18.

1. Operation of Ponds 1 and 2

Before Joliet 29 converted to natural gas, the vast majority of the bottom ash at Joliet 29 was
conveyed across the Des Plaines River to a permitted landfill. Ex. 1, 112. On the rare occasions
when the enclosed pipe system was offline, the bottom ash was pumped to Pond 1 or 2. Id., 113.

Before passage of the Federal CCR Rules, MWG removed all the CCR from Pond 1 and cleaned

! The three ponds are also the subject of an enforcement action in front of the Board. Sierra Club v. Midwest
Generation, LLC, PCB 13-15. The enforcement action alleges violations of the Act and Part 620 of the Board Rules,
and is unrelated to MWG’s request for Part 845 regulatory relief here.
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the liner. Id., 114. Pond 1 is now used as a process water basin and it receives flow from various

processes at Joliet 29 that are unrelated to CCR, including the reverse-osmosis (“RO”) sand filter
backwash, the west area basin runoff, the former coal pile runoff pump discharge, and the plant
drains, including the Station floor drains, roof drains and area drains, and the sewage treatment
plant. Ex. 1, 116, Ex. 12, Joliet 29 NPDES Flow Diagram. Because Pond 1 did not contain CCR
and liquid on or after October 19, 2015, it is not a federal CCR surface impoundment. Ex. 1, {14.
MWG continued to use Pond 2 to hold CCR, when the pipe system to the landfill was not operating
until the CCR was removed in 2019, and thus it is the only federal CCR surface impoundment. Id.,
15.

2. Operation of Pond 3

Pond 3 receives process water from either Pond 1 or 2, and the water is either recycled for
plant use or discharged. Ex. 1, 119, Exs, 10, 12. Because Pond 3 is a process water basin and does
not accumulate CCR, it is not a federal CCR surface impoundment. Ex. 1, 120. The U.S.EPA stated
in the 2015 preamble of the federal CCR rule that it revised the definition of CCR surface
impoundment to exclude units that “present significantly lower risks, such as process water or
cooling water ponds because, although they will accumulate any trace amounts of CCR that are
present, they will not contain the significant quantities that give rise to the risks modeled in EPA’s
assessment.” 80 F.R. 21357. The U.S.EPA continued by stating that “CCR surface impoundments
do not include units generally referred to as cooling water ponds, process water ponds...” Id.

Since its construction in 1978 and continuously until 2013, the contents of Pond 3 were never
emptied because it only received process water, not ash, and there had never been a need to remove
the material. See Ex. 1, 121. Pond 3 was emptied for the first time in 2013 when MWG relined the

pond with a new HDPE polymer liner. 1d., §22.
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3. Relining of the Ponds

In 2008, MWG relined Ponds 1 and 2 with a new liner system including an HDPE liner
pursuant to a construction permit granted by Illinois EPA. Ex. 13, Construction Permit for Ponds
1 and 2. Similarly, in 2013, MWG relined Pond 3 pursuant to a construction permit granted by
Illinois EPA. Ex. 14, Construction Permit for Pond 3. The Construction Documentation Reports
demonstrating the liner systems installed in each pond and the quality control measures taken
during installation are attached as Exhibit 15 (Ponds 1 and 2) and Exhibit 16 (Pond 3).

The liner systems installed in all of the ponds consist of six layers of materials (from bottom
to top): the original poz-o-pac, a geotextile cushion, the HDPE liner, a geotextile cushion, a 12-
inch thick sand cushion layer, and a 6-inch limestone warning layer. Exs. 13-16. Each layer has a
purpose. The purpose of the sand cushion layer is to avoid punctures on the geomembrane when
equipment is on the liner. EX. 1, §23. The purpose of the limestone warning layer is to act as a
warning to the operators when the operators are removing the ash so that they do not reach the
liner. Id. Finally, as part of the measures to protect the liner from damage, MWG installed marker
posts along the edge of the base of the ponds to mark the sides for the operators when the ponds
are being dredged. Id., 124.

4. Groundwater Monitoring Around the CCR Surface Impoundments

MWG has been monitoring the groundwater surrounding the CCR surface impoundments and
upgradient of the CCR surface impoundments for over ten years, and is currently monitoring the
groundwater under two different programs. Beginning in 2010, MWG began monitoring the
groundwater upgradient and downgradient of Ponds 1, 2 and 3. Ex. 1, 127. In 2013, MWG entered
into a Compliance Commitment Agreement (“CCA”), which included an agreement to continue

monitoring the groundwater for the constituents in 35 Ill. Adm. Code 620.410. Id., 128, and CCA,
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attached as Ex. 17. Following passage of the federal CCR rule in 2015, MWG began to also

monitor the groundwater upgradient and downgradient of Pond 2 pursuant to the federal CCR rule.
Ex. 1, 129; 40 C.F.R. 257. The groundwater monitoring has not demonstrated that Pond 2 is a
source of contamination to the groundwater. Ex. 18, Joliet 29 CCR Compliance Annual
Groundwater Monitoring Report, 2020.

5. MWG’s Plans for Reuse of Pond 2

In 2019, MWG removed all of the CCR from Pond 2, but is waiting to finalize closure until it
is granted a closure permit by Illinois EPA. Ex. 1, 25. For future operational flexibility, MWG
plans to repurpose Pond 2 as low-volume waste pond. Ponds 1 and 3 are currently used by the
Station as low-volume waste ponds. A low-volume waste pond is a pond that collects “low volume
waste sources” which are defined in the Clean Water Act Steam Electric Power Generating
Effluent Guidelines and Standards (40 CFR Part 423, the “ELG Rule”) as:

“wastewater from all sources except those for which specific limitations or
standards are otherwise established in this part. Low volume waste sources include,
but are not limited to, the following: wastewaters from ion exchange water
treatment systems, water treatment evaporator blowdown, laboratory and sampling
streams, boiler blowdown, floor drains, cooling tower basin cleaning wastes,
recirculating house service water systems, and wet scrubber air pollution control
systems whose primary purpose is particulate removal. Sanitary wastes, air

conditioning wastes, and wastewater from carbon capture or sequestration systems
are not included in this definition.” 40 C.F.R. § 423.11(b).

Because Joliet 29 does not generate electricity with coal, it will not generate CCR, so there is no
risk that CCR will enter Pond 2. Allowing MWG to reuse the competent HDPE liner in Pond 2
will avoid the unnecessary and wasteful disposal of a competent geosynthetic liner. Because Pond
2 has an HDPE liner that is in good condition, and can be decontaminated, MWG plans to reuse

the HDPE liner instead of removing and replacing the liner.

MWG13-15_119380



MWG Petition for an Adjusted Standard
Joliet 29 Station
P. 10

6. Ponds 1 and 3 are not CCR Surface Impoundments

Both Ponds 1 and 3 are used to hold process water for the Station operations. Since its
construction, Pond 3 never accumulated CCR and was only used as a process water basin. Pond 1
was used to accumulate CCR, however MWG removed all of the CCR and decontaminated the
pond in 2015. Because both Ponds 1 and 3 do not contain an accumulation of CCR and liquid,
neither are CCR surface impoundments.

To demonstrate that there is not an accumulation of CCR in either of the ponds, MWG
conducted a multi-faceted investigation of each pond. Ex. 19, 20. The investigations found that
small amount of material at the base of both of the ponds was not CCR, but instead was a sticky
or pasty material consisting of a mixture of organic material, sand, and silt. Ex. 19. MWG engaged
a surveyor to conduct a bathymetric survey of both Ponds 1 and 3. Ex. 19, 20. One of the many
indications that the ponds did not contain CCR is that the surveyors could not use a physical survey
rod in the ponds, because the material at the base was not sufficiently dense to determine an
accurate depth. Instead, the surveyors were forced to use an electric depth finder, which found
approximately 1.5 feet of suspended material in Pond 1 and 2.4 feet of suspended material in Pond
3.1d.

MWG’s consultant, KPRG & Associates, LLC (“KPRG”) also collected a sample of the
material from each of the ponds. Ex. 19. KPRG observed that the material was very different from
CCR, finding that it was “sticky/pasty in consistency” with a silty/clayey feel, and it also had a
sewage-like odor. Id. By comparison, CCR is sandy and does not have a smell. KPRG analyzed
the samples from each pond for a weight-to-volume relationship, grain size, and organic and non-
organic matter. The weight-to-volume relationship analysis showed that 86% of the material in

Pond 1 and 92% of the material in Pond 3 was water, which explains why the surveyors could not
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use the physical rod to determine the depth in both of the ponds. Instead, because the material is

86% and 92% water, the material is actually floating at the base on the pond, and the rod passed
through the material. In Pond 1, 32% of the solids at the base of the pond was organic, and only
9.5% is non-organic solids. In Pond 3, 28% of the solids was organic, and only 5.7% was non-
organic solids. KPRG compared the grain size of the material taken from Ponds 1 and 3 to the
CCR that had been generated at Joliet 29 when it burned coal. The grain size analysis showed that
the material in both ponds was primarily fine sand and fines. In comparison, the grain size of the
Joliet 29 CCR was primarily gravel and course to medium sand. KPRG noted that the small grain
size of the material is also consistent with the observation that the material was floating at the base,
as opposed to being so heavy that it falls to the bottom.

The sampling and analysis of the material in Ponds 1 and 3 establishes the ponds are not CCR
surface impoundments. The material is physically different than CCR, including a different smell
and texture. The material is composed of fine sand and fines that float in a matrix that is primarily
water, which is not characteristic of CCR. The station processes that discharge into the pond and
contribute sediments do not generate CCR. This data shows that Ponds 1 and 3 do not contain
CCR.

D. The Board has the Authority to Determine that Board Rules are Inapplicable.

The Board has the authority to determine that the Ponds 1 and 3 are not CCR Surface
Impoundments within the meaning of the CCR Rule. On prior occasions, the Board has granted a
petition for an adjusted standard and issued a finding that certain Board Rules are inapplicable.
See In the Matter of: Petition of Apex Material Technologies, LLC for an Adjusted Standard from
Portions of 35 Ill. Adm. Code 807.104 and 810.103, or, in the Alternative, a Finding of

Inapplicability, AS15-2, slip op. pp. 51-52 (June 18, 2015); In the Matter of: Petition of Westwood
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Lands, Inc. for and Adjusted Standard from Portions of 35 Ill. Adm. Code 807.104 and 35 Ill. Adm.

Code 810.103 or, in the Alternative, a Finding of Inapplicability, AS09-3, slip-op at 16 (Oct. 7,
2010); In the Matter of: Petition of Jo’Lyn Corporation and Falcon Waste and Recycling for an
Adjusted Standard from 35 Ill. Adm. Code Part 807 or, in the Alternative, a Finding of
Inapplicability, AS 04-2, slip op. at 13-14 (Apr. 7, 2005). With one exception, in each of these
petitions, after evaluating the fact-specific petitioner operations and subject material, as well as
prior Board and court opinions, the Board determined that the rules at issue were inapplicable to
the petitioners. Even in the one instance where the Board denied a petitioner’s request for
inapplicability, the Board did so not because it lacked the authority to find the rule inapplicable
but because the Board’s site-specific factual and legal analysis concluded that the petitioner had
failed to make the required showing of inapplicability. See In the Matter of: Petition of Apex

Material Technologies AS15-2, slip op. pp. 51-52.

Il. Application of Automatic Stay

Section 28.1(e) of the Act provides that if a petition for an adjusted standard is sought within
20 days of the effective date of a rule or regulation, the operation of the rule or regulations is stayed
as to such person pending disposition of the petition. 415 ILCS 5/28.1(e). On April 15, 2021, the
Board issued its Opinion and Order adopting the Final lllinois CCR Rule, and establishing the
effective date as April 21, 2021. In the Matter of: Standards for the Disposal of Coal Combustion
Residuals in Surface Impoundments: Proposed New 35 Ill. Adm. Code 845, PCB 20-19, April 15,
2021, p. 5. Because MWG has filed its petition within 20 days of the effective date of the Illinois
CCR Rule, the requirement to remove the liner in Pond 2 for closure by removal is stayed, and

operation of the Illinois CCR Rule is stayed as to Ponds 1 and 3 at the Joliet 29 Station.
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Analysis and Petition Content Requirements

The Board requires that certain information be included in each petition for an adjusted

standard. 35 Ill. Adm. Code §104.406. In this case, MWG is seeking an adjusted standard for three

ponds on two different issues: (1) an adjusted standard from the requirement to remove the liner

in Pond 2 when it is closed by removal of the CCR and (2) an order finding that the Part 845 Rules

are inapplicable to Ponds 1 and 3. The Section 104.406 petition requirements are set forth under

individual headings below. Within each heading, the required information for Pond 2, which

MWG plans to reuse, and Ponds 1 and 3 are presented.

a)

b)

Standard from which Adjusted Standard is Sought.

Pond 2: The rule-of-general applicability for which MWG requests an adjusted standard is at
35 1ll. Adm. Code Part 845.740(a). Because a competent geosynthetic liner may be
decontaminated and because the federal CCR rule allows decontamination, MWG is requesting
that the Board grant an adjusted standard from the Illinois CCR Rule allowing for
decontamination of a liner when a CCR surface impoundment is closed by removal.

Ponds 1 and 3: The rule-of-general applicability for which MWG requests an adjusted standard
is at 35 Ill. Adm. Code Part 845.100. Because Ponds 1 and 3 are not CCR surface
impoundments, MWG is requesting that the Board grant an adjusted standard from the Illinois
CCR Rule stating that the Illinois CCR Rule is inapplicable both ponds.

Whether the regulation was promulgated to implement the CWA, SDWA, CERCLA, or
the State programs concerning RCRA, UIC, or NPDES:

Part 845 implements Sections 12, 22 and 22.59 of the Act. 35 Ill. Adm. Code 845. Section
22 of the Act provides the Board authority to adopt regulations to promote the purpose of Title
V, Land Pollution and Refuse Disposal, the Title implementing the requirements of RCRA.

Part 845 was not promulgated to implement the state RCRA program, which is Section 22.4
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of the Act. Big River Zinc Corp. v. Illinois EPA., 1991 Ill. ENV. LEXIS 350, PCB 91-61 (May

6, 1991), p. *12 (Regulations or rules adopted pursuant to Section 22.4 implement the state’s
RCRA program).
Level of Justification as Specified by the Regulation.

Part 845 does not include a specific justification for an adjusted standard. Because there is
not a specific level of justification, the applicable level of justification are the factors identified
in Section 28.1 of the Act, which are:

(1) factors relating to that petitioner are substantially and significantly different from the
factors relied upon by the Board in adopting the general regulation applicable to that
petitioner;

(2) the existence of those factors justifies an adjusted standard;

(3) the requested standard will not result in environmental or health effects substantially
and significantly more adverse than the effects considered by the Board in adopting the
rule of general applicability; and

(4) the adjusted standard is consistent with any applicable federal law.
415 ILCS 5/28.1.

Nature of Petitioner’s Activity that is the Subject of the Proposed Adjusted Standard.

Description of Joliet 29 Station: The Joliet 29 Station is located at 1800 Channahon Road in

Joliet, Will County, lllinois, employs approximately 43 people and has operated since
approximately 1964. Ex. 1, 4. Joliet 29 converted its operations to natural gas in 2016, and
does not generate coal ash. Id., {7. Pursuant to the CCAs entered into with the Illinois EPA in
2013, MWG is monitoring the groundwater upgradient and downgradient Ponds 1, 2, and 3.
Id., 128, Ex. 17. Additionally, following passage of the federal CCR rule, MWG also began
conducting groundwater monitoring around Pond 2. Ex. 1, 129, 18.

Pond 2: Pond 2 was originally constructed in 1978 with a poz-o-pac liner and is approximately

3.9 acres. Ex. 1, 110. In 2008, MWG relined Pond 2 with a multi-layered liner system,
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including a HDPE liner, pursuant to an Illinois EPA construction permit. Ex. 1, 111, Exs. 13,

15. In compliance with the federal CCR rule and the Illinois CCR rule, MWG’s plan is to close
Pond 2 by removing the CCR and decontaminating the liner. Ex. 21, MWG Notice of Intent to
Close Pond 2. To that end, in 2019, MWG removed the CCR from Pond 2, but will not finalize
closure of Pond 2 until Illinois EPA issues a permit. Ex. 1, 125. To provide flexibility in
management of the low volume waste streams at the Joliet 29 Station, MWG would like to
repurpose Pond 2 as another low-volume waste pond.

Pond 1: Pond 1 was constructed in 1978 with a poz-o-pac liner, and is approximately 3.9 acres
Ex. 1, 18. In 2008, MWG relined Pond 1 with a multi-layered liner system, including a HDPE
liner, pursuant to an Illinois EPA construction permit. Ex. 1, 19, Exs. 13, 15. MWG removed
the CCR from Pond 1 and cleaned the pond in 2015. Ex. 1, 114. Since 2015, MWG has used
the pond to receive process water for Station operations. Ex. 1, 116.

In 2020, MWG conducted an investigation to evaluate whether Pond 1 had an accumulation
of CCR at the base of the pond. The investigation found material suspended in the base of
pond, but the material was primarily water, but also contained organics and some non-organic
material. Ex 19, 20. The bathymetric survey found that the average bottom elevation of
material was approximately 1.5 feet. Id. However, the weight-to-volume relationship analysis
showed that 86% of the material was water. Id. The material was “sticky/pasty in consistency”
with a silty/clayey feel, and it also had a sewage-like odor. Of the solids floating at the base of
the pond, a third was organic material. Id. The remaining solids were of a different grain size
than the CCR that was generated by Joliet 29. 1d. Because the material at the base of the pond
is primarily water, composed of organic material, and because the grain size is different than

CCR, the Pond 1 does not accumulate CCR.
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Pond 3: Pond 3 was constructed in 1978 with a poz-o-pac liner, and is approximately 2.7 acres.

Ex. 1, 118. In 2013, MWG relined Pond 3 with a multi-layered liner system, including a high-
density polyethylene (“HDPE”) liner, pursuant to an Illinois EPA construction permit. EX. 1,
22, Exs. 14, 16. Pond 3 receives process water from Pond 1 or 2, and the process water is
either recycled for plant use or discharged. See Ex. 1, 119, Ex. 12.

In 2020, MWG conducted an investigation to evaluate whether Pond 3 had an accumulation
of CCR at the base of the pond. The investigation found material suspended in the base of
pond, but the material was primarily water, but also contained organics and some non-organic
material. Exs. 19, 20. The bathymetric survey found that the average bottom elevation of
material was approximately 2.4 feet. Id. However, the weight-to-volume relationship analysis
showed that 92% of the material was water. Id. The material was black, sticky and pasty, with
a silty/clayey feel, and had a sewage-like smell. 1d. Of the solids floating at the base of the
pond, a third was organic material. 1d. The remaining solids were of a different grain size than
the CCR that was generated by Joliet 29. Id. Because the material at the base of the pond is
primarily water, composed of organic material, and because the grain size is different than
CCR, the Pond 1 does not accumulate CCR.

Efforts Necessary to Comply with Regulation

Pond 2: Compliance with the Illinois CCR rule for closure by removal by removing the liner
as opposed to allowing reuse of it, entails significantly higher costs, including the total waste
of a completely good, competent geosynthetic liner, with no added environmental benefits.
Because closure by removal of the CCR and liners would be a demolition project, after
removing the CCR for resale and beneficial use, MWG will proceed with demolition of the of

Pond 2. Ex. 2, 5. Thus when demolition begins, MWG would assume that during the
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demolition CCR would escape from the basins when the liner is removed, thus requiring

excavation of the HDPE liner, the poz-o-pac liner beneath, and approximately six inches of
soil below the liner. Id. Following removal and disposal, MWG would have to replace the liner
with a new HDPE liner that would likely be the exact same as the liner currently lining all of
the basins Ex. 2, 19. The total volume of liner and underlying soil removed would be 8,712
cubic yards (“CY”), which would be hauled off-site for disposal in a landfill. The total cost for
transport and disposal of the liner and soil would be approximately $1,117,291. Id. Following
removal and disposal, MWG would have to replace the liner with a new HDPE liner the exact
same as the liner currently lining Pond 2, for a total cost of approximately $160,772. The total
cost for replacing the current liner with an almost identical new liner and removing the soil
and poz-o-pac below is approximately $1,278,063.

Ponds 1 and 3: Compliance with the Illinois CCR Rule for a pond that does not contain CCR
entails significantly higher costs, with no added environmental benefits. CCR is not sluiced to
Ponds 1 and 3, and MWG’s investigation determined that there is very little material at the
base of the ponds, and the little material that is present is not CCR. If MWG were required to
comply with the Illinois CCR Rule, then it would have to conduct all of the requirements in
the Illinois CCR Rule many of which are not practically possible. For example, the initial
operating permit application must include an analysis of the chemical constituents within the
CCR that will be placed in the CCR surface impoundment and an analysis for the chemical
constituents of all waste streams, chemical additives and sorbent materials entering into or
contained in the CCR surface impoundment. 35 Ill. Adm. Code 845.230(d)(2)(B), (C). Because
no CCR is placed in the Pond 1 and Pond 3, there is no CCR in either pond. Ex. 1, {16. Also,

CCR waste streams are not directed to the ponds because Joliet 29 does not burn coal, thus
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MWG cannot conduct an analysis of the chemical constituents within the CCR that will be

placed in the ponds. Similarly, the initial operating permit must include a fugitive dust plan
and an inflow design flood control system plan. 35 Ill. Adm. Code 845.230(d)(2)(H), (R).
Because both ponds contain only water no “fugitive dust” is emitted, and there is no need or
purpose served by preparing a Fugitive Dust Plan for an area that does not receive or otherwise
handle CCR. Id., 116. Also, because Joliet 29 does not burn coal to generate electricity, CCR
flow is not directed to Ponds 1 and 3, so no plan can be developed to manage the inflow during
and following any peak discharge. Id., 7. The cost of conducting all of the work to comply
with the operating permit application in the Illinois CCR Rule requirements would be
approximately $65,000. Ex. 1, 130.

Similarly, under the CCR Rule, MWG would have to prepare a construction permit
application for “closure” of Ponds 1 and 3. The information required for a construction permit
application is also impractical for process water ponds at a Station that does not burn coal. For
example, the Design and Construction Plan requires a “statement of purpose for which the
CCR surface impoundment is being used, how long the CCR surface impoundment has been
in operation, and the types of CCR that have been placed in the CCR surface impoundment.”
35 1ll. Adm. Code 845.220(a)(1)(B). The application must also contain a description of the
“types of CCR expected in the CCR surface impoundment, including a chemical analysis,” the
rate at which CCR waste streams enter the impoundment, and the length of time the
impoundment will receive CCR. 35 Ill. Adm. Code 845.220(a)(2)(A), (C), (D). Because Joliet
29 does not burn coal, MWG cannot provide the type of CCR expected in the surface

impoundment, including the chemical analysis, the rate of the CCR into the ponds, and the
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length of time the ponds will receive CCR. Ex. 1, 130. The estimated costs for preparing the

construction application would be approximately $125,000. Id., {31.

Additionally, if Ponds 1 and 3 are deemed to be CCR surface impoundments, then MWG
would also have to pay the initial and annual fee pursuant to Section 22.59(j) of the Act. The
current total due for 2020 and 2021 would be $200,000, and the annual fee of $25,000 for each
pond would continue. 415 ILCS 5/22.59(j).

f) Proposed Adjusted Standard
Pond 2: MWG’s requested proposed adjusted standard includes the same language that the
Illinois EPA originally proposed, which is effectively the same as the applicable federal CCR
rule.? In consideration of the Board’s requirement to conduct visual inspection and analytical
testing for reuse of a liner to retrofit a CCR surface impoundment in Section 845.770(a), MWG
is also proposing a similar requirement here for the reuse of the liner. The proposed language
is:
“MWG may close by removing and decontaminating all areas affected by
releases from Pond 2 at the Joliet 29 Station. CCR removal and decontamination
of the Pond 2 is complete when the CCR in Pond 2 and any areas affected by
releases from the CCR surface impoundment have been removed. MWG must
conduct visual inspection and analytical testing to demonstrate that the

geomembrane liner in Pond 2 is not contaminated with CCR constituents.
MWG must submit the results to Illinois EPA.”

Because Pond 2 has an HDPE liner that is in good condition, and can be decontaminated,
MWG intends to reuse the HDPE liner instead of removing and replacing the liner. To reuse
the HDPE liner, MWG has already carefully removed the CCR in the pond per its pattern and

practice. When MWG has a permit to close Pond 2, MWG will engage a contractor to conduct

2 Tllinois EPA’s proposed CCR language had some minor non-substantive differences to the federal CCR rule.
Compare Proposed Illinois EPA 35 Ill. Adm. Code 845.740(a) and 40 C.F.R. §845.102(c).
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a multi-step process to carefully remove the remaining CCR from the slopes and base of the

ponds that was left in place to protect the integrity of the liner. Ex. 1, 126. The multi-step
process would include using an excavator with a rubber surface on the edge of the bucket to
pull down most of the material from the slopes. Id. The contractor would then use a vibrating
plate to shake the rest of the material loose on from the slope to the bottom of the slope, for
further removal. 1d. Then the contractor would use an excavator or front end loader with a
rubber surface on the edge of the bucket to carefully remove the excess material from the base
of the pond. Id. At the end, the contractor would power-wash the slopes and base of the pond.
Once the sides and the base of the liner is cleaned of CCR materials, MWG will collect wipe
samples to confirm that the HDPE liner has been decontaminated of CCR. EX. 3. The estimated
cost to clean and decontaminate the liner in Pond 2 is approximately $36,000. Ex. 2, 111.

Mr. Nielson’s expert opinion demonstrates that HDPE competent geomembrane liners,
including HDPE liners, may be cleaned and decontaminated. Ex. 3. Citing an international
study, he explains that a geomembrane is “an essentially impermeable geosynthetic composed
of one or more synthetic sheets.” Ex. 3. Mr. Nielson did not find “any evidence that
geomembrane liners, such as HDPE become contaminated with waste products that are present
in CCR,” and he was “not aware of a study that shows that polymer liners become saturated
with CCR constituents.” Id. Mr. Nielson also relied upon the groundwater results downgradient
of Pond 1 after MWG cleaned the pond, which validated that CCR constituents have not
adversely impacted the groundwater. 1d., Ex. 11. To provide assurance that the HDPE liner
was not contaminated, Mr. Nielson recommended that MWG conduct visual inspections and
collect wipe samples of the HDPE liner to confirm that the HDPE liner was decontaminated.

Id. In fact, Mr. Nielson identified a study of an HDPE liner, in which the pond owner
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repurposed an HDPE lined impoundment from holding landfill leachate to holding clean water.

Id. Mr. Nielson’s expert analysis demonstrates that the liner in Pond 2 may be effectively
decontaminated for reuse instead of being removed and disposed. Id.

The Board has already found that a competent, uncontaminated existing geomembrane
liner may be reused. In its Opinion and Second Notice Order, the Board stated that MWG had
raised a valid concern about removing competent, uncontaminated liners, and that it saw “no
reason for requiring removal of these liners if they can be used as a supplement to the liner
system required by this Part.” Order, p. 99. The Board found that an existing liner may be left
in place if the owner or operator demonstrates that the liner is not contaminated with CCR
constituents. Id. Consistent with the Board’s direction, MWG has included in its proposed
adjusted standard language a requirement that MWG conduct visual inspections and conduct
analytical testing to confirm that the liner is not contaminated with CCR constituents.

Because Pond 2 is subject to the Illinois CCR Rule, MWG will monitor groundwater
surrounding the pond for at least three years, depending on the results of the groundwater
monitoring. 35 Ill. Adm. Code 845.740(b).

Ponds 1 and 3: MWG’s proposed adjusted standard relief is a finding that Ponds 1 and 3 are

not CCR surface impoundments and are not subject to Part 845, Standards for the Disposal of
Coal Combustion Residuals in Surface Impoundments. The proposed language is:

“Part 845 of the Illinois Pollution Control Board Regulations does not apply to
Ponds 1 and 3 located at the MWG Joliet 29 Generating Station, 1800
Channahon Road, Joliet, IL.”

Description of Impact on the Environment of Complying with the Regulation vs.
Complying with the Adjusted Standard

Pond 2: Allowing decontamination of a competent geomembrane liner has a more favorable

environmental impact than removing and disposing the competent plastic liner and the
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underlying soil. Disposal of the liner in a landfill is a waste of landfill space. Ex. 3.

Additionally, the underlying poz-o-pac and soil will also be removed and disposed in a landfill
because of the assumption that the soil mixed with the CCR during demolition, also
unnecessarily increasing the volume of material in disposed in a landfill. Ex. 3.

By comparison, if the liner is reused, then no landfill space would be required because the
materials remain in place. Moreover, because a majority of the CCR in Pond 2 has already
been removed, all that remains is to decontaminate the pond by removing the CCR on the
slopes and the base, and power-washing the pond. Ex. 3. Also, because the liner is in good
condition, and because Pond 2 will only be used for retention of low-volume wastewater (i.e.
— process water), there is little risk of groundwater contamination. Ex. 3. There is certainly no
risk of CCR constituents leaching because Joliet 29 does not generate CCR.

The Board has already found that reuse of a competent liner is acceptable for retrofitting a
CCR surface impoundment. In the Matter of: Standards for the Disposal of Coal Combustion
Residuals in Surface Impoundments: Proposed New 35 Ill. Adm. Code 845, PCB 20-19, Order
(February 4, 2021), p. 99. Because the Board found that a competent liner like the one in Pond
2 may be decontaminated and reused as part of a retrofitted CCR surface impoundment, there
is no reason to suggest that a competent liner cannot be reused to repurpose Pond 2 to hold
non-CCR waste streams.

Ponds 1 and 3: Neither the generally applicable nor the proposed adjusted standard removing

Ponds 1 and 3 from the applicability section of Part 845 have a more favorable environmental
impact. The purpose of the CCR Rule is to regulate surface impoundments that contain CCR.
Here, Ponds 1 and 3 do not contain CCR, but only contain water, with a minimum amount of

material floating in suspension at the base. Ex. 19, 20. The water is process water that either is
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recycled back into the Station, or discharged as allowed in the Station’s NPDES permit. EX. 1,

116, 19. Because Ponds 1 and 3 are not CCR surface impoundments and do not contain CCR,
there is no environmental benefit to requiring the applicability of a rule to both ponds.
Justification of Proposed Adjusted Standard.

Because Part 845 does not include a specific justification for an adjusted standard, the
applicable level of justification are the factors identified in Section 28.1 of the Act, specified
in Section I1l.c. above. Each of the Section 28.1 factors is addressed below for Ponds 1, 2, and
3.

Pond 2: In its CCR Rule Opinion, the Board did not identify the factors it considered in
requiring removal of the liner, other than referencing the Illinois EPA’s statement that the
proposed federal CCR rule includes that requirement. In addition to the fact that the federal
CCR Rule “proposal” is not binding, it does not require removal but instead proposes to allow
either removal or decontamination. MWG is reasonably proposing an adjusted standard that
adopts the proposed federal CCR Rule’s decontamination alternative.

Allowing decontamination of a competent liner as opposed to its removal and disposal
regardless of liner condition will not result in environmental or health effects substantially and
significantly more adverse than the effects that may have been considered by the Board. Reuse
of a competent liner is more environmentally beneficial than disposal of a plastic liner and its
underlying soil, to be replaced by a virtually identical liner. Finally, because the federal CCR
rule allows decontamination of a liner, allowing MWG to decontaminate and reuse the liner in
Pond 2 is consistent with federal law.

Ponds 1 and 3: The factors relating to Ponds 1 and 3 are substantially and significantly different

than the factors relied upon by the Board in consideration of Part 845. The Illinois CCR
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rulemaking focused on the conditions of active CCR surface impoundments, including their

operations and construction for the primary purpose of containing CCR. Here, MWG has
demonstrated that neither Pond 1 nor Pond 3 contain CCR, thus the factors the Board
considered to regulate CCR surface impoundments are not applicable.

Finding that Ponds 1 and 3 are not a CCR surface impoundment will not result in
environmental or health effects substantially and significantly more adverse than the effects
considered by the Board. Here, the Illinois CCR Rule specifically considered the potential
environmental effects of CCR surface impoundments, which is inapplicable to both Ponds 1
and 3 because neither contain CCR. Finally, finding that Ponds 1 and 3 are not CCR surface
impoundments is consistent with federal law. In the preamble to the federal CCR Rulemaking,
the U.S.EPA specifically stated that it revised the definition of CCR surface impoundment to
exclude units that “present significantly lower risks, such as process water or cooling water
ponds because, although they will accumulate any trace amounts of CCR that are present, they
will not contain the significant quantities that give rise to the risks modeled in EPA’s
assessment.” 80 F.R. 21357. The U.S.EPA continued by stating that “CCR surface
impoundments do not include units generally referred to as cooling water ponds, process water
ponds...” Id.

Reasons the Board may Grant the Proposed Adjusted Standard Consistent with Federal
Law.

As stated herein, the Board may grant the proposed adjusted standards for Ponds 1, 2, and 3
because the proposed adjusted standards are consistent with federal law. The applicable federal
CCR rule and the proposed federal CCR rule on closure by removal allows for decontamination
of a liner and does not require removal. 40 C.F.R. 8257.102(c) and proposed 40 C.F.R.

8257.102(c). Similarly, the applicable federal CCR rule does not apply to process water ponds.
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80 F.R. 21357. Also, there are no procedural requirements applicable to the Board’s decision

on the petition that are imposed by federal law and not required by the Board regulations.

j) Hearing on the Petition. MWG requests a hearing on the Petition.

k) As required by 35 Ill. Adm. Code 104.406(k) and (I), MWG has provided the citations to
relevant supporting documents and legal authorities and has provided required information as
applicable to its request the Board’s finding of inapplicability.

IV. Conclusion
For the reasons stated, MWG requests the Board enter an Order which states that MWG may

close Pond 2 by removal of the CCR and decontamination of the liner. MWG also requests that

the Board enter an order which states that Pond 1 and Pond 3 are not CCR surface impoundments
and that the Part 845 regulations do not apply to both ponds at the Joliet 29 Station.

Respectfully submitted,
Midwest Generation, LLC

By:_/s/Kristen L. Gale
One of its Attorneys

Kristen L. Gale

Susan M. Franzetti

Molly Snittjer

Nijman Franzetti LLP

10 S. LaSalle St, Suite 3600
Chicago, Illinois 60603
(312) 262-5524
kg@nijmanfranzetti.com
sf@nijmanfranzetti.com
ms@nijmanfranzetti.com
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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD

IN THE MATTER OF:
PETITION OF MIDWEST GENERATION AS
FOR AN ADJUSTED STANDARD FROM (Adjusted Standard)

845.740(a) AND FINDING OF
INAPPLICABILITY OF PART 845

AFFIDAVIT OF WILLIAM NAGLOSKY
I, William Naglosky, being first duly sworn on oath, depose and state as follows:

1. 1am over the age of 18 years and am a resident of lilinois.

2. The information in this Affidavit is based on my personal knowledge or belief in my
capacity as Station Manager of the Joliet 29 Station (“Joliet 29” or “Station™) and 1 would testify
to such matters if called as a witness.

3. The Joliet 29 Station is located at 1800 Channahon Road, Joliet in Will County, Illinois.

4. Joliet 29 was built in 1964-1965 and has been a power plant ever since.

5. MWG began operating the Joliet 29 Station in 1999,

6. Approximately 43 people work at the Joliet 29 Station.

7. In 2016, Joliet 29 converted its operations to burn natural gas, instead of coal, and ceased
generating CCR.

8. Pond I was constructed in 1978 with a poz-o-pac liner, and is approximately 3.9 acres.

9. In 2008, MWG relined Pond | with a multi-layered liner system, including a high-density
polyethylene (“HDPE”) liner, pursuant to an Illinois EPA construction permit.

10. Pond 2 was originally constructed in 1978 with a poz-o-pac liner and is approximately
3.9 acres.

11. In 2008, MWG relined Pond 2 with a multi-layered liner system, including a high-density

polyethylene (“HDPE?”) liner, pursuant to an Illinois EPA construction permit.
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12, Before Joliet 29 converted to natural gas, the vast majority of the bottom ash at Joliet 29
was conveyed across the Des Plaines River to a permitted landfill.

13. On the rare occasions when the enclosed pipe system was offline, the bottom ash was
pumped to Pond | or Pond 2.

14. Before passage of the Federal CCR Rules, MWG removed all the CCR from Pond 1 and
decontaminated the liner, thus Pond | is not a federal CCR surface impoundment.

15. MWG continued to use Pond 2 to hold CCR, when the pipe system to the landfill was not
operating. Pond 2 is the only federal CCR surface impoundment.

16. From 2015 to present, MWG uses Pond | as a process water basin. Pond | receives flow
from various processes at Joliet 29 that are unrelated to CCR, including the reverse-osmosis
(*RO”) sand filter backwash, the west area basin runoff, the former coal pile runoff pump
discharge, and the plant drains, including the Station floor drains, roof drains and area drains,
and the sewage treatment plant.

17. The RO sand filter backwash contains sand that is used to pull the silt and fines from the
well water that the station uses for its processes. When the sand filter is full, the Station
backwashes the sand filter to suspend the sediments caught in the filter into the water,

18. Pond 3 was constructed in 1978 with a poz-o-pac liner, and is approximately 2.7 acres.

19. Pond 3 receives process water after ash is collected in either Pond 1 or 2, and the process
water is either recycled for plant use or discharged.

20. Because Pond 3 does not accumulate CCR, it is not a federal CCR surface impoundment.

21. Since its construction in 1978 and continuously until 2013, the contents of Pond 3 were
never emptied because it only received process water, not ash, and there had never been a need

to remove the material.
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22. In 2013, MWG relined Pond 3 with a multi-layered liner system, including a high-density
polyethylene (“HDPE”) liner, pursuant to an Illinois EPA construction permit. This was the first
time Pond 3 was emptied since it began operation.

23. The liner systems installed in all of the ponds consist of six layers of materials (from
bottom to top): the original poz-o-pac, a geotextile cushion, the HDPE liner, a geotextile cushion,
a 12-inch thick sand cushion layer, and a 6-inch limestone warning layer. Each layer has a
purpose. The purpose of the sand cushion layer is to avoid punctures on the geomembrane when
equipment is on the liner. The purpose of the limestone warning layer, is to act as a warning to
the operators when the operators are removing the ash so that they do not reach the liner.

24. Marker posts were also installed along the edge of the base of the ponds to mark the sides
for the operators when the ponds are being dredged.

25.In 2019, MWG removed all of the CCR from Pond 2, but is waiting to finalize closure
until it is granted a closure permit by [llinois EPA.

26. To clean and decontaminate Pond 2 for reuse, once the CCR is removed per its prior
practice, MWG will engage a third-party contractor use a multi-step process to carefully remove
the remaining CCR from the slopes and base of the pond and decontaminate the liner. An
example of the multi-step process that the contractor could employ would be the contractor will
first use an excavator with a rubber surface on the edge of the bucket to pull down most of the
material from the slopes. The contractor would then use a vibrating plate to shake the rest of the
material down to the bottomn of the slope, for further removal. Then the contractor would use an
excavator or front end loader with a rubber surface on the edge of the bucket to carefully remove
the excess material from the base of the pond. Finally, the contractor would power-wash the

slopes and base of Pond 2.
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27. Beginning in 2010, MWG began monitoring the groundwater upgradient and
downgradient of the Joliet 29 CCR surface impoundments.

28.1n 2013, MWG entered into a Compliance Commitment Agreement (“CCA”) with the
lllinois EPA. The CCA requirements included a requirement to continue conducting the
groundwater monitoring in the wells around the CCR surface impoundments.

29. MWG also conducts groundwater monitoring upgradient and downgradient of Pond 2
pursuant to the federal CCR Rule, 40 C.F.R. 257.

30. The cost of conducting the work to prepare an operating permit application for Ponds 1
and 3 that is required in Section 845.230 of the lllinois Coal Combustion Residual Rule would be
approximately $65,000.

31. The estimated cost for preparing the construction application for Ponds 1 and 3 that is
required in Section 845.220 of the Illinois Coal Combustion Residual Rule would be $125,000,

Under penalties as provided by law pursuant to Section 1-109 of the Code of Civil Procedure,
the undersigned certifies that the statements set forth in this instrument are true and correct,
except as to matters therein stated to be on information and belief and as to such matters the

undersigned certifies as aforesaid that he verily believes the same to be true.

Waram Vol

William Naglosk§~"

FURTHER AFFIANT SAYETH NOT.

Subscribed and Sworn to before me
,2021.

C Ko A Aot

Notary Public\J

My Commission Expires: g, = ‘303"‘

OFFICIAL SEAL
KELLY A SPADONI
NOTARY PUBLIC - STATE OF ILLINOIS
MY COMMISSION EXPIRES 08/21/24
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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD

IN THE MATTER OF:
PETITION OF MIDWEST GENERATION AS
FOR AN ADJUSTED STANDARD FROM (Adjusted Standard)

845.740(a) AND FINDING OF
INAPPLICABILITY OF PART 845

AFFIDAVIT OF DAVID E. NIELSON IN SUPPORT OF MIDWEST GENERATION
LLC’S PETITION FOR AN ADJUSTED STANDARD AT THE JOLIET 29 STATION
I, David E. Nielson, being first duly sworn on oath, depose and state as follows:

1. Tam over the age of 18 years and am a resident of Indiana.

2. The information in this Affidavit is based on my personal knowledge or belief in my
capacity as an Illinois licensed professional engineer, and as Sr. Consultant and Sr. Manager with
Sargent & Lundy headquartered in Chicago, Illinois. I would testify to such matters included
herein if called as a witness.

3. In my employment with Sargent & Lundy, I have had primary responsibility for providing
engineering services to Midwest Generation, LLC (“MWG”) relating to the requirements of the
federal Coal Combustion Residual (“CCR”) rule (40 C.F.R. 257) and the Illinois CCR rule (35 11l
Adm Code 845).

4. Exhibit 3 to the Petition for an Adjusted Standard for the Powerton Station is my expert
opinion that a geomembrane liner of a CCR surface impoundment does not need to be removed.
Instead, a geomembrane liner can be decontaminated such that it may be used for another purpose,
such as for use as a low volume waste pond.

5. If MWG is required to remove the liner in the Pond 2 at Joliet 29, due to the presence of

the CCR in the pond when demolition of the liner begins, it would be assumed that during the

{00079471.DOCX} 1
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demolition CCR would escape from the pond, thus requiring excavation of the liner, the poz-o-
pac, and approximately six inches of soil below the liner.

6. The total volume of liner and underlying poz-o-pac soil removed from Pond 2 would be
approximately 8,712 cubic yards (“CY”), which would be hauled off-site for disposal in a landfill.

7. Hauling a total quantity of 8,712 CY of soils offsite the Station would require about 580
trucks based on a 15 CY per truck capacity.

8. The total cost for excavation, transportation and disposal of the liner, poz-o-pac, and soil
from Pond 2, including the labor and material costs, would be approximately $1,117,291.

9. The new liner that would be installed in Pond 2 would be almost the same as the liner
currently lining Pond 2.

10. The cost to install a new liner in Pond 2 would cost approximately $160,772.

11. The approximate cost to clean and conduct confirmatory wipe samples of the Pond 2 would

be approximately $36,000.

\%25?——2

FURTHER AFFIANT SAYETH NOT.

State of Texas, County of Tarrant David E. Nielson

David E. Nielson
Subscribed and Sworn to before me

On May 10 2021. bl
y ? \\\§\\\\«ng Py %, Samantha Chiquita Pitts
Nt
s
‘_E_: ID NUMBER
Samantha Qliguate Pt
G COMMISSION EXPIRES
: U %, S
Notary Public S September 7, 2021

My Commission Expires:_September 7, 2021
This notarial act was an online notarization.
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Sargent & Lundy

Expert Opinion of David E. Nielson In Support of Midwest Generation, LLC’s
Petitions for an Adjusted Standard to Reuse the Polyethylene Liners in the
Coal Combustion Residual Surface Impoundments

My name is David E. Nielson I am a Sr. Consultant and Sr. Manager with Sargent & Lundy
(S&L). S&L is an Illinois-based engineering firm with over 125 years of history focused on
the design of electric power generation and transmission systems. [ have over 30 years of
professional experience as a geotechnical and civil engineer. I have been a licensed
professional engineer (civil) in the state of Illinois in good standing since 1993. My
professional career has included services associated with coal combustion residuals (CCR),
industrial waste surface impoundments, industrial waste landfills, and municipal solid waste
(MSW) landfills in numerous states and regulatory environments since 1990. My curriculum

vitae is attached (Attachment G).

I have been retained by Midwest Generation, LLC (“MWG”) to provide expert testimony
on MWG’s Petitions for Adjusted Standards from Section 845.740(a) of the Illinois Coal
Combustion Residual rule, Part 845 of the Illinois Pollution Control Board’s (“Board”)
rules. Specifically, I am providing testimony supporting the closure of a CCR surface
impoundment, by removal of the CCR with decontamination of the geomembrane liner, so it

may be reused as a low-volume wastewater pond liner.

In 2020, I was retained by MWG to review and comment on the Illinois Environmental
Protection Agency’s (“Illinois EPA”) proposed Standards for the Disposal of Coal
Combustion Residuals in Surface Impoundments as the new Part 845 of the Illinois
Pollution Control Board’s Rules. In the Matter of: Standards for the Disposal of Coal
Combustion Residuals in Surface Impoundments: Proposed New 35 Ill. Adm. Code 845,
PCB 20-19 (“Illinois CCR rule”). In that proceeding, I provided written testimony and oral

55 East Monroe St. | Chicago, IL 60603-5780 | 312-269-2000 | www.sargentlundy jgens13-15_119408



Expert Opinion of David E. Nielson, P.E.
Adjusted Standard Petition Page 2 of 8

testimony, including my opinion that a competent geomembrane liner may be reused as part
of retrofitting a CCR surface impoundment. /d. My opinion here is similar to and consistent
with my opinion that I provided In the Matter of: Standards for the Disposal of Coal
Combustion Residuals in Surface Impoundments: Proposed New 35 Ill. Adm. Code 845,
PCB 20-19.

L. Background

e The Illinois CCR Rule - Section 845.120 states:
“"Retrofit" means to remove all CCR and contaminated soils and sediments from the
CCR surface impoundment, and to ensure the surface impoundment complies with the

requirements in Section 845.410.”

The Illinois CCR Rule - Section 845.410 details and references the requirements of a

composite liner for new and laterally expanded CCR surface impoundments.

e Section 845.770(a)(4) of the Illinois CCR Rule states
“An owner or operator may request the Agency to approve the use of an existing
competent geomembrane liner as a supplemental liner by submitting visual inspection,
and analytical testing results to demonstrate that the existing liner is not contaminated

with CCR constituents.”

Thus, the Illinois EPA and Board have established that existing liners can be considered
supplemental liners provided that adequate visual and analytical test results demonstrate

it is not contaminated with CCR constituents.

e Section 257.102 of the Federal Rule presents the requirements for closure of CCR
impoundments by removal. 257.102(c) states “An owner or operator may elect to close a
CCR unit by removing and decontaminating all areas affected by releases from the CCR
unit. CCR removal and decontamination of the CCR unit are complete when constituent
concentrations throughout the CCR unit and any areas affected by releases from the CCR

unit have been removed and groundwater monitoring concentrations do not exceed the
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groundwater protection standard established pursuant to §257.95(h) for constituents listed

in appendix IV to this part.”
This Federal rule does not require the removal of any decontaminated liner systems.

e Section 845.740 of the Illinois Rule requires removal of liner systems for closure by
removal as stated:
“...containment system components such as the impoundment liner and contaminated

subsoils, and CCR impoundment structures and ancillary equipment have been removed.”

II. Geomembrane Liners in CCR Surface Impoundments Can be
Decontaminated and Reused for Low-Volume Waste Ponds

In my opinion the reuse of geomembrane liners from CCR Surface impoundments that are
properly decontaminated and undamaged can enhance the protection of health and the
environment when they are repurposed for non-CCR impoundments, including low-volume
waste ponds. My opinion is made to a reasonable degree of scientific certainty. This opinion

is based on the following:

1. A low-volume waste pond is a pond that collects “low volume waste sources.” “Low
volume waste sources are defined in the Steam Electric Power Generating Effluent
Guidelines and Standards as “wastewater from all sources except those for which
specific limitations or standards are otherwise established in this part. Low volume
waste sources include, but are not limited to, the following: Wastewaters from ion
exchange water treatment systems, water treatment evaporator blowdown, laboratory
and sampling streams, boiler blowdown, floor drains, cooling tower basin cleaning
wastes, recirculating house service water systems, and wet scrubber air pollution
control systems whose primary purpose is particulate removal. Sanitary wastes, air
conditioning wastes, and wastewater from carbon capture or sequestration systems

are not included in this definition.” 40 C.F.R. § 423.11(b).
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2. A low volume waste pond has an unmeasurable amount of non-CCR material
because it holds the water required for the station operations and also stormwater. A
power generating station uses the low volume waste ponds for temporary storage of
large volumes of non-CCR waste streams until the water can be treated and
discharged pursuant to the station’s NPDES permit. For example, stormwater at a
station would be directed to a low volume waste pond to avoid flooding a station and

to also avoid discharge of stormwater from the station before treatment.

3. Geomembrane liners are flexible membranes that are manufactured of resins such as
polyethylene (HDPE, LLDPE, LDPE) and polyvinyl chloride (PVC), which are
energy intensive to manufacture and very low permeability. ASTM International
defines geomembrane as “an essentially impermeable geosynthetic composed of one

or more synthetic sheets.” (Attachment A, p. 3).

4. Geomembrane liners, including HDPE, are used worldwide, including hazardous
waste landfills, municipal solid waste landfills, hazardous waste impoundments, non-
hazardous waste impoundments, tailings ponds, dams, and stormwater management

ponds.

5. My research has not found any evidence that geomembrane liners, such as HDPE
become contaminated with waste products that are present in CCR. In fact, [ am not
aware of a study that shows that polymer liners become saturated with CCR
constituents. Thus, there is no basis to conclude that a geomembrane liner would be

saturated with CCR constituents such that it cannot be decontaminated for reuse.

6. To clean a CCR surface impoundment, first the CCR is carefully removed from the
surface impoundment. Following removal, the sides and base of the CCR surface
impoundment are methodically cleaned with a high pressure power-washer to
remove the residual CCR from the geomembrane. Visual inspections for any damage

would also occur, and any potential damage found would be repaired.

7. Performing analytical testing on wipe samples to verify suitable decontamination of

the exposed surface of undamaged HDPE liner systems is considered a reasonable
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path forward to allow existing liners to be repurposed for non-CCR impoundments.
The wipe samples would be obtained for the metal and other constituents regulated by the

[llinois CCR Rule (845.600(a)(1)).
I suggest the sampling and testing consist of:

e In accordance with ASTM D6966-18 (Attachment B) perform a systematic and

repeatable wipe sampling,

e Analytical chemistry testing to quantify the concentrations of the regulated

metals and other chemical constituents.

It is my opinion that performing 1 set of wipe samples and tests per acre is an appropriate
testing frequency. This opinion is based on the USEPA guidance that one permeability
test should be performed per acre per lift of compacted clay liner

(Attachment C, Section 2.8.4.3).

8. Geomembrane liners have been successfully cleaned for reuse for an alternative
purpose. In 2018, a geomembrane lined landfill leachate pond was cleaned so the
pond could store clean water. The geomembrane liner had been in use for
approximately 25 years. Because the geomembrane liner would be exposed, the
owner conducted an analysis of the condition of geomembrane after over two
decades of use. The analysis showed that the geomembrane was in good condition
with little signs of degradation, and the owner continued using the impoundment for

clean water. Attachment D.

9. When considering a 60 mil HDPE liner that is 10 acres in extent, it contains over
120,000 pounds or about 60,000 kg of HDPE resin. The energy demand for
manufacturing of the resin requires over 76 MJ/kg or 72,000 BTU/kg.

(Attachment E, p. 11). Therefore, it is estimated that to manufacture the resin for 10
acres of 60 mil HDPE liner requires over 4,300,000,000 BTU of energy. This
includes the energy value of the oil and natural gas products used to make the resin.

This does not include the energy required to extrude the resin into sheets,
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10.

11.

12.

13.

transportation, deployment, or seaming. Thus, I conclude that the energy intensive

requirements to replace decontaminated, undamaged HDPE liner are not warranted.

Pond 1 at MWG’s Joliet 29 station has a HDPE liner that was repurposed for the
existing non-CCR impoundment. Ongoing groundwater testing validates that CCR

constituents have not adversely impacted the groundwater. Attachment F.

When HDPE liner is removed from an impoundment it is not typically rolled to
reduce the volume of waste to be transported to a landfill. Instead it is often removed
with an excavator and loaded into dump trucks. Because removal of the liner is a
demolition project, there would be no need for the excavators to carefully remove the
liner. Instead, when the liner is removed, the CCR material that remained in the
CCR surface impoundment would likely mix with the underlying soil. To confirm
that all sub-soils were removed of CCR, at least 6 inches of subsoil would have to be

removed and disposed of as well as the liner.

It is recognized that the zero air void volume of a typical liner for a 10 acre pond
only occupies about 80 cubic yards of volume. However, when the material is placed
in a dump truck with an excavator along with the nominal 6 inches of subsoil, it
would likely require approximately 500 dump truck loads of the waste liner and
subsoil to be hauled to a landfill. Additionally, about 5 over the road tractor trailer
loads would be required to transport the new liner material from the factory to the
site. In my opinion it is not prudent to require about 500 truck trips per 10 acres of
lined impoundment to remove and replace an undamaged decontaminated existing

liner.

Additionally, removing the liner and the subsoil, and installing a virtually identical
liner to hold low-volume wastewater will take a significant amount of time compared
to removing the CCR and decontaminating the liner. In the Demonstrations for a
Site-Specific Alternative Deadline to Initiate Closure of the basins at the MWG
Stations that MWG submitted to the U.S. EPA pursuant to the federal CCR rule,
MWG committed to providing alternative disposal of the CCR as soon as technically
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feasible. See Demonstration for a Site-Specific Alternative Deadline to Initiate Closure,
Powerton Station, p. 3-5; Demonstration for a Site-Specific Alternative Deadline to
Initiate Closure, Waukegan Station, p. 3-5. Because it is technically feasible to
decontaminate a geomembrane liner, by removing the CCR and decontaminating the
liner, MWG would be fulfilling its commitment to provide the alternative capacity

for CCR and non-CCR wastestreams as soon as technically feasible.

III. Conclusion

I recommend that MWG be granted an adjusted standard from the Illinois CCR Rule
requirement to remove the geomembrane liner of a CCR surface impoundment for closure
by removal of CCR. A competent geomembrane liner does not become saturated with CCR
constituents, and can be cleaned and decontaminated for another purpose. Additionally,
wipe samples will be taken to confirm that the decontamination cleaning was successful. As
previously noted the adjusted standard as requested is in accordance with the USEPA CCR
Rule.

_ Digitally signed by David

Y ”/E.Nielson
%{ 1 Date: 2021.05.09 18:40:37

-05'00"

David E. Nielson, P.E.
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This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

QGPIM/) Designation: D4439 — 20
g’

INTERNATIONAL

Standard Terminology for
Geosynthetics'

This standard is issued under the fixed designation D4439; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Referenced Documents

1.1 ASTM Standards:*

C125 Terminology Relating to Concrete and Concrete Ag-
gregates

D1987 Test Method for Biological Clogging of Geotextile or
Soil/Geotextile Filters

D4354 Practice for Sampling of Geosynthetics and Rolled
Erosion Control Products (RECPs) for Testing

D4491/D4491M Test Methods for Water Permeability of
Geotextiles by Permittivity

D4533/D4533M Test Method for Trapezoid Tearing
Strength of Geotextiles

D4594/D4594M Test Method for Effects of Temperature on
Stability of Geotextiles

D4595 Test Method for Tensile Properties of Geotextiles by
the Wide-Width Strip Method

D4632/D4632M Test Method for Grab Breaking Load and
Elongation of Geotextiles

DA4716/D4716M Test Method for Determining the (In-plane)
Flow Rate per Unit Width and Hydraulic Transmissivity
of a Geosynthetic Using a Constant Head

DA4751 Test Methods for Determining Apparent Opening
Size of a Geotextile

DA4759 Practice for Determining the Specification Confor-
mance of Geosynthetics

D4833/D4833M Test Method for Index Puncture Resistance
of Geomembranes and Related Products

D4873/D4873M Guide for Identification, Storage, and Han-
dling of Geosynthetic Rolls and Samples

D4884/DA884AM Test Method for Strength of Sewn or
Bonded Seams of Geotextiles

D4885 Test Method for Determining Performance Strength
of Geomembranes by the Wide Strip Tensile Method

D5101 Test Method for Measuring the Filtration Compat-
ibility of Soil-Geotextile Systems

! This terminology is under the jurisdiction of D35 on Geosynthetics and is the
direct responsibility of D35.93 on Editorial and Terminology.

Current edition approved Jan. 1, 2020. Published January 2020. Originally
approved in 1984. Last previous edition approved in 2018 as D4439 —18. DOL:
10.1520/D4439-20.

2For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

D5141 Test Method for Determining Filtering Efficiency and
Flow Rate of the Filtration Component of a Sediment
Retention Device

D5262 Test Method for Evaluating the Unconfined Tension
Creep and Creep Rupture Behavior of Geosynthetics

D5322 Practice for Laboratory Immersion Procedures for
Evaluating the Chemical Resistance of Geosynthetics to
Liquids

D5323 Practice for Determination of 2 % Secant Modulus
for Polyethylene Geomembranes

D5397 Test Method for Evaluation of Stress Crack Resis-
tance of Polyolefin Geomembranes Using Notched Con-
stant Tensile L.oad Test

D5494 Test Method for the Determination of Pyramid Punc-
ture Resistance of Unprotected and Protected Geomem-
branes

D5496 Practice for In Field Immersion Testing of Geosyn-
thetics

D5514/D5514M Test Method for Large-Scale Hydrostatic
Puncture Testing of Geosynthetics

D5567 Test Method for Hydraulic Conductivity Ratio
(HCR) Testing of Soil/Geotextile Systems

D5594 Test Method for Determination of the Vinyl Acetate
Content of Ethylene-Vinyl Acetate (EVA) Copolymers by
Fourier Transform Infrared Spectroscopy (FT-IR)

D5617 Test Method for Multi-Axial Tension Test for Geo-
synthetics

D5641/D5641M Practice for Geomembrane Seam Evalua-
tion by Vacuum Chamber

D5747/D5747M Practice for Tests to Evaluate the Chemical
Resistance of Geomembranes to Liquids

D5818 Practice for Exposure and Retrieval of Samples to
Evaluate Installation Damage of Geosynthetics

D5820 Practice for Pressurized Air Channel Evaluation of
Dual-Seamed Geomembranes

D5994/D5994M Test Method for Measuring Core Thickness
of Textured Geomembranes

1.2 Federal Standard:®
Federal Standard 751a Stitches, Seams, and Stitchings

3 Available from DLA Document Services, Building 4/D, 700 Robbins Ave.,

Philadelphia, PA 19111-5094, http://quicksearch.dla.mil.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. UnltedStates

Copyright ASTM International
Provided by IHS Markit under license with ASTM
No reproduction or networking permitted without license from IHS
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2. Terminology

absorption, n—the process by which a liquid is drawn into and
tends to fill permeable pores in a porous solid body, also, the
increase in mass of a porous solid body resulting from
penetration of a liquid into its permeable pores. C125

aerobic, »—a condition in which a measurable volume of air is
present in the incubation chamber or systemn. D1987

anaerobic, »—a condition in which no measurable volume of
air is present in the incubation chamber or system. D987

apparent opening size (AOS), Oy, n—for a geotextile, a
property which indicates the approximate largest particle
that would effectively pass through the geotextile. D4751

atmosphere for testing geosynthetics, n—air maintained at a
relative humidity between 50 to 70 % and a temperature of
21 £ 2°C (70 £ 4°F). D4439, D4751, D3494

back flushing, n—a process by which liquid is forced in the
reverse direction to the flow direction. D1987

basis weight—deprecated term (do not use in the sense of
mass per unit area). D4439

bend, vi—in mechanics, to force an object from its natural or
manufactured shape into a curve or into increased curvature.
D4439

biocide, n—a chemical used to kill bacteria and other
microorganisms. D1987

bituminous geosynthetic barrier (GBR-B), n—factory-
produced structure of geosynthetic materials in the form of a
sheet in which the barrier function is fulfilled by bitumen.

blinding, n—for geciexiiles, the condition where soil particles
block the surface openings of the fabric, thereby reducing
the hydraulic conductivity of the system. D4439

breaking force, (F), J, n—the force at failure. D4885

breaking load, n—the maximum force applied to a specimen
in a tensile test carried to rupture. D4632/D4632M

breaking toughness, T, (FL™), Jm™, n—for geotextiles, the
actual work-to-break per unit surface area of material.
D4595, D4885

chemical resistance, n—the ability to resist chemical attack.
D5322

clogging, n—for geolexiiles, the condition where soil particles
move into and are retained in the openings of the fabric,
thereby reducing the hydraulic conductivity. D4439

clogging potential, n—in geolexiiles, the tendency for a given
geotextile to decrease permeability due to soil particles that
have either lodged in the geotextile openings or have built up
a restrictive layer on the surface of the geotextile. D5101

compressed thickness (, (L), mm), »—thickness under a
specified stress applied normal to the material. D4439
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constant-rate-of-load tensile testing machine (CRL), n—a
testing machine in which the rate of increase of the load
being applied to the specimen is uniform with time after the
first 3 s. D4439

corresponding force, n—synonym for force at specified
elongation. D4885

coupon, n—a portion of a material or laboratory sample from
which multiple specimens can be taken for testing.
D5747/D5747TM

creep, n—the time-dependent increase in accumulative strain
in a material resulting from an applied constant force. D5262

critical height (ch), n—the maximum exposed height of a cone
or pyramid that will not cause a puncture failure of a
geosynthetic at a specified hydrostatic pressure for a given
period of time. D5514/D5514M

cross-machine direction, n—the direction in the plane of the
fabric perpendicular to the direction of manufacture.
D4632/D4632M

density (p, ML), kg/m>), n—mass per unit volume. D4439

design load—the load at which the geosynthetic is required to
operate in order to perform its intended function. D5262

elastic limit, n—in mechanics, the stress intensity at which
stress and deformation of a material subjected to an increas-
ing force cease to be proportional; the limit of stress within
which a material will retwrn to its original size and shape
when the force is removed, and hence, not a permanent set.
D4885

elongation at break, n—the elongation corresponding to the
breaking load, that is, the maximum load. D4632/D4632M

failure, n—an arbitrary point beyond which a material ceases
to be functionally capable of its intended use. D4885, D5262

failure, n—in lesfing geosynthefics, water or air pressure in the
test vessel at failure of the geosynthetic. DSS14/D5514M

field testing, n—testing performed in the field under actual
conditions of temperature and exposure to the fluids for
which the immersion testing is being performed.  D5496

fill—deprecated term, see filling.

filling, »—yarn running from selvage to selvage at right angles
to the warp in a woven fabric. D4439

flexible polypropylene, n—a material having a 2 % secant
modulus of less than 300 MPa (40 000 psi) as determined by
Practice 125323, produced by polymerization of propylene
with or without other alpha olefin monomers.

force at specific elongation, FASE, n—the force associated

with a specific elongation on the force-elongation curve.
D4439

force-elongation curve, n—in g rensile fest, a graphical
representation of the relationship between the magnitude of
an externally applied force and the change in length of the
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specimen in the direction of the applied force. (Synornvm for
stress-strain curve.) D4885

geocomposite, n—a product composed of two or more
materials, at least one of which is a geosynthetic.

geofoam, n—block or planar rigid cellular foamed polymeric
material used in geotechnical engineering applications.

geogrid, n—a geosynthetic formed by a regular network of
integrally connected elements with apertures greater than
6.33 mm (Y4 in.) to allow interlocking with surrounding soil,
rock, earth, and other surrounding materials to function
primarily as reinforcement. D5262

geomembrane, n—an essentially impermeable geosynthetic
composed of one or more synthetic sheets. D4439,
D4873/D4873M, D4885, D5994/D5994M, D5820

geonet, n—a geosynthetic consisting of integrally connected
parallel sets of ribs overlying similar sets at various angles
for planar drainage of liquids or gases. D4439

geostrip—polymeric material in the form of a strip of width
not more than 200 mm (7.87 in.), used in contact with soil or
other materials in geotechnical and civil engineering
applications, or both.

geosynthetic, »—a planar product manufactured from poly-
meric material used with soil, rock, earth, or other geotech-
nical engineering related material as an integral part of a
man-made project, structure, or system. D4354, D4759,
D4873/D4873M, D3617, D5818

geosynthetic  barrier—low-permeability geosynthetic
material, used in geotechnical and civil engineering applica-
tions with the purpose of reducing or preventing the flow of
fluid through the construction.

geosynthetic barrier clay (GBR-C), n—{factory-produced
structure of geosynthetic materials in the form of a sheet, in
which the barrier function is fulfilled by clay.

geosynthetic barrier polymeric (GBR-P), n—factory-
produced structure of geosynthetic materials in the form of a
sheet, in which the barrier function is fulfilled by polymers.

geosynthetic cementitious composite mat (GCCM), n—a
factory-assembled geosynthetic composite consisting of a
cementitious material contained within layer or layers of
geosynthetic materials that becomes hardened when hy-
drated.

geosynthetic clay liner, n—a manufactured hydraulic barrier
consisting of clay bonded to a layer or layers of geosynthetic
materials.

geotechnical engineering, n—the engineering application of
geotechnics. D4439, D4595

geotechnics, n—the application of scientific methods and
engineering principles to the acquisition, interpretation, and
use of knowledge of materials of the earth’s crust to the
solution of engineering problems. D4439, D4491/D4491M,

‘ D4595, D4716/D4716M, D4751

geotextile, n—a permeable geosynthetic comprised solely of
textiles.

Discussion—@Geotextiles perform several functions in geotechnical

engineering applications, including: separation, filtration, drainage,

reinforcement, and protection. D1987, D4439, D5594

grab test, n—in fabric lesting, a tension test in which only a
part of the width of the specimen is gripped in the clamps.
D4632/D4632M

gradient ratio, n—in geolexiiles, the ratio of the hydraulic
gradient through a soil-geotextile system to the hydraulic
gradient through the soil alone. Ds101

gravity flow, n—flow in a direction parallel to the plane of a
geotextile or related product driven predominately by a
difference in elevation between the inlet and outflow points
of a specimen. D4716/D4716M

head, n—pressure at a point in a liquid, expressed in terms of
the vertical distance of the point below the surface of the
liquid. D4716/D4716M

hydraulic conductivity (&), n—the rate of discharge of water
under laminar flow conditions through a unit cross-sectional
area of a porous medium under a unit hydraulic gradient and
standard temnperature conditions (20 °C). D5567

hydraulic conductivity ratio (HCR), n—the ratio of the
hydraulic conductivty of the soil/geotextile system, £, at
any time during the test, to the initial hydraulic conductivity,
k ... measured at the beginning of the test (NEW).

sgot

hydraulic gradient, ¢, s {D}—the loss of hydraulic head per
unit distance of flow, dH/dL. D5101

hydraulic transmissivity, 6 (L> T™"), n—for a geotextile or
related product, the volumetric flow rate of water per unit

width of specimen per unit gradient in a direction parallel to
the plane of the specimen. D4716/D4716M

hydrostatic pressure, n—a state of stress in which all the
principal stresses are equal (and there is no shear stress), as
in a liquid at rest; induced artificially by means of a gaged
pressure system; the product of the unit weight of the liquid
and the difference in elevation between the given point and
the free water elevation. DS514/D5514M

index test, n—a test procedure which may contain a known
bias but which may be used to establish an order for a set of

specimens with respect to the property of interest.
D4833/D4833M, D488S

inflection point, n—the first point of the force-elongation
curve at which the second derivative equals zero. D4885

initial tensile modulus, J, (FL™), Nm™', n—for geosynthetics,
the ratio of the change in force per unit width to the change
in elongation of the initial portion of a force-elongation
curve. D4885

in-plane flow, n—fluid flow confined to a direction parallel to
the plane of a geotextile or related product. D4716/D4716M
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integral, adj—in geosynthelics, forming a necessary part of the
whole; constituent. D4439

laboratory sample, n—a portion of material taken to represent
the lot sample, or the original material, and used in the
laboratory as a source of test specimens. D4354

laminar flow, n—flow in which the head loss is proportional to
the first power of the velocity. D4716/D4716M

linear density, n—mass per unit length; the quotient obtained
by dividing the mass of a fiber or yarn by its length.

lot, n—a unit of production, or a group of other units or
packages, taken for sampling or statistical examination,
having one or more common properties and being readily
separable from other similar units. D4354

lot sample, n—one or more shipping units taken at random to
represent an acceptance sampling lot and used as a source of
laboratory samples. D4354

machine direction, n—the direction in the plane of the fabric
parallel to the direction of manufacture. D4632/D4632M

minimum average roll value (MARYV), n—for geosynthetics,
a manufacturing quality control tool used to allow manufac-
turers to establish published values such that the user/
purchaser will have a 97.7 % confidence that the property in
guestion will meet published values. For normally distrib-
uted data, “MARV™ is calculated as the typical value minus
two (2) standard deviations from documented quality control
test results for a defined population from one specific test
method associated with one specific property.
Drscussion—MARY is applicable to a geosynthetic’s intrinsic physi-
cal properties such as weight, thickness, and strength. MARV may not
be appropriate for some hydraulic, performance, or durability proper-
ties.

minimum test value, n—for geosyntherics, the lowest sample
value from documented manufacturing quality control test
results for a defined population from one test method
associated with one specific property.

modulus of elasticity, MPa (FL™°), n—the ratio of stress
(nominal) to corresponding strain below the proportional
limit of a material, expressed in force per unit area, such as
megapascals (pounds-force per square inch). D5323

multi-axial tension, n—stress in more than one direction.
DS617

multi-linear drainage geocomposite, n—a manufactured
product composed of a series of parallel single drainage
conduits regularly spaced across its width sandwiched be-
tween two or more geosynthetics.

nominal, n—representative value of a measurable property
determined under a set of conditions, by which a product
may be described.

nominal value, n—representative value of a measurable prop-
erty by which a product may be described D4439

normal direction, n—jfor geolexiiles, the direction perpendicu-
lar to the plane of a geotextile. D4439
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normal stress, (FL. %), n—the component of applied stress that
is perpendicular to the surface on which the force acts.
D4439

offset modulus, J, (FL™'}, Nm ™', n—for geosynihefics, the
ratio of the change in force per unit width to the change in
elongation below an arbitrary offset point at which there is a
proportional relationship between force and elongation, and
above the inflection point on the force-elongation curve.
D4885

performance property, n—a result obtained by conducting a
performance test. D5141

performance test, n—a test which simulates in the laboratory
as closely as practicable selected conditions experienced in
the field and which can be used in design. (Synonym for
design test.) D4885

performance test, n—in geosynihefics, a laboratory procedure
which simulates selected field conditions which can be used
in design. D5141

permeability, n—the rate of flow of a liquid under a differen-
tial pressure through a material.  D1987, D4491/D4491M

permeability, n—of geolfexiiles, hydraulic conductivity.
D4491/D4491M

permeation, n—the transmissioin of a fluid through a porous
medium (NEW).

permittivity, (¥), (T™), n—of geoctexiiles, the volumetric flow
rate of water per unit cross-sectional area per unit head under
laminar flow conditions, in the normal direction through a
geotextile. D1987, D4491/D4491M

pore volume of flow (V, ), n—the cumulative volume of flow

through a test specimen divided by the volume of voids
within the specimen. D5567

pre-labricated vertical drain (PVD), n—a geocomposite
consisting of geotextile cover and drainage core installed
vertically into soil to provide drainage for accelerating
consolidation of soils.
Discussion—Also known as band or wick drain.

pressure flow, n—flow in a direction parallel to the plane of a
geotextile or related product driven predominately by a
differential fluid pressure. D4716/D4716M

primary sampling unit, »—the sampling unit containing all
the sources of variability which should be considered in
acceptance testing; the sampling unit taken in first stage of
selection in any procedure for sampling a lot or shipment.
D4354

production unit—as referred to in this praclice, is a quantity,
of geotextile agreed upon by the purchaser and seller for the:
purpose of sampling. D4354,;

proportional limit, »—the greatest stress which a material isi;
capable of sustaining without any deviation from proportion:
ality of stress to strain (Hooke’s law). D4595:

MWG13-15_119420



Al paase - 20

puncture resistance, (F), n—the inherent resisting mechanism
of the test specimen to the failure by a penelrating or
puncturing object. D4833/D4833M

quality assurance, n—all those planned or systematic actions
necessary to provide adequate confidence that a material,
product, system, or service will satisfy given needs. D4354

quality control, n—the operational techniques and the activi-
ties which sustain a quality of material, product, systemn, or
service that will satisfy given needs; also the use of such
techniques and activities. D4354

rate of creep, n—the slope of the creep-time curve at a given
time. D5262

residual shear strength, n—value of shear stress at sufficiently
large displacement where the stress remains constant with
continued shearing

rib, n—for geogrids, the continuous elements of a geogrid
which are interconnected to a node or junction.

sample, n—(1) a portion of material which is taken for testing
or for record purposes. (2) a group of specimens used, or of
observations made, which provide information that can be
used for making statistical inferences about the population(s)
from which the specimens are drawn. (See also laboratory
sample, lot sample, and specimen.) D4354, D5818

sample, laboratory—See laboratory sample.

sample, lol—See lot sample.

sampling unit, »—an identifiable, discrete unit or subunit of
material that could be taken as part of a sample. (See also
primary sampling unit, laboratory sample, and
specimen.) D4354

sampling unif, primary—See primary sampling unit.
seam, n—a permanent joining of two or more materials. D5820

seam, n—the connection of two or more pieces of material by
mechanical, chemical, or fusion methods to provide the
integrity of a single piece of the material. DS641/D5641M

seam allowance, n—the width of fabric used in making a seam
assembly, bounded by the edge of the fabric and the furthest
stitch line. D4884/D4884M

seam assembly, n—the unit obtained by joining fabrics with a
seam, including details such as fabric direction(s), seam
allowance, sewing threads used, and number of stitches per
unit length; and sometimes additional details of fabrication
such as sewing-machine type and speed, needle type and
size, etc. D4884/D4884M

seam design engineering, n—the procedures used to select a
specific thread, a specific stitch type, and a specific seam
type to achieve the required seam strength. D4884/D4884M

seam efficiency, sewn, n—in sewn fabrics, the ratio expressed
as a percentage of seam strength to fabric strength.

seam interaction, i—the result of combining a specific textile,
a specific stitch type, and a specific seam type.

D4884/D4884M
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seam type, n—in sewn fabrics, an alphanumeric designation
relating to the essential characteristics of fabric positioning
and rows of stitching in a specific sewn fabric seam (see
Federal Standard 751). D4884/1D4884M

secant modulus, n—the ratio of stress (nominal) to corre-
sponding strain at any specified point on the stress-strain
curve. D5323

secant modulus, J_, (FL™), Nm ™!, n—for geosyntheiics, the
ratio of change in force per unit width to the change in
elongation between two points on a force-elongation curve.
D4885

selvage, n—the woven edge portion of a fabric parallel to the
warp. D4884/D4884M

sewing thread, n—a flexible, small-diameter yarn or strand,
usually treated with a surface coating, lubricant, or both,
intended to be used to stitch one or more pieces of material
or an object to a material. D4884/D4884M

sewn seam, n—in sewn jabrics, a series of stitches joining two
or more separate plies of a material or materials of planar
structure such as textile fabric. D4884/D4884M

sewn seam strength, n—for geolexiiles, the maximum
resistance, measured in kilonewtons per metre, of the junc-
tion formed by stitching together two or more planar
structures. D4884/D4884M

specification, n—a precise statement of a set of requirements
to be satisfied by a material, product, system or service that
indicates the procedures for determining whether each of the
requiremnents is satisfied. D4759

specific gravity, n—the ratio of the density of the substance in
guestion to the density of a reference substance at specified
conditions of temperature and pressure. D4439

specimen, n—a specific portion of a material or laboratory
sample upon which a test is performed or which is taken for
that purpose. (Sys. test specimen) D4354

standard geosynthetic laboratory environment—a general
purposes geosynthetic laboratory should control, monitor,
and record the temperature range to 22 = 3 °C and the
relative humidity to 45 to 75 %. In cases of dispute, one
should use the “atmosphere for testing” suggested in the

appropriate standard test method.
stiffness, n—resistance to bending. D4439

stitch, n—the repeated unit formed by the sewing thread in the
production of seams in a sewn fabric (see Federal

Standard 751a). D4884/D4884M
strain, n—the change in length per unit of length in a given
direction. D4439

stress crack, n—an external or internal crack in a plastic
caused by tensile stresses less than its short-time mechanical
strength. D5397

tangent point, ni—jor geotextiles, the first point of the force-
elongation curve at which a major decrease in slope occurs.
D4595
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tearing strength, (F, (F), kN), n—the force required either (1)
to start or (2) to continue or propagate a tear in a fabric under
specified conditions. D4439, D4533/D4533M

temperature stability, n—for a geolextile, the percent change
in tensile strength or in percent elongation as measured at a
specified temperature and compared to values obtained at the
standard conditions for testing geotextiles. D4594/D4594M

tensile creep rupture strength, [FL. '], n—for geosynthelics,
the force per unit width that will produce failure by rupture
in a creep test in a given time, at a specified constant
environment D5262

tensile creep strain, n—the total strain at any given time.
D5262

tensile modulus, J, (FI"'), Nm™, n—for geotexiiles, the ratio
of the change in tensile force per unit width to a correspond-
ing change in strain (slope). D4595

tensile strength, n—for georextiles, the maximum resistance to
deformation developed for a specific material when sub-
jected to tension by an external force. D4595

tensile test, n—in fextiles, a test in which a textile material is
stretched in one direction to determine the force-elongation
characteristics, the breaking force, or the breaking
elongation. D4595

test result, »—a value obtained by applying a given test
method, expressed either as a single observation or a
specified combination of a number of observations. D4354

test se(gition, n—a distinct area of construction. D5818

thickness, compressed—See compressed thickness.
turbuleint flow, n—that type of flow in which any water
particle may move in any direction with respect to any other
particle, and in which the head loss is approximately
propbrtional to the second power of the velocity.
D4716/D4716M

turf reinforcement mat (TRM), n—in erosion control, a

into a matrix sufficient to increase the stability threshold of
otherwise unreinforced established vegetation.

Drscussion—Produocts in this category may incorporate ancillary
degradable components to enhance the germination and establishment
of vegetation.

typical value, n—for geosynihelics, the mean value calculated
from documented manufacturing quality control test results
for a defined population obtained from one test method
associated with on specific property. D4439

vacuum chamber, »—a device that allows a vacuum to be
applied to a surface. D5641/D5641M

vertical strip drain, n—a geocomposite consisting of a geo-
textile cover and drainage core installed vertically into soil to
provide drainage for accelerating consolidation of soils.

Drscussion—Also known as band drain, wick drain, or prefabricated
vertical drain (PVD).

void ratio (e, (D)), n—the ratio of the volume of void space to
the volume of solids. D4439

warp, #—the yarn running lengthwise in a woven fabric.
D4884/14884M

welt, n—see filling.

wide strip tensile test, n—for geosynthetics, a tensile test in
which the entire width of a 200 mm (8.0 in.) wide specimen
is gripped in the clamps and the gage length is 100 mm (4.0
in.). D4885

wide-width strip tensile test, n—for geofexfiles, a uniaxial
tensile test in which the entire width of a 200-mm (8.0-in.)
wide specimen is gripped in the clamps and the gage length
is 100 mm (4.0 in.). D4595

work-to-break (W, (LF)), n—in fensile lesting, the total

energy required to rupture a specimen. D4439, D4595,
D4885

yield point, n—in geosynthelics, the point on the force-
elongation curve at which the first derivative equals zero (the

non-degradable geosynthetic or geocomposite processed first maximum). D4885
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This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

QGPIM/) Designation: D6966 — 18
g’

INTERNATIONAL

Standard Practice for

Collection of Settled Dust Samples Using Wipe Sampling
Methods for Subsequent Determination of Metals’

This standard is issued under the fixed designation D6966; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice covers the collection of settled dust on
surfaces using the wipe sampling method. These samples are
collected in a manner that will permit subsequent extraction
and determination of target metals in the wipes using labora-
tory analysis techniques such as atomic spectrometry.

1.2 This practice does not address the sampling design
criteria (that is, sampling plan which includes the number and
location of samples) that are used for clearance, hazard
evaluation, risk assessment, and other purposes. To provide for
valid conclusions, sufficient numbers of samples should be
obtained as directed by a sampling plan, for example, in
accordance with Guide D7659.

1.3 This practice contains notes that are explanatory and are
not part of the mandatory requirements of this practice.

1.4 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.6 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents
2.1 ASTM Standards:*

! This practice is under the jurisdiction of ASTM Committee D22 on Air Quality
and is the direct responsibility of Subcommittee D22.04 on Workplace Air Quality.

Current edition approved Nov. 1, 2018. Published November 2018. Originally
approved in 2003. Last previous edition approved in 2013 as D6966 —13. DOL:
10.1520/D6966-18.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

D1356 Terminology Relating to Sampling and Analysis of
Atmospheres

D4840 Guide for Sample Chain-of-Custody Procedures

D7144 Practice for Collection of Surface Dust by Micro-
vacuum Sampling for Subsequent Metals Determination

D7659 Guide for Strategies for Surface Sampling of Metals
and Metalloids for Worker Protection

D7707 Specification for Wipe Sampling Materials for Beryl-
lium in Surface Dust

E1792 Specification for Wipe Sampling Materials for Lead
in Surface Dust

3. Terminology

3.1 For definitions of terms not listed here, see Terminology
D1356.

3.2 Definitions:

3.2.1 batch, n—a group of field or quality control (QC)
samples that are collected or processed together at the same
time using the same reagents and equipment.

3.2.2 wipe, n—a disposable towellette that is moistened with
a welting agent. E1792

3.2.2.1 Discussion—These towellettes are used to collect
samples of settled dust on surfaces for subsequent determina-
tion of metals content in the collected dust.

3.3 Definitions of Terms Specific to This Standard:

3.3.1 field blank, n—a wipe (see 3.2.2) that is exposed to the
same handling as field samples except that no sample is;
collected (no surface is actually wiped). f

3.3.1.1 Discussion—Analysis results from field blanks pro-;:
vide information on the analyte background level in the wipe,;‘:
combined with the potential contamination experienced by
samples collected within the batch (see 3.2.1) resulting from.
handling. :

4. Summary of Practice

4.1 Wipe samples of settled dust are collected on surfaces
from areas of known dimensions with wipes satisfying certain
requirements, using a specified pattern of wiping.

4.2 The collected wipes are then ready for subsequent
sample preparation and analysis for the measurement of metals
of interest.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States
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5. Significance and Use

5.1 This practice is intended for the collection of settled dust
samples for the subsequent measurement of target metals. The
practice is meant for use in the collection of settled dust
samples that are of interest in clearance, hazard evaluation, risk
agsessment, and other purposes.

5.2 This practice is recommended for the collecion of
settled dust samples from hard, relatively smooth nonporous
surfaces. This practice is less effective for collecting settled
dust samples from surfaces with substantial texture such as
rough concrete, brickwork, textured ceilings, and soft fibrous
surfaces such as upholstery and carpeting. Micro-vacuum
sampling using Practice D7144 may be more suitable for these
surfaces. Collection efficiency for metals such as lead from
smooth, hard surfaces has been found to exceed 75 % (Speci-
fication E1792).

6. Apparatus and Materials

6.1 Sampling Templates—One or more of the following: 10
cm by 10 em (minimum dimensions) reusable or disposable
aluminum or plastic template(s), or disposable cardboard
templates, (full-square, rectangular, square “U-shaped,” rect-
angular “U-shaped,” or “L-shaped,” or both); or templates of
alternative areas having accurately known dimensions (see
Note 1). Templates shall be capable of lying flat on a surface.

Nore 1—For most surfaces, it is recommended to collect settled dust
from a minimum surface area of 100 cm? to provide sufficient material for
subsequent laboratory analysis. However, larger areas (for example, 30 cm
by 30 cm) may be appropriate for surfaces having little or no visible
settled dust, while a smaller sampling area (for example, 10 cm by 10 cm)
may be appropriate for surfaces with high levels of visible settled dust. It
is recommended to have a suvite of templates with various sampling
dimensions.

6.2 Wipes, for collection of settled dust samples from
surfaces. Wipes shall be individually wrapped and fully wetted.
The background metal(s) content of the wipes should be as low
as possible. At a maximum, the background level of target
metal(s) shall be no more than one-tenth the target concentra-
tion the metal(s) to be measured.

Nore 2—Wipes meeting the requirements of Specifications E1792 or
D7707, or both, may be suitable.

Nore 3—Wipes made of cellulosic materials may produce fewer
analysis problems than wipes made of synthetic polymeric materials.

6.3 Sample conlainers, sealable, rigid-walled, 30-ml mini-
mum volume.

Nore 4—Screw-top plastic centrifuge tubes are an example of a
suitable rigid-walled sample container.

Naote 5—Use of a sealable plastic bag for holding and transporting the
settled dust wipe sample is not recommended due to the potential loss of
collected dust within the plastic bag during transportation and laboratory
handling. (Juantitative removal and processing of the settled dust wipe
sample by the laboratory is significantly improved through the use of
sealable rigid-walled containers.

64 Measuring tool, tape or ruler, capable of measuring to
the nearest =0.1 cm.

6.5 Plastic gloves, powderless.

6.6 Cleaning cloths, for cleaning of templates and other
equipment.

Nore 6—Wipes vsed for dust sampling (6.2) can be used for cleaning
templates and other sampling equipment, but other cleaning cloths or

wipes not meeting the requirements described in (6.2) may be suitable for
this purpose.

6.7 Adhesive fape, suitable for securing the template(s) to
the surface(s) to be sampled, and for demarcating sampling
areas if templates are not used.

Note 7—Masking tape, for example, functions well for these purposes.

6.8 Disposable shoe covers, optional.

7. Procedure

7.1 Use one of the following two options when collecting
settled dust samples from each sampling location. For wide,
flat locations, it is recommended to use the template-assisted
sampling procedure (see 7.1.1.2 {1)). For small locations (for
example, window sill, section of a piece of equipment, or
portion of a vehicle interior), it will ordinarily be necessary to
use the confined-area sampling procedure (see 7.1.1.2 (2)).

Nore 8—Metal contamination problems during field sampling can be
severe and may affect subsequent wipe sample analysis results. Contami-
nation can be minimized through frequent changing of gloves, use of shoe
covers (see 6.8), and regular cleaning of sampling equipment with
cleaning cloths (see 6.6). Use of disposable shoe covers between different
locations, and removal of them prior to leaving the sampling site or
entering vehicles, can be helpful in minimizing inadvertent transfer of
contaminated dust from one location to another.

7.1.1 Sampling Procedure:

7.1.1.1 Don a pair of clean, powderless, plastic gloves (see
6.5 and Note 8).

7.1.1.2 Use either a template-assisted sampling procedure
(1) or tape-defined sampling procedure (2):

{1) Carefully place a clean template on the surface to be
sampled in a manner that minimizes disturbance of settled dust
at the sampling location. Tape the outside edge of the template
to prevent the template from moving during sample collection.

{2) Alternatively, mark the defined area to be sampled with
adhesive tape (6.7) being careful not to disturb the settled dust,
and measure the area to be sampled using the measuring tool
(6.4).

7.1.1.3 Obtain a wipe (6.2) and, if there is a possibility for
the package containing the wipe to be contaminated with dust,
clean the outside of the package with a cleaning cloth (6.6).

7.1.1.4 Remove the wipe from its package, and inspect the
wipe to ensure that it is fully wetted and not contaminated with
dust or other material. Discard the wipe if it is found to be too
dry or contaminated, or both.

7.1.1.5 Using an open flat hand with the fingers together,
place the wipe on the surface to be sampled. Wipe the selected
surface area, side to side, in an overlapping “S” or “Z” pattern
while applying pressure to the fingertips (refer to Figs. 1 and
2). Wipe the surface so that the entire selected surface area is
covered. Perform the wiping procedure using the fingers and
not the palm of the hand.

7.1.1.6 Repeat 7.1.1.5 using a different brand of wipe (after
selecting a different sampling location) if the wipe originally
used significantly changes shape (for example, rolls up by
curling) or tears during the wiping process.

Note 9—Some swfaces (for example, rough surfaces) may cause
certain wipes to curl up or otherwise significantly change shape during the
wiping process. A type of wipe that maintains its integrity should be
selected for each surface sampled.
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Nore 1—Only the center of the wiping path is shown, not the entire wiping width. Fig. la) shows the first “S” wiping pattern over the surface area
to be sampled; Fig. 1b} demonstrates the second “S” wiping course over the surface; and Fig. 1c) shows the final wiping which is targeted toward edges

and corners.

FIG. 1 Schematic of a Side-to-Side Overlapping “S” Wiping Pattern
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Nore 1—Only the center of the wiping path is shown, not the entire wiping width. Fig. 2a) shows the first “Z” wiping pattern over the surface area
to be sampled; Fig. 2b) demonstrates the second “Z” wiping course over the surface; and Fig. 2¢) shows the final wiping which is targeted toward edges

and corners.

FIG. 2 Schematic of a Side-to-Side Overlapping “Z"” Wiping Pattern

7.1.1.7 Fold the wipe in half with the collected dust side
folded inward and repeat the preceding wiping procedure
(7.1.1.5) within the selected sampling area using an up and
down overlapping “S™ or *Z” pattern at right angles to the first
wiping (see Fig. 1, Fig. 2, and Note 10).

Nore 10—Wipes are folded to envelop the collected dust within the
wipe, to avoid loss of the collected dust, and to expose a clean wipe
surface for further dust collection from the sampling location. For sample
areas containing large amounts of settled dust, carefully wipe the area to
ensure as much dust as possible within the wipe is captured.

7.1.1.8 Fold the wipe in half again with the collected dust
side folded inward and repeat the wiping procedure one more
time, concentrating on collecting settled dust from edges and
corners within the selected surface area (see Fig. 1, Fig. 2, and
Note 10).

7.1.1.9 Fold the wipe again with the collected dust side
folded inward and insert the wipe into a sample container (6.3).

7.1.1.10 Label the sample container with sufficient informa-
tion to uniguely and indelibly identify the sample.

7.1.1.11 Record the dimensions (in square centimetres) of
the selected sampling area (that is, the internal dimensions
defined by the template or the taped area) or that the sample is
a blank.

7.1.1.12 Diiscard the gloves.

7.2 Collect field blanks at a minimum frequency of 5 % (at
least one field blank for every 20 wipe samples collected). The
minimum number of field blanks to collect for each batch of

wipe samples used should be three. Place field blanks in
sample containers and label these samples in the same fashion
as the collected surface dust samples (see 7.1.1.10).

7.3 Follow sampling chain of custody procedures to ensure
sample traceability. Ensure that the documentation which
accompanies the samples is suitable for a chain of custody to
be established in accordance with Guide D4840.

8. Records

8.1 Field data related to sample collection shall be docu-
mented in a sample log form or field notebook (see Note 11).
If field notebooks are used, then they shall be bound with
pre-numbered pages. All entries on sample data forms and field
notebooks shall be made using ink, with the signature and date
of entry. Any entry errors shall be corrected by using only a
single line through the incorrect eniry (no scratch outs),
accompanied by the initials of the person making the
correction, and the date of the correction (see Note 12).

8.1.1 Electronic Laboralory Nolebooks—If electronic labo-
ratory notebooks, or ELNs, are used in lien of a field notebook
or sample log, procedures shall be implemented to assure the
integrity of the data recorded, including prevention of falsifi-
cation or other unauthorized changes, and regular backup of
data.

Note 11—Field notebooks are useful for recording field data even when
preprinted sample data forms are used.
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Note 12—These procedures are important to properly document and 8.2.6 For each sample collected (including field blanks): an
trace field data. individual and unique sample identifier and date of collection.

8.2 At a minimum, the following information shall be  This information shall be recorded on the sample container in
documented: addition te the field documentation.

8.2.7 For field samples (not including field blanks), record
in field documentation (field notebook or sample log form) the
dimensions of each area sampled (in square centimetres).

) . ) 8.2.8 For each sample collected: name of person collecting
8.2.3 Information as to the specific collection protocol used the sample, and specific sampling location information from

8.2.1 Project or client name, address, and city/state/country
location.
8.2.2 General sampling site description.

(for example, template-assisted; “Z”-wiping pattern, etc.). which the sample was removed.

8.2.4 Information as to the specific type or brand of wipes
used, including manufacturer and lot number. 9. Keywords

8.2.5 Information on quality control {QC) samples: which 9.1 metals measurement; sample collection; settled dust;
samples are associated with what group of field blanks. surfaces; wipe
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Expo News evaluation of

Feature an exposed

Case Study geomembrane
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Erosion Control leachate pond

Reinforcement after being in

Separation service for 25

Transportation years. The FIGURE 1 Aerial view of operational
GMA Techline evaluation leachate and rainwater ponds built 25
Perspective was . years ago

Final Inspection performed in

From Our two

Readers campaigns: in August 2014 and in May 2018. The purpose
GeoDallas of the evaluation was to determine the condition of the
Watch geomembrane and to provide a recommendation to the
GeoWatch owner on whether or not it was in need of imminent

In the replacement. The results of the evaluation indicate that the
Classroom geomembrane appears to be in decent condition and is

In the Industry expected to last some number of additional years, but the
Markets definitive number is not possible to estimate. Based on the
Geosynthetics work performed in 2014, it seems that the material is still
Materials readily repairable, if need be. Recommendations for future
Drainage periodic inspection and testing are provided herein.
Materials

The leachate pond is a 5-million-gallon (19-million-L)

Erosion Control double-lined leachate storage pond that was constructed
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Materials for the Headquarters Landfill in Cowlitz County, Wash., in
Geocglls 1993. The pond is designed with a dividing berm that
Geogrids partitions the pond into two equal, symmetric halves. The
Geomembranes iging berm is lined over its top so that the liner system
Geosynthetic is continuous between the two pond halves. The southern
Clay Liners half of the pond has historically contained various levels of
Geotextiles clean rainwater, with only occasional containment of
Member News leachate toward the end of a few wet winters. The

News northern half of the pond has historically been the primary
Company News management basin for leachate storage, and its sump is
COVID-19 used for leachate transfer via an outlet pipe. Figure 1
Events shows an aerial view of the ponds.

GMA News

GSI News The pond was operated for 21 years by Weyerhaeuser
IGS-NA (NAGS) for its forest products landfill, the leachate of which derived
Industry News from pulp and paper industrial waste, ash, and related
Industry News industrial and construction waste. In 2014 the county
Panorama purchased the landfill, and since that time the landfill has
People been operated as a mixed municipal solid waste

Updates (MSW)/industrial waste landfill.

Premier Product - EE S S SR mee S smmemenmes 1N 80-mil (2-
Preview T L e B | ) primary
Press Release —_ ; exposed
Press Release - geomembrane
Products = that was
ShowStoppers :,:: installed in
Projects i 1993 was
Resgurces e manufactured
Designer's by GSE
Forum Environmental
Technical TABLE 1 Summary of test results for (then Gundle)
Specifications headquarters landfill facility leachate as a custom
Testing & pond primary geomembrane order with
Codes three co-

White Papers extruded layers. The top layer is textured high-density

polyethylene (HDPE) with a white pigment. The middle
layer is very low density polyethylene (VLDPE). The
bottom layer is smooth HDPE containing extra carbon
black to make it electrically conductive for spark testing.
The original project specifications and conformance
testing results for the primary pond geomembrane are
included in Table 1.

Sampling strategy and field observations
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In 2014 two above-water samples were taken and tested.
Sample #1 was taken from the anchor trench. Sample #2
was taken from the middle of the berm slope on the
southern pond (which is south facing) near the crest of the
slope. The sample was 12-inches wide x 48-inches long
(830-cm x 122-cm) (parallel to the slope crest). The hole
was easily repaired with HDPE geomembrane that was
on-site for construction of a new landfill cell.

In May 2018 two “below-water” samples were taken from
rub sheets in the bottoms of both the southern and
northern halves of the pond that had been largely
submerged for the past 25 years. Sample #3 was taken
from the southern pond that typically contained clean
rainwater, and Sample #4 was taken from the northern
pond that had continuously contained landfill leachate.
Due to sediment and sludge buildup around the outlet in
the sump of the northern pond, that pond was cleaned in
April 2018. The southern pond also had to be completely
emptied and cleaned at this time, because it had been
used temporarily for leachate management in the past
winter and needed to be prepared to store clean water
again. The cleaning activities in both ponds at this time
allowed access to the pond bottoms where samples could
be cut from existing loose rub sheets. It should be noted
that the conditions of the rub sheets would be
conservative in the sense that both sides of the rub sheets
had been exposed to the contained fluids, whereas for the
primary geomembrane, only the upper side would have
been exposed to the contained fluids.

Visual
inspection of
the exposed
and cleaned
geomembrane
in both halves
of the pond
indicated the
geomembrane
to be in good
condition with
no signs of
degradation or
cracks. While

FIGURE 2 Patching a hole in pond
liner where a sample was taken for
testing in May 2014. The photograph
shows trial weld being performed
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where new HDPE is being welded to

no repair old pond liner.

welds were

required in

2018, the repair welds performed in 2014 appeared to be
successful with excellent trial-weld field test observations.
Figure 2 shows a patch being installed on the sampling
location, Figure 3 shows the beginning of removing
sludge from the northern half of the pond in 2018, and
Figure 4 shows the empty northern pond after cleaning.

Results

The samples that were taken in 2014 and 2018 were
tested for a suite of index and performance parameters. A
summary of the results for both the 2014 and 2018 testing
campaigns is presented in Table 1. The anchor trench
sample appears to meet or exceed the original project
specifications. Where there are actual test results from
1993 (thickness, density, carbon black content, carbon
black dispersion, tensile break strength and tensile break
elongation), there appear to be no degradation in the
anchor trench sample. We note there are still substantial
oxidative induction time (OIT) and high-pressure oxidative
induction time (HP-OIT) values in the anchor trench
sample that would exceed current GRI-GM13 standards
for new geomembranes. The stress crack results from the
single point-notched constant tensile load test (SP-NCTL)
are exceptional, which is undoubtedly due to the VLDPE
core. Having this stress crack-resistant core was the
original purpose of coextruding with VLDPE.

Comparing the
test results
between the
2014 above-
water exposed
sample, the
2018 below-
= water sample
FIGURE 3 April 2018 cleaning sludge from the
from northern half of pond northern
(leachate) side
of the pond,
and the 2018 below-water sample from the southern
(rainwater) side of the pond indicates very interesting
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patterns of degradation. With the exception of HP-OIT, the
least amount of degradation (as indicated by the test
results) occurred in the below-water sample from the
leachate (northern) side of the pond. This result was the
opposite of what was expected. For HP-OIT, the least
amount of degradation occurred in the above-water
sample.

The greatest amount of degradation, across the board,
occurred in the below-water sample from the rainwater
(southern) side of the pond.

Degradation in the exposed above-water sample from
2014 was generally midway between the other two
samples, with the exceptions of melt flow index (MFI) and
HP-OIT, where it had the least amount of degradation.
The small amounts of apparent degradation in tensile yield
strength, puncture and tear (all < 10%) in the below-water
samples is probably not substantial.

The increase
in MFI of 14%
in both of the
below-water
samples is not
excessive but
is relatively
substantial =S e -
evidence that FIGURE 4 April 2018 northern half of
some level of pond after cleaning

polymer-chain

breakdown is

occurring in the primary geomembrane as a result of
submergence. However, it is not known in which of the
three coextruded layers of the primary geomembrane this
might be occurring. That could be determined through
more sophisticated testing.

The most significant test parameters of concern that
indicate substantive degradation are the OIT test results
that reveal a substantial amount of depletion of the
antioxidant package. These results indicate that even
though there was some significant degradation, especially
in the rainwater side of the pond, there are still ample
stabilizers present in the material to protect it for some
time, but exactly how much time is not predictable.
MWG13-15_119433
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The key performance test result is the SP-NCTL stress
crack test data, in which all samples continue to perform
well.

Discussion

Why was the below-water leachate sample the least
degraded? Perhaps the leachate contains a soup of
dissolved solids and compounds that was not aggressive
in using up or dissolving the antioxidant package and also
provided a low diffusion gradient potential for leaching and
blooming of antioxidants from the interior of the
geomembrane to its surface, and thus preserved the
antioxidants within the geomembrane.

Conversely, the clean rainwater may create a high
diffusion-gradient differential to pull antioxidants to the
surface of the geomembrane. The “very clean” and
aggressive pure rainwater may also react with the
antioxidants or cause them to move out of the
geomembrane and go into solution with the water. In the
same manner, the aggressive and very clean water may
have also attacked the polyethylene resin at a higher rate
than either the leachate or the atmosphere, resulting in
apparent degradation in tensile properties.

One interesting conclusion that could be derived from the
testing is that if the geomembrane is going to experience
failure, it will likely occur on the clean rainwater side of the
pond before the leachate side of the pond. This is good
news for the pond operator who is wondering when the
liner should be replaced. If a failure would occur
significantly in advance in the rainwater side of the pond
compared to the leachate side, then that may allow
adequate response time and not be of great consequence
because the water is clean. The clean (southern) side of
the pond could be immediately emptied and relined,
followed by a transfer of leachate to the relined southern
side, and a subsequent relining of the northern side,
hopefully before the northern side fails.

While this study was very fortunate in being able to
evaluate four samples from a range of exposure
conditions (anchor trench, above-water exposed, below-
water leachate and below-water rainwater), there could
exist elevation zones in both halves of the pond, such as
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at the waterline, or various UV exposure locations that
created a higher level of degradation than any of the
samples that were retrieved.

In 2014 the
testing
laboratory
took some
close-up
photographs
(e.g., Figure
5) of the razor-
blade slit in
the test
FIGURE 5 Photograph from 2014 of ~ SPeoimen
. . during the SP-
original razor-blade slit that extended NCTL test. It
through the white surface into the was clear '
VLDPE core. During the NCTL stress- ]
even in such
crack test, the sharp notch eventually hotoaraphs
blunted and did not propagate, which P g p ’
) . . . that blunting of
is a testimony to the functionality of the shar
the VLDPE core to resist stress P
) razor cut had
cracking. No photographs were taken oceurred
in 2018, but the NCTL results .
e . during the test
indicated continued very strong
. due to the
performance for this test.
performance
of the VLDPE

core and that cracks will not easily expand through the
VLDPE layer. This provides further confidence that a
sudden failure may not be catastrophic, especially
considering the presence of a complete secondary
geomembrane and leakage collection layer between the
primary and secondary geomembranes.

Conclusions, recommendations, qualifiers and other
considerations

Field observations indicated that the exposed
geomembrane is in decent shape after 25 years of service
and shows no visible signs of degradation. There does not
appear to be any leakage of leachate into the leakage
detection layer in these double-lined ponds, which is again
indicative of positive primary liner performance.

Laboratory test results of geomembrane samples taken
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from the northern and southern halves of the pond support
the field observations and indicate that there are still
ample stabilizers present to protect this material for some
years to come, perhaps even on the order of five to ten
years. We must add a caveat that these conclusions with
the fact that a limited number of samples were taken, and
there could be more critical areas that were not detected.

Based on these results, the team concluded that the
leachate pond can continue in operation in the same
manner it has been since put into service 26 years ago.
The owner was advised to obtain additional samples from
the southern pond in three years’ time and that it be tested
for the same parameters that were tested in this study.
This will allow for a better estimate to be made of
remaining lifetime. The sample would be of highest value if
it could be taken in the summer when the water level is
low and a trial weld be performed to continue to assess
liner repairability. In addition, the leakage detection sumps
should continue to be monitored. Some leakage can be
allowed to the extent that it would not exceed 12 inches
(80 cm) of head on the secondary liner system outside the
sumps. Since there is a dual-basin system in the pond,
one side of the pond could be taken out of service, if need
be, while the pond was operated from the other side.

Richard Thiel, P.E., is the president of Thiel Engineering in
Oregon House, Callif.
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DISCLAIMER

The information in the document has been funded wholly or in part by the United States
Environmental Protection Agency under assistance agreement number CR-815546-01-0. It has
been subject to the Agency's peer and administrative review and has been approved for publication
as a U.S. EPA document. Mention of trade names or commercml products does not consututc
endorsement or recommendation for use.

This document contains numerous references to various procedures for performing tests as
part of the process of quality control and quality assurance. Standards published by the American
Society for Testing and Materials (ASTM) are referenced wherever possible because ASTM
procedures represent consensus standards. Other testing procedures referenced in this document
were generally developed by an individual or a small group of individuals and, therefore, do not
re%resent consensus standards. The mention of non-consensus standards does not constitute their
endorsement.

The reader is cautioned against using this document for the direct preparation of site
specific quality assurance plans or related documents without giving proper consideration to the
site- and project-specific requirements. To do so would ignore the educational context of the
accompanying text, innovations made since the publication of the document, and thc prevallmg
unique and site-specific aspects of all waste containment facilities.

ii
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FOREWORD

Today’s rapidly developing and changing technologies and dindustrial
products and practices frequently carry with them the increased generation of
materials that, if improperly dealt with, can threaten both public health and the
environment. The United States Environmental Protection Agency (U.S. EPA) is
charged by Congress with protecting the Nation’s land, air, and water resources.
Under a mandate of national environmental laws, the Agency strives to formulate
and implement actions leading to a compatible balance between human activities
and the ability of natural systems to support and nurture Tife. These Taws
direct the U.S. EPA to perform research to define our environmental problems,
measure the impacts, and search for solutions.

The Risk Reduction Engineering Laboratory is responsible for planning,
implementing, and managing research, development, and demonstration programs to
provide an authoritative, defensible engineering basis in support of the
pelicies, programs, and regulations of the U.S. EPA with respect to drinking
water, wastewater, pesticides, toxic substances, solid and hazardous wastes, and
Superfund-related activities. This publication is one of the products of that
research and provides a vital communication 1ink between the researcher and the
user community.

This document provides information needed to develop comprehensive quality
assurance plans and to carry out quality control procedures at waste containment
sites. I% discusses quality assurance and quality contrel issues for compacted
soil liners, soil drainage systems, geosynthetic drainage systems, vertical
cutoff walls, ancillary materials, and appurtenances.

t£. Timothy Oppelt
Directeor
Risk Reduction Engineering Laboratory
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ABSTRACT

This Technical Guidance Document provides comprehensive guidance on
procedures for quality assurance and quality control for waste containment
facilities. The document includes a discussion of principles and concepts,
compacted soil Tiners, soil drainage systems, geosynthetic drainage systems,
vertical cutoff walls, ancillary materials, appurtenances, and other details.
The guidance document outlines critical quality assurance (QA) and quality
control (QC) issues for each major segment and recommends specific procedures,
observations, tests, corrective actions, and record keeping vequirements. For
geosynthetics, QA and QC practices for both manufacturing and construction are
suggested.

The main body of the text details recommended procedures for quality
assurance and control. Appendices include a Tist of acronyms, glossary, and
index. A companion document was under development by the American Society for
Testing and Materials (ASTM) at the time of this writing that will contain all
of the ASTM standards referenced in this guidance document as well as most, if
not all, of the other test procedures that are referenced in this guidance
document. . C

This report was submitted in fulfillment of CR-815546 by the University
of Texas, Austin, under the sponsorship of the U.S. Environmental Protection

Agency. This report covers a period from June 1991 to July 1993, and work was
completed as of August 1993.

iv
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Chapter 1

Manufacturing Quality Assurance (MQA) and
Construction Quality Assurance (CQA) Concepts and Overview

‘1.1 | Introduction

- As a prelude to description of the detailed components of a waste containment facility,
some introductory comments are felt to be necessary. These comments are meant (o clearly define
the role of the various parties associated with the manufacture, installation and inspection of all
components of a total liner and/or closure system for landfills, surface impoundments and waste
piles. :

1.1.1 Scope

_ Construction quality assurance (CQA) and construction quality control (CQC) are widely
recognized as critically important factors in overall quality management for waste containment
facilities. The best of designs and regulatory requirements will not necessarily translate to waste
containment facilities that are protective of human health and the environment unless the waste
containment and closure facilities are properly constructed. Additionally, for geosynthetic
materials, manufacturing quality assurance (MQA) and manufacturing quality control (MQC) of the

manufactured product is equally important. Geosynthetics refer to factory fabricated polymeric
materials like seomembranes, geotextiles, geonets, geogrids, geosynthetic clay liners, etc.

. The purpose of this document is to provide detailed guidance for proper MQA and CQA
procedures for waste containment facilities. (The document also is applicable to MQC and CQC
programs on the part of the manufacturer and contractor). Although facility designs are different,
MQA and CQA procedures are the same. In this document, no distinction is made concerning the
type of waste to be contained (e.g., hazardous or nonhazardous waste) because the MQA and CQA
procedures needed to inspect quality lining systems, fluid collection and removal systems, and
final cover systems are the same regardless of the waste type. This technical guidance document
has been written to apply to all types of waste disposal facilities, including new hazardous waste
landfills and impoundments, new municipal solid waste landfills, nonhazardous waste liquid
impoundments, and final covers for new facilities and site remediation projects.

This document is intended to aid those who are preparing MQA/CQA plans, reviewing
MQA/CQA plans, performing MQA/CQA observations and tests, and reviewing field MQC/CQC
and MQA/CQA procedures. Permitting agencies may use this document as a technical resource 1o
aid in the review of site-specific MQA/CQA plans and to help in identification of any deficiencies in
the MQA/CQA plan. Owner/operators and their MQA/CQA consultants may consult this document
for guidance on the plan, the process, and the final certification report. Field inspectors may use
this document and the references herein as a guide to field MQA/CQA procedures. Geosynihetic
manufacturers may use the document to help in establishing appropriate MQC procedures and as a
technical resource to explain the reasoning behind MQA procedures. Construction personnel may
use this document to help in establishing appropriate CQC procedures and as a technical resource
to explain the reasoning behind CQA procedures.

This technical guidance document is intended to update and expand EPA’s Technical
Guidance Document, “Construction Quality Assurance for Hazardous Waste Land Disposal
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Facilities,” (EPA, 1986). The scope of this document includes all natural and geosynthctic
components that might normally be used in waste containment facilities, e.g., in liner systems,
fluid collection and removal systems, and cover systems.

This document draws heavily upon information presented in three EPA Technical Guidance
Documents: “Design, Construction, and Evaluation of Clay Liners for Waste Management
Facilities” (EPA, 1988a), “Lining of Waste Containment and Other Impoundment Facilities™
(1988b), and “Inspection Techniques for the Fabrication of Geomembrane Field Seams” (EPA,
1991a). In addition, general technical backup information concerning many of the principles
involved in construction of liner and cover systems for waste containment facilities is provided in
two additional EPA documents: “Requirements for Hazardous Waste Landfill Design,
Construction, and Closure™ (EPA, 1989) and “Design and Construction of RCRA/CERCLA Final
Covers” (EPA, 1991b). Additionally, there are numerous books and technical papers in the open
literature which form a large data base from which information and reference will be drawn in the
appropriate sections.

1.1.2 Definitions

It is critical to define and understand the differences between MQC and MQA and between
CQC and CQA and to counterpoint where the different activities contrast and/or complement one
another. The following definitions are made.

* Manufacturing Quality Control (MQC): A planned system of inspections that is used to
directly monitor and control the manufacture of a material which is factory originated.
MQC is normally performed by the manufacturer of geosynthetic materials and is
necessary to ensure minimum (or maximum) specified values in the manufactured
product. MQC refers to measures taken by the manufacturer to determine compliance

with the requirements for materials and workmanship as stated in certification docurnents
and contract plans.

» Manufacturing Quality Assurance (MQA): A planned system of activities that provides
assurance that the materials were constructed as specified in the certification documents
and contract plans. MQA includes manufacturing facility inspections, verifications,
audits and evaluation of the raw materials and geosynthetic products 1o assess the quality
of the manufactured materials. MQA refers to measures taken by the MQA organization
to determine if the manufacturer is in compliance with the product certification and -
contract plans for a project.

* Construction Quality Control (CQC): A planned system of inspections that is used to
directly monitor and control the quality of a construction project (EPA, 1986).
Construction quality control is normally performed by the geosynthetics installer, or for
natural soil materials by the earthwork contractor, and is necessary to achieve quality in
the constructed or installed system. Construction quality control (CQC) refers to
measures taken by the installer or contractor to determine compliance with the
requirements for materials and workmanship as stated in the plans and specifications for
the project.

* Construction Quality Assurance (COA): A planned system of activities that provides the
owner and permitting agency assurance that the facility was constructed as specified in
the design (EPA, 1936). Construction quality assurance includes inspections,
verifications, audits, and evaluations of materials and workmanship necessary to
determine and document the quality of the constructed facility. Construction quality

2

MWG13-15_119461



assurance {CQA) refers to measures taken by the CQA organization to assess if the
installer or contractor is in compliance with the plans and specifications for a project.

MOQA and CQA are pcrfonned independently from MQC and CQC. Although MQA,/CQA
and MQC/CQC are separate activities, they have similar objectives and, in a smoothly running
construction project, the processes will complement one another. Conversely, an effective
MQA/CQA program can lead to identification of deficiencies in the MQC/CQC process, but a
MQA/CQA program by itself (in complete absence of a MQC/CQC program) is unlikely to lead to
acceptable quality management. Quality is best ensured with effective MQC/CQC and MQA/CQA
programs. See Fig. 1.1 for the usual interaction of the various elements in a total inspection
program.

1.2 Responsibility and Authority

Many individuals are involved directly or indirectly in MQC/CQC and MQA/CQA
activities. The individuals, their affiliation, and their responsibilities and authority are discussed
below.

The principal organizations and individuals involved in designing, permitting, constructing,
and inspecting a waste containment facility are:

* Permitting Agency. The permitting agency is often a state regulatory agency but may
include local or regional agencies and/or the federal U. S. Environmental Protection
Agency (EPA). Other federal agencies, such as the U.S. Army Corps of Engineers, the
U.S. Bureau of Reclamation, the U.S. Burcau of Mines, etc., or their regional or state
affiliates are sometimes also involved. It is the responsibility of the permitting agency to
review the owner/operator’s permit application, including the site-specific MQA/CQA
plan, for compliance with the agency’s regulations and to make a decision to issue or
deny a permit based on this review. The permitting agency also has the responsibility to
review all MQA/CQA documentation during or after construction of a facility, possibly
including visits to the manufacturing facility and construction site to observe the

- MQC/CQC and MQA/CQA practices, to confirm that the approved MQA/CQA plan was
followed and that the facility was constructed as specified in the design.

+ Owner/Operator. This is the organization that will own and operate the disposal unit,
- The owner/operator is responsible for the design, construction, and operation of the
waste disposal unit. This responsibility includes complying with the requirements of the
permitting agency, the submission of MQA/CQA documentiation, and assuring the
permitting agency that the facility was constructed as specified in the construction plans
and specifications and as approved by the permitting agency. The owner/operator has
the authority to select and dismiss organizations charged with design, construction, and
MQA/CQA. If the owner and operator of a facility are different organizations, the
owner is ultimately responsible for these activities, Often the owner/operator, or owner,
will be a municipality rather than a private corporation. The interaction of a state office
regulating another state or local organization should have absolutely no impact on
procedures, intensity of effort and ultimate decisions of the MQA/CQA or MQC/CQC
process as described herein.
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» Owner's Representative. The owner/operator usually has an official representative who
is responsible for coordinating schedules, meetings, and field activities. This
responsibility includes communications to other members in the owner/operator’s
organization, owner’s representative, permiuting agency, material suppliers, general
contractor, specialty subcontractors or installers, and MQA/CQA engineer.

o Design Engineer. The design engineer’s primary responsibility is to design a waste
containment facility that fulfills the operational requirements of the owner/operator,
complies with accepted design practices for waste containment facilities, and meets or
exceeds the minimum requirements of the permitting agency. The design engineer may
be an employee of the owner/operator or a design consultant hired by the
owner/operator. The design engineer may be requested to change some aspects of the
design if unexpected conditions are encountered during construction {e.g., a change in
site conditions, unanticipated logistical problems during construction, or lack of
availability of certain materials). Because design changes during construction are not
uncommon, the design engineer is often involved in the MQA/CQA process. The plans
and specifications referred to in this manual will generally be the product of the Design
Engineer. They are a major and essential part of the permit application process and the
subsequently constructed facility.

+ Manufacturer, Many components, including all geosynthetics, of a waste containment
facility are manufactured materials. The manufacturer 1s responsible for the manufaciure
of its materials and for quality control during manufacture, i.e., MQC. The minimum or
maximum (when appropriate) characteristics of acceptable materials should be specified
in the permit application. The manufacturer is responsible for certifying that its materials
conform to those specifications and any more stringent requirements or specifications
included in the contract of sale to the owner/operator or its agent. The quality control
steps taken by a manufacturer are critical to overall quality management in construction
of waste containment facilities. Such activities often take the form of process quality
control, computer-aided quality control and the like. All efforts at producing better
quality materials are highly encouraged. If requested, the manufacturer should provide
information to the owner/operator, permitting agency, design engineer, fabricator,
installer, or MQA engineer that describes the quality control (MQC) steps that are taken
during the manufacturing of the product. In addition, the manufacturer should be
willing to allow the owner/operator, permitting agency, design engineer, fabricator,
installer, and MQA engineer to observe the manufacturing process and quality control
procedures if they so desire. Such visits should be able to be made on an announced or
unannounced basis. However, such visits might be coordinated with the'manufacturer
to assure that the appropriate people are present to conduct the tour and that the proper
geosynthetic is scheduled for that date so as to obtain the most information from the
visit. The manufacturer should have a designated individual who is in charge of the
MQC program and to whom questions can be directed and/or through whom visits can
be arranged. Random samples of materials should be able to be taken for subsequent
analysis and/or archiving. However, the manufacturer should retain the right to nsist
that any proprietary information concerning the manufacturing of a product be held
confidential.” Signed agreements of confidentiality are at the option of the manufacturer.
The ownet/operator, permitting agency, design engineer, fabricator, installer, or MQA
engineer may request that they be allowed to observe the manufacture and quality control
of some or all of the raw materials and final product to be utilized on a particular job; the
manufacturer should be willing to accommodate such requests. Note that these same
comments apply to marketing organizations which represent a mannfactured product
made by others, as well as the manufacturing organization itself.
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 Fabricator. Some materials are fabricated from manufactured components, For
example, certain geomembranes are fabricated by seaming together smaller,
manufactured geomembrane sheets at the fabricator’s facility, The minimum
characteristics of acceptable fabricated materials are specified in the permit application.
The fabricator is responsible for certifying that its materials conform to those
specifications and any more stringent requirements or specifications included in the
fabrication contract with the owner/operator or its agent. The quality control steps taken
by a fabricator are critical to overall quality in construction of waste containment
facilities. If requested, the fabricator should provide information to the owner/operator,
permitting agency, design engineer, installer, or MQA engineer that describes the quality
control steps that are taken during the fabrication of the product. In addition, the
fabricator should be willing to allow the owner/operator, permitting agency, design
engineer, installer, or MQA engineer to observe the fabrication process and guality
control procedures if they so desire. Such visits may be made on an announced or
unannounced basis. However, such visits might be coordinated with the fabricator to
assure that the appropriate people are present to conduct the tour and that the proper
geosynthetic is scheduled for that date so as to obtain the most information from the
visit. Random samples of materials should be able to be taken for subsequent analysis
and/or archiving. However, the fabricator should retain the right to insist that any
proprietary information concerning the fabrication of a product be held confidential.
Signed agreements of confidentiality are at the option of the fabricator. The
owner/operator, permitting agency, design en gineer, or MQA engineer may request that
they be allowed to observe the fabrication process and quality control of some or all
fabricated materials to be utilized on a particular job; the fabricator should be willing to
accommodate such a requests.

* General Contractor. The general contractor has overall responsibility for construction of
& waste containment facility and for CQC during construction. The general contractor
arranges for purchase of materials that meet specifications, enters into a contract with
one or more fabricators (if fabricated materials are needed) to supply those materials,
contracts with an installer (if separate from the general contractor’s organization), and
has overall control over the construction operations, including scheduling and CQC.
The general contractor has the primary responsibility for ensuring that a facility is
constructed in accord with the plans and specifications that have been developed by the
design engineer and approved by the permittin g agency. The general contractor is also
responsible for informing the owner/operator and the MQA/CQA engineer of the
scheduling and occurrence of all construction activities. Occasionally, a waste
containment facility may be constructed without a general contractor. For example, an
owner/operator may arrange for all the necessary material, fabrication, and installation
contracts. In such cases, the owner/operator’s representative will serve the same
function as the general contractor.

* Installation Contractor. Manufactured products (such as geosynthetics) are placed and
installed in the field by an installation contractor who is the general contractor, a
subcontractor to the general contractor, or is a specialty contractor hired directly by the
owner/operator. The installer’s personnel may be employees of the owner/operator,
manufacturer, or fabricator, or they may work for an independent installation company
hired by the general contractor or by the owner/operator directly. The installer is
responsible for handling, storage, placement, and installation of manufactured and/or
fabricated materials. The installer should have a CQC plan to detail the proper manner
that materials are handled, stored, placed, and installed. The installer is also responsible
for informing the owner/operator and the MQA/CQA engineer of the scheduling and

6
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occurrence of all geosynthetic construction activities.

» Earthwork Contractor. The earthwork contractor is responsible for grading the site to
elevations and grades shown on the plans and for constructing earthen components of
the waste containment facility, ¢.g., compacted clay liners and granular drainage layers
according to the specifications. The earthwork contractor may be hired by the general
contractor or if the owner/operator serves as the general contractor, by the
ownerfoperator directly. In some cases, the general contractor’s personnel may serve as
the earthwork contractor. The earthwork contractor is responsible not only for grading
the site to proper elevations but also for obtaining suitable earthen materials, transport
and storage of those materials, preprocessing of materials (if necessary), placement and
compaction of materials, and protection of materials during and (in some cases) after
placement. If a test pad is required, the earthwork contractor is usually responsible for
construction of the test pad. It is highly suggested that the same earthwork contractor
that constructs the test fill also construct the waste containment facility compacted clay
liner so that the experience gained from the test fill process will not be lost. Earthwork
functions must be carried out in accord with plans and specifications approved by the
permitting agency. The earthwork contractor should have a CQC plan (or agree to one
written by others) and is responsible for CQC operations aimed at controlling materials
and placement of those materials to conform with project specifications. The earthwork
contractor is also responsible for informing the owner/operator and the CQA engineer of
the scheduling and occurrence of all earthwork construction activities.

+ " CQC Personnel. Construction quality control personnel are individuals who work for
‘the general contractor, installation contractor, or earthwork contractor and whose job it is
to ensure that construction is taking place in accord with the plans and specifications
approved by the permitting agency. In some cases, CQC personnel, perhaps even a
separate company, may also be part of the installation or construction crews. In other
cases, supervisory personnel provide CQC or, for large projects, separate CQC
personnel, perhaps even a separate company, may be utilized. It is recommended that a
certain portion of the CQC staff should be certified” as per the implementation schedule
of Table 1.1. The examinations have been available as of October, 1992.

« MQA/CQA Engineer. The MQA/CQA engineer has overall responsibility for
manufacturing quality assurance and construction guality assurance. The engineer is
usually an individual experienced in a variety of activities although particular specialists
in soil placement, polymeric materials and geosynthetic placement will invariably be
involved in a project. The MQA/CQA engineer is responsible for reviewing the
MQA/CQA plan as well as general plans and specifications for the project so that the
MQA/CQA plan can be implemented with no contradictions or unresolved discrepancies.
Other responsibilities of the MQA/CQA engineer include education of inspection
personnel on MQA/CQA requirements and procedures and special steps that are needed
on a particular project, scheduling and coordinating of MQA/CQA inspection activities,
ensuring that proper procedures are followed, ensuring that testing laboratories are
conforming to MQA/CQA requirements and procedures, ensuring that sample custody
procedures are followed, confirming that test data are accurately reported and that test
data are maintained for later reporting, and preparation of periodic reports. The most
important duty of the MQA/CQA engineer is overall responsibility for confirming that
the facility was constructed in accord with plans and specifications approved by the

* A certification program is available from the National Institute for Certification of Engineering Technologies
(NICET); 1420 King Street; Alexandria, Virginia 22314 (phone: 703-684-2835)

7
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permitting agency. In the event of nonconformance with the project specifications or
CQA Plan, the MQA/CQA engineer should notify the owner/operator as to the details
and, if appropriate, recommend work stoppage and possibly remedial actions. The
MQA/CQA engineer is normally hired by the owner/operator and functions separately of
the contractors and owner/operator. The MQA/CQA engineer must be a registered
professional engineer who has shown competency and experience in similar projects and
is considered qualified by the permitting agency. It is recommended that the person’s
resume and record on like facilities must be submitted in writing and accordingly
accepted by the permitting agency before activities commence. The permitting agency
may request additional infonmation from the prospective MQA/CQA engineer and his/her
associated organization including experience record, education, registry and ownership
details. The permitting agency may accept or deny the MOQA/CQA engineer’s
qualifications based on such data and revelations. If the permitting agency requests
additional information or denies the MQA/CQA engineer’s qualifications it should be
done prior to construction, so that alternatives can be made which do not negatively
impact on the progress of the work. The MQA/CQA engineer is usually required to be at
the construction site during all major construction operations to oversee MQA/CQA
personnel. The MQA/CQA engineer is usually the MQA/CQA. certification engineer who
certifies the completed project,

Table 1.1 - Recommended Impentation Program for Construction Quality Control
(CQC) for Geosynthetics* (Beginning January 1, 1993)

No. of End of End of
Field Crews¥* 18 Months 36 Months
At Each Site (i.e., June 30, 1994) (i.e., January 1, 1996)
1-4 I-Levelll 1 - Level [I[***
=5 1-Levelll 1 - Level III++*
2-Level I 1-Levell

*Certification for natural materials is under development as of this writing
**Performing a Critical Operation; Typically 4 to 6 People/Crew
***Or PE with applicable experience

* MQAICQA Personnel. Manufacturing quality assurance and construction quality
assurance personnel are responsible for making observations and performing field tests
to ensure that a facility is constructed in accord with the plans and specifications
approved by the permitting agency. MQA/CQA personnel normally are employed by the
sarne firm as the MQA/CQA engineer, or by a firm hired by the firm employing the
MQA/CQA engineer. Construction MQA/CQA personnel report to the MQA/CQA
engineer. A relatively large proportion (if not the entire group) of the MQA/CQA staff
should be certified. Table 1.2 gives the currently recommended implementation
schedule. As mentioned previously, certification examinations have been available as of
October, 1992, from the National Institute for Certification of Engineering Technologies
in Alexandria, Virginia.
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« Testing Laboratory. Many MQC/CQC and MQA/CQA tests are performed by
commercial laboratories. The testing laboratory should have its own internal QC plan to
ensure that laboratory procedures conform to the appropriate American Society for
Testing and Materials (ASTM) standards or other applicable testing standards. The
testing laboratory is responsible for ensuring that tests are performed in accordance with
applicable methods and standards, for following internal QC procedures, for

- maintaining sample chain-of-custody records, and for reporting data. The testing
laboratory must be willing to allow the owner/operator, permiiting agency, design
engineer, installer, or MQA/CQA engineer to observe the sample preparation and testing
procedures, or record-keeping procedures, if they so desire. The owner/operator,
permitting agency, design engineer, or MQA/CQA engineer may request that they be
allowed to observe some or all tests on a particular job at any time, either announced or
unannounced. The testing laboratory personnel must be willing to accommodate such a
request, but the observer should not interfere with the testing or slow the testing
process.

Table 1.2 - Recommended Implementation Program for Construction Quality Assurance
(CQA) for Geosynthetics* (Beginning January 1, 1993)

. No.of _ End of . End of
Field Crews™** 18 Months 36 Months
At Each Site (i.e., June 30, 1994) (i.e., Janvary 1, 1996)
12 1-Levelll 1 - Level HI¥**
34 1-TLevelll 1 - Level IIT***
1-Lavell 1-Level!
=5 1-LevelII 1 - Level HI*#**
2-Levell 1-Levelll
1-Levell

*Certification for natural materials is under development as of this writing
«+Performing a Critical Operation; Typically 4 to 6 People/Crew
***Qr PE with applicable experience

o MQAICQA Certifying Engineer. The MQA/CQA certifying engineer is responsible for
certifying to the owner/operator and permitting agency that, in his or her opinion, the
facility has been constructed in accord with plans and specifications and MQA/CQA
document approved by the permitting agency. The certification statement is normally
accompanied by.a final MQA/CQA report that contains all the appropriate
documentation, including daily observation reports, sampling locations, test results,
drawings of record or sketches, and other relevant data. The MQA/CQA certifying
engineer may be the MQA/CQA engineer or someone else in the MQA/CQA engineer’s
organization who is a registered professional engineer with experience and competency
in certifying like instaliations.
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1.3 nnel lification

The key individuals involved in MQA/CQA and their minimum recommended qualifications
are listed in Table 1.3, : - _

Table 1.3 - Recommended Personnel Qualifications

Individual Minimum Recommended Qualifications

Design Engineer Registered Professional Engincer

Owner's Representative The specific individual designated by the owner with knowledge |
of the project, its plans, specifications and QC/QA documents.

Manufacturer/Fabricator Experience in manufacturing, or fabricating, at least
1,000,000 m? (10,000,000 £2) of similar geosynthetic
materials.

MGQC Personnel Manufacturer, or fabricator, trained personnel in charge of
quality control of the geosynthetic materials to be used in the -
specific waste containment facility.

MQC Officer The individual specifically designated by a manufacturer or

Geosynthetic Installer’s

fabricator, in charge of geosynthetic material quality conirol.

Experience installing at least 1,000,000 m2 (10,000,000 ft2)

Representative of similar geosynthetic materials,

CQLC Personnel Employed by the general contractor, installation contractor or
earthwork contractor involved in waste containment facilities;
certified to the extent shown in Table 1.1.

CQA Personnel Employed by an organization that operates separately from the
contractor and the owner/operator; certified 1o the extent shown
in Table 1.2,

MOQA/CQA Engineer Employed by an organization that operates separately from the
contractor and owner/operator; registered Professional Engineer
and approved by permitting agency.

MQA/CQA Certifying Engineer Employed by an organization that operates separately from the

contractor and owner/operator; registered Professional Engineer
in the state in which the waste containment facility is
constructed and approved by the appropriate permitting agency.

10
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1.4 Written MOQA/COA Plan

Quality assurance begins with a quality assurance plan. This includes both MQA and
CQA. These activities are never ad hoc processes that are developed while they are being
implemented. A written MQA/CQA plan must precede any field construction activities.

The MQA/CQA plan is the owner/operator’s wriiten plan for MQA/CQA activities. The
MQA/CQA plan should include a detailed description of all MQA/CQA activities that will be used
during materials manufacturing and construction to manage the installed quality of the facility. The
MQA/CQA plan should be tailored to the specific facility to be constructed and be completely
integrated into the project plans and specifications. Differences should be settled before any
construction work commences.

Most state and federal regulatory agencies require that a MQA/CQA plan be submitted by
the owner/operator and be approved by that agency prior to construction. The MQA/CQA plan is
usually part of the permit application. . ' .

A copy of the site-specific plans and specifications, MQA/CQA plan, and MQA/CQA
documentation reports should be retained at the facility by the owner/operator or the MQA/CQA
engineer. The plans, specifications, and MQA/CQA documents may be reviewed during a site
inspection by the permitting agency and will be the chief means for the facility owner/operator to
demonstrate to the permitting agency that MQA/CQA objectives for a project are being met.

Written MQA/CQA plans vary greaily from project to project. No general outline or
suggested list of topics is applicable to all projects or all regulatory agencies. The elements covered
in this document provides guidance on topics that should be addressed in the written MQA/CQA
plan. . '

1.5 ngmgn;gg‘gn

A major purpose of the MQA/CQA process is to provide documentation for those
individuals who were unable to observe the entire construction process (e.g., representatives of the
permitting agency) so that those individuals can make informed judgments about the quality of
construction for a project. MQA/CQA procedures and results must be thoroughly documented.

1.5.1 Daily Inspection Reports

Routine daily reporting and documentation procedures should be required. Inspectors
should prepare daily written inspection reports that may ultimately be included in the final
MQA/CQA document. Copies of these reports should be available from the MQA/CQA engineer.
The daily reports should include information about work that was accomplished, tests and
observations that were made, and descriptions of the adequacy of the work that was performed.

1.5.2 Daily Summary Reports

A daily written summary report should be prepared by the MQA/CQA engineer. This
report provides a chronological framework for identifying and recording all other reports and aids
in tracking what was done and by whom. As a minimum, the daily summary reports should
contain the following (modified from Spigolon and Kelly, 1984, and EPA, 1986):

1
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* Date, project name, location, waste containment unit under construction, personnel
involved in major activities and other relevant identification information:

* Description of weather conditions, including temperature, cloud cover, and precipitation;
* Summaries of any meetings held and actions recommended or taken;

+ Specific work units and locations of construction underway during that particular day;

» Equipment and personnel being ntilized in each work task, including subcontractors;

* Identification of areas or units of work being inspected;

* Unique identifying sheet number of geomembranes for cross referencing and document
control;

* Description of off-site materials received, including any quality control data provided by
the supplier;

+ Calibrations or recalibrations of test equipment, including actions taken as a result of
recalibration;

* Decisions made regarding approval of units of material or of work, and/or corrective
actions to be taken in instances of substandard or suspect quality;

* Unique identifying sheet numbers of inspection data sheets and/or problem reporting and
corrective measures used to substantiate any MQA/CQA decisions described in the
previous item;

* Signature of the MQA/CQA engineer.

1.5.3 Inspection and Testing Reports

All observations, results of field tests, and results of laboratory tests performed on site or
off site should be recorded on a suitable data sheet. Recorded observations may take the form of
notes, charts, sketches, photographs, or any combination of these. Where possible, a checklist
may be useful to ensure that pertinent factors are not overlooked.

As a minimum, the inspection data sheets should include the following information
(modified from Spigolon and Kelly, 1984, and EPA, 1986):

+ Description or title of the inspection activity;
*» Location of the inspection activity or location from which the sample was obtained;

* Type of inspection activity and procedure used (reference to standard method when
appropriate or specific method described in MQA/CQA plan);

* Unique identifying geomembrane sheet number for cross referencing and document
control;

12
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+ Recorded observation or test data;

+ Results of the inspection activity (e.g., pass/fail); comparison with specification
requirements;

+ Personnel involved in the inspection besides the individual preparing the data sheet;
» Signature of the MQA/CQA inspector and review signature by the MQA/CQA engineer.
1.5.4 Problem Identification and Corrective Measures Reports

A problem is defined as material or workmanship that does not meet the requirements of the
plans, specifications or MQA/CQA plan for a project or any obvious defect in material or
workmanship, even if there is conformance with plans, specifications and the MQA/CQA plan. As
a minimum, problem identification and corrective measures reports should contain the following
information (modified from EPA, 1986):

* Location of the problem;

» Description of the problem (in sufficient detail and with supporting sketches or
photographic information where appropriate) to adequately describe the problem;

¢ Unique identifying geomembrane sheet number for cross referencing and document
control;

+ Probable cause;

* How and when the problem was located (reference to inspection data sheet or daily
summary report by inspector);

*  Where relevant, estimation of how long the problem has existed;

+ Any disagreement noted by the inspector between the inspector and contractor about
whether or not a problem exists or the cause of the problem;

+ Suggested corrective measure(s);

+ Documentation of correction if corrective action was taken and completed prior to
finalization of the problem and corrective measures report {reference to inspection data
sheet, where applicable);

= Where applicable, suggested methods to prevent similar problems;
» Signature of the MQA/CQA inspector and review signature of MQA/CQA engineer.
1.5.5 Drawings of Record

Drawings of record (also called “as-built” drawings) should be prepared to document the
actnal lines and grades and conditions of each component of the disposal unit. For soil
components, the record drawings shall include survey data that show bottom and top elevations of
a particular component, the plan dimensions of the component, and locations of all destructive test
samples. For geosynthetic components, the record drawings often show the dimensions of all
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geomembrane field panels, the location of each panel, identification of all seams and panels with
appropriate identification numbering or lettering, location of all patches and repairs, and location of
all destructive test samples. Separate drawings are often needed to show record cross sections and
special features such as sump areas.

1.5.6 Final Documentation and Certification

At the completion of a project, or a component of a large project, the owner/operator should
submit a final report to the permitting agency. This report may include all of the daily inspection
reports, the daily MQA/CQA engineer’s summary reports, inspection data sheets, problem
identification and corrective measures reports, and other documentation such as quality control
data provided by manufacturers or fabricators, laboratory test results, photographs, as-built
drawings, internal MQA/CQA memoranda or reports with data interpretation or analyses, and
design changes made by the design engineer during construction. The document should be
certified correct by the MQA/CQA certifying engineer.

The final documentation should emphasize that areas of responsibility and lines of authority
were clearly defined, understood, and accepted by all parties involved in the project (assuming that
this was the case). Signatures of the owner/operator’s representative, desi gn engineer, MQA/CQA
engineer, general contractor’s representative, specialty subcontractor’s representative, and
MQA/CQA certifying engineer may be included as confirmation that each party understood and
accepted the areas of responsibility and lines of authority outlined in the MQA/CQA plan.

1.5.7 Dogument Control

The MQA/CQA documents which have been agreed upon should be maintained under a
document control procedure. Any portion of the document(s) which are modified must be
communicated to and agreed upon by all parties involved. An indexing procedure should be
developed for convenient replacement of pages in the MQA/CQA plan, should modifications
become necessary, with revision status indicated on appropriate pages.

A control scheme should be implemented to organize and index all MQA/CQA documents.
This scheme should be designed to allow easy access to all MQA/CQA documents and should
enable a reviewer to identify and retrieve original inspection reports or data sheets for any
completed work element,

1.5.8 Storage of Records

During construction, the MQA/CQA engineer should be responsible for all MQA/CQA
documents. This includes a copy of the design criteria, plans, specifications, MQA/CQA plan, and
originals of all data sheets and reports. Duplicate records should be kept at another location to
avoid loss of this valuable information if the originals are destroyed.

Once construction is complete, the document originals should be stored by the
owner/operator in a manner that will allow for easy access while still protecting them from damage.
An additional copy should be kept at the facility if this is in a different location from the
owner/operator’s main files. A final copy should be kept by the permitting agency. All
documentation should be maintained through the operating and post-closure monitorin g periods of
the facility by the owner/operator and the permitting agency in an agreed upon format (paper hard
copy, microfiche, electronic medium, etc.).
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1.6  Meetings

Communication is extremely important to quality management. Quality construction is
easiest to achieve when all parties involved understand clearly their responsibility and authority.
Meetings can be very helpful to make sure that responsibility and authority of each organization is
clearly understood. During construction, meetings can help to resolve problems or
misunderstandings and to find solutions to unanticipated problems that have developed.

1.6.1 Pre-Bid Meeting

The first meeting is held to discuss the MQA/CQA plan and to resolve differences of
opinion before the project is let for bidding. The pre-bid meeting is held after the permitting
agency has issued a permit for a waste containment facility and before a construction contract has
been awarded. The pre-bid meeting is held before construction bids are prepared so that the
companies bidding on the construction will better understand the level of MQA/CQA to be
employed on the project. Also, if the bidders identify problems with the MQA/CQA plan, this
affords the owner/operator an opportunity to rectify those problems early in the process.

1.6.2 Resolution Meeting

The objectives of the resolution meeting are to establish lines of communication, review
construction plans and specifications, emphasize the critical aspects of a project necessary to ensure
proper quality, begin planning and coordination of tasks, and anticipate any problems that might
cause difficulties or delays in construction. The meeting should be attended by the
owner/operator’s representative, design engineer, representatives of the general contractor and/or
major subcontractors, the MQA/CQA engineer, and the MQA/CQA certifying engineer.

The resolution meeting normally involves the following activities:

+ Anindividual is assigned to take minutes (usually a representative of the owner/operator
or of the MQA/CQA engineer’s organization);

« Individuals are introduced to one another and their responsibilities (or potential
responsibilities) are identfied;

» Copies of the project plans and specifications are made available for discussion;
« The MQA/CQA plan is distributed;

» Copies of any special permit restrictions that are relevant to construction or MQA/CQA
are distributed;

» The plans and specifications are described, any unique design features are discussed (so

_ the contractors will understand the rationale behind the general design), any potential

construction problems are identified and discussed, and questions from any of the
parties concerning the construction are discussed;

« The MQA/CQA plan is reviewed and discussed, with the MQA/CQA engineer and
MQA/CQA certifying engineer identifying their expectations and identifying the most
critical components;
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* Procedures for MQC/CQC proposed by installers and contractors are reviewed and
discussed; :

* Corrective actions to resolve potential construction problems are discussed;
* Procedures for documentation and distribution of documents are discussed;
* Each organization’s responsibility, authority, and lines of communication are discussed;

* Suggested modifications to the MQA/CQA plan that would improve quality management
on the project are solicited; and

+ Construction variables (e.g., precipitation, wind, temperature) and schedule are
discussed.

It is very important that the procedures for inspection and testing be known to all, that the
criteria for pass/fail decisions be clearly defined (including the resolution of test data outliers), that
all parties understand the key problems that the MQA/CQA personnel will be particularly careful to
identify, that each individual’s responsibilities and authority be understood, and that procedures
regarding resolution of problems be understood. The resolution meeting may be held in
conjunction with either the pre-bid meeting (rarcly) or the pre-construction meeting (often).

1.6.3 Pre-construction Meeting

The pre-construction meeting is held after a general construction contract has been awarded
and the major subcontractors and material suppliers are established. It is usually held concurrent
with the initiation of construction. The purpose of this meeting is to review the details of the
MQA/CQA plan, to make sure that the responsibility and authority of each individual is clearly
understood, to agree on procedures to resolve construction problems, and to establish a foundation
of cooperation in quality management. The pre-construction meeting should be attended by the
owner/operator’s representative, design engineer, representatives of the general contractor and
major subcontractors, the MQA/CQA engineer, the MQA/CQA certifying engineer, and a
representative from the permitting agency, if that agency expects to visit the site during
construction or independently observe MQA/CQA procedures.

The pre-construction meeting should include the following activities:
* Assign an individual (usually representative of MQA/CQA en gineer) to take minutes;
* Introduce parties and identify their responsibility and authority;

* Distribute the MQA/CQA plan, identify any revisions made after the resolution meeting,
and answer any questions about the MQA/CQA plan, procedures, or documentation;

* Discuss responsibilities and lines of communication;

* Discuss reporting procedures, distribution of documents, schedule for any regular
meetings, and resolution of construction problems;

* Review site requirements and logistics, including safety procedures;
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» Review the design, discuss the most critical aspecis of the construction, and discuss
scheduling and sequencing issues;

« Discuss MQC procedures that the geosynthetics manufacturer(s) will employ;

+ Discuss CQC procedures that the installer or contractor will employ, for example,
establish and agree on geomembrane repair procedures;

+ Make a list of action items that require resolution and assign responsibilities for these
items.

1.6.4 Progress Meetings

Weekly progress meetings should be held. Weekly mestings can be belpful in maintaining
lines of communication, resolving problems, identifying action items, and improving overail
quality management. When numerous critical work elements are being performed, the frequency
of these meetings can be increased to biweekly, or even daily. Persons who should attend this
meeting are those involved in the specific issues being discussed. At all times the MQA/CQA
engineer, or designated representative, should be present.

1.7  Sample Custody

All samples shall be identified as described in the MQA/CQA plan. Whenever a sample is
taken, a chain of custody record should be made for that sample. If the sample is transferred to
another individual or laboratory, records shall be kept of the transfer so that chain of custody can
be traced. The purpose of keeping a record of sample custody is to assist in tracing the cause of
anomalous test results or other testing problem, and to help prevent accidental loss of test samples.

Soil samples are usually discarded after testing. Destructive testing samples of
geosynthetic materials are often taken in triplicate, with one sample tested by CQC personnel, one
tested by CQA personnel, and the third retained in storage as prescribed in the CQA plan.

1.8 Weather

Weather can play a critical role in the construction of waste containment facilities.
Installation of all geosynthetic materials (including geosynthetic clay liners) and natural clay liners
is particularly sensitive to weather conditions, including temperature, wind, humidity, and
precipitation.” The contractor or installer is responsible for complying with the contract plans and
specifications (along with the MQC/CQC plans for the various components of the systemy).
Included in this information should be details which restrict the weather conditions in which certain
activities can take place. It is the responsibility of the contractor or installer to make sure that these
weather restrictions are observed during construction.

1.9  Work Stoppages

Unexpected work stoppages can occur due to a variety of causes, including labor strikes,
contractual disputes, weather, QC/QA problems, etc. The MQA/CQA engineer should be
particularly careful during such stoppages to determine (1) whether in-place materials are covered
and protected from damage (e.g., lifting of a gecomembrane by wind or premature hydration of
geosynthetic clay liners); (2) whether partially covered materials are protected from damage (e.g.,
desiccation of a compacted clay liners); and (3) whether manufactured materials are properly
stored and properly or adequately protected (e.g., whether geotextiles are protected from ultraviolet
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exposure). The cessation of construction should not mean the cessation of MQA/CQA inspection
and documentation,
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Chapter 2

Compacted Soil Liners

2.1 Introduction and Backeround

2.1.1 Tvpes of Compact oil Liners

Compacted soil liners have been used for many years as engineered hydraulic barriers for
waste containment facilities. Some liner and cover systems contain a single compacted soil liner,
but others may contain two or more compacted soil liners. Compacted soil liners are frequently
used in conjunction with geomembranes to form a composite liner, which usually consists of a
geomembrane placed directly on the surface of a compacted soil liner. Examples of soil liners used
in liner and cover systems are shown in Fig. 2.1.

Compacted soil liners are composed of clayey materials that are placed and compacted in
layers called lifts. The materials used to construct soil liners include natural mineral materials
(natural soils), bentonite-soil blends, and other material

2.1.1.1 Natural Mineral Materials

The most common type of compacted soil liner is one that is constructed from naturally
occurring soils that contain a significant quantity of clay. Soils are usually classified as CL, CH,
or SC soils in the Unified Soil Classification System (USCS) and ASTM D-2487. Soil liner
materials are excavated from locations called borrow pits. These borrow areas are located either on
the site or offsite. The soil in the borrow pit may be used directly without processing or may be
processed to alter the water content, break down large pieces of material, or remove oversized
particles. Sources of natural soil liner materials include lacustrine deposits, glacial tills, aeolian
materials, deltaic deposits, residual soils, and other types of soil deposits. Weakly cemented or
highly weathered rocks, e.g., mudstones and shales, can also be used for soil liner materials,
provided they are processed properly.

2.1.1.2 Bentonite-Soil Blends

If the soils found in the vicinity of a waste disposal facility are not sufficiently clayey to be
suitable for direct use as a soil liner material, a common practice is to blend natural soils available
on or near a site with bentonite.  The term bentonite is used in different ways by different people.
For purposes of this discussion, bentonite is any commercially processed material that is composed
primarily of the mineral smectite. Bentonite may be supplied in granular or pulverized form. The
dominant adsorbed cation of commercial bentonite is usvally sodiom or calcium, although the
sodium form is much more commonly used for soil sealing applications. Bentonite is mixed with
native soils either in thin layers or in a pugmill.

2.1.1.3 Other

Other materials have occasionally been used for compacted soil liners. For example,
bentonite may be blended with flyash to form a liner under certain circumstances. Modified soil
minerals and commercial additives, e.g., polymers, have sometimes been used.
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2.1.2  Critical COC and CQOA Issues

The CQC and CQA. processes for soil liners are intended to accomplish three objectives:

1. Ensure that soil liner materials are suitable,
2. Ensure that soil liner materials are properly placed a. . compacted.
3. Ensure that the completed liner is properly protected.

Some of these issues, such as protection of the liner from desiccation after completion, simply
require application of common-sense procedures. Other issues, such preprocessing of materials,
are potentially much more complicated because, depending on the material, many construction
steps may be involved. Furthermore, tests alone will not adequately address many of the critical
CQC and CQA issues -- visual abservations by qualified personnel, supplemented by intelligently
selected tests, provide the best approach to ensure quality in the constructed soil liner.

As discussed in Chapter 1, the objective of CQA is to ensure that the final product meets
specifications. A detailed program of tests and observations is necessary to accomplish this
objective. The objective of CQC is to control the manufacturing or construction process to meet
project specifications. With geosynthetics, the distinction between CQC and CQA is obvious: the
geosynthetics installer performs CQC while an independent organization conducts CQA.
However, CQC and CQA activities for soils are more closely linked than in geosynthetics
installation. For example, on many earthwork projects the CQA inspector will typically determine
the water content of the soil and report the value to the contractor; in effect, the CQA inspector is
also providing CQC input to the contractor. On some projects, the contractor is required to
perform extensive tests as part of the CQC process, and the CQA inspector performs tests to check
or confirm the results of CQC tests.

The lack of clearly separate roles for CQC and CQA inspectors in the earthwork industry is
a result of historic practices and procedures. This chapter is focused on CQA procedures for soil
liners, but the reader should understand that CQA and CQC practices are often closely linked in
earthwork. In any event, the QA plan should clearly establish QA procedures and should consider
whether there will be QC tests and observations to complement the QA process.

2.1.3 Liner Requirements

The construction of soil liners is a challenging task that requires many careful steps. A
blunder concerning any one detail of construction can have disastrous impacts upon the hydraulic
conductivity of a soil liner. For example, if a liner is allowed to desiccate, cracks might develop
that could increase the hydraulic conductivity of the liner to above the specified requirement.

As stated in Section 2.1.2, the CQC and CQA processes for soil liners essentially consist

of using suitable materials, placing and compacting the materials properly, and protecting the
completed liner. The steps required to fulfill these requirements may be summarized as follows:

1. The subgrade on which the soil liner will be placed should be properly prepared.

2. The materials employed in constructing the soil liner should be suitable and should
conform to the plans and specifications for the project.
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3. The soil liner material should be preprocessed, if necessary, to adjust the water
content, to remove oversized particles, to break down clods of soil, or to add
amendments such as bentonite,

4, The soil should be placed in lifts of appropriate thickness and then be properly
remolded and compacted.

5. The completed soil liner should be protected from damage caused by desiceation or
freezing temperatures.
6. The final surface of the soil liner should be properly prepared to support the next

layer that will be placed on top of the soil liner.

The six steps mentioned above are described in more detail in the succeeding subsections to
provide the reader with a general introduction to the nature of CQC and CQA for soil liners.
Detailed requirements are discussed later.

2.1.3.1 $Subgrade Preparation

The subgrade on which a soil liner is placed should be properly prepared, i.e., provide
adequate support for compaction and be free from mass movements. The compacted soil liner may
be placed on a natural or geosynthetic material, depending on the particular design and the
individual component in the liner or cover system. If the soil liner is the lowest component of the
liner system, native soil or rock forms the subgrade. In such cases the subgrade should be
compacted to eliminate soft spots. Water should be added or removed as necessary to produce a
suitably firm subgrade per specification requirements. In other instances the soil liner may be
placed on top of geosynthetic components of the liner system, e.g., a geotextile. In such cases, the
main concern is the smoothness of the geosynthetic on which soil is placed and conformity of the
geosynthetic to the underlying material (e.g., no bridging over ruts left by vehicle traffic).

Sometimes it is necessary to "tie in" a new section of soil liner to an old one, ¢.g., when a
landfill is being expanded laterally. It is recommended that a lateral excavation be made about 3 to
6 m (10 to 20 ft) into the existing soil liner, and that the existing liner be stair-stepped as shown in
Fig. 2.2 to tie the new liner into the old one. The surface of each of the steps in the old liner
should be scarified to maximize bonding between the new and old sections.

"Stair-Step” Cut Made into
Qld Section of Liner to Tie In
New Section of Soil Liner New Liner with Old Liner

—— L)

Old Section of Soil Liner

Figure 2.2 - Tie-In of New Soil Liner to Existing Soil Liner
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2.1.3.2 Material Selection

Soil liner materials are selected so that a low hydraulic conductivity will be produced after
the soil is remolded and compacted. Although the performance specification is usually hydraulic
conductivity, CQA considerations dictate that restrictions be placed on certain properties of the soil
used to build a liner, For example, limitations may be placed on the liquid limit, plastic limit,
plasticity index, percent fines, and percent gravel allowed in the soil liner material.

The process of selecting construction materials and verifying the suitability of the materials
varies from project to project. In general, the process is as follows:

1. A potential borrow source is located and explored to determine the vertical and
lateral extent of the source and to obtain representative samples, which are tested for
propertics such as liquid limit, plastic limit, percent fines, etc.

2. Once construction begins, additional CQC and CQA observations and tests may be
performed in the borrow pit to confirm the suitability of materials being removed.

3. After a lift of soil has been placed, additional CQA tests should be performed for
final verification of the suitability of the soil liner materials.

On some projects, the process may be somewhat different. For example, a materials company may
offer to sell soil liner materials from a commercial pit, in which case the first step listed above
(location of borrow source) is not relevant.

A variety of tests is performed at various stages of the construction process to ensure that
the soil liner material conforms with specifications. However, tests alone will not necessarily
ensure an adequate material -- observations by qualified CQA inspectors are essential to confirm
that deleterious materials (such as stones or large pieces of organic or other deleterious matter) are
not present in the soil liner material.

2.1.3.3 Preprocessing

Some soil liner materials must be processed prior to use. The principal preprocessing steps
that may be required include the following:

1. Drying of soil that is too wet.

2 Wetting of soil that is toé dry.

3 Removal of oversized particles.

4. Pulverization of clods of soil.

5 Homeogenization of nonuniform soil.

0. Addition of bentonite.

Tests are performed by CQA personnel to confirm proper preprocessing, but visual observations
by CQC and CQA personnel are needed to confirm that proper proccdurcs have been followed and
that the soil liner material has been properly preprocessed.
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2.1.3.4 Placement, Remolding, and Compaction

Soil liners are placed and compacted in lifts. The soil liner material must first be placedina
loose lift of appropriate thickness. If a loose lift is too thick, adequate compactive energy may not
be delivered to the bottom of a lift. .

The type and weight of compaction equipment can have an important influence upon the
hydraulic conductivity of the constructed liner. The CQC/CQA program should be designed to
ensure that the soil liner material will be properly placed, remolded, and compacted as described in
the plans and specifications for the project.

2.1.3.5 Protection

The completed soil liner must be protected from damage caused by desiccation or freezing
temperatures. Each completed lift of the soil liner, as well as the completed liner, must be
protected.

2.1.3.6 Final Surface Preparation

The surface of the liner must be properly compacted and smoothed to serve as a foundation
for an overlying geomembrane liner or other component of a liner or cover system. Verification of
final surface preparation is an important part of the CQA process,

2.1.4 Compaction Requirements

One of the most important aspects of constructing soil liners that have low hydraulic
conductivity is the proper remolding and compaction of the soil. Background information on soil
compaction is presented in this subsection.

2.1.4.1 Compaction Curve

A compaction curve is developed by preparing several samples of soil at different water
contents and then sequentially compacting each of the samples into a2 mold of known volume with a
specified compaction procedure. The total unit weight (y), which is also called the wet density, of
each specimen is determined by weighing the compacted specimen and dividing the total weight by
the total volume. The water content (w) of each compacted specimen is determined by oven drying
thiel specimen. The dry unit weight (yg), which is sometimes called the dry density, is calculated as
follows: :

Ya = Y(1+w) (2.1)

The {w, yq) points are plotted and a smooth curve is drawn between the points to define the
compaction curve (Fig. 2.3). Judgment rather than an analytic algorithm is usually employed to
draw the corapaction curve through the measured points.

The maximum dry unit weight (¥gmax) occurs at a water content that is called the optimum
walter content, Wopt (Fig. 2.3). The main reason for developing a compaction curve is 10 determine

the optimum water content and maximum dry unit weight for a given soil and compaction
procedure.
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Figure 2.3 - Compaction Curve

: The zero air voids curve (Fig. 2.3), also known as the 100% saturation curve, is a curve
that relates dry unit weight to water content for a saturated soil that contains no air. The equation
for the zero air voids curve is:
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Yd = Yw/[w + (1/Gg)] (2.2)

where Gg is the specific gravity of solids (typically 2.6 to 2.8) and ¥y is the unit wei ght of water.
If the soil’s specific gravity of solids changes, the zero air voids curve will also change,
Theoretically, no points on a plot of dry unit weight versus water content should liec above the zero
air voids curve, but in practice some points usually lie slightly above the zero air voids curve as a
result of soil variability and inherent limitations in the accuracy of water content and unit weight
measurements (Schmertmann, 1989). :

Benson and Boutwell (1992) summarize the maximum dry unit weights and optimum water
content measured on soil liner materials from 26 soil liner projects and found that the degree of
saturation at the point of (Wopt, ¥ d,max) ranged from 71% to 98%, based on an assumed G valie
of 2.75. The average degree of saturation at the optimum point was 85%.

2.1.4.2 Compaction Tests

Several methods of laboratory compaction are commonly employed. The two procedures
that are most commonly used are standard and modified compaction, Both techniques usually
involve compacting the soil into a mold having a volume of 0.00094 m3 (1/30 £3). The number of
lifts, weight of hammer, and height of fall are listed in Table 2.1. The compaction tests are
sometimes called Proctor tests after Proctor, who developed the tests and wrote about the
procedures in several 1933 issues of Engineering News Record, Thus, the compaction curves are
s&omeﬁmes called Proctor curves, and the maximum dry unit weight may be termed the Proctor

ensity,

Table 2.1 - Compaction Test Details

Compaction Number Weight of Height of Compactive
Procedure of Lifts Hammer Fall Energy -
Standard 3 24.5N 305 mm 564 kN-m/m3
(5.5 Ibs) : (12 in) (12,375 fe-Ib/6t3)
Modified 5 445N 457 mm 2,693 KN-m/m3
(10 1bs) (18 in) (56,250 ft-1b/et3)

Proctor’s original test, now frequently called the standard Proctor compaction test, was
developed to control compaction of soil bases for highways and airfields. The maximum dry unit
weights attained from the standard Proctor compaction test were approximately equal to unit
weights observed in the field on well-built fills using compaction equipment available in the 1920s
and 1930s. During World War II, much heavier compaction equipment was developed and the
unit weights attained from field compaction sometimes exceeded the laboratory values. Proctor’s
original procedure was modified by increasing compactive energy. By today’s standards:
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« Standard Compaction (ASTM D-698) produces maximum dry unit weights
approximately equal to field dry unit weights for soils that are well compacted using
modest-sized compaction equipment.

» Modified Compaction (ASTM D-1557) produces maximum dry unit weights
approximately equal to field dry unit weights for soils that are well compacted using the
heaviest compaction equipment available.

2.1.4.3 Percent Compaction

The compaction test is used to help CQA personnel to determine: 1) whether the soil is at
the proper water content for compaction, and 2) whether the soil has received adequate compactive
effort. Field CQA personnel will typically measure the water content of the field-compacted soil
(w) and compare that value with the optimum water content (wgpe) from a laboratory compaction
test. The construction specifications may limit the value of w refatwe t0 Wopy, €.8., specifications
may require w to be between 0 and +4 percentage points of wop. Field C&C personnel should
measure the water content of the soil prior to remolding and compactmn to ensure that the material
is at the proper water content before the soil is compacted. However, experienced earthwork
personnel can often tell if the soil is at the proper water content from the look and feel of the soil.
Field CQA personnel should measure the water content and unit weight after compaction to verify
that the water content and dry unit weight meet specifications, Field CQA personnel often compute
the percent compaction, P, which is defined as follows:

P = Y4/Yd max X 100% (2.3)

where Y4 is the dry unit weight of the field-compacted soil. Construction specifications often
stipulate a minimum acceptable value of P.

In summary, the purpose of the laboratory compaction test as applied to CQC and CQA is
to provide water content (wopt) and dry unit weight (Yq max) reference points. The actual water
content of the ﬁeld—compacte(f soil liner may be compared to the optlmum value determined from a
specified laboratory compaction test. If the water content is not in the proper range, the
engineering properties of the soil are not likely to be in the range desired. For example, if the soil
is foo wet, the shear strength of the soil may be too low, Similarly, the dry unit weight of the
field-compacted soil may be compared to the maximum dry unit weight determined from a
specified laboratory compaction test. If the percent compaction is too low, the soil has probably
not been adequately compacted in the field. Compaction criteria may also be established in ways
that do not involve percent compaction, as discussed later, but one way or another, the laboratory
compaction test provides a reference point.

2.14.4 Estimating Optimumm Water Content and Maximum Dry Unit Weight
Many CQA plans require that the water content and dry unit weight of the field-compacted
soil be compared to values determined from laboratory compaction tests. Compaction tests are a

routine part of nearly all CQA programs. However, from a practical standpoint, performing
compaction tests introduces two problems:

1. A compaction test often takes 2 to 4 days to complete -~ field personnel cannot wait
for the completion of a laboratory compaction test to make “pass-fail” decisions.
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2. The soil will inevitably be somewhat variable -- the optimum water content and
maximum dry unit weight will vary. The values of Wopt and Yq,max appropriate for
one location may not be appropriate for another location. This has been termed a
"mismatch" problem (Noorany, 1990),

Because dozens (sometimes hundreds) of field water content and density tests are
performed, it is impractical to perform a laboratory compaction test each and every time a field
measurement of water content and density is obtained. Alternatively, simpler techniques for
estimating the maximum dry unit weight are almost always employed for rapid field CQA
assessments. These techniques are subjective assessment, one-point compaction test, and three-
point compaction test.

2.1.4.4.1 Subjective Assessment

Relatively homogeneous fill materials produce similar results when repeated compaction
tests are performed on the soil. A common approach is to estimate optimum water content and
maximum dry unit weight based on the results of previous compaction tests. The results of at least
2 10 3 laboratory compaction tests should be available from tests on borrow soils prior to actual
compaction of any soil liner material for a project. With subjective assessment, CQA personnel
estimate the optimum water content and maximum dry unit weight based upon the results of the
previously-completed compaction tests and their evaluation of the soil at a particular location in the
field. Slight variations in the composition of fill materials will cause only stight variations in Wopt
and Yd,max. As an approximate guide, a relatively homogeneous borrow soil would be considered
a material in which wep; does not vary by more than + 3 percentage points and Yd,max does not
vary by more than £ 6).8 kN/ft3 (5 pef). The optimum water content and maximum dry unit
weight should not be estimated in this manner if the soil is heterogeneous -~ too much guess work
and opportunity for error would exist.

2.1.4.4.2 Qne-Point Compaction Te

The results of several complete compaction tests should always be available for a particular
borrow source prior to construction, and the data base should expand as a project progresses and
additional compaction tests are performed. The idea behind a one-point compaction test is shown
inFig. 2.4. A sample of soil is taken from the field and dried to a water content that appears to be
justdry of optimum. An experienced field technician can usually tell without much difficulty when
the water content is just dry of optimum. The sample of soil is compacted into a mold of known
volume according to the compaction procedure relevant to a particular project, €.g., ASTM D-698
or D-1557. The weight of the compacted specimen is measured and the total unit weight is
computed. The sample is dried using one of the rapid methods of measurement discussed later to
determine water content. Dry unit weight is computed from Eq. 2.2. The water content-dry unit
weight point from the one-point compaction test is plotted as shown in Fig. 2.4 and used in
conjunction with available compaction curves to estimate wopt and Yd max. One assumes that the
shape of the compaction is similar to the previously-developed compaction curves and passes
through the one point that has been determined.

The dashed curve in Fig. 2.4 is the estimated compaction curve. The one-point compaction
test is commonly used for variable soils. In extreme cases, a one-point compaction test may be
required for nearly all ficld water content and density measurements for purposes of computing
percent compaction. However, if the material is so variable to require a one-point compaction test
for nearly ali field density measurements, the material is probably oo variable to be suitable for use
in a soil Jiner. The best use of the one-point compaction test is to assist with estimation of the
optimum water content and maximum dry unit weight for questionable materials and to fill in data
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gdps when results of complete compaction tests are not available quickly enough.

Previously-Developed
Compaction Curve

Result of One-Point
Compaction Test

Assumed Compaction
Curve

Dry Unit Weight

Previously-Devsloped
Compaction Curve

|- Estimated wopt
{ - '

Water Content

Figure 2.4 - One-Point Compaction Test

2.1.4.4.3 Three-Point Compaction Test {ASTM D-5080)

A more reliable technique than the one-point compaction test for estimating the optimum
water content and maximum dry unit weight is to use a minimum of three compaction points to
define a curve rather than relying on a single compaction point. A representative sample of soil is
obtained from the field at the same location where the in-place water content and dry unit weight
have been measured. The first sample of soil is compacted at the field water content. A second
sample is prepared at a water conient two percentage points wetter than the first sample and is
compacted. However, for extremely wet soils that are more than 2% wet of optimum (which is
often the case for soil liner materials), the second sample should be dried 2% below natural water
content. Depending on the outcome of this compaction test, a third sample is prepared at a water
content either two percentage points dry of the first sample or two percentage points wet of the
second sample (or, for wet soil liners, 2 percentage points dry of the second sample). A parabola
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is fitted to the three compaction data points and the optimum water content and maximum dry unit
welght are determined from the equation of the best-fit parabola. This technique is significantly
more time consuming than the one-point compaction test but offers 1) a standard ASTM procedure
and 2) preater reliability and repeatability in estimated wope and Ydmax. '

2.1.4.5 Recommended Procedure for Developing Wate

One of the most important aspects of CQC and CQA for soil liners is documentation of the
water content and dry unit weight of the soil immediately after compaction. Historically, the
method used to specify water content and dry unit weight has been based upon experience with
structural fill. Design engineers often require that soil liners be compacted within a specified range
of water content and to a minimum dry unit weight, The “Acceptable Zone” shown in Fig. 2.5
represents the zone of acceptable water content/dry unit weight combinations that is often
prescribed. The shape of the Acceptable Zone shown in Fig. 2.5 evolved empirically from
construction practices applied to roadway bases, structural fills, embankments, and earthen dams.
The specification is based primarily upon the need to achieve a minimum dry unit weight for
adequate strength and limited compressibility. As discussed by Mundell and Bailey (1985),
Boutwell and Hedges (1989), and Daniel and Benson (1990), this method of specifying water
content and dry unit weight is not necessarily the best method for compacted soil liners.

Zerao Air Voids Curve

Acceptabls Zone

d,max

AN

Dry Unit Weight (yg)

N\

Specified
Range

Py
dmax = — —f— —

w
. opt

Moldirig Water Content (w)
Figure 2.5 - Form of Water Content-Dry Unit Weight Specification Often Used in the Past
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 The recommended approach is intended to ensure that the soil liner will be compacted to a
water content and dry unit weight that will lead to low hydraulic conductivity and adequate
engineering performance with respect to other considerations, ¢.g., shear strength. Rational
specification of water content/dry unit weight criteria should be baséd apon test data developed for
each particular soil. Field test data would be better than laboratory data, but the cost of determining
compaction criteria in the field through a series of test sections would almost always be prohibitive.
Because the compactive effort will vary in the field, a logical.approach is to select several
compactive efforts in the laboratory that span the range of compactive effort that might be
anticipated in the field. If this is done, the water content/dry unit weight criterion that evolves
would be expected to apply to any reasonable compactive effort. =

For most earthwork projects, modified Proctor effort represents a reasonable upper limit on
the compactive effort likely to be delivered to the soil in the field. Standard compaction effort
(ASTM D-698) likely represents a medium compactive effort. It is conceivable that seil in some
locations will be compacted with an effort less than that of standard Proctor compaction. A
reasonable lower limit of compactive energy is the “reduced compaction” procedure in which
standard compaction procedures (ASTM D-698) are followed except that only 15 drops of the
“hammer per lift are used instead of the usual 25 drops. The reduced compaction procedure is the
same as the 15 blow compaction test described by the U.S. Army Corps of Engineers (1970). The
reduced compactive effort is expected to correspond to a reasonable minimum level of compactive
energy for a typical soil liner or cover. Other compaction methods, e.g., kneading compaction,
could be used. The key is to span the range of compactive effort expected in the field with
laboratory compaction procedures. :

One satisfactory approach is as follows:

1. Prepare and compact soil in the laboratory with modified, standard, and reduced
compaction procedures to develop compaction curves as shown in Fig. 2.6a. Make
sure that the soil preparation procedures are appropriate; factors such as clod size
reduction may influence the results (Benson and Daniel, 1990). Other compaction

- procedures can be used if they better simulate field compaction and span the range
of compactive effort expected in the field. Also, as few as two compaction
procedures can be used if field construction procedures make either the lowest or
highest compactive energy irrelevant. S :

2. The compacted specimens should be permeated, e.g., per ASTM D-5084. Care
should be taken- to ensure that permeation procedures are correct, with important
details such as degree of saturation and effective confining stress carefully selected.
The measured hydraulic conductivity should be plotted as a function of molding

water content as shown in Fig. 2.6b. : -

3. As shown in Fig. 2.6¢, the dry unit weight/water content points should be replotted
with different symbols used to represent compacted specimens that had hydraulic
~ conductivities greater than the maxirhum acceptable value and specimens with
hydraulic conductivities less than or équal to the maximum acceptable value. An
“Acceptable Zone™” should be drawn to encompass the data points representing test
results meeting or exceeding the design criteria. Some judgment is usually
necessary in constructing the Acceptable Zone from the data points. Statistical
criteria (e.g., Boutwell and Hedges, 1989) may be introduced at this stage.
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4. The Acceptable Zone should be modified (Fig. 2.6d) based on other considerations
such as shear strength. Additional tests are usually necessary in order to define the
acceptable range of water content and dry unit weight that satisfies both hydraulic
conductivity and shear strength criteria, Figure 2.7 illustrates how one might
overlap Acceptable Zones defined from hydraulic conductivity and shear strength
considerations to define a single Acceptable Zone. The same procedure can be
applied to take into consideration other factors such as shrink/swell potential
relevant to any particular project.
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Accaptable
g 5
£ 2
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5 5
(C) o o (D) a o
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Moiding Water Contant Molding Water Content

Figure 2.6 - Recommended Procedure to Determine Acceptable Zone of Water Content/Dry Unit
EVeight Values Based Upon Hydraulic Conductivity Considerations (after Daniel and
enson, 1990).
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Molding Water Content

Figure 2.7 - Acceptable Zone of Water Content/Dry Unit Weights Determined by Superposing
Hydraulic Conductivity and Shear Strength Data (after Daniel and Benson, 1990).

The same general procedure just outlined may also be used for soil-bentonite mixtures.
However, to keep the scope of testing reasonable, the required amount of bentonite should be
determined before the main part of the testing program is initiated. The recommended procedure
for soil-bentonite mixes may be summarized as follows:

1. The type, grade, and gradation of bentonite that will be used should be determined.
- This process usually involves estimating costs from several potential suppliers. A
sufficient quantity of the bentonite likely to be used for the project should be
obtained and tested to characterize the bentonite (characterization tests are discussed

later).

ol A representative sample of the soil to which the bentonite will be added should be
o obtained. ' o
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3. Batches of soil-bentonite mixtures should be prepared by blending in bentonite at
several percentages, e.g., 2%, 4%, 6%, 8%, and 10% bentonite. Bentonite content
is defined as the weight or mass of bentonite divided by the weight or mass of soil
mixed with bentonite. For instance, if 5 kg of bentonite are mixed with 100 kg of
soil, the bentonite content is 5%. Some people use the gross weight of bentonite
rather than oven dry weight. Since air-dry bentonite usually contains 10% to 15%
hygroscopic water by weight, the use of oven-dry, air-dry, or damp weight can
make a difference in the percentage. Similarly, the weight of soil may be defined as
either moist or dry (air- or oven-dry) weight. The contractor would rather work
with total (moist) weights since the materials used in forming a soil-bentonite blend
do contain some water. However, the engineering characteristics are controlled by
the relative amounts of dry materials. A dry-weight basis is generally
recommended for definition of bentonite content, but CQC and CQA personnel
must recognize that the project specifications may or may not be on a dry-weight

basis. _

4. Develop compaction curves for each soil-bentonite mixture prepared from Step 3
using the method of compaction appropriate to the project, e.g., ASTM D-698 or
ASTM D-1557. '

5. Compact samples at 2% wet of optimum for each percentage of bentonite using the

same compaction procedure employed in Step 4.

6. Permeate the soils prepared from Step 5 using ASTM D-5084 or some other
appropriate test method. Graph hydraulic conductivity versus percentage of
bentonite.

7. Decide how much bentonite to use based on the minimum required amount
determined from Step 6. The minimum amount of bentonite used in the field
should always be greater than the minimum amount suggested by laboratory tests
because mixing in the field is usually not as thorough as in the laboratory.
Typically, the amount of bentonite used in the field is one to four percentage points
greater than the minimum percent bentonite indicated by laboratory tests.

8. A master batch of material should be prepared by mixing bentonite with a
represeniative sample of soil at the average bentonite content expected in the field.
The procedures described earlier for determining the Acceptable Zone of water
content and dry unit weight are then applied to the master batch.

2.1.5 TestPads

Test pads are sometimes constructed and tested prior to construction of the full-scale
compacted soil liner. The test pad simulates conditions at the time of construction of the soil liner.
If conditions change, e.g., as a result of emplacement of waste materials over the liner, the
properties of the liner will change in ways that are not normally simulated in a test pad. The
objectives of a test pad should be as follows:

1. To verify that the materials and methods of construction will produce a compacted
soil liner that meets the hydraulic conductivity objectives defined for a project,
hydraulic conductivity should be measured with techniques that will characterize the
large-scale hydraulic conductivity and identify any construction defects that cannot
be observed with small-scale laboratory hydraulic conductivity tests.
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2. To verify that the proposed CQC and CQA procedures will result in a high-quality
soil liner that will meet performance objectives.

3. ' To provide a basis of comparison for full-scale CQA: if the test pad meets the
performance objectives for the liner (as verified by appropriate hydraulic
conductivity tests) and the full-scale liner is constructed to standards that equal or
exceed those used in building the test pad, then assurance is provided that the full-
scale liner will also meet performance objectives.

4. If appropriate, a test 'pad provides an opportunity for the facility owner to
demonstrate that unconventional materials or construction techniques will lead to a
so0il liner that meets performance objectives.

In terms of CQA, the test pad can provide an extremely powerful tool to ensure that
performance objectives are met. The authors recommend a test pad for any project in which failure
of the soil liner to meet performance objectives would have a potentially important, negative
environmental impact. S

A test pad need not be constructed if results are already available for a particular soil and
construction methodology. By the same token, if the materials or methods of construction change,
an additional test pad is recommended to test the new materials or construction procedures.
Specific CQA tests and observations that are recommended for the test pad are described later in
Section 2.10.

2.2 Critical Construction Variables ihg; Affect Soil Liners

Proper construction of compacted soil liners requires careful attention to construction

variables. In this section, basic principles are reviewed to set the stage for discussion of detailed
CQC and CQA procedures. :

2.2.1 Properties of the Soil Material

The construction specifications place certain restrictions on the materials that can be used in
constructing a soil liner. Some of the restrictions are more important than others, and it is
important for CQC and CQA - personnel to understand how material properties can influence the
performance of a soil liner. : -

2.2.1.1 Plasticity Characteristics

The plasticity of a soil refers to the capability of a material to behave as a plastic, moldable
material. Soils are said to be either plastic or non-plastic. Soils that contain clay are usually plastic
whereas those that do not contain clay are usually non-plastic. If the soil is non-plastic, the soil is

almost always considered unsuitable.for a soil liner unless additives such as bentonite are
introduced. - :

The 'plastici'ty characteristics of a soil are quantified by three parameters: liQuid limit, plastic
limit, and plasticity index. These terms are defined as follows:

+ - Liquid Limit (LL): The water content corresponding to the arbitrary' limit between the
liquid and plastic states of consistency of a soil. :

+  Plastic Limit (PL): The water cpn'tent corresponding to the arbitrary limit between the
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plastic and solid states of consistency of a soil.

»  Plasticity Index (PI): The numerical difference between liquid and plastic limits, i.e., LL
- PL.

The liquid limit and plastic limit are measured using ASTM D-4318,

Experience has shown that if the soil has extremely low plasticity, the soil will possess
insufficient clay to develop low hydraulic conductivity when the soil is compacted. Also, soils that
have very low PI's tend to grade into non-plastic soils in some locations. The question of how
low the PI can be before the soil is not sufficiently plastic is impossible to answer universally.
Daniel (1990) recommends that the soil have a PI > 10% but notes that some soils with PI’s as low
as 7% have been used successfully to build soil liners with extremely low in situ hydraulic
conductivity (Albrecht and Cartwright, 1989). Benson et al. (1992) compiled a data base from
CQA documents and related the hydraulic conductivity measured in the laboratory on small,
“undisturbed” samples of field-compacted soil to various soil characteristics. The observed
relationship between hydraulic conductivity and plasticity index is shown in Fig. 2.8. The data
base reflects a broad range of construction conditions, soil materials, and CQA procedures. Itis
clear from the data base that many soils with PI’s as low as approximately 10% can be compacted
to achieve a hydraulic conductivity < 1 x 107 cm/s.
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Figure 2.8 - Relationship between Hydraulic Conductivity and Plasticity Index (Benson et al.,
1992)
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Soils with high plasticity index (>30% to 40%) tend to form hard clods when dried and
sticky clods when wet. Highly plastic soils also tend to shrink and swell when wetted or dried.
With highly plastic soils, CQC and CQA personnel should be particularly watchful for proper
processing of clods, effective remolding of clods during compaction, and protection from
desiccation.

2.2.1.2 Percentage Fines -

Some earthwork specifications place a minimum requirement on the percentage of fines in
the soil liner material. Fines are defined as the fraction of soil that passes through the openings of
the No. 200 sieve (opening size = 0.075 mm). Soils with inadequate fines typically have too little
silt- and clay-sized material to produce suitably low hydraulic conductivity. Daniel (1990)
recommends that the soil liner materials contain at least 30% fines. Data from Benson et al.
(1992), shown in Fig. 2.9, suggest that a minimum of 50% fines might be an appropriate
requirement for many soils. Field inspectors should check the soil to make sure the percentage of
fines meets or exceeds the minimum stated in the construction specifications and should be
particularly watchful for soils with less than 50% fines.
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Figure 2.9 - Relationship between Hydraulic Conductivity and Percent Fines (Benson et al., 1992) -
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2.2.1.3 Percentage Gravel

Gravel is herein defined as particles that will not pass through the openings of a No, 4
sieve (opening size = 4.76 mm). Gravel itself has a high hydraulic conductivity. However, a
relatively large percentage (up to about 50%) of gravel can be uniformly mixed with a soil liner
material without significantly increasing the hydraulic conductivity of the material (Fig. 2.10). The
hydraulic conductivity of mixtures of gravel and clayey soil is low because the clayey soil fills the
voids between the gravel particles. The critical observation for CQA inspectors to make is for
possible segregation of gravel into pockets that do not contain sufficient soil to plug the voids
between the gravel particles. The uniformity with which the gravel is mixed with the soil is more
important than the grave! content itself for soils with no more than 50% gravel by weight, Gravel
also may possess the capability of puncturing geosynthetic materials - the maximum size and the

angularity of the gravel are very important for the layer of soil that will serve as a foundation layer
for a geomembrane.

10>

| ® Kaolinite
Note: Hydraulic Conductivity of W Mine Spoil
Gravel Alone = 170 crivs

Hydraulic Conductivity (cmvs)

0 20 40 60 - 80 100

Percent Gravel (by Weight)

Figure 2.10 - Relationship between Hydraulic Conductivity and Percentage Gravel Added to Two
Clayey Soils (after Shelley and Daniel, 1993).
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2.2.1.4 Maximum Particle Size

The maximum particle size is important because: (1) cobbles or large stones can interfere
with compaction, and (2) if a geomembrane is placed on top of the compacted soil liner, oversized
particles can damage the geomembrane. Construction specifications may stipulate the maximum
allowable particle size, which is usually between 25 and 50 mm (1 to 2 in.) for compaction
considerations but which may be much less for protection against puncture of an adjacent
geomembrane. If a geomembrane is to be placed on the soil liner, only the upper lift of the soil
liner is relevant in terms of protection against puncture. Construction specifications may place one
set of restrictions on all lifts of soil and place more stringent requirements on the upper lift to
protect the geomembrane from puncture. Sieve analyses on small samples will not usually lead to
detection of an occasional piece of oversized material. - Observations by attentive CQC and CQA
personnel are the most effective way to ensure that oversized materials have been removed.
Oversized materials are particularly critical for the top lift of a soil liner if a geomembrane is to be
placed on the soil liner to form a composite geomembrane/soil liner.

2.2.1.5 Clay Content and Activity

The clay content of the soil may be defined in several ways but it is usually considered to
be the percentage of soil that has an equivalent particle diameter smaller than 0.005 or 0.002 mm,
with 0.002 mm being the much more common definition. The clay content is measured by
sedimentation analysis (ASTM D-422).  Some construction specifications specify a minimum clay
content but many do not.

A parameter that is sometimes useful is the activity, A, of the soil, which is defined as the
plasticity index (expressed as a percentage) divided by the percentage of clay (< 0.002 mm) in the
soil. A high activity (> 1) indicates that expandable clay minerals such as montmorillonite are
present. Lambe and Whitman (1969) report that the activities of kaolinite, illite, and
montmorillonite (three common clay minerals) are 0.38, 0.9, and 7.2, respectively. Activities for

naturally occurring clay liner materials, which contain a mix of minerals, is frequently in the range
of 0.5sA=<1.

Benson et al. (1992) related hydranlic conductivity to clay content {defined as particles <
0.002 mm) and reported the correlation shown in Fig. 2.11. The data suggest that soils must have
at least 10% to 20% clay in order to be capable of being compacted to a hydraulic conductivity < 1
x 10-7 cm/s. However, Benson et al. (1992) also found that clay content correlated closely with
plasticity index (Fig. 2.12). Soils with PI >10% will generally contain at least 10% to 20% clay.

It is recommended that construction specification writers and regulation drafters indirectly
account for clay content by requiring the soil to have an adequate percentage of fines and a suitably
large plasticity index -- by necessity the soil will have an adequate amount of clay.

2.2.1.6 Clod Size

The term clod refers to chunks of cohesive soil. The maximum size of clods may be
specified in the construction specifications. Clod size is very important for dry, hard, clay-rich
soils (Benson and Daniel, 1990). These materials generally must be broken down into small clods
in order to be properly hydrated, remolded, and compacted. Clod size is less important for wet
soils -- soft, wet clods can usually be remolded into a homogeneous, low-hydraulic-conductivity
mass with a reasonable compactive effort.
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Figure 2.11 - Relationship between Hydraulic Conductivity and Clay Content (Benson et al.,
1992)

No standard method is available to determine clod size. Inspectors should observe the soil
liner material and occasionally determine the dimensions of clods by direct measurement with a
ruler to verify conformance with construction specifications.

2.2.1.7 Bentonjte

Bentonite may be added to clay-deficient soils in order to fill the voids between the soil
particles with bentonite and to produce a material that, when compacted, has a very low hydraulic
conductivity. The effect of the addition of bentonite upon hydraulic conductivity is shown in Fig.
2.13 for one silty sand. For this particular soil, addition of 4% sodium bentonite was sufficient to

lower the hydraulic conductivity to less than I x 10-7 cmy/s. -
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The critical CQC and CQA parameters are the type of bentonite, the grade of bentonite, the
grain size distribution of the processed bentonite, the amount of bentonite added to the soil, and the
uniformity of mixing of the bentonite with the soil. Two types of bentonite are the primary
commercial materials: sodium and calcium bentonite. Sodium bentonite has much greater water
absorbency and swelling potential, but calcium bentonite may be more stable when exposed to
certain chemicals. Sodium bentonite is used more frequently than calcium bentonite as a soil
amendment for lining applications. - : R

Any given type of bentonite may be available in several grades. The grade is a function of
impurities in the bentonite, processing procedures, or additives. Some calcium bentonites are
processed with sodium solutions to modify the bentonite to a sodium form. Some companies add

_polymers or other compounds to the bentonite to make the bentonite more absorbent of water or
more resistant to alteration by certain chemicals. T N

. Another variable is the grdddﬁon of the bentonite. A facet often overlooked by CQC and
CQA inspectors is the grain size distribution of the processed bentonite. Bentonite can be ground
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to different degrees. A fine, powdered bentonite will behave differently from a coarse, granular
bentonite -- if the bentonite was supposed to be finely ground but too coarse a grade was delivered,
the bentonite may be unsuitable in the mixture amounts specified. Because bentonite is available in
variable degrees of pulverization, a sieve analysis (ASTM D422) of the processed dry bentonite is
recommended to determine the grain size distribution of the material.,

The most difficult parameters to control are sometimes the amount of bentonite added to the
soil and the thoroughness of mixing. Field CQC and CQA personnel should observe operational
practices carefully. _
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Figure 2.13 - Effect of Addition of Bentonite to Hydraulic Conductivity of Compacted Silty Sand

2.2.2 Molding Water Content

For natural soils, the degree of saturation of the soil liner material at the time of compaction
is perhaps the single most important variable that controls the engineering properties of the
compacted material. The typical relationship between hydraulic conductivity and molding water
content is shown in Fig. 2.14. Soils compacted at water contents less than optimum (dry of
optimum) tend to have a relatively high hydraulic conductivity; soils compacted at water contents
greater than optimum (wet of optimum) tend to have a low hydraulic conductivity and low
strength. For some soils, the water content relative to the plastic limit (which is the water content
of the soil when the soil is at the boundary between being a solid and plastic material) may indicate
the degree to which the soil can be compacted to yield low hydraulic conductivity. In general, if
the water content is greater than the plastic limit, the soil is in a plastic state and should be capable
of being remolded into a low-hydraulic-conductivity material. Soils with water contents dry of the
plastic limit will exhibit very little "plasticity" and may be difficult to compact into a low-hydraulic-
conductivity mass without delivering enormous compactive energy to the soil. With soil-bentonite
mixes, molding water content is usually not as critical as it is for natural soils, ' L
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Figure 2.14 - Effect of Molding Water Content on Hydraulic Conductivity

_ The water content of highly plastic soils is particularly critical. - A photograph of a highly
plastic soil (PI = 41%) compacied 1% dry of the optimum water content of 17% is shown in Fig.
2.15. Large inter-clod voids are visible; the clods of clay were too dry and hard to be effectively
remolded with the compactive effort used. A photograph of a compacted specimen of the same soil
moistened to 3% wet of optimum and then compacted is shown in Fig. 2.16. At this water
content, the soft soil could be remolded into a homogenous, low-hydraulic-conductivity mass.
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Figure 2.15 - Photograph of Highly Plastic Clay Compacted with Standard Proctor Effort at a
Water Content of 16% (1% Dry of Optimum).
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Figure 2.16 - Photograph of Highly Plastic Clay Compacted with Standard Proctor Effort at a
Water Content of 20% (3% Wet of Optimum).

It is usually preferable to compact the soil wet of optimum to minimize hydraulic
conductivity. However, the soil must not be placed at too high a water content. Otherwise, the
shear strength may be too low, there may be great risk of desiccation cracks forming if the soil
dries, and ruts may form when construction vehicles pass over the liner. It is critically important
that CQC and CQA inspeciors verify that the water content of the soil is within the range specified
in the construction documents.
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2.2.3 Type of Compaction

In the laboratory, soil can be compacted in four ways:

1. Impact Compaction: A ram is repeatedly raised and dropped to compact a lift soil
into a mold (Fig. 2.17a), e.g., standard and modified Proctor.

2. Static Compaction: A piston compacts a lift of soil with a constant stress (Fig.
2.17b).

3. Kneading Compaction: A “foot” kneads the soil (Fig. 2.17¢).
4, Vibratory Compaction: The soil is vibrated to densify the material (Fig, 2.17d).
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Figure 2.17 - Four Types of Laboratory Compaction Tests
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Experience from the laboratory has shown that the type of compaction can affect hydraulic
conductivity, e.g., as shown in Fig. 2.18. Kneading the soil helps to break down clods and
remold the soil into a homogenous mass that is free of voids or large pores. Kneading of the soil
is particularly beneficial for highly plastic soils. For certain bentonite-soil blends that do not form
clods, kneading is not necessary. Most soil liners are constructed with “footed” rollers. The “feet”
on the roller penetrate into a loose lift of soil and knead the soil with repeated passages of the
roller. The dimensions of the feet on rollers vary considerably. Footed rollers with short feet (=
75 mm or 3 in.) are called “pad foot” rollers; the feet are said to be “partly penetrating” because the
foot is too short to penetrate fully a typical loose lift of soil. Footed rollers with long feet (=~ 200
mm or 8 in.) are often called “sheepsfoot” rollers; the feet fully penetrate a typical loose lift. Figure
2.19 contrasts rollers with partly and fully penetrating feei.
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® Kneading Compaction |
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Figure 2.18 - Effect of Type of Compaction on Hydraulic Conductivity (from Mitchell et al., 1965)
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Figure 2.19 - Footed Rollers with Partly and Fully Penetrating Feet

Some construction specifications place limitations on the type of roller that can be used to
compact a soil liner. Personnel performing CQC and CQA should be watchful of the type of roller
to make sure it conforms to construction specifications. It is particularly important to use a roller
with fully penetrating feet if such a roller is required; use of a non-footed roller or pad foot roller
would result’in less kneading of the soil.

2.2.4 Energy of Compaction

The energy used to compact soil can have an important influence on hydraulic conductivity.
The data shown in Fig. 2.20 show that increasing the compactive effort produces soil that has a
greater dry unit weight and lower hydraulic conductivity, Itis important that the soil be compacted
with adequate energy if low hydraulic conductivity is to be achieved,

In the field, compactive energy is controlled by:

1. The weight of the roller and the way the weight is distributed (greater weight
produces more compactive energy).
2, The thickness of a loose lift (thicker lifts produce less compactive energy per unit
volume of soil).
3. The number of passes of the compactor (more passes produces more compactive
energy).
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Figure 2.20 - Effect of Compactive Energy on Hydraulic Conductivity (after Miichell et al., 1965)

Many engineers and technicians assume that percent compaction is a good measure of
compactive energy. Indeed, for soils near optimum water content or dry of optimum, percent
compaction is a good indicator of compactive energy: if the percent compaction is low, then the
compactive energy was almost certainly low. However, for soil compacted wet of optimum,
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percent compaction is not a particularly good indicator of compactive energy. This is illustrated by
the curves in Fig. 2.21. The same soil is compacted with Compactive Energy A and Energy B
(Energy B > Energy A) to develop the compaction curves shown in Fig. 2.21. Next, two
specimens are compacted to the same water content (WA = wp). The dry unit weights are
practically identical (yg Ao = Yq1) despite the fact that the energies of compaction were different.
Further, the hydraulic conductivity (k) of the specimen compacted with the larger energy (Energy
B) has a lower hydraulic conductivity than the specimen compacted with Energy A despite the fact
that Y4,A = YgB. The percent compaction for the two compacted specimens is computed as follows:
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Figure 2.21 - Hiustration of Why Dry Unit Weight Is a Poor Indicator of Hydraulic Conductivity
for Soil Compacted Wet of Optimum
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Pa =v4,A/[Yd,max] A x 100%

Pg = ¥4 B/T¥d maxIB x 100%

Since Y4 A = Ya,B but [Ydmax)B > [Yd,max]A, then PA > Pp. Thus, based on percent compaction,
since P > Pp, one might assume Soil A was compacted with greater compactive energy than Soil
B. In fact, just the opposite is true. CQC and CQA personnel are strongly encouraged to monitor
equipment weight, lift thickness, and number of passes (in addition to dry unit weight) to ensure
that appropriate compactive energy is delivered to the soil. Some CQC and CQA inspectors have
failed to realize that footed rollers towed by a dozer must be filled with liquid to have the intended
large weight,

Experience has shown that effective CQC and CQA for soil liners can be accomplished
using the line of optimums as a reference. The “line of optirums” is the locus of (wopt, Yd,max)
points for compaction curves developed on the same soil with different compactive energies (Fig.
2.22). The greater the percentage of actual (w,Yq) points that lic above the line of optimums the
better the overall quality of construction (Benson and Boutwell, 1992). Inspectors are encouraged
to monitor the percentage of field-measured (w,Yq) points that lic on or above the line of optimums.
If the percentage is less than 80% to 90%, inspectors should carefully consider whether adequate
compactive energy is being delivered to the soil (Benson and Boutwell, 1992).

Line of Optimums

Dry Unit Weight ()

hrt,_I11ax )

Wopt

Molding Water Conitent (w)

Figure 2.22 - Line of Optimums
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2.2.5 Bonding of Lifts

If lifts of soil are poorly bonded, a zone of high hydraulic conductivity will develop at
interfaces between lifts. Poorly bonded lift interfaces provide hydraulic connection between more
permoeable zones in adjacent lifts (Fig. 2.23). It is important to bond lifts together to the greatest

extent possible, and to maximize hydraulic tortuosity along lift interfaces, in order to minimize the
overall hydraulic conductivity.

Bonding of lifts is enhanced by:

1. Making sure the surface of a previously-compacted lift is rough before placing the
new lift of soil (the previously-compacted lift is often scarified with a disc prior to

placement of a new lift), which promotes bonding and increased hydraulic
tortuosity along the lift interface..

2, Using a fully-penetrating footed roller (the feet pack the base of the new lift into the
surface of the previously-compacted lift). '

Inspectors should pay particular attention to requirements for scarification and the length of feet on
rollers. ' '
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Good Bonding of Lifts Causes
Hydraulic Defects in Adjacent
Lifts To Be Hydraulically
Unconnected

Poor Bonding of Lifts Causes
Hydraulic Defects in Adjacent
Lifts To Be Hydraulically
Connected To Each Other

Figure 2.23 - Flow Pathways Created by Poorly Bonded Lifts
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2.2.6 ion Against Desiccation and Freezin

Clay soils shrink when they are dried and, depending on the amount of shrinkage, may
crack. Cracks that extend deeper than one lift can be disastrous. Inspectors must be very careful
to make sure that no significant desiccation occurs during or after construction. Water content
shonld be measured if there are doubts.

Freezing of a soil liner will cause the hydraulic conductivity to increase. Damage caused by
superficial freezing to a shallow depth is easily repaired by rerolling the surface. Deeper freezing is
not so easily repaired and requires detailed investigation discussed in Section 2.9.2.3. CQC &
CQA personnel should be watchful during periods when freezing temperatures are possible.

2.3 Field Measurement of Water Content and Dry Unit Weight
2.3.1 Water Content Measurement
2.3.1.1 Overnight Oven Drying (ASTM D-2216

The standard method for determining the water content of a soil is to oven dry the soil
overnight in a forced-convention oven at 110°C, This is the most fundemental and most accurate
method for determining the water content of a soil. All other methods of measurement are
referenced to the value of water content determined with this method.

Were it not for the fact that one has to wait overnight to determine water content with this
method, undoubtedly ASTM D-2216 would be the only method of water content measurement
used in the CQC and CQA processes for soil liners. However, field personnel cannot wait
overnight to make decisions about continuation with the construction process.

2.3.1.2 Microwave Oven Drying (ASTM D-4643)

Soil samples can be dried in a microwave oven to obtain water contents much more quickly
than can be obtained with conventional overnight oven drying. The main problem with microwave
oven drying is that if the soil dries for too leng in the microwave oven, the temperature of the soil
will rise significantly above 110°C. If the soil is heated to a temperature greater than 110°C, one
will measure a water content that is greater than the water content of the soil determined by drying
at 110°C. Overheating the soil drives water out of the crystal structure of some minerals and
thereby leads 1o too much loss of water upon oven drying. _

To guard against overdrying the soil, ASTM method D-4643 requires that the soil be dried
for three minutes and then weighed. The soil is then dried for an additional minute and
reweighed. The process of drying for one minute and weighing the soil prevents overheating of

the soil and forces the operator to cease the drying process once the weight of the soil has
stabilized.

Under ideal conditions, microwave oven drying can yield water contents that are almost
indistinguishable from values measured with conventional overnight oven drying. Problems that
are sometimes encountered with microwave oven drying include problems in operating the oven if
the soil contains significant metal and occasional problems with samples exploding from expansion
of gas in the interior of the sample during microwave oven drying. Because errors can
occasionally arise with microwave oven drying, the water content determined with microwave
oven drying should be periodically checked with the value determined by conventional over-night
oven drying (ASTM D-2216).
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2.3.1.3 Direct Heating (ASTM D-4959)

Direct heating of the soil was common practice up until about two decades ago. Todrya
soil with direct heating, one typically places a mass of soil into a metallic container (such as a
cooking utensil) and then heats the soil over a flame, e.g., a portable cooking stove, until the soil
first appears dry. The mass of the soil plus container is then measured. Next, the soil is heated
some more and then re-weighed. This process is repeated until the mass ceases to decrease
significantly (i.e., to change by < 0.1% or less).

The main problem with direct heating is that if the soil is overheated during drying, the
water content that is measured will be too large. Although ASTM D-4959 does not eliminate this
problem, the ASTM method does warn the user not to overheat the soil. Because errors can do
arise with direct heating, the water content determined with direct heating should be regularly
checked with the value determined by conventional over-night oven drying (ASTM D-2216).

2.3.1.4 Ici rbi ag Pr Tester (ASTM D-4944

A known mass of moist soil is placed in a testing device and calcium carbide is introduced.
Mixing is accomplished by shaking and agitating the soil with the aid of steel balls and a shaking
apparatus. A measurement is made of the gas pressure produced. Water content is determined
from a calibration curve. Because errors can occasionally arise with gas pressure testing, the water
content determined with gas pressure testing should be periodically checked with the value
determined by conventional over-night oven drying (ASTM D-2216).

2.3.1.5 Nuclear Method (ASTM D-3017)

The most widely used method of measuring the water content of compacted soil is the
nuclear method. Measurement of water content with a nuclear device involves the moderation or
thermalization of neutrons provided by a source of fast neutrons. Fast neutrons are neutrons with
an energy of approximately 5 MeV. The radiocactive source of fast neutrons is embedded in the
interior part of a nuclear water content/density device (Fig. 2.24). As the fast neutrons move into
the soil, they undergo a reduction in energy every time a hydrogen atom is encountered. A series
of energy reductions takes place when a neutron sequentially encounters hydrogen atoms. Finally,
after an average of nineteen collisions with hydrogen atoms, a neutron ceases to lose further energy
and is said to be a “thermal” neutron with an energy of approximately 0.025 MeV. A detector in
the nuclear device senses the number of thermal neutrons that are encountered. The number of
thermal neutrons that are encountered over a given period of time is a function of the number of
fast neutrons that are emitted from the source and the density of hydrogen atoms in the soil located
immediately below the nuclear device. Through appropriate calibration, and with the assumpton
that the only source of hydrogen in the soil is water, the nuclear device provides a measure of the
water content of the soil over an average depth of about 200 mm (8 in.).

There are a number of potential sources of error with the nuclear water content measuring
device. The most important potential source of error is extraneous hydrogen atoms not associated
with water. Possible sources of hydrogen other than water include hydrocarbons, methane gas,
hydrous minerals (e.g., gypsum), hydrogen-bearing minerals (e.g., kaolinite, illite, and
montmorillonite), and organic matter in the soil. Under extremely unfavorable conditions the
nuclear device can yield water content measurements that are as much as ten percentage points in
etror (almost always on the high side). Under favorable conditions, measurement error is less than
one percent. The nuclear device should be calibrated for site specific soils and changing conditions
within a given site.
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Figure 2.I24 - Schematic Diagram of Nuclear Water Content - Density Device

- Another potential source of error is the presence of individuals, equipment, or treaches
located within one meter of the device (all of which can cause an error). The device must be
warmed up for an adequate period of time or the readings may be incorrect, If the surface of the
soil is improperly prepared and the device is not sealed properly against a smooth surface,
erroneous measurements can result. If the standard count, which is a measure of the intensity of
radiation from the source, has not been taken recently an erroneous reading may result. Finally,
many nuclear devices allow the user to input a moisture adjustment factor to correct the water
content reading by a fixed amount. If the wrong moisture adjustment factor is stored in the
device’s computer, the reported water content will be in error. ' '

... 1tis very important that the CQC and CQA personnel be well versed in the proper use of
nuclear water content measurement devices.  There are many opportunities for error if personnel
are not properly trained or do not correctly use the equipment. As indicated later, the nuclear
device should be checked with other types of equipment to ensure that site-specific variables are
not influencing test results. Nuclear equipment may be checked against other nuclear devices
(particularly new devices or recently calibrated devices) to minimize potential for errors.

35

MWG13-15_119514



2.3.2 Unit Weight
2.3.2.1 Sand Cone (ASTM D-1556)

The sand cone is a device for determining the volume of a hole that has been excavated into
soil. The idea is to determine the weight of sand required to fill a hole of unknown volume.
Through calibration, the volume of sand that fills the hole can be determined from the weight of
sand needed to fill the hole. A schematic diagram of the sand cone is shown in Fig, 2.25.

Plastic or

Gilass Jar

Valve

Metal Cone

Base Template

\\\\\\

Figure 2.25 - Sand Cone Device

The sand cone is used as follows. First, a template is placed on the ground surface. A
circle is scribed along the inside of the hole in the template. The template is removed and soil is
excavated from within the area marked by the scribed circle. The soil that is excavated is weighed
to determine the total weight (W) of the soil excavated. The excavated soil is oven dried (e.g.,
with 8 microwave oven) to determine the water content of the soil. The bottle in a sand cone device
is filled with sand and the full bottle is weighed. The template is placed over the hole and the sand
cone device is placed on top of the template. A valve on the sand cone device is opened, which
allows sand to rain down through the inverted funnel of the device and inside the excavated hole.
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When the hole and funnel are filled with sand, the valve is closed and the bottle containing sand is
weighed. The difference in weight before and after the hole is dug is calculated. Through
calibration, the weight of sand needed to fill the funnel is subtracted, and the volume of the hole is
computed from the weight of sand that filled the hole. The total unit weight is calculated by
dividing the weight of soil excavated by the computed volume of the excavated hole. The dry unit
weight 1s then calculated from Eq. 2.1.

The sand cone device provides a reliable technique for determining the dry unit weight of
the soil. The primary sources of error are improper calibration of the device, excavation of an
uneven hole that has sharp edges or overhangs that can produce voids in the sand-filled hole,
variations in the sand, excessively infrequent calibrations, contamination of the sand by soil
particles if the sand is reused, and vibration as from equipment operating close to the sand cone.

2.3.2.2 Rubber Balloon (ASTM D-2167)

The rubber balloon is similar to the sand cone except that water is used to fill the excavated
hole rather than sand. A rubber balloon device is sketched in Fig. 2.26. As with the sand cone
test, the test is performed with the device located on the template over the leveled soil. Then a hole
is excavated into the soil and the density measuring device is again placed on top of a template at
the ground surface. Water inside the rubber balloon device is pressurized with air to force the
water into the excavated hole. A thin membrane (balloon) prevents the water from entering the
soil. The pressure in the water forces the balloon to conform to the shape of the excavated hole. A
graduated scale on the rubber balloon device enables one to determine the volume of water required
to fill the hole. The total unit weight is calculated by dividing the known weight of soil excavated
from the hole by the volume of water required to fill the hole with the rubber balloon device. The
dry unit weight is computed from Eq. 2.1.

The primary sources of error with the rubber balloon device are improper excavation of the
hole (leaving small zones that cannot be filled by the pressurized balloon), excessive pressure that
causes local deformation of the adjacent soil, rupture of the balloon, and carelessness in operating
the device (e.g., not applying enough pressure to force the balloon to fill the hole completely).

2.3.2.3 Drive Cylinder (ASTM D-2937)

A drive cylinder is sketched in Fig. 2.27. A drop weight is used to drive a thin-walled tube
sampler into the soil. The sampler is removed from the soil and the soil sample is trimmed flush to
the bottom and top of the sampling tube. The soil-filled tube is weighed and the known weight of
the sampling tube itself is subtracted to determine the gross weight of the soil sample. The
dimensions of the sample are measured to enable calculation of volume. The unit weight is
calculated by dividing the known weight by the known volume of the sample. The sample is oven
?ried éc.g.é in a microwave oven) to determine water content. The dry unit weight is computed

rom Eq. 2.1.

The primary problems with the drive cylinder are sampling disturbance caused by rocks or
stones in the soil, densification of the soil caused by compression resulting from driving of the
tube into the soil, and nonuniform driving of the tube into the soil. The drive cylinder method is
not recommended for stony or gravely soils. The drive cylinder method works best for relatively
soft, wet clays that do not tend 1o densify significantly when the tube is driven into the soil and for
soils that are free of gravel or stones. However, even under favorable circumstances, densification
of the soil caused by driving the ring into the soil can cause an increase in total unit weightof 210 5
pef (0.3 to 0.8 kN/m?).
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Figure 2.26 - Schematic Diagram of Rubber Balloon Device

2.3.2.4 Nuclear Method (ASTM D-2922)

Unit weight can be measured with a nuclear device operated in two ways as shown in Fig.
2.28. The most common usage is called direct transmission in which a source of gamma radiation
is lowered down a hole made into the soil to be tested (Fig. 2.28a). Detectors located in the
nuclear density device sense the intensity of gamma radiation at the ground surface. The intensity
of gamma radiation detected at the surface is a function of the intensity of gamma radiation at the
source and the total unit weight of the soil material. The second mode of operation of the nuclear
density device is called backscattering. With this technique the source of gamma radiation is
located at the ground surface (Fig. 2.28b). The intensity of gamma radiation detected at the surface
is a function of the density of the soil as well as the radioactivity of the source. With the
backscattering technique, the measurement is heavily dependent upon the density of the soil within
the upper 25 to 50 mm of soil. The direct transmission method is the recommended technique for
soil liners because direct transmission provides a measurement averaged over a greater depth than
backscattering.
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Figure 2,27 - Schematic Diagram of Drive Ring

The operation of a nuclear density device in the direct transmission mode is as follows.
First, the area to be tested is smoothed, and a hole is made into the soil liner material by driving a
rod (called the drive rod) into the soil. ‘The diameter of the hole is approximately 25 mm (1 in.)
and the depth of the hole is typically 50 mm (2 in.) greater than the depth to which the gamma
radiation source will be lowered below the surface. The nuclear device is then positioned with the
source rod directly over the hole in the soil liner material. The source rod is then lowered to a
depth of approximately 50 mm (2 in.) above the base of the hole. The source is then pressed
against the surface of the hole closest to the detector by pulling on the nuclear device and forcing
the source to bear against the side of the hole closest to the detector. The intent is to have good
contact between the source and soil along a direct line from source to detector. The intensity of
radiation at the detector is measured for a fixed period of time, e.g., 30 or 60 s. The operator can
select the period of counting. The longer the counting period, the more accurate the measurement.
However, the counting period cannot be extended too much because productivity will suffer.

59

MWG13-15_119518



{A) Direct Transmission

’or LA
AR LAY
£ r o,
ARl N
r 5 F
wAAd LAY
‘\J\J\ \!\!
P A
‘J\J‘ \’\.‘
ST T N T L T T e
A A L A A A
AT LA T T T T T N
P A A A A A A A
LT L L L L U N UL L T N
A A A A N A A AT A AN
P %% % N %R R R R R R Y N
E A A A A A A A A LA
AR YT TR YL YL Y T
EA A N A A A A A A A A
-
Il
£ s FAE
TR R Y
LA A e
Y LY
FAF N A L4 A
TR Y ~ RN YT
P A AL A A, AP A
AAATAYLYA L UL L N L L YL T
P A A NN A
YRR T T N N T T T R W WA
'\"\"\’\/\/\."\\J'\\.J'\!‘\.!“\.!‘\.!\!\"\’\
P A A I A
SRR TANA B LY TR TR L T TR TR T
A A A A A R A A AL
SRR YN N A L UL N L N N
P A A A A AL A A
TR YN T T T T T T T T
A A A AT A A A A A R
AT UL L T L T T T W T T
P A R LA N N .

60

Figure 2.28 - Measurement of Density with Nuclear Device by (a) Direct Transmission and (B)
Backscattering

After total unit weight has been determined, the measured water content is used to compute
dry unit weight (Eq. 2.1). The potential sources of error with the nuclear device are fewer and less
significant in the density-measuring mode compared to the water content measuring mode. The
most serious potential source of error is improper use of the nuclear density device by the operator.
One gross error that is sometimes made is to drive the source rod into the soil rather than inserting
the source rod into a hole that had been made earlier with the drive rod. ' Improper separation of
the source from the base of the hole, an inadequate period of counting, inadequate warm-up,
spurious sources of gamma radiation, and inadequate calibration are other potential sources of
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2.4 Inspection of Borrow Sources Prior to Excavation
2.4.1 Sampling for Material Tests

In order to determine the properties of the borrow soil, samples are often obtained from the
potential borrow area for laboratory analysis prior to actnal excavation but as part of the
construction contract. Samples may be obtained in several ways. One method of sampling is to
drill soil borings and recover samples of soil from the borings. This procedure can be very
effective in identifying major strata and substrata within the borrow area. Small samples obtained
from the borings are excellent for index property testing but often do not provide a very good
indication of subtle stratigraphic changes in the borrow area. Test pits excavated into the borrow
soil with a backhoe, frontend loader, or other excavation equipment can expose a large cross-
section of the borrow soil. One can obtain a much better idea of the variability of soil in the
potential borrow area by examining exposed cuts rather than viewing small soil samples obtained
from borings. _ '

Large bulk samples of soil are required for compaction testing in the laboratory. Small
samples of soil taken with soil sampling devices do not provide a sufficient volume of soil for
laboratory compaction testing. Some engineers combine samples of soil taken at different depths
or from different borings to produce a composite sample of adequate volume. This technique is
not recommended because a degree of mixing takes place in forming the composite laboratory test
sample that would not take place in the field. Other engineers prefer to collect material from auger
borings for use in performing laboratory compaction tests. This technique is likewise not
recommended without careful borrow pit control because vertical mixing of material takes place
during auguring in a way that would not be expected to occur in the field unless controlled vertical
cuts are made. The best method for obtaining large bulk samples of material for laboratory
compaction testing is to take a large sample of material from one location in the borrow source. A
large, bulk sample can be taken from the wall or floor of a test pit that has been excavated into the
borrow area. Alternatively, a large piece of drilling equipment such as a bucket auger can be used
to obtain a large volume of soil from a discreet point in the ground.

2.4.2. Material Tests

Samples of soil must be taken for laboratory testing to ensure conformance with
specifications for parameters such as percentage fines and plasticity index. The samples are
sometimes taken in the borrow pit, are sometimes taken from the loose lift just prior to compaction,
and are sometimes taken from both. If samples are taken from the borrow arca, CQA inspectors
track the approximate volumes of soil excavated and sample at the frequency prescribed in the CQA
plan. Sometimes borrow-source testing is performed prior to issuing of a contract to purchase the
borrow material. A CQA program cannot be implemented for work already completed. The CQA
personnel will have ample opportunity to check the properties of soil materials later during
excavation and placement of the soils. If the CQA personnel for a project did not observe borrow
soil testing, the CQA personnel should review the results of borrow soil testing to ensure that the
required tests have been performed. Additional testing of the borrow material may be required
during excavation of the material.

. 'I'he material tests that are normally performed on borrow soil are water content, Atterberg
limits, particle size distribution, compaction curve, and hydraulic conductivity (Table 2.2). Each
of these tests is discussed below. . _
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Table 2.2 - Materials Tests

ASTM Test
Parameter Method Title of ASTM Test
Water Content D-2216 Laboratory Determination of Water (Moisture)
Content of Soil and Rock
D-4643 Determination of Water (Moisture) Content of Soil
by the Microwave Oven Method
D-4944 Field determination of Water {(Moisture) Content of
Soil by the Calcium Carbide Gas Pressure Tester
Method
D-4959 Determination of Water {(Moisture) Content by Direct
Heating Method
Liquid Limit, D-4318 Liquid Limit, Plastic Limit, and Plasﬁcity Index of
Plastic Limit, & Soils
Plasticity Index
Particle Size D-422 Particle Size Analysis of Soil
Distribution
Compaction D-698 Moisture-Density Relations for Soils and Soil-
Curve Aggregate Mixtures Using 5.5-1b. (2.48-kg}
Rammer and 12-in, (305-mm) Drop
D-1557 Moisture-Density Relations for Soils and Soil-
Aggregate Mixtures Using 10-1b. (4.54-kg)
Rammer and 18-in. (457-mm) Drop
Hydraulic D-5084 Measurement of Hydraulic Conductivity of
Conductivity Saturated Porous Materials Using A Flexible Wall

Permeameter

2.4.2.1 Water Content

It is important to know the water content of the borrow soils so that the need for wetting or
drying the soil prior to compaction can be identified. The water content of the borrow soil is
normally measured following the procedures outlined in ASTM D-2216 if one can wait overnight
for results. If not, other test methods described in Section 2.3.1 and listed in Table 2.2 can be

used to produce results faster.
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2.4.2.2 Atierberg Limits

Construction specifications for compacted soil liners often require a minimum value for the
liquid limit and/or plasticity index of the soil. These parameters are measured in the laboratory
with the procedures outlined in ASTM D-4318. :

2.4.2.3 Particle Size Distribution

Construction specifications for soil liners often place limits on the minimum percentage of
fines, the maximum percentage of gravel, and in some cases the minimum percentage of clay.
Particle size analysis is performed following the procedures in ASTM D-422. Normally the
requirements for the soil material are explicitly stated in the construction specifications. An
experienced inspector can often judge the percentage of fine material and the percentage of sand or
gravel in the soil. However, compliance with specifications is best documented by laboratory
testing. _ . ' :

2.4.2.4 Compaction Chrve

- Compaction curves are developed utilizing the method of laboratory compaction testing
required in the construction specifications. Standard compaction (ASTM D-698) and modified
compaction (ASTM D-1557) are two common methods of laboratory compaction specified for soil
liners. 'However, other compaction methods (particularly those unique to state highway or
transportation departments) are sometimes specified.

Great care should be. taken to follow the procedures for soil preparation outlined in the
relevant test method. In particular, the drying of a cohesive material can change the Atterberg
limits as well as the compaction characteristics of the soil. If the test procedure recommends that
the soil not be dried, the soil should not be dried. Also, care must be taken when sieving the soil
not to remove clods of cohesive material, Rather, clods of soil retained on a sieve should be
broken apart by hand if necessary to cause them to pass through the openings of the sieve. Sieves
should only be used to remove stones or other large pieces of material following ASTM
procedures. ' ' o

2.4.2.5 Hydraulic Conductivity

The hydraulic conductivity of compacted samples of borrow material may be measured
periodically to verify that the soil liner material can be compacted to achieve the required low
hydraulic conductivity. Several methods of laboratory permeation are available, and others are
under development. ASTM D-5084 is the only ASTM procedure currently available. Care should
be taken not to apply excessive effective confining stress to test specimens. If no value is specified
in the CQA plan, a maximum effective stress of 35 kPa (5 psi) is recommended for both liner and
cover systems.

Care should be taken to prepare specimens for hydraulic conductivity testing properly. In
addition to water content and dry unit weight, the method of compaction and the compactive energy
can have a significant influence on the hydraulic conductivity of laboratory-compacted soils. Itis
particularly important not to deliver too much compactive energy to attain a desired dry unit weight.
The purpose ot the hydraulic conductivity test is to verify that borrow soils can be compacted to the
desired hydraulic conductivity using a reasonable compactive energy.,

No ASTM compaction method exists for preparation of hydraulic conductivity test
specimens. The following procedure is recommended:
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1. Obtain a large, bulk sample of representative material with a mass of approximately
20 kg.

2. Develop a laboratory compaction curve using the procedure specified in the
construction specifications for compaction control, ¢.g., ASTM D-698 or D-1557.

3. Determine the target water content (Wiarger) and dry unit weight (Yd,targer) for the
hydraulic conductivity test specimen. The value of Wiarget s normally the lowest
acceptable water content and Yq target is normally the minimum acceptable dry unit
weight (Fig. 2.29). - o

4, Enough soil to make several test specimens is mixed to Wiarget. | he compaction
procedure used in Step 2 is used to prepare a compacted specimen, except that the
energy of compaction is reduced, e.g., by reducing the number of drops of the ram
per lift. The dry unit weight (yq) is determined. If yq = yq, target, the compacted
specimen may be used for hydraulic conductivity testing. If yq # Yd target, then
another test specimen is prepared with a larger or smaller (as appropriate)
compactive energy. Trial and error preparation of test specimens is repeated until g
=~ Yd, target- The procedure is illustrated in Fig. 2.29. The actual compactive effort
should be documented along with hydraulic conductivity.

5. Atterberg limits and percentage fines should be determined for each bulk sample.
Water content and dry density should be reported for each compacted specimen.

Laboratory
Compaction
Curve

Dry Unit Weight

Y
d.target
Second Trial

1
t First Tria
i
;

[
Wiarget

Y

Water Content
Figure 2.29 - Recommended Procedure for Preparation of a Test Specimen Using Variable (But
Documented) Compactive Energy for Each Trial : :

64

MWG13-15_119523



2.4.2.6 Testing Frequency

The CQA plan should stipulate the frequency of testing. Recommended minimum values
are shown in Table 2.3. The tests listed in Table 2.3 are normally performed prior to construction
as part of the characterization of the borrow source. However, if time or circumstances do not
permit characterization of the borrow source prior to construction, the samples for testing are
obtained during excavation or delivery of the soil materials.

Table 2.3 - Recommended Minimum Testing Frequencies for Investigation of Borrow Source

Parameter _ ' Frequency

Water Content 1 Test per 2000 m3 or Each Change in Material Type
Atterberg Limits - 1 Test per 5000 m3 or Each Change in Material Type
Percentage Fines 1 Test per 5000 m3 or Each Change in Material Type
Percent Gravel 1 I'I‘cst per 5000 m3 or Each Change in Material Type
Compaction Curve 1 Test per 5000 m3 or Each Change in Material Type
Hydraulic Conductivity 1 Test per 10,000 m3 or Each Change in Material Type

Note: 1 }'d3 =0.76 m3

2.5 Inspection during Excavation of Borrow Soil

It is strongly recommended that a qualified inspector who reports directly to the CQA
engineer observe all excavation of borrow soil in the borrow pit. Often the best way to determine

whether deleterious material is present in the borrow soil is to observe the excavation of the soil
directly.

A key factor for inspectors to observe is the plasticity of the soil. Experienced technicians
can often determine whether or not 2 soil has adequate plasticity by carefully examining the soil in
the field. A useful practice for field identification of soils is ASTM D-2488, “Description and
Identification of Soils (Visual-Manual Procedure).” The following procedure is used for
identifying clayey soils.
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* Dry strength: The technician selects enough soil to mold into a ball about 25 mm (1in.)
in diameter. Water is added if necessary to form three balls that each have a diameter of
about 12 mm (1/2 in.). The balls are allowed to dry in the sun. The strength of the dry
balls is evaluated by crushing them between the fingers., The dry strength is described
with the criteria shown in Table 2.4. If the dry strength is none or low, inspectors
should be alerted to the possibility that the soil lacks adequate plasticity. '

* Plasticity: The soil is moistened or dried so that a test specimen can be shaped into an
elongated pat and rolled by hand on a smooth surface or between the palms into a thread
about 3 mm (1/8 in.) in diameter. If the sample is too wet to roll easily it should be
spread into a thin layer and allowed to lose some water by evaporation, The sample
threads are re-rolled repeatedly until the thread crumbles at a diameter of about 3 mm (1/8
in.). The thread will crumble at a diameter of 3 mm when the soil is near the plastic limit.
The plasticity is described from the criteria shown in Table 2.5, based upon observations
made during the toughness test. Non-plastic soils are usually unsuitable for use as soil
liner materials without use of amendments such as bentonite.

Table 2.4 - Criteria for Describing Dry Strength (ASTM D-2488)

Description Criteria

None The dry specimen crumbles into powder with mere
pressure of handling :

Low The dry specimen crumbles into powder with some
finger pressure

Medium The dry specimen breaks inio pieces or crumbles
with considerable finger pressure

High The dry specimen cannot be broken with finger
pressure. Specimen will break into pieces between
thumb and a hard surface

Very High The dry specimen cannot be broken between the
. thumb and a hard surface
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Table 2.5 - Criteria for Describing Plasticity (ASTM D-2488)

Description Criteria

Nonplastic A 3 mm {1/8-in.) thread cannot be rolled at any
water content
Low The thread can barely be rolled and the lomp cannot

be formed when drier than the plastic limit

Medium A thread is easy to roll and not much time is
required to reach the plastic limit. The thread .
cannot be rerolled after reaching the plastic limit.
The lump crambles when drier than the plastic limit

High It takes considerable time rolling and kneading to
reach the plastic limit. The thread can be rerolled
several times after reaching the plastic limit. The
lump can be formed without crumbling when drier
than the plastic limit

2.6 Preprocessing of Materials

Some soil liner materials are ready to be used for final construction immediately after they
are excavated from the borrow pit. However, most materials require some degree of processing
prior to placement and compaction of the soil.

2.6.1 Woater Content Adjusiment

Soils that are too wet must first be dried. If the water content needs to be reduced by no
more than about three percentage points, the soil can be dried after it has been spread in a loose lift
just prior to compaction. If the water content must be reduced by more than about 3 percentage
points, it is recommended that drying take place in a separate processing area. The reason for
drying in a separate processing area is to allow adequate time for the soil to dry uniformly and to
facilitate mixing of the material during drying. The soil to be dried is spread in a lift about 225 to
300 mm (9 to 12 in.) thick and allowed to dry. Water content is periodically measured using one
or more of the methods listed in Table 2.2, The contractor’s CQC personnel should check the soil
periodically to determine when the soil has reached the proper water content.

The CQA inspectors should check to be sure that the soil is periodically mixed with a disc
or rototiller to ensure uniform drying. The soil cannot be considered to be ready for placement and

compaction unless the water is uniformly distributed; water content measurements alone do not
ensure that water is uniformly distributed within the soil.
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If the soil must be moistened prior to compaction, the same principles discussed above for
drying apply; water content adjustment in a separate preprocessing area is recommended if the
water content must be increased by more than about 3 percentage points. Inspectors should be
careful to verify that water is distributed uniformly to the soil (a spreader bar on the back of a water
truck is the recommended device for moistening soil uniformly), that the soil is periodically mixed
with a disc or rototiller, and that adequate time has been allowed for uniform hydration of the soil.
If the water content is increased by more than three percentage points, at least 24 to 48 hours
would normally be required for uniform absorption of water and hydration of soil particles. The
construction specifications may limit the type of water that can be used; in some cases,
contaminated water, brackish water, or sea water is not allowed.

2.6.2 Removal of Qversize Particles

Oversized stones and rocks should be removed from the soil liner material, Stones and
rocks interfere with compaction of the soil and may create undesirable pathways for fluid to flow
through the soil liner. The construction specifications should stipulate the maximum allowable size
of particles in the soil liner material,

Oversized particles can be removed with mechanical equipment (e.g., large screens) or by
hand. Inspectors should examine the loose lift of soil after the contractor has removed oversized
particles to verify that oversized particles are not present. Sieve analyses alone do not provide
adequate assurance that oversized materials have been removed -- careful visual inspection for
oversized material should be mandatory.

2.6.3 Pulverization of Clods

Some specifications for soil liners place limitations on the maximum size of chunks or
clods of clay present in the soil liner material. Discs, rototillers, and road recyclers are examples of
mechanical devices that will pulverize clods in a loose lift. Visual inspection of the loose lift of
material is normally performed to ensure that clods of soil have been pulverized to the extent
required in the construction specifications. Inspectors should be able to visually examine the entire
surface of a loose lift to determine whether clods have been adequately processed. No standard
method exists for determining clod size. Inspectors normally measure the dimensions of an
individual clod with a ruler.

2.6.4 Homogenizing Soils

CQC and CQA are very difficult to perform for heterogeneous materials. It may be
necessary to blend and homogenize soils prior to their use in constructing soil liners in order to
maintain proper CQC and CQA. Soils can be blended and homogenized in a pugmill. The best
}vajlrt_to ensure adequate mixing of materials is through visual inspection of the mixing process
itsell. :

2.6.5 Bentonite

. Bentonite is a common additive to soil liner materials that do not contain enough clay to
achieve the desired low hydraulic conductivity. Inspectors must ensure that the bentonite being
used for a project is in conformance with specifications (i.e., is of the proper quality and gradation)
and that the bentonite is uniformly mixed with soil in the required amounts.

. The parameters that are specified for the bentonite quality vary considerably from project to
project. The construction specifications should stipulate the criteria to be met by the bentonite and
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the relevant test methods. The quality of bentonite is usually measured with some type of
measurement of water adsorption ability of the clay. Direct measurement of water adsorption can
be accomplished using the plate water adsorption test (ASTM E-946). This test is used primarily
in the taconite iron ore industry to determine the effectiveness of bentonite, which is used as a
binder during the pelletizing process to soak up excess water in the ore. Brown (1992) reports that
thousands of plate water adsorption tests have been performed on bentonite, but experience has
been that the test is time consuming, cumbersome, and extremely sensitive to variations in the test
equipment and test conditions. The plate water adsorption test is not recommended for CQC/CQA
of soil liners.

Simple, alternative tests that provide an indirect indication of water adsorption are available.
One indirect test for water adsorption is measurement of Atterberg (liquid and plastic) limits via
ASTM D-4318. The higher the quality of the bentonite, the higher the liquid limit and plasticity
index. Although liquid and plastic limits tests are very common for natural soils, they have not
been frequently used as indicators of bentonite quality in the bentonite industry. A commonly-used
test in the bentonite industry is the free swell test. The free swell test is used to determine the
amount of swelling of bentonite when bentonite is exposed to water in a glass beaker.
Unfortunately, there is currently no ASTM test for determining free swell of bentonite, although
one is under development. Until such time as an ASTM standard is developed, the bentonite
supplier may be consulted for a suggested testing procedure. SR

The liquid limit test and free swell test are recommended as the principal quality control
tests for the quality of bentonite being used on a project. There are no widely accepted cutoff
values for the liquid limit and free swell. However, the following is offered for the information of
CQC and CQA inspectors. The liquid limit of calcium bentonite is frequently in the range of 100 to
150%. Sodium bentonite of medium quality is expected to have a liquid limit of approximately 300
to 500%. High-quality sodium bentonite typically has a liquid limit in the range of about 500 to
700%. According to Brown (1992), calcium bentonites usually have a free swell of less than 6 cc.
Low-grade sodium bentonites typically have a free swell of 8 - 15 cc. High-grade bentonites often
have free swell values in the range of 18 to 28 cc. If high-grade sodium bentonite is to be used on
a project, inspectors should expect that the liquid limit will be = 500% and the free swell will be 2
18 cc.

The bentonite must usually also meet gradational requirements. The gradation of the dry
bentonite may be determined by carefully sieving the bentonite following procedures outlined in
ASTM D-422. The CQA inspector should be particularly careful to ensure that the bentonite has
been pulverized to the extent required in the construction specifications. The degree of
pulverization is frequently overlooked. Finely-ground, powdered bentonite will behave differently
when blended into soil than more coarsely ground, granular bentonite. CQC/CQA personnel
should be particularly careful to make sure that the bentonite is sufficiently finely ground and is not
delivered in too coarse a form (per project specificatdons); sieve tests on the raw bentonite received
at a job site are recommended to verify gradation of the bentonite.

The bentonite supplier is expected to certify that the bentonite meets the specification
requirements. However, CQA inspectors should perform their own tests to ensure compliance

with the specifications. The recommended CQA tests and testing frequencies for bentonite quality
and gradation are summarized in Table 2.6.
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Table 2.6 - Recommended Tests on Bentonite to Determine Bentonite Quality and Gradation

Parameter Freguency Test Method

Liquid Limit 1 per Truckload ASTM D-4318, “Liquid Limit,
or 2 per Rail Car Plastic Limit, and Plasticity Index

of Soils”

Free Swell 1 per Truckload No Standard Procedure Is Available
or 2 per Rail Car

Grain Size of Dry Bentonite 1 per Truckload ASTM D-422, “Particle Size
or 2 per Rail Car Analysis of Soil”

2.6.5.1 Pugmill Mixing

A pugmill is a device for mixing dry materials. A schematic diagram of a typical pugmill is
shown in Fig. 2.30. A conveyor belt feeds soil into a mixing unit, and bentonite drops downward
into the mixing unit. The materials are mixed in a large box that contains rotating rods with mixing
paddles. Water may be added to the mixture in the pugmill, as well.

The degree of automation of pugmills varies considerably. The most sophisticated
pugmills have computer-controlled devices to monitor the amounts of the ingredients being mixed.
CQA personnel! should monitor the controls on the mixing equipment.

2.6.5.2 In-Place Mixing

An alternative mixing technique is to spread the soil in a loose lift, distribute bentonite on
the surface, and mix the bentonite and soil using a rototiller or other mixing equipment. There are
several potential problems with in-place mixing. The mixing equipment may not extend to an
adequate depth and may not fully mix the loose lift of soil with bentonite. Alternatively, the mixing
device may dig too deeply into the ground and actually mix the loose lift in with underlying
materials. Bentonite (particularly powdered bentonite) may be blown away by wind when it is
placed on the surface of a loose lift, thus reducing the amount of bentonite that is actually
incorporated into the soil. The mixing equipment may fail to pass over all areas of the loose lift
and may inadequately mix certain portions of the loose lift. ‘Because of these problems many
engineers believe that pugmill mixing provides a more reliable means for mixing bentonite with
soil, CQA personnel should carefully examine the mixing process to ensure that the problems
outlined above, or other problems, do not compromise the quality of the mixing process. Visual
examination of the mixture to verify plasticity (see Section 2.5 and Table 2.5) is recommended.

2.6.5.3 Measuring Bentonite Content

The best way to control the amount of bentonite mixed with soil is to measure the relative
weights of soil and bentonite blended together at the time of mixing. After bentonite has been
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mixed with soil there are several techniques available to estimate the amount of bentonite in the
soil. None of the techniques are particularly easy to use in all situations.

The recommended technique for measuring the amount of bentonite in soil is the methylene
blue test (Alther, 1983). The methylene blue test is a type of titration test. Methylene biue is
slowly titrated into a material and the amount of methylene blue required to saturate the material is
determined. The more bentonite in the soil the greater the amount of methylene blue that must be
added to achieve saturation. A calibration curve is developed between the amount of methylene
blue needed to saturate the material and the bentonite content of the soil. The methylene blue test
works very well when bentonite is added into a non-clayey soil. However, the amount of
methylene blue that must be added to the soil is a function of the amount of clay present in the soil.
If clay minerals other than bentonite are present, the clay minerals interfere with the determination
of the bentonite content. There is no standard methylene blue test; the procedure outlined in Alther
(1983) is suggested until such time as a standard test method is developed.
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Figure 2.30 - Schematic Diagram of Pugmill

Another type of test that has been used to estimate bentonite content is the filter press test.
This test is essentially a water absorbency test: the greater the amount of clay in a soil, the greater
the water holding capacity. Like the methylene blue test, the filter press test works well if
bentonite is the only source of clay in the soil. No specific test procedure was available at the time
of this writing.
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Measurement of hydraulic conductivity provides a means for verifying that enough
bentonite has been added to the soil to achieve the desired low hydraulic conductivity, If
insufficient bentonite has been added, the hydraulic conductivity should be unacceptably large.
However, just because the hydraulic conductivity is acceptably low for a given sample does not
necessarily mean that the required amount of bentonite has been added to the soil at all locations.
Indeed, extra bentonite beyond the minimum amount required is added to soil so that there will be
sufficient bentonite present even at those locations that are “lean” in bentonite.

The recommended tests and testing frequencies to verify proper addition of bentonite are
summarized in Table 2.7. However, the CQA personnel must realize that the amount of testing
depends on the degree of control in the mixing process: the more control during mixing, the less is
the need for testing to verify the proper bentonite content.

Table 2.7 - Recommended Tests to Verify Bentonite Content

Parameler Frequency Test Method

Methylene Blue Test 1 per 1,000 m3 Alther (1983)

Compaction Curve for 1 per 5,000 m3 Per Project Specifications, e.g.,
Soil-Beatonite Mixture ASTM D-698 or D-1557
(MNeeded T'o Prepare Hydraulic

Conductivity Test Specimen)

Hydraulic Conductivity 3/Mmha/Lift ASTM D-5084, “Hydraulic

of Soil-Bentonite Mixture (1/Acre/Lift) Conductivity of Saturated Porons
Compacted to Appropriate Materials Using a Flexible Wall
Water Content and Dry Permeameter”

Unit Weight

Note: 1 yd3 = 0.76 m3

2.6.6 Stockpiling Soils

After the soil has been preprocessed it is usually necessary to ensure that the water content
does not change prior to use. The stockpiles can be of any size or shape. Small stockpiles should
be covered so that the soil cannot dry or wet. For large stockpiles, it may not be necessary to
cover the stockpile, particularly if the stockpile is sloped to promote drainage, moisture is added
occasionally to offset drying at the surface, or other steps are taken to minimize wetting or drying
of the stockpiled soil.

2.9 Placement of Loose Lift of Soil

After a soil has been fully processed, the soil is hauled to the final placement area. Soil
should not be placed in adverse weather conditions, e.g., heavy rain, Inspectors are usually
responsible for documenting weather conditions during all earthwork operations, The surface on
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which the soil will be placed must be properly prepared and the material must be inspected after
placement to make sure that the material is suitable. Then the CQA inspectors must also verify that
the lift is not too thick. For side slopes, construction specifications should clearly state whether
lifts are parallel to the slope or horizontal. For slopes inclined at 3(H):1{V) or flatter, lifts are
usually parallel to the slope. For slopes inclined at 2(H):1(V) or steeper, lifts are usually
horizontal. However, horizontal lifts may present problems because the hydraulic conductivity for
flow parallel to lifts is expected to be somewhat greater than for flow perpendicular to lifts. Details
of testing are described in the following subsections.

Transport vehicles can pick up contaminants while hauling material from the borrow source
or preprocessing area. If this occurs, measures should be taken to prevent contaminants from
falling off transport vehicles into the soil liner material. These measures may include restricting
vehicles to contaminant free haul roads or removing contaminants before the vehicle enters the
placement area.

2.7.1 Surface Scarification

Prior to placement of a new lift of soil, the surface of the previously compacted lift of soil
liner should be roughened to promote good contact between the new and old lifts. Inspectors
should observe the condition of the surface of the previously compacted lift to make sure that the
surface has been scarified as required in the construction specifications. When soil is scarified it is
usually roughened to a depth of about 25 mm (1 in.). In some cases the surface may not require
scarification if the surface is already rough after the end of compaction of a lift. Itis very important
that CQA inspectors ensure that the soil has been properly scarified if construction specifications
require scarification. If the soil is scarified, the scarified zone becomes part of the loose lift of soil
and should be counted in measuring the loose lift thickness.

2.7.2 Material Tests and Visual Inspection
2.7.2.1 Material Tests

After a loose lift of soil has been placed, samples are periodically taken to confirm the
properties of the soil liner material. These samples are in addition to samples taken from the
borrow area (Table 2.3). The types of tests and frequency of testing are normally specified in the
CQA documents. Table 2.8 summarizes recommended minimum tests and testing frequencies.
Samples of soils can be taken either on a grid pattern or on a random sampling pattern (see Section
~ 2.8.3.2).- Statistical tests and criteria can be applied but are not usnally applied to soil liners in part
because enough data have to be gathered to apply statistics, and yet decisions have to be made
immediately, before very much data are collected.

2.7.2.2 ¥isual Observations

Inspectors should position themselves near the working face of soil liner material as it is
being placed. Inspectors should look for deleterious materials such as stones, debris, and organic
matter. Continuous inspection of the placement of soil liner material is recommended to ensure that
the soil liner material is of the proper consistency.

2.7.2.3 Allowable Variations

Tests on soil liner materials may occasionally fail to conform with required specifications.
It is unrealistic to think that 100% of a soil liner material will be in complete conformance with
specifications. For example, if the construction documents require a minimum plasticity index it
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may be anticipated that a small fraction of the soil (such as pockets of sandy material) will fail to
conform with specifications. It is neither unusual nor unexpected that occasional failing material
will be encountered in soil liners. Qccasional imperfections in soil liner materials are expected.
Indeed, one of the reasons why multiple lifts are used in soil liners is to account for the inevitable
variations in the materials of construction employed in building soil liners. QOccasional deviations
from construction specifications are not harmful. Recommended maximum allowable variations
(failing tests) are listed in Table 2.9.

Table 2.8 - Recommended Materials Tests for Soil Liner Materials Sampled after Placement in a
Loose Lift (Just Before Compaction)

Test Method

Pararmeler Minimum Testing Frequency
Percent Fines ASTM D-1140 1 per 800 m3 (Notes 2 & 5)

(Note 1)
Percent Gravel ASTM D-422 1 per 800 m3 (Notes 2 & 5)

Note 3)
Liquid & Plastic Limits ASTM D-4318 1 per 800 m3 (Notes 2 &5)
Percent Bentonite Alther (1983) 1 per 800 m3 (Notes 2 & 5)

(Note 4)
Compaction Curve As Specified 1 per 4,000 m3 (Note 5)
Construction Oversight Observation Continucus
Notes:
i. Percent fines is defined as percent passing the No. 200 sieve.
2. In addition, at least one test should be performed each day that soil is placed, and additional tests should be

performed on any suspect material observed by CQA personnel. .
3. Percent gravel is defined as percent retained on the No. 4 sieve.
4, This test is only applicable to soil-bentonite liners, ‘
5. 1yd3=0.76 m3.
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Table 2.9 - Recommended Maximum Percentage of Failing Material Tests

Parameter Maximum Allowable Percentage of Outliers

Atterberg Limits S%I and Qutliers Not Concentrated in One Lift or One Area
Percent Fines 5% and Outliers Not Concentrated in One Lift or One Arca
Percent Gravel 10% and Outliers Not Concentrated in One Lift or One Area
Clod Size 10% and Outliers Not Concentrated in One Lift or One Area
Percent Bentonite 5% and Outliers Not Concentrated in One Lift or One Area
Hydraulic Conductivity of 5% and Qutliers Not Concentrated in One Lift or One Area

Laboratory Compacted Soil

2.,7.2.4 Cotrective Action

If it is determined that the materials in an area do not conform with specifications, the furst
step is to define the extent of the area requiring repair. A sound procedure is to require the
contractor to repair the lift of soil out to the limits defined by passing CQC/CQA tests. The
contractor should not be allowed to guess at the extent of the area that requires repair. To define
the limits of the area that requires repair, additional tests are often needed. Alternatively, if the
contractor chooses not to request additional tests, the contractor should repair the area that extends
from the failing test out to the boundaries defined by passing tests.

The usual corrective action is to wet or dry the loose lift of soil in place if the water content
is incorrect. The water must be added uniformly, which requires mixing the soil with a disc or
rototiller (see Section 2.6.1). If the soil contains oversized material, oversized particles are
removed from the material (see Section 2.6.2). I clods are too large, clods can be pulverized in
the loose lift (see Section 2.6.3). If the soil lacks adequate plasticity, contains too few fines,
contai:; too much gravel, or lacks adequate bentonite, the material is normally excavated and
replaced.

2.7.3 Placement and Conirol of Loose Lift Thickness

Construction specifications normally place limits on the maximum thickness of a loose lift
of soil, e.g., 225 mm (9 in.). The thickness of a loose lift should not exceed this value with
normal equipment. The thickness of a loose lift may be determined in several ways. One
technique is for an inspector standing near the working face of soil being placed to observe the
thickness of the lift. This is probably the most reliable technique for controlling loose lift thickness
for CQA inspectors. If there is a question about loose lift thickness one should dig a pit through
the loose lift of soil and into the underlying layer. A cross-beam is used to measure the depth from
the surface of a loose lift to the top of the previously compacted lift. If the previously compacted
lift was scarified, the zone of scarification should be counted in the loose lift thickness for the new
layer of soil. Continuous observation of loose lift thickness is recommended during placement of

75

MWG13-15_119534



soil liners.

Some earthwork contractors control lift thickness by driving grade stakes into the subsoil
and marking the grade stake to indicate the proper thickness of the next layer. This practice is very
convenient for equipment operators because they can tell at a glance whether the loose lift thickness
is correct. However, this practice is strongly discouraged for the second and subsequent lifts of a
soil liner because the penefrations into the previously-compacted lift made by the grade stakes must
be repaired. Also, any grade stakes or fragments from grade stakes left in a soil liner could
puncture overlying geosynthetics. Repair of holes left by grade stakes is very difficult because one
must dig through the loose lift of soil to expose the grade stake, remove the grade stake without
breaking the stake and leaving some of the stake in the soil, backfill the hole left by the grade stake,
and then replace the loose soil in the freshly-placed lift. For the first lift of soil liner, repair of
grade stake holes may not be relevant (depending on the subgrade and what its function is), but
grade stakes are discouraged even for the first lift of soil because the stakes may be often broken
off and incorporated into the soil. Grade stakes resting on a small platform or base do not need to
be driven into the underlying material and are, therefore, much more desirable than ordinary grade
stakes. If grade stakes are used, it is recommended that they be numbered and accounted for at the
end of each shift; this will provide verification that grade stakes are not being abandoned in the fill
material, '

The recommended survey procedure for control of lift thickness involves laser sources and
receivers. A laser beam source is set at a known elevation, and reception devices held by hand on
rods or mounted to grading equipment are used to monitor lift thickness, However, lasers cannot
be used at all sites. For instance, the liner may need to be a minimum distance above rock, and the
grade lines may follow the contours of underlying rock. Further, every site has areas such as
corners, sumps, and boundaries of cells, which preclude the use of lasers.

For those areas where lasers cannot be used, it is recommended that either flexible plastic
grade stakes or metallic grade stakes (numbered and inventoried as part of the QA/QC process) be
used. It is preferable if the stakes are mounded on a base so that the stakes do not have to be
driven into the underlying lift. Repair of grade stake holes should be required; the repairs should
be periodically inspected and the repairs documented. Alternatively (and preferably for small
areas), spot elevations can be obtained on the surface of a loose lift with conventional level and rod

equipment, and adjustments made by the equipment operator based on the levels.

When soil is placed, it is usually dumped into a heap at the working face and spread with
dozers. QA/QC personnel should stand in front of the working face to observe the soil for
oversized materials or other deleterious material, to visually observe loose lift thickness, and to
make sure that the dozer does not damage an underlying layer.

2.8 R Iding an mpaction of Soil

2.8.1 Compaction Eguipment

The important parameters concerning compaction equipment are the type and weight of the
compactor, the characteristics of any feet on the drum, and the wei ght of the roller per unit length
of drummed surface. Sometimes construction specifications will stipulate a required type of
compactor or minimum weight of compactor. If this is the case inspectors should confirm that the
compaction equipment is in conformance with specifications. Inspectors should be particularly
cognizant of the weight of compactor and length of feet on drummed rollers. Heavy compactors
with long feet that fully penetrate a loose lift of soil are generally thought to be the best type of
compactor to use for soil liners. Footed rollers may not be necessary or appropriate for some
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bentonite-soil mixes; smooth-drum rollers or rubber tired rollers may produce best results for sqil-
bentonite mixtures that do not require kneading or remolding to achieve low hydraulic conductivity
but only require densification.

Some compactors are self-propelled while other compactors are towed. Towed, footed
rollers are normally ballasted by filling the drum with water to provide weight that will enable
sighificant compactive effort to be delivered to the soil. Inspectors should be very careful to
determine whether or not all drums on towed rollers have been filled with liquid.

Compacting soil liners on side slopes can present special challenges, particularly for slopes
inclined at 3(H):1(V) or steeper. Inspectors should observe side-slope compaction carefully and
watch for any tendency for the compactor to slip down slope or for slippage or cracking to take
place in the soil. Inspectors should also be watchful to make sure that adequate compactive effort
is delivered to the soil. For soils compacted in lifts paraliel to the slope, the first lift of soil should
be "knitted" into existing subgrade to minimize a preferential flow path along the interface and to
minimize development of a potential slip plane. '

Footed rollers can become clogged with soil between the feet. Inspectors should examine
the condition of the roller to make sure that the space between feet is not plugged with soil. In
addition, compaction equipment is intended to be operated at a reasonable speed. The maximum
speed of the compactor should be specified in the construction specifications. CQC and CQA
personnel should make sure the speed of the equipment is not too great.

When soils are placed directly on a fragile layer, such as a geosynthetic material, or a
drainage material, great care must be taken in placing and compacting the first lift so as not to
damage the fragile material or mix clay in with the underlying drainage material. Often, the first lift
of soil is considered a sacrificial lift that is placed, spread with dozers, and only nominally
compacted with the dozers or a smooth-drum or rubber-tire roller. QA/QC personnel should be
particularly careful to observe all placement and compaction operations of the first lift of soil for
compacted soil liners placed directly on a geosynthetic material or drainage layer.

1t is not uncommon for a contractor to use more than one type of compaction equipment on
a project. For example; initial compaction may be with a heavy roller having long feet that fully
penetrate a loose lift of soil. Later, the upper part of a lift may be compacted with a heavy rubber-
tired roller or other equipment that is particularly effective in compacting near-surface materials.

2.8.2 Number of Passes

The compactive effort delivered by a roller is a function of the number of passes of the
roller over a given area of soil. A pass may defined as one pass of the construction equipment or
one pass of a drum over a given point in the soil liner. It does not matter whether a pass is defined
as a pass of the equipment or a pass of a drum, but the construction specifications and/or CQA plan
should define what is meant by a pass. Normally, one pass of the vehicle constitutes a pass for
self-propelled rollers and one pass of a drum constitutes a pass for towed rollers.

Some construciion documents require a minimum coverage. Coverage (C) is defined as
follows: '

C=[AffAq] x Nx 100% ' 2.4)

where N is the number of passes of the roller, Afis the sum of the area of the feet on the drums of
the roller, and Ay is the area the dram itself. Construction specifications sometimes require 150% -
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200% coverage of the roller. For a given roller and minimum percent coverage, the minimum
number of passes (N) may be computed.

The number of passes of a compactor over the soil can have an important influence on the
overall hydraulic conductivity of the soil liner. It is recommended that periodic observations be
made of the number of passes of the roller over a given point. Approximately 3 observations per
hectare per lift (one observation per acre per lift) is the recommended frequency of measurement.
The minimum number of passes that is reasonable depends upon many factors and cannot be stated
in general terms. However, experience has been that at least 5 to 15 passes of a compactor over a
given point is usually necessary to remold and compact clay liner materials thoroughly.

2.8.3 Water Content and Dry Unit Weight
2.8.3.1 Water Content and Unit Weight Tests

One of the most important CQA tests is measurement of water content and dry unit
weight. Methods of measurement were discussed in Section 2.3. Recommended testing
frequencies are listed in Table 2.10. It is stressed that the recommended testin g frequencies are the
minimum values. Some judgment should be applied to these numbers, and the testin g frequencies
should be increased or kept at the minimum depending on the specific project and other QA/QC
tests and observations. For example, if hydraulic conductivity tests are not performed on
undisturbed samples (see Section 2.8.4.2), more water content/density tests may be required than
the usual minimum,

2.8.3.2 Sampling Patterns

There are several ways in which sample locations may be selected for water content and
unit weight tests. The simplest and least desirable method is for someone in the field to select
locations at the time samples must be taken. This is undesirable because the selector may introduce
a bias into the sampling pattern. For example, perhaps on the previous project soils of one
particular color were troublesome. If the individual were to focus most of the tests on the current
project on soils of that same color a bias might be introduced. '

A common method of selecting sample locations is to establish a grid pattern. The grid
pattern is simple and ensures a high probability of locating defective areas so long as the defective
areas are of a size greater than or equal to the spacing between the sampling points. It is important
to stagger the grid patterns in successive lifts so that sampling points are not at the same location in
each lift. One would not want to sample at the same location in successive lifts because repaired
sample penetrations would be stacked on top of one another. The grid pattern sampling procedure
is the simplest one to use that avoids the potential for bias described in the previous paragraph.

A third alternative for selecting sampling points is to locate sampling points randomly.
Tables and examples are given in Richardson (1992). It is recommended that no sampling point be
located within 2 meters of another sampling point. If a major portion of the area to be sampled has
been omitted as a result of the random sampling process, CQA inspectors may add additional
points to make sure the area receives some testing. Random sampling is sometimes preferred on
large projects where statistical procedures will be used to evaluate data. However, it can be
demonstrated that for a given number of sampling points, a grid pattern will be more likely to
detect a problem area provided that the dimensions of the probiem area are greater than or equal to
the spacing between sampling points. If the problem area is smaller than the spacing between
sampling points, the probability of locating the problem area is approximately the same with both a
grid pattern and a random pattern of sampling.

78

MWG13-15_119537



Table 2.10 - Recommended Tests and Observations on Compacted Soil

Parameter Test Method : Minimum Testing Frecjuency
Water Content (Rapid) ASTM D-3017 13/ha/lift (S/acre/lift)
{Note 1) ASTM D-4643 Notes2 &7
ASTM D-4944 : .
ASTM D-4959
‘Water Content ASTM D-2216 One in every 10 rapid water
" (Note 3) content tests
MNoles3 & 7)
Total Density (Rapid) ASTM D-2922 13/ha/lift (S/acre/lift)
{Note 4) ASTM D-2937 (Notes 2,4 & 7)
Total Density ASTM D-1556 Oune in every 20 rapid density tests
(Note 5) ASTM D-1587 (Notes 5,6, & 7)
ASTM D-2167
Number of Passes Observation 3/haflift (1/acre/lift)
(Notes2 & 7)
Construction Oversight Observation Continuous
Notes:
1. ASTM D-3017 is a nuclear method, ASTM D-4643 is microwave oven drying, ASTM D-4944 is a calcium

carbide gas pressure tester method, and ASTM D-495% is a direct heating method, Direct water content
determination (ASTM D-2216) is the standard against which nuclear, microwave, or other methods of
measurements are calibrated for on-site soils,

In addition, at least one test should be performed each day soil is compacted and additional tests should be
performed in areas for which CQA personnel have reason to suspect inadequate compaction.

Every tenth sample tested with ASTM D-3017, D-4643, D-4944, or D-4959 should be also tested by direct oven
drying (ASTM D-2216) to aid in identifying any significant, systematic calibration errors.

ASTM D-2922 is a nuclear method and ASTM D-2937 is the drive cylinder method. These methods, if vsed,

should be calibrated against the sand cone (ASTM D-1556) or rubber balloon (ASTM D-2167) for on-site soils.
Alternatively, the sand cone or rubber balloon method can be used directly.

Every twentieth sample tested with D-2922 should also be tested (as close as possmle to the same test location)
with the sand cone (ASTM D-1556) or rubber balloon (ASTM D-21 6'?) to aid in identifying any systematic
calibration errors with D-2922,

ASTM D-1587 is the method for obtaining an undisturbed sample. The section of undisturbed sample can be
cut or trimmed from the sampling tube to determine bulk density. This method shouid not be used for soils
containing any particles > 1/6-th the diameter of the sample.

1 acre = 0.4 ha.
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No matter which method of determining sampling points is selected, it is imperative that
CQA inspectors have the responsibility to perform additional tests on any suspect area. The
number of additional testing locations that are appropriate varies considerably from project to
project. ) .

2.8.3.3 with Different Devices to Minimize Systematic E

Some methods of measurement may introduce a systematic error. For example, the nuclear
device for measuring water content may consistently produce a water content measurement that is
too high if there is an extraneous source of hydrogen atoms besides water in the soil. It is
important that devices that may introduce a significant systematic error be periodically correlated
with measurements that do not have such error. Water content measurement tests have the greatest
potential for systematic error. Both the nuclear method as well as microwave oven drying can
produce significant systematic error under certain conditions. Therefore, it is recommended that if
the nuclear method or any of the rapid methods of water content measurement (Table 2.2) are used
to measure water content, periodic correlation tests should be made with conventional overnight
oven drying (ASTM D-2216). ‘ '

It is suggested that at the beginning of a project, at least 10 measurements of water content
be determined on representative samples of the site-specific soil using any rapid measurement
method to be employed on the project as well as ASTM D-2216. After this initial correlation, it is
suggested (see Tables 2.10) that one in ten rapid water content tests be crossed check with
conventional overnight oven drying. At the completion of a project a graph should be presented
that correlates the measured water content with a rapid technique against the water content from
conventional overnight oven drying. ‘ .

Some methods of unit weight measurement may also introduce bias. For example, the
nuclear device may not be properly calibrated and could lead to measurement of a unit weight that
is either too high or too low. It is recommended that unit weight be measured independently on
occasion to provide a check against systematic errors. For example, if the nuclear device is the
primary method of density measurement being employed on a project, periodic measurements of
density with the sand cone or rubber balloon device can be used to check the nuclear device.
Again, a good practice is to perform about 10 comparative tests on representative soil prior to
construction. During construction, one in every 20 density tests (see Table 2.10) should be
checked with the sand cone or rubber balloon.” A graph should be made of the unit weight
measured with the nuclear device versus the unit weight measured with the sand cone or rubber
balloon device to show the correlation. One could either plot dry unit weight or total unit weight
for the correlation. Total unit weight in some ways is more sensible because the methods of
measurement are actually total unit weight measurements; dry unit weight is calculated from the
total unit weight and water content (Eq. 2.1.).

2.8.3.4 Allowable Variations and Outliers

There are several reasons why a field water content or density test may produce a failing
result, i.e., value outside of the specified range. Possible causes for a variation include a human
error in measurement of water content or dry unit weight, natural variability of the soil or the
compaction process leading to an anomaly at an isolated location, limitations in the sensitvity and
re;;_eatability of the test methods, or inadequate construction procedures that reflect broader-scale
deficiencies.

Measurement errors are made on every project. From time to time it can be expected that
CQC and CQA personnel will incorrectly measure either the water content or the dry unit weight.
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Periodic human errors are to be expected and should be addressed in the CQA plan.

If it is suspected that a test result is in error, the proper procedure for rectifying the error
should be as follows. CQC or CQA personnel should return to the point where the questionable
measurement was obtained. Several additionat tests should be performed in close proximity to the
location of the questionable test. 'If all of the repeat tests provide satisfactory results the
questionable test result may be disregarded as an error. Construction quality assurance documents
should specify the number of tests required to negate a blunder. It is recommended that
approximately 3 passing tests be required to negate the results of a questionable test.

One of the main reasons why soil liners are built of multiple lifts is a realization that the
construction process and the materials themselves vary. With multiple lifts no one particular point
in any one lift is especially significant even if that point consists of unsatisfactory material or
improperly compacted material. It should be expected that occasional deviations from construction
specifications will be encountered for any soil liner. In fact, if one were to take enough soil
samples, one can rest assured that a failing point on some scale would be located.

Measurement techniques for compacted soils are imperfect and produce variable results.
Turnbull et al. (1966) discuss statistical quality control for compacted soils. Noorany (1990)
describes 3 sites in the San Diego area for which 9 testing laboratories measured water content and
percent compaction on the same fill materials. The ranges in percent compaction were very large:
81-97% for Site 1, 77-99% for Site 2, and 89-103% for Site 3.

Hilf (1991) summarizes statistical data from 72 earth dams; the data show that the standard
deviation in water content is typically 1 to 2%, and the standard deviation in dry density is typically
0.3 t0 0.6 kN/m3 (2 to 4 pcf). Because the standard deviations are themselves on the same order
as the allowable range of these parameters in many earthwork specifications, it is statistically
inevitable that there will be some failing tests no matter how well built the soil liner is.

It is unrealistic to expect that 100% of all CQA tests will be in compliance with
specifications. QOccasional deviations should be anticipated. If there are only a few randomly-
located failures, the deviations in no way compromise the quality or integrity of a multiple-lift liner.

The CQA documents may provide an allowance for an occasional failing test. The
documents may stipulate that failing tests not be permitted to be concentrated in any one lift or in
any one area, It is recommended that a small percentage of failing tests be allowed rather than
insisting upon the unrealistic requirement that 100% of all tests meet project objectives.
Statistically based requirements provide a convenient yet safe and reliable technique for handling
occasional failing test results.. However, statistically based methods require that enough data be
generated to apply statistics reliably. Sufficient data to apply statistical methods may not be

- available, particularly in the early stages of a project. :

Another approach is to allow a small percentage of outliers but to require repair of any area
where the water content is far too low or high or the dry unit weight is far too low. This approach
is probably the simplest to implement -- recommendations are summarized in Table 2.11.
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Table 2.11 - Recommended Maximum Percentage of Failing Compaction Tests

Parameter Maximum Allowable Percentage of Qutliers

Water Content 3% and Outliers Not Concentrated in One Lift or One Area,
and No Water Content Less than 2% or More than 3% of
the Allowable Value

Dry Density 3% and Outliers Not Concentrated in One Lift or One Area,
and No Dry Density Less than 0.8 kN/m3 (5 pct) Below the
Required Value

Number of Passes 5% and Outliers Not Concentrated in One Lift or One Area

2.8.3.5 Corrective Action

If it is determined that an area does not conform with specifications and that the area needs
to be repaired, the first step is to define the extent of the area requiring repair. The recommended
procedure is to require the contractor to repair the lift of soil out to the limits defined by passing
CQC and CQA tests. The contractor should not be allowed to guess at the extent of the area that
requires repair. To define the limits of the area that requires repair, additional tests are often
needed. Alternatively, if the contractor chooses not to request additional tests, the contractor
should repair the area that extends from the failing test out to the boundaries defined by passing
tests.

The usual problem requiring corrective action at this stage is inadequate compaction of the
soil. The contractor is usually able to rectify the problem with additional passes of the compactor
over the problem area.

2.8.4 Hydraulic Conductivity Tests on Undisturbed Samples

Hydraulic conductivity tests are often performed on "undisturbed" samples of soil obtained
from a single lift of compacted soil liner. Test specimens are trimmed from the samples and‘are
permeated in the laboratory. Compliance with the stated hydraulic conductivity criterion is
checked.

This type of test is given far too much weight in most QA programs. Low hydraulic
conductivity of samples taken from the liner is necessary for a well-constructed liner but is not
sufficient to demonstrate that the large-scale, field hydraulic conductivity is adequately low. For
example, Elsbury et al. (1990) measured hydraulic conductivities on undisturbed samples of a
poorly constructed liner that averaged 1 x 109 crys, and yet the actual in-field value was 1 x 10-5
cm/s. The cause for the discrepancy was the existence of macro-scale flow paths in the field that
were not simulated in the small-sized (75 mm or 3 in. diameter) laboratory test specimens.

Not only does the flow pattern through a 75-mm-diameter test specimen not necessarily
reflect flow patterns on a larger field scale, but the process of obtaining a sample for testing
inevitably disturbs the soil. Layers are distorted, and gross alterations occur if significant gravel is
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present in the soil. The process of pushing a sampling tube into the soil densifies the soil, which
Jowers its hydraulic conductivity. The harder and drier the soil, the greater the disturbance. Asa
result of these various factors, the large-scale, field hydraulic conductivity is almost always greater
than or equal to the small-scale, laboratory-measured hydraulic conductivity. The difference
between values from a small laboratory scale and a large field scale depends on the quality of
construction -- the better the quality of construction, the less the difference.

Laboratory hydraulic conductivity tests on undisturbed samples of compacted liner can be
valuable in some situations. For instance, for soil-bentonite mixes, the laboratory test provides a
check on whether enough bentonite has been added to the mix to achieve the desired hydraulic
conductivity. For soil liners in which a test pad is not constructed, the laboratory tests provide
some verification that appropriate materials have been used and compaction was reasonable (but
hydraulic conductivity tests by themselves do not prove this fact).

Laboratory hydraulic conductivity tests constitute a major inconvenience becanse the tests
usually take at least several days, and sometimes a week or two, to complete. Their value as QA
tools is greatly diminished by the long testing time - field construction personnel simply cannot
wait for the results of the tests to proceed with construction, nor would the QA personnel
necessarily want them to wait because opportunities exist for damage of the liner as a result of
desiccation. Thus, one should give very careful consideration as to whether the laboratory
hydraulic conductivity tests are truly needed for a given project and will serve a sufficiently useful
purpose to make up for the inconvenience of this type of test.

Research is currently underway to determine if larger-sized samples from field-compacted
soils can give more reliable results than the usual 75-mm (3 in.) diameter samples. Until further
data are developed, the following recommendations are made concerning the approach to utilizing
laboratory hydraulic conductivity tests for QA on field-compacted soils:

1. For gravely soils or other soils that cannot be consistently sampled without causing
significant disturbance, laboratory hydraulic conductivity tests should not be a part
of the QA program because representative samples cannot realistically be obtained.
A test pad (Section 2.10) is recommended to verify hydraulic conductivity.

2. If a test pad is constructed and it is demonstrated that the field-scale hydraulic
conductivity is satisfactory on the test pad, the QA program for the actual soil liner
should focus on establishing that the actual liner is built of similar materials and to
equal or better standards compared to the test pad -- laboratory hydraulic
conductivity testing is not necessary to establish this.

3. If no test pad is constructed and it is believed that representative samples can be

obtained for hydraulic conductivity testing, then laboratory hydraulic conductivity
tests on undisturbed samples from the field are recommended.

2.8.4.1 Sampling for Hydraulic Conductivity Testing

- A thin-walled tube is pushed into the soil to obtain a sample. Samples of soil should be
taken in the manner that minimizes disturbance such as described in ASTM D-1587. Samples
should be sealed and carefully stored to prevent drying and transported to the laboratory in a
manner that minimizes soil disturbance as described in ASTM D-4220.

It is particularly important that the thin-walled sampling tube be pushed into the soil in the
direction perpendicular to the plane of compaction. Many CQA inspectors will push the sampling
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tube into the soil using the blade of a dozer or compactor. This practice is not recommended
because the sampling tube tends to rotate when it is pushed into the soil. The recommended way of
sampling the soil is to push the sampling tube straight into the soil using a jack to effect a smooth,
straight push. .

Sampling of gravely soils for hydraulic conductivity testing is often a futile exercise. The
gravel particles that are encountered by the sampling tube tend to tumbie and shear during the push,
which caused major disturbance of the soil sample. Experience has been that QA/QC personnel
may take several samples of gravely soil before a sample that is sufficiently free of gravel to enable
proper sampling is finally obtained; in these cases, the badly disturbed, gravely samples are
discarded. Clearly, the process of discarding samples because they contain too much gravel to
cnable proper sampling introduces a bias into the process. Gravely soils are not amenable to
undisturbed sampling.

2.8.4.2 Hydraulic Condyctivity Testing

Hydraulic conductivity tests are performed utilizing a flexible wall permeameter and the
procedures described in ASTM D-5084. Inspectors should be careful to make sure that the
effective confining stress utilized in the hydraulic conductivity test is not excessive. Application of
excessive confining stress can produce an artificially low hydraulic conductivity. The CQA plan
should prescribe the maximum effective confining stress that will be used; if none is specified a
value of 35 kPa (5 psi) is recommended for both liner and cover systems.

2.8.4.3 Frequency of Testing

Hydraulic conductivity tests are typically performed at a frequency of 3 tests/ha/lift (1
test/acre/lift) or, for very thick liners (= 1.2 m or 4 ft) per every other lift. This is the
recommended frequency of testing, if hydraulic conductivity testing is required. The CQA plan
should stipulate the frequency of testing.

2.8.4.4 Outliers

The resuits of the above-described hydraulic conductivity tests are often given far too much
weight. A passing rate of 100% does not necessarily prove that the liner was well built, yet some
inexperienced individuals falsely believe this to be the case. Hydraulic conductivity tests are
performed on small samples; even though small samples may have low hydraulic conductivity,
inadequate construction or CQA can leave remnant macro-scale defects such as fissures and
pockets of poorly compacted soil. The fundamental problem is that laboratory hydraulic
conductivity tests are usually performed on 75-mm (3 in.) diameter samples, and these samples are
too small to contain a representative distribution of macro-scale defects (if any such defects are
present). By the same token, an occasional failing test does not necessarily prove that a problem
exists. An occasional failing test only shows that either: (1) there are occasional zones that fail to
meet performance criteria, or (2) sampling disturbance (e.g., from the sampling tube shearing
stones in the soil) makes confirmation of low hydraulic conductivity difficult or impossible. Soil
liners built of multiple lifts are expected to have occasional, isolated imperfections -- this is why the
liners are constructed from multiple lifts. Thus, occasional failin g hydraulic conductivity tests by
themselves do not mean very much. Even on the best built liners, occasional failing test results
should be anticipated.

It is recommended that a multiple-lift soil liner be considered acceptable even if a small
percentage (approximately 5%) of the hydraulic conductivity tests fail. However, one should
allow a small percentage of hydraulic conductivity failures only if the overall CQA program is
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thorough. Further, it is recommended that failing samples have a hydraulic conductivity that is no
greater than one-half to one order of magnitude above the target maximum value. If the hydraulic
conductivity at a particular point is more than one-half to one order of magnitude too high, the zone
should be retested or repaired regardless of how isolated it is.

2.8.5 Repair of Holes from Sampling and Testing

A number of tests, e.g., from nuclear density tests and sampling for hydraulic
conductivity, require that a penetration be made into a lift of compacted soil. It is extremely
important that all penetrations be repaired. The recommended procedure for repair is as follows.
The backfill material should first be selected. Backfill may consist of the soil liner material itself,
granular or pelletized bentonite, or a mixture of bentonite and soil liner material. The backfill
material should be placed in the hole requiring repair with a loose lift thickness not exceeding about
50 mm (2 in.). The loose lift of soil should be tamped several times with a steel rod or other
suitable device that compacts the backfill and ensures no bridging of material that would leave large
air pockets. Next, a new lift of backfill should be placed and compacted. The process is repeated
until the hole has been filled.

Because it is critical that holes be properly repaired, it is recommended that periodic
inspections and written records made of the repair of holes. It is suggested that approximately
20% of all the repairs be inspected and that the backfill procedures be documented for these
inspections. It is recommended that the inspector of repair of holes not be the same person who
backfilled the hole.

2.8.6 Final Lift Thickness

Construction documents may place restrictions on the maximum allowable final (after-
compaction) lift thickness. Typically, the maximum thickness is 150 mm (6 in.). Final elevation
surveys should be used to establish thicknesses of completed earthwork segments. The specified
maximum lift thickness is 2 nominal value. The actual value may be determined by surveys on the
surface of each completed lift, but an acceptable practice {provided there is good CQA on loose lift
thickness) is to survey the liner after construction and calculate the average thickness of each lift by
dividing the total thickness by the number of lifts.

Tolerances should be specified on final lift thickness. Occasional outliers from these
tolerances are not detrimental to the performance of a multi-lift liner. It is recommended by
analogy to Table 2.9 that no more than 5% of the final lift thickness determinations be out of
specification and that no out-of-specification thickness be more than 25 mm (1 in.) more than the
. maximum allowable lift thickness. -

2.8.7 Pass/Fail Decision

After all CQA tests have been performed, a pass/fail decision must be made. Procedures
for dealing with materials problems were discussed in Section 2.7.2.4. Procedures for correctin g
deficiencies in compaction of the soil were addressed in Section 2.8.3.5. A final pass/fail decision
is made by the CQA engineer based upon all the data and test results. The hydraulic conductivity
test results may not be available for several days after construction of a lift has been completed.
Sometimes the contractor proceeds at risk with placement of additional lifts before all test results
are available. On occasion, construction of a liner proceeds without final results from a test pad on
the assumption that results will be acceptable. If a “fail” decision is made at this late stage, the
defective soil plus any overlying materials that have been placed should be removed and replaced.
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2.9 t f Compacte il

2.9.1 Desiccation
2.9.1.1 Preventive Measures

There are several ways to prevent compacted soil liner materials from desiccating. The soil
may be smooth rolled with a steel drummed roller to produce a thin, dense skin of soil on the
surface. This thin skin of very dense soil helps to minimize transfer of water into or out of the
underlying material. However, the smooth-rolled surface should be scarified prior to placement of
a new lift of soil.

A far better preventive measure is to water the soil periodically. Care must be taken to
deliver water uniformly to the soil and not to create zones of excessively wet soil. Adding water
by hand is not recommended because water is not delivered uniformly to the soil.

An alternative preventive measure is to cover the soil temporarily with a geomembrane,
moist geotextile, or moist soil. The geomembrane or geotextile should be weighted down with
sand bags or other materials to prevent transfer of air between the geosynthetic cover and soil, If a
geomembrane is used, care should be taken to ensure that the underlying soil does not become
heated and desiccate; a light-colored geomembrane may be needed to prevent overheating. If moist
soil is placed over the soil liner, the moist soil is removed using grading equipment.

2.9.1.2 QObservations

Visual observation is the best way to ensure that appropriate preventive measures have been
taken to minimize desiccation. Inspectors should realize that soil liner materials can dry out very
quickly (sometimes in a matter of just a few hours). Inspectors should be aware that drying may
occur over weekends and provisions should be made to provide appropriate observations.

2.9.1.3 Tests

If there are questions about degree of desiccation, tests should be performed to determine
the water content of the soil. A decrease in water content of one to two percentage points is not
considered particularly serious and is within the general accuracy of testing, However, larger
reductions in water content provide clear evidence that desiccation has taken place.

2.9.1.4 Corrective Action

If soil has been desiccated to a depth less than or equal to the thickness of a single lift, the
desiccated lift may be disked, moistened, and recompacted. However, disking may produce large,
hard clods of clay that will require pulverization. Also, it should be recognized that if the soil is
wetted, time must be allowed for water to be absorbed into the clods of clay and hydration to take
place uniformly. For this reason it may be necessary to remove the desiccated soil from the
construction area, to process the lift in a separate processing area, and to replace the soil
accordingly.

2.9.2 Freezing Temperatures
2.9.2.1 Compacting Frozen Soil

Frozen soil should never be used to construct soil liners. Frozen soils form hard pieces
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that cannot be properly remolded and compacted. Inspectors should be on the lookout for frozen
chunks of soil when construction takes place in freezing temperatures.

2.9.2.2 Protection After Freezing

Freezing of soil liner materials can produce significant increases in hydraulic conductivity.
Soil liners must be protected from freezing before and after construction. If superficial freezing
takes place on the surface of a lift of soil, the surface may be scarified and recompacted. If an
entire lift has been frozen, the entire lift should be disked, pulverized, and recompacted. If the soil
is frogzln to a depth greater than one lift, it may be necessary to strip away and replace the frozen
material.

2.9.2.3 Investigating Possible Frost Damage

Inspectors usually cannot determine from an examination of the surface the depth to which
freezing took place in a completed or partially completed soil liner that has been exposed to
freezing. In such cases it may be necessary to investigate the soil liner material for possible frost
damage. The extent of damage is difficult to determine. Freezing temperatures cause the
development of tiny microcracks in the soil. Soils that have been damaged due to frost action
develop fine cracks that lead to the formation of chunks of soil when the soil is excavated. The
pushing of a sampling tube into the soil will probably close these cracks and mask the damaging
effects of frost upon hydraulic conductivity. The recommended procedure for evaluating possible
frost damage to soil liners involves three steps:

1. .. Measure the water content of the soil within and beneath the zone of suspected frost
damage. Density may also be measured, but freeze/thaw has little effect on density
and may actually cause an increase in dry unit weight. Freeze/thaw is often
accompanied by desiccation; water content measurements will help to determine
whether drying has taken place

2. Investigate the morphology of the soil by digging into the soil and examining its
condition. Soil damaged by freezing usually contains hairline cracks, and the soil
breaks apart in chunks along larger cracks caused by freeze/thaw. Soil that has not
been frozen should not have tiny cracks nor should it break apart in small chunks.
The morphology of the soil should be examined by excavating a small pit into the
soil liner and peeling off sections from the wall of the pit. One should not attempt
to cut pieces from the sidewall; smeared soil will mask cracks. A distinct depth
may be obvious; above this depth the soil breaks into chunks along frost-induced
cracks, and below this depth there is no evidence of cracks produced by freezing.

3. One or more samples of soil should be carefully hand trimmed for hydraulic
conductivity testing. The soil is usually trimmed with the aid of a sharpened section
of tube of the appropriate inside diameter. The tube is set on the soil surface with
the sharpened end facing downward, soil is trimmed away near the sharpened edge
of the trimming ring, the tube is pushed a few millimeters into the soil, and the
trimming is repeated. Samples may be taken at several depths to delineate the depth
to which freeze/thaw damage occurred. The minimum diameter of a cylindrical test
specimen should be 300 mm (12 in.). Small test specimens, e.g., 75 mm (3 in.)
diameter specimens, should not be used because freeze/thaw can create
morphological structure in the soil on a scale too large to permit representative
testing with small samples. Hydraulic conductivity tests should be performed as
described in ASTM D-5084. The effective confining stress should not exceed the
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smallest vertical effective stress to which the soil will be subjected in the field,
which is usually the stress at the beginning of service for liners. If no compressive
stress is specified, a value of 35 kPa (5 psi) is recommended for both liner and
cover system.

The test pit and all other penetrations should be carefully backfilled by placing soil in lifts
and compacting the lifts. The sides of the test pit should be sloped so that the compacior can
penetrate through to newly placed material without interference from the walls of the pit.

2.9.2.4 Repair

If it is determined that soil has been damaged by freezing, the damaged material is usually
repaired as follows. If damage is restricted to a single lift, the lift may be disked, processed to
adjust water content or to reduce clod size if necessary, and recompacted. If the damage extends
deeper, damaged materials should be excavated and replaced.

2.9.3 Excess Surface Water

In some cases exposed lifts of liner material, or the completed liner, are subjected to heavy
rains that soften the soil. Surface water creates a problem if the surface is uneven (e.g., if a footed
roller has been used and the surface has not been smooth-rolled with a smooth, steel wheeled
roller) -- numerous small puddles of water will develop in the depressions low areas. Puddles of
water should be removed before further lifts of material, or other components of the liner or cover
system, are constructed. The material should be disked repeatedly to allow the soil to dry, and
when the soil is at the proper water content, the soil should be compacted. Alternatively, the wet
soil may be removed and replaced.

Even if puddles have not formed, the soils may be too soft to permit construction
equipment to operate on the soil without creating ruts. To deal with this problem, the soil may be
allowed to dry slightly by natural processes (but care must be taken to ensure that it does not dry
too much and does not crack excessively during the drying process). Alternatively, the soil may be
disked, allowed to dry while it is periodically disked, and then compacted.

If soil is reworked and recompacted, QA/QC tests should be performed at the same
frequency as for the rest of the project. However, if the area requiring reworking is very smali,
e.g., in a sump, tests should be performed in the confined area to confirm proper compaction even
if this requires sampling at a greater frequency.

2.10  Test Pads
2.10.1  Purpose of Test Pads

The purpose of a test pad is to verify that the materials and methods of construction
proposed for a project will lead to a soil liner with the required large-scale, in-situ, hydraulic
conductivity. Unfortunately, it is impractical to perform large-scale hydraulic conductivity tests on
the actual soil liner for two reasons: (1) the testing would produce significant physical damage to
the liner, and the repair of the damage would be questionable; and (2) the time required to complete
the testing would be too long -- the liner could become damaged due to desiccation while one
waited for the test results.

A test pad may also be used to demonsirate that unusual materials or construction
procedures will work., The process of constructing and testing a test pad is usually a good leaming
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experience for the contractor and CQC/CQA personnel; overall quality of a project is usually
elevated as a result of building and testing the test pad.

A test pad is constructed with the soil liner materials proposed for a project utilizing
preprocessing procedures, construction equipment, and construction practices that are proposed for
the actual liner. If the required hydraulic conductivity is demonstrated for the test pad, it is
assumed that the actual liner will have a similar hydraulic conductivity, provided the actual liner is
built of similar materials and to standards that equal or exceed those used in building the test pad.
If a test pad is constructed and hydraulic conductivity is verified on the test pad, a key goal of
CQA/CQC for the actual liner is to verify that the actual liner is built of similar materials and to
standards that equal or exceed those used in building the test pad.

2.10.2 Dimensions

Test pads (Fig. 2.31) normally measure about 10 to 15 m in width by 15 to 30 m in length.
The width of the test pad is typically at least four times the width of the compaction equipment, and
the length must be adequate for the compactor to reach normal operating speed in the test area. The
thickness of a test pad is usually no less than the thickness of the soil liner proposed for a facility
but may be as little as 0.6 to 0.9 m (2 to 3 feet) if thicker liners are to be employed at full scale. A
freely draining material such as sand is often placed beneath the test pad to provide a known
boundary condition in case infiltrating water from a surface hydraulic conductivity test (e.g., sealed
double ring infiltrometer) reaches the base of the liner. The drainage layer may be drained with a
pipe or other means. However, infiltrating water will not reach the drainage layer if the hydraulic
conductivity is very low; the drainage pipe would only convey water if the hydraulic conductivity
turns out to be very large. The sand drainage material may not provide adequate foundation
support for the first lift of soil liner unless the sand is compacted sufficiently. Also, the first lift of
soil liner material on the drainage layer is often viewed as a sacrificial lift and is only compacted
nominally to avoid mixing clayey soil in with the drainage material.

2.10.3 Materials

The test pad is constructed of the same materials that are proposed for the actual project.
Processing equipment and procedures should be identical, too. The same types of CQC/CQA tests
that will be used for the soil liner are performed on the test pad materials, If more than one type of
material will be used, one test pad should be constructed for each type of material.

2.10.4  Construction

It is recommended that test strips be built before constructing the test pad. Test strips allow
for the detection of obvious problems and provide an opportunity to fine-tune soil specifications,
equipment selection, and procedures so that problems are minimized and the probability of the
required hydraulic conductivity being achieved in the test pad is maximized. Test strips are
typically two lifts thick, one and a half to two equipment widths wide, and about 10 m (30 ft) long.

The test pad is built using the same loose Iift thickness, type of compactor, weight of
compactor, operating speed, and minimum number of passes that are proposed for the actual soil
liner. It is important that the test pad not be built to standards that will exceed those used in
building the actual liner. For example, if the test pad is subjected to 15 passes of the compactor,
one would want the actual soil liner to be subjected to at least 15 passes as well. It is critical that
CQA personnel document the construction practices that are employed in building the test pad. It is
best if the same contractor builds the test pad and actual liner so that experience gained from the test
pad process is not lost. The same applies to CQC and CQA personnel.
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Figure 2.31 - Schematic Diagram of Soil Liner Test Pad

2.10.5 Protection

The test pad must be protected from desiccation, freezing, and erosion in the area where in
site hydraulic conductivity testing is planned. The recommended procedure is to cover the test pad
with a sheet of white or clear plastic and then either spread a thin layer of soil on the plastic if no

rain is anticipated or, if rain may create an undesirably muddy surface, cover the plastic with hay or
straw.
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2.10.6  Tests and Observations

The same types of CQA tests that are planned for the actual liner are usually performed on
the test pad. However, the frequency of testing is usually somewhat greater for the test pad.
Material tests such as liquid limit, plastic limit, and percent fines are often performed at the rate of
one per lift. Several water content-density tests are usually performed per lift on the compacted
soil. A typical rate of testing would be one water content-density test for each 40 m2 (400 fi2).
The CQA plan should describe the testing frequency for the test pad.

There is a danger in over testing the test pad -- excessive testing could lead to a greater
degree of construction conirol in the test pad than in the actual liner. The purpose of the test pad is
to verify that the materials and methods of construction proposed for a project can result in
compliance with performance objectives concerning hydraulic conductivity. Too much control
over the construction of the test pad runs counter to this objective.

2.10.7 In Situ Hydraulic Conductivi
2.10.7.1 Double-Ring Infiler T
The most common method of measuring in situ hydraulic conductivity on test pads is the

sealed double-ring infilrometer (SDRI). A schematic diagram of the SDRI is shown Fig. 2.32.
The test procedure is described in ASTM D-5093.

Inner Ring

Tensiometer

Figure 2.32 - Schematic Diagram of Sealed Double Ring Infiltrometer (SDRI)

- With this method, the quantity of water that flows into the test pad over a known period of
time is measured. This flow rate, which is called the infiltration rate (I), is computed as follows:

I=Q/At (2.5)
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where Q is the quantity of water entering the surface of the soil through a cross-sectional area A
and over a period of tme t.

R Hydraulic conductivity (K) is computed from the infiltration rate and hydraulic gradient (i)
as follows: _

K=1Ii . (2.6)
Three procedures have been used to compute the hydraulic gradient. The procedures are

called (1) apparent gradient method; (2) wetting front method; and (3) suction head method. The
equation for computing hydraulic gradient from each method is shown in Fig, 2.33.

Apparent Hydraulic Conductivity Method_

"H 4D

Suction Head Methaod *
1 w ]
H
H+D
R e R 3 Hs

. ~HED+ Hg
D

Wetting Front Method

Figure 2.33 - Three Procedures for Computing Hydraulic Gradient from Infiliration Test
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The apparent gradient method is the most conservative of the three methods because this
method yields the lowest estimate of i and, therefore, the highest estimate of hydraulic
conductivity. The apparent gradient method assumes that the test pad is fully soaked with water
over the entire depth of the test pad. For relatively permeable test pads, the assumption of full
soaking is reasonable, but for soil liners with K < 1 x 10-7 ¢m/s, the assumption of full soaking is
excessively conservative and should not be used unless verified.

The second and most widely used method is the wetting front method. The wetting front is
assumed to partly penetrate the test pad (Fig. 2.33) and the water pressure at the wetting front is
conservatively assumed to equal atmospheric pressure. Tensiometers are used to monitor the depth
of wetting of the soil over time, and the variation of water content with depth is determined at the
end of the test. The wetting front method is conservative but in most cases not excessively so.
The weiting front method is the method that is usually recommended.

The third method, called the suction head method, is the same as the wetting front method
except that the water pressure at the wetting front is not assumed to be atmospheric pressure. The
suction head (which is defined as the negative of the pressure head) at the wetting front is Hg and is
added to the static head of water in the infiltration ring to calculate hydraulic gradient (Fig. 2.37).
The suction head Hg is identical to the wetting front suction head employed in analyzing water
infiltration with the Green-Ampt theory. The suction head Hg is not the ambient suction head in the
unsaturated soil and is generally very difficult to determine (Brakensiek, 1977). Two techniques
available for determining Hg are: _

1. Integration of the hydraulic conductivity function (Neuman, 1976).

o : o
Hg= J K dh 2.7)
h

8¢

where hg is the suction head at the initial (presoaked) water content of the soil, Ky
is the relative hydraulic conductivity (K at particular suction divided by the value of
K at full saturation), and hg is suction.

2, Direct measurement with air entry permeameter (Daniel, 1989, and references
therein).

Reimbold (1988) found that Hg was close to zero for two compacted soil liner materials, Because
proper determination of Hy is very difficult, the suction head method cannot be recommended,
unless the testing personnel take the time and make the effort to determine Hy properly and reliably.

Corrections may be made to account for various factors. For example, if the soil swells,
some of the water that infiltrated into the soil was absorbed into the expanded soil. No consensus
exists on various corrections and these should be evaluated case by case.

2.10.7.2 Two-Stage Borehole Test

The two-stage borehole hydraulic conductivity was developed by Boutwell (the test is
sometimes called the Boutwell Test) and was under development as an ASTM standard at the time
of this writing. The device is installed by drilling a hole (which is typically 100 to 150 mm in
diameter), placing a casing in the hole, and sealing the annular space between the casing and
borehole with grout as shown in Fig. 2.34. A series of falling head tests is performed and the
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hydraulic conductivity from this first stage (k1) is computed. Stage one is complete when k;j
ceases to change significantly. The maximum vertical hydraulic conductivity may be computed by
assuming that the vertical hydraulic conductivity is equal to kj. However, the test may be
continued for a second stage by removing the top of the casing and extending the hole below the
casing as shown in Fig. 2.34. The casing is reassembled, the device is again filled with water, and
falling head tests are performed to determine the hydraulic conductivity from stage two (k2). Both
horizontal and vertical hydraulic conductivity may be computed from the values of ky and ks,
Further details on methods of calculation are provided by Boutwell and Tsai (1992), although the
reader is advised to refer 1o the ASTM standard when it becomes available.

Figure 2.34 - Schematic Diagram of Two-Stage Borehole Test

The two-stage borehole test permeates a smaller volume of soil than the sealed double-ring
infiltrometer. The required number of two-stage borehole tests for a test pad is a subject of current
research, At the present time, it is recommended that at least 5 two-stage borehole tests be
performed on a test pad if the two-stage test is used. If 5 two-stage borehole tests are performed,
then one would expect that all five of the measured vertical hydraulic conductivities would be less
than or equal to the required maximum hydraulic conductivity for the soil liner.
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2.10.7.3 Other Field Tests

Several other methods of in situ hydraulic conductivity testing are available for soil liners.
These methods include open infiltrometers, borehole tests with a constant water level in the
borehole, porous probes, and air-entry permeameters. The methods are described by Daniel
(1989) but are much less commonly used than the SDRI and two-stage borehole test.

2.10.7.4 Laborato
Laboratory hydraulic conductivity tests may be performed for two reasons:

1. If avery large sample of soil is taken from the field and permeated in the laboratory, the
result may be representative of field-scale hydraulic conductivity. The question of how
large the laboratory test specimen needs to be is currently a maiter of research, but
preliminary results indicate that a specimen with a diameter of approximately 300 mm (12
in.) may be sufficiently large (Benson et al., 1993).

2. If laboratory hydraulic conductivity tests are a required component of QA/QC for the
actual liner, the same sampling and testing procedures are used for the test pad.
Normally, undisturbed soil samples are obtained following the procedures outlined in
ASTM D-1587, and soil test specimens with diameters of approximately 75 mm (3 in.)
are permeated in flexible-wall permeameters in accordance with ASTM D-5084.

2.10.8 Documentation

A report should be prepared that describes all of the test results from the test pad. The test
pad documentation provides a basis for comparison between test pad results and the CQA data
developed on an actual construction project.

2.11 FEinal Approval

Upon completion of the soil liner, the soil liner should be accepted and approved by the
CQA engineer prior to deployment or construction of the next overlying layer.
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