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Landfills:

Complex Engineered Containments




Let’s Just Look Back a Little..

Landfill
L I G Interest

Management

Specialisl interest group within the
Institute of Waste Management of Southern Africa (IWMSA)
www.iwmsa.co.zal/ligwc

27 February 2014

Western Cape Landfill Interest Group

Seminar on Landfill...
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waSte MINIMUM REQUIREMENTS
Disposal FOR WASTE DISPOSAL BY LANDFILL
By Landfill

For Years The Principal
South African

Guidance Document =l

(and Now Amended By

The National Norms and

Standards for Waste

Disposal by Landfill)

‘ DEPARTMENT OF WATER AFFAIRS AND FORESTRY
(2nd Edition 1998)
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Now Only Four

Classes of Landfill:

“A” (Formerly H:H and H:h) - “Type 1” Waste

“B” (Formerly G:L:B*) - “Type 2” Waste
(Municipal Garbage)

“C” (Formerly G:L:B*) - “Type 3” Waste

(Post-Consumer Packaging, Tyres)

“D” (Formerly G:S:B’) - “Type 4” Waste
(Inert Waste e.g. Builders Rubble)
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(a) Class A Landfill: (Hazardous Waste)

Wasie body
Geotextile filver

200 mm Stone leachate
collection system

= 100 mirm Pratection layver of silty sand
Prlma!ry or a gectextile of eguivalent performance
Composite 2 mm HDPE geomembrane
Liner
Max
Outflow 600 mm Compacted clay
0.03 mly liner {in 4 x 150 mm layers)
(1 x 107
cm/s)
Geotextile filter layer
150 mm Leakage detection system of
granular material or geosynthetic equivalent
100 mm Protection layer of silty sand
seco“dary or a geotextile of equivalent performance
composite 1.5 mm HDPE geomembrane
Liner 200 mm Compacted clay liner

150 mm Base preparation layer

Iry situ soil




(b) Class B Landfill (Municipal Waste)

Waste body

Geotextile
150 mm Stone leachate
collection system

100 mm Protection layer of silty sand
or a Geotextile of equivalent performance
1.5 mm HDPE Geomembrane

A
- -

liner {in 4 x 150 mm layers)

-
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B, W

1- -l- B -I.-I-"‘-I-'-f.b*l‘-l-' rrrrrrrrrrrrrrr
*:::::; v O RSO > ° BESS) Under drainage and monitoring system
AEAe © = :::::* v *.‘ o =8 -.-1-1*::1:1'1*:*1*::1:?1-1 and 150 mm Base preparation layer

T e
-l-‘ll-‘i-_f_ill‘i-._I-‘i-__lni_ll-ill-‘_-i-._i-_._1-1!-‘1-.4‘1-_‘11#‘1‘1-‘1‘1‘1- ,_l-_i-_q-_l-.t_d-‘iﬂ_1-._1-‘1._1-._1-.1-_1_1;

IEVl W SWillI=S

In s1tu soil
*-.\‘:.L G %“ R e ﬂ'—%ﬂb&mﬁf




38 No. 36784 GOVERNMENT GAZETTE, 23 AUGUST 2013

(c) Class C Landfill: (Post-Consumer Packaging Tyres)
Waste body
300 mm thick finger drain of
geotextile covered aggregate

Primary 100 mm Protection layer of silty sand or 2
c it geotextile of equivalent performance
omp:_5| € 1.5 mm thick HDPE geomembrane]
iner

300 mm clay liner {of 2 X 150 mm
thick layers)
Max Outflow 0.3 m/y (1 x 10¢ cm/s)
Under drainage and monitoring
system in base preparation layer
In situ soil

(d) ClassD Landrill (Inert Waste - Builders Rubble)

A
LS AR Waste body
pEREasRsRanasy  150mm Base preparation layer
R RGRRGRIRREIR, o
RRRRRRRRGRRAER,




O layer:

Alayer:

B layer:

C layer:

These “Layer”

A desiceation protection layer consisting of 150 mm of soil, gravel, rubble or other sinular
material that completely covers the B layer for G:M:B™ and G:L:B’ landfills and protects it
from desiccation and cracking until it 1s covered by waste. Under certain circumstances, the
thickness of the O layer may need to be increased.

A leachate collection layer comprising a 150 mm thick layer of single-sized gravel or crushed
stone having a size of between 38 mm and 50 mm, and a system of perforated pipe drains
located within the stone layer.

A 150 mm thick compacted clay liner layer. This must be compacted to a mimmum density of §  E laver:

95% Standard Proctor’ maximum dry density at a water content of Proctor optimum to
optimum +2%. Permeabilities must be such that the outflow rates stated in Section 3.4.3 are
not exceeded. Interfaces between B lavers must be lightly scarified to assist in bonding the
layers together.

The surface of every clay lmer layer must be graded towards the leachate collection drain or
sumps (see section 8.4.4) at a minimum gradient of 2% for general waste disposal sites and
5% for hazardous waste disposal sifes. At the discretion of the Competent Authority, up to 4 x
B layers may be replaced by a GCL of at least equivalent performance, (in terms of
permeablity, toughness and chemucal resistance) supported on a 100 mm thick silt/sand layer.

This 15 a layer of high modulus geotextile laid on top of any D layer to protect it from
contamination by fine material from above.

D layer:

F layer:

A leakage detection and collection layer. This is always below a C layer and above a B layer
in B” and hazardous waste landfills In lagoons it is underlain by an E layer which protects
the second FML or geomembrane. It has a minimum thickness of 150 mm and will consist of
single-sized gravel or crushed stone having a size of between 38 mm and 50 mm. At the
discretion of the Department (formal communication should take place through the
Competent Authority), thus layer may be replaced a geosynthetic drainage of at least
equivalent dramnage performance.

This 15 a cushion of 100 mm of fine to medium sand or similar suitable material which 1s
placed immediately above any F layer to protect 1f from mechanical damage.

A geomembrane or flexible membrane liner (FML) which must be laid in direct confact with
the upper surface of a compacted clay B layer. A geomembrane 1s a Minimum Requirement
for all hazardous waste landfills and lagoons. In the case of an H:h landfill itis a 1.5 mm
thick geomembrane underlain by four B layers. In the case of an H:H landfill, it 15 a 2,0 mm
thick geomembrane underlam by four B layers. In the case of a hazardous waste lagoon, there
are two geomembranes. The first 1s 2,0 mm thick underlamn by four B layers and the second 1s
1,0 mm thick underlain by two B layers™.

The geomembrane thickness specified shall be minimum nonunal thickness, as measured in
accordance with the SANS 1526:2003.

G layer:

Descriptions
(From %2nd Edition
“Appendix 8.2: Design of the

Lining and Capping Systems?”)
Are Still Valid and
Must be Consulted in
Current Designs,

This 15 a base preparation layer consisting of a compacted layer of reworked in-sifu soil with
a minimuom thickness of 150 mm and constructed to the same compaction standards asa B
layer. Where the permeability of a G layer can be proven to be of the same standard as a B
layer, it may replace the lowest B layer.

The surface of every G layer must be graded towards a leachate collection drain or sump in
the case of B landfill or to a central channel on the down sradient side of a B landfill, from
which sporadic leachate can be collected if it occurs. The central channel must contain a
prism of A layer material with a perforated pipe drain so as to act as an efficient leachate
collector or finger dramn. The minimum gracient must be 2% for G sttes and 5% for H sites.



Some Important New Requirements

The following containment barrier requirements must be included
in an application for approval of a landfill site or cell -

(a) Design reports and drawings shall be certified by a registered,
professional civil engineer prior to submission to the competent
authority;

(b) Service life considerations shall be quantified taking into
account temperature effects on containment barriers;

(c) Total solute seepage (inorganic and organic) shall be
calculated in determining acceptable leakage rates and action
leakage rates;

(d) Alternative elements of proven equivalent performance may be
considered, such as the replacement of-

(i) granular filters or drains with geosynthetic filters or drains;
(ii) protective soil layers with geotextiles;

(iii) clay components with geomembranes or geosynthetic clay
liners;



Some Important New Requirements
(Cont.)

The following containment barrier requirements must be included
in an application for approval of a landfill site or cell -

(e) All drainage layers shall contain drainage pipes of adequate
size, spacing and strength to ensure atmospheric pressure
within the drainage application for the service life of the
landfill;

(f) Alternative design layouts for slopes exceeding 1:4 (vertical:
horizontal) may be considered provided equivalent performance
is demonstrated;

(g) Construction Quality Assurance during construction;

(h) Geosynthetic materials shall comply with relevant South
African National Standard specifications, or any prescribed
management practice or standards which ensure equivalent
performance; and

(i) Consideration of the compatibility of liner material with the
waste stream, in particular noting the compatibility of natural
and modified clay soils exposed to waste containing salts.



Government Gazette

REPUBLIC OF SOUTH AFRICA

Amend ments Vol. 588 Cape Town 2 June 2014 MNo. 37713
On 2 June 2014

THE PRESIDENCY
Mo. 448 2 June 2014

Act No. 25 of 2014: National Environmental Management Laws
Amendment Act, 2014

R AlIDS HELPLINE: 0800-123-22 Prevention is the cure




‘ (English text signed by the President)
(Assented to 30 May 2014)

Mining Residues Now Included
ACT

To amend the—
+ National Environmental Management Act, 1998, so as to amend certain
definitions and to define certain words and expressions: to provide for the review
of environmental management instruments; to provide for minimum informa-
tion requirements to be included under environmental management instru-
ments; to provide for the Minister responsible for mineral resources to be the
competent authority for environmental matters in so far as they relate to
prospecting, exploration, mining or production of mineral and petroleum
resources; to empower the Minister to take an environmental decision in so far as
it relates to prospecting, exploration, mining or production instead of the
Minister responsible for mineral resources under certain circumstances; to
clarify the provisions relating to integrated environmental authorisations; to
strengthen the financial provisions in the Act; to provide for consultation with
ate Departments: to provide for the management ol residue stockpiles and
. residue deposits; to empower the Director-General of the Department respon-




’ Amendment of section 24 of Act 107 of 1998, as substituted by section 2 of Act8of 5 ‘
200

4. section 2 of Act 62 of 2008 and section 5 of Act 30 of 2013

2. Section 24 of the National Environmental Management Act, 1998, is hereby
amended—
(a) by the substitution in subsection (3)(#) for subparagraph (vi) of the following
subparagraph: 10
“(vi) the management and control of residue stockpiles and deposits
[on a prospecting, mining, exploration or production area];”;
and
(b) by the substitution in subsection (3) for paragraph (bA) of the following
paragraph: 15
“(bA) laying down the procedure to be followed for the preparation,
evaluation, [and] adoption and review of prescribed environmen-
tal management instruments, including—
(i) environmental management frameworks:
(11) strategic environmental assessments; 20
(ill) environmental impact assessments;
(iv) environmental management programmes;
(v) environmental risk assessments;
(vi) ' : 1bili sments;
(vil) norms or standards;

(viliA)  minimum information requirements; or
(ix) any other relevant environmental management instrument
that may be developed in time:".

4
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Legisiation

Waste in South Africa is currently governed by means of a number
of pieces of legislation, including:

* The South African Constitution (Act 108 of 1996)

- Hazardous Substances Act (Act 5 of 1973)

 Health Act (Act 63 of 1977)

 Environment Conservation Act (Act 73 of 1989)

 Occupational Health and Safety Act (Act 85 of 1993)

- National Water Act (Act 36 of 1998)

 The National Environmental Management Act (Act 107 of 1998)

* Municipal Structures Act (Act 117 of 1998)

* Municipal Systems Act (Act 32 of 2000)

 Mineral and Petroleum Resources Development Act (Act 28 of 2002)

« Air Quality Act (Act 39 of 2004)

 National Environmental Management: Waste Act, 2008 (Act 59 of 2008)

- Waste Classification and Management Regulations, 2013

The President of the Republic of South Africa signed The National Environmental Management:
Waste Bill into an Act of Parliament in March 2009, The Act took effect from 01 July 2009. It is the
intention of this Act to address the current fragmentation in waste legislation in South Africa.



Heavy Penalties for Non-Compliance

Offences and Penalties
13. (1) A person is guilty of an offence if that person—

(a) fails to comply with Regulations 4(2), (3), (4), (5), (6), 5, 6, 7(1), 8(1), 10(1), 10(3), 11(1),
(2), (4), (5), (6), (7), (8) or 12; or

(b}  provides incorrect or misleading information in any record or document required or

submitted in terms of these Regulations.

(2) A person convicted of an offence under subregulation (1)(a) is liable to a fine not
exceeding R10 million or to imprisonment for a period not exceeding 10 years, or to both such

fine or such imprisonment.

(3) A person convicted of an offence under subregulation (1)(b) is liable to a fine of R20 000

or to imprisonment for a period not exceeding 1 year or to both a fine and such imprisonment.
Short Title and Commencement

14. These Regulations are called the Waste Classification and Management Regulations, 2013.










Design Deliverables

Careful
Thought
Required

Design Thinking



Resources

All SA Government Waste Management
Regulations Can Be Found Here:

http://sawic.environment.qgov.za/?menu=13

Any enquiries may be directed to Dr. Shauna Costely, email
scostely@environment.qgov.za, Tel: 012 310 3330

or Mr. Rendani Ndou, email: RNdou@environment.gov.za



http://sawic.environment.gov.za/?menu=13
mailto:scostely@environment.gov.za
mailto:RNdou@environment.gov.za

So...

Richard and Wihan Asked me if | Would
Like to Contribute to Todays LIG
Seminar

e ww

Session 1 : Construction of Landfill Facilities — Peter Davies (Kaytech)

e Mineral layer installation and QA
15:00 — 15.45
® Geosynthetics installation and QA

® Practical considerations in the construction of such Facilities

And, Wihan Gave Me Some Guidelines...



Thanks Peter

Some points of interest. As mentioned last week, you can use what you like, one can obviously go on and on and on! Let me know if
there’s anything else you need.

General:

Consideration should be given to climate / seasons. Construction preferably in the non-rain period of the year. Constructing landfill liners
during the rainy season creates costly delays.

Best practice to construct lining systems from high point to low point to prevent flooding of the lining system at the low point and prevent
run-off underneath the liner.

Clay layers:

Do sufficient tests prior to construction to establish at which moisture content and compaction the clay must be to obtain the required
permeability. Knowing the correct moisture content and compaction makes quality control on site a lot easier.

Clay layers to be covered with HDPE (or overlying layer) as soon as possible to prevent desiccation cracking.

Prevent long slopes steeper than 1:3 due to compaction plant limitations on steeper slopes.

Sheepsfoot roller should be used for all layers except for the smoothening of the final clay layer.

The cleats on the sheepsfoot roller should be longer than the clay layer thickness to ensure proper mixing and kneading of the clay
layers.

Uncompacted layer thicknesses should not be more than 250mm thick.

Final surface to be very smooth and free of any loose stones, sticks, ruts etc. It's a good idea to have a separate payment item just for
the smoothening of the final clay layer with a strict specification of what is required. Smooth surface is required for intimate contact with
the overlying geomembrane.

On site permeability tests to be done over at least 48 hours due to initial higher infiltration in the drier top area of the clay as well as the
infiltration through loose disturbed material along the sides of the steel infiltrometer that has been knocked into the clay layer.

Cover the infiltromer carefully with plastic to prevent animals drinking from the water as well as prevent evaporation and water ingress
through rain.

If on-site clay is not of good enough quality to meet the permeability and Pl requirements it can be enhanced by mixing it with natural
sodium bentonite powder, typically 2 — 6% by mass. Quality control to ensure even and consistent mixing is very important though.

In cases where no clay is available the clay could be replaced by a geosynthetic clay liner (GCL). Swelling tests with on-site leachate
should be done prior to using a GCL to confirm compatibility and performance.

GCL’s are easy to install and can save on airspace / excavation costs if the GCL is found to be suitable. For a Class A landfill the total
clay layer thickness is 800mm while it can be replaced by two layers of GCL with a thickness of approximately 8mm each. Thus adding
approximately 790mm of additional airspace or alternatively reducing the excavations with 790mm over the footprint.

CQA of the GCL installation is very important to ensure the required overlaps are being done correctly.

It is important that only as much GCL that can be covered per day should be installed. It is important to have the approximately 300mm
confining layer on top of the GCL in place before the GCL hydrates.

Important to take extra care with the storage of GCL'’s, stacked above ground with free surface drainage around and underneath the
rolls.



HDPE Geomembranes:

The 100mm sand protection layer on top of the HDPE specified in the new Regs are impractical to place and increases the risk
of liner damage during placing. 200mm compacted clean sand proofs to be better.

Place sand protection layer early in the morning due to HDPE'’s high thermal expansion. When the sun comes out the HDPE
forms waves and wrinkles which makes placing of the sand difficult. This must be specified as such in the tender specifications
to be enforceable on site without running the risk of additional costs as a result.

Wrinkles must be avoided at all times since it increases the flow rate in case of a leak.

White geomembranes can be considered in hotter climates due to their reduced surface temperature compared to black HDPE.
Sand protection layer to be end-tipped and only traffic allowed on the sand itself and not on liner at all.

No liner installation can be done in rainy conditions or in high wind. Sufficient sand bags to be available prior to liner
deployment.

Permanent CQA a must during HDPE installations. All destructive and non-destructive tests to be done or at least withessed by
the CQA consultant.

The CQA consultant must understand the HDPE specifications and must be experienced in the field to understand which tests
are required and how it is performed and be aware of the frequencies.

Testing of each day’s trial welds is important before any welding takes place. Trial welds should be done 15t thing in the morning
and again after lunch time or if there was any interruption in power supply to the welding machines.

Be practical with regards to where destructive production welds are taken. Take sample in the anchor trenches or where
patches are required in any case if possible. Try to avoid to cut a production weld sample from a perfect weld in the middle of
the landfill. It does not make sense to replace a perfect wedge weld with a patch that is extrusion welded.

During wedge welds make sure that the entire length of weld is tested. This is done by opening the “air tube” on the far end of
the weld and see if the needle on the pressure gauge drops. If not the weld is blocked somewhere in-between. The CQA
consultant must know how to address this.

Copper wire to be installed in all extrusion welds for spark testing.

All seam areas to be clean and dry to ensure proper contact.

All HDPE sheets should constantly be visually examined for any holes or defects and repaired if found. All patches to have
round edges.

No horizontal welds / joints should be allowed on the 1:3 slopes. The joint / weld should be on the floor approximately 1m from
the toe of the 1:3 slope.

Extra care should be taken at liner penetrations (if any). This is the most likely area for a leak and would also almost always be
under a constant hydraulic head. The design detail of the liner penetration must make provision for proper seal of the pipe to
the liner without any permanent stresses on any of the welds around the penetration.




Leachate drainage layer:

Preferably stone with an even grading, typically 38mm or 53mm. Avoid gap-graded stone and finer material due to easy clogging.
Stone to be end-tipped until the area is big enough to drive on. No vehicle traffic directly on liner.

Stone to be inspected specifically for fines; fines to be avoided in the stone layer due to the clogging issue.

Tyre shreds can be considered as a drainage material but the layer’s thickness will have to be increased due to the tyre shreds’
high compressibility. Stone should still be used in critical areas like around the leachate drainage pipes and at the leachate
extraction point / area.

A filter geotextile on top of stone leachate drainage layer is good practice. This reduces the clogging of the critical leachate
drainage layer (stone), the geotextile would also clog over time but this is not too critical as leachate would always find a path
through the geotextile eventually, but at least the stone layer will be free draining and as a result reduces the hydraulic head on the
liner.

Geonets can be considered in the place of the stone leachate drainage layer, but care should be taken in terms of stability due to
the weak friction interface between the geonet and the underlying geomembrane. It is also not recommended to be used as the
primary leachate drainage medium due to its higher likelihood of clogging compared to a stone layer for instance.

Geocomposite sheets (cuspated) can also be considered but the possible buckling / deformation of the cusps under higher loads
can significantly reduce flow capacities.

Clay / waste / bentonite penetration into geosynthetic drainage mediums also significantly reduces their flow capacities.
Leachate drainage pipes:

Pipes to have sufficient ring stiffness to be able to withstand the future overlying waste body. When comparing different types of
pipes for leachate drainage it is important to test for deflection without the surrounding stone layer since it would be very difficult to
place / pack the stone on site the same as in the lab and one might not get the same load distribution on site than tested in the
lab.

Leachate drainage pipes should not be wrapped with geotextile to prevent clogging of the critical drainage medium.

Circular perforations proofed less prone to clogging than narrow slots. Typically 10 — 15mm dia.

Geotextiles:

Non-woven geotextiles are normally used in landfill construction.

Overlaps should be heat tacked or sewn together.

Overlaps are typically 100mm and overlaps / joints should preferably not be allowed on side slopes (horizontal joints), unless
designed for the purpose.

A thicker grade of geotextile can be used as HDPE protection instead of sand. A minimum grade of 1000g/m2 can be used, but
preferably at least 1500g/m2.

Geotextiles should be covered as soon as possible due to UV degredation.

Regards
Wihan Visser Pr. Tech. Eng.
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But | Had a Plan, and
Here | Am...



Session 1
Construction of Landfill Facilities

Mineral layer installation and QA
Geosynthetics installation and QA
Practical considerations



CQA

1st Principle:

Eyes in the Right Place At Al
Times!









Because the
Cheapest
Contractor...




Might Not Believe In This:

“Integrity is always doing the
right thing — even if no one is
watching”

C.S. Lewis

So Your Contract Documentation
Must be Watertight



Typical Landrill Lining Materials
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Environment
W Agency

enhancing... improving... cleaning... restoring..

hanging... tackling... protecting... reducing...

reate a better place... influencing... inspiring...

advising... managing... adapting...

LFE4 - Earthworks in landfill engineering

Design, construction and quality assurance of
earthworks in landfill engineering

(To Be
Issued In
Electronic
Form to All
Registered
Delegates to
this
Seminar)
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Bentonite-Modified Insitu Soils
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Bentonite-Modified Insitu Soils-Rotavator



Bentonite-Modified Insitu Soils (Pugmill)




Bentonite-Modified Insitu Soils (Paver)



Environment
W Agency

enhancing... improving... cleaning... restoring...
hanging... tackling... protecting... reducing...
reate a better place... influencing... inspiring...
advising... managing... adapting...

LFE10 - Using bentonite enriched
solils in landfill engineering

But, If You
Are Going to
Do IT, Here
is an
Excellent
Guideline

(To Be
Issued In
Electronic
Form to All
Registered
Delegates to
this
Seminar)



Contents

1.0 Introduction
1.1 Quality control
2.0 Mixing and installation methods
2.1 Introduction
2.2 Rotavation methods
2.3 Batch mixing methods
3.0 Design issues
3.1 Foundations
3.2 Subgrade
3.3 Leachate monitoring and extraction points
3.4 Desiccation under geomembrang liners
4.0 Minimum standards
5.0 Recommended minimum information reguirements
5.1 Recommended additional requirements for using BES for landfill caps
6.0 Tral pad
6.1 Trial liner report
7.0 Materials
7.1 Bentonite
7.2 Support media
8.0 The mixture
8.1 Mixture design report
9.0 Laboratory testing
9 1 Hydraulic conductivity
9.2 The Methylene blue test.
10 Quality control and assurance
10.1 Construction guality assurance
10.2 Documentation and reporting
10.3 Field guality control systems
11 Cverlapping
11.1 Surface regularity
11.2 Placement and compaction
11.2 Moisture content
11.4 Weather
11.5 Health and safety
11.6 Depth confrol
11.7 Interift bonding
11.8 Covering and protection
12 Validation report
13 Conclusions
Glossary of terms
References
Appendix 1: Quantitatively determining the amount of active clay within gecsynthetic products
and bentonite enriched soils by X-ray diffraction
Appendix 2 Determining the minimum bentonite content necessary in a BES to meet a
hydraulic conductivity specification
Appendix 3: Determining the bentonite content of a BES
Appendix 4: Determining the mixing quality of a BES

|m
I

(A E
2 = [f=




e
— L4 o T
. - \\’ )
- -
-
.. o

Geomembrane Liner (GV)






d

0

L

|
¢
S

11Or
]
el
-j . 4
&

—
- et
- . ‘~ ~
) & 4
1 1
: K
.
4

A







"..

2

\
) -y
4 A
5445 N
11323000

-
.










Environment
W Agency

enhancing... improving... cleaning... restoring..
hanging... tackling... protecting... reducing... (To Be
reate a better place... influencing... inspiring.. Issued In

advising... managing... adapting... Fi'fn‘:t:g';;ﬁ

Registered

LFES - Using geomembranes in landfill Delegatefhtig

engineering Seminar)




b IRTOUICRIONT et e e et ettt et ettt e e e e e 3
2 Background and Soie e 3
T 8 | USSR 4
31  Manufactunng quality control (MQC). .. 4
3.2 Construchion quality conmtrol (G ) e 4
3.3 Supervising guality SSSUIaNCE . . e 4
3.4 Construchion Quality Assurance plan (COA plan) .. 5
3.5 Contract documenils . . e [+
3.6 o Bl III e e [}
A MateMAlS . ..o e i}
4.1 TDES Of QB O A S e 8
4.2 Pl ... 8
4.3 P SICAl ST B S S e 9
4.4 Environmental stress cracking ..., 9
4.5 eI Al S S e e 9
4.6 Bl ogICal SI eSS e 10
5 Designing and installing geomembranes e 10
51 T o e L0 Lo 1o PSSO 10
L2 SelechiNg e e e S . e 10
53 Geomembrane delivery and handling .. 12
54 I S IS oo em e e 12
DD BUB OO e 13
L6 Installing QeomE I S . e 15
5.7 Ao I enCE S e 15
5.8 VW elding geomembranes e A7
59 Geophysical test methods e 19
D Protectiom oS . e, 19
5.1 Leachate drainage layvers e 20
512 Strengthening and sealing around StUCIUNES . e 20
5.13 L0 =T ) I TSRS 20
B Maldation report . e 21
Appendix A - startup test weld . 22
Appendix B — manufacturing quality control for geomembranes ... 23




Appendix B - manufacturing quality control for geomembranes
These tables are reproduced from GRI standards GM13 and GM17. These standards are included for information and guidance.

High density polyethylene (HDPE) geomembrane - smooth

Properties Test | Test value Testing frequency |
— - ) | method | 0.75mm | 1.00mm | 125mm | 150mm | 200mm | 250mm 3.00 mm (minimum)
Thickness — mils (min, avg.) D5199 Nom. (mil) | Nom.(mil) | Nom.(mil) = Nom.(mil) | Nom.(mil) | Nom.(mil) | Nom. (mil) Per roll
© Lowest individual of 10 values - 10% - 10% - 10% - 10% - 10% - 10% - 10%
Density (min.) D1505/D | 0.640glcc | 0.840gicc | 0.040gicc | 00840gicc  0040gicc | 0940glec | 0.840glec 90,000 kg
782 ‘
Tensie properties (1) (min, avg) D 6g8e3 9.000 kg
o Yield strength Type IV | 11kNm 15kN'm 18 kN'm 2kN'm 20 kN'm 37 kN/m 44 kN/m
© Break strength 20 kN/'m 27 kNim 33kN/m 40 kN'm 53 kN'm 67 kN'm 80 kN/m
o Yield elongation 12% 12% 12% 12% 12% 12% 12%
o break elongation 700% 700% 700% 700% 700% 700% 700%
 Tear Resistance (min.ave.) [ D1004 @3N | 125N 158N 187N 240N | 311N | 374N 20000kg
Puncture Resistance (min.ave.) D4833 | 240N | 320N 400N 480N 840N 800N 960 N 20,000 kg
Stress Crack Resistance (2) D5307 | 300hr. 300 hr. 300 hr. 300 hr. 300 hr. 300 hr. 300 hr. Per GRI GM -10
(App.)
Carbon Black Content - % D1603 | 20-30%  20-30%  20-30%  20-30%  20-30%  20-30% | 20-30% 9,000 kg
(3)
Carbon Black Dispersion D5508 | Note (4) Note (4) Note (4) Note (4) Note (4) Note (4) Note (4) 20, 000 kg
Oxidative Induction Time (OIT) (min, avg.) (5) ©0,000 kg
(a) Standard OIT D3885 | 100 min. 100 min. 100 min. 100 min. 100 min. 100 min. 100 min.
- or =
|_(b) High Pressure OIT | D5885 | 400min. | 400min. | 400min. | 400min. | 400min. | 400 min. 400 min.
Oven Aging at 85°C (5), (8) D5721
(a) Standard OIT (min, avg.) - % retained after 80 days D385 | 55% 5% 5% 5% 5% 55 % 55% Per each
-or— formulation
(b) High pressure OIT (min, avg.) - % retained after 80 days D5885 | 80% 80 % 80 % 80 % 80 % 80 % 80 %
UV Resistance (7)
(a) Standard OIT (min, avg.) D3895 | N.R.(8) N.R.(8) N.R.(8) N.R.(8) N.R.(8) N.R.(8) N.R.(8) Per each
-or - formulation
(b) High pressure OIT (min, avg.) - % retained after 1600hrs (9) D5885 | 50% 50 % 50 % 50 % 50 % 50 % 50 %

(1) Machine Direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test specimens each direction
Yield elongation is calculated using a gage length of 33 mm
Break elongation is calculated using a gage length of 50mm
(2) The yield stress used to calculate the applied load for the SP-NCTL test should be the manufacturer's mean value via MQC testing.
(3) Other methods such as D 4218 (muffle fumace) or microwave methods are acceptable if an appropriate correlation to D 1803 (tube furace) can be established.
(4) Carbon black dispersion (only near spherical agglomerates) for 10 different views:
9 in category 1 or 2 and in Category 3
(5) The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content in the geomembrane.
(6) Itis also recommended to the evaluate samples at 30 and 80 days to compare with the 80 day response
(7) The condition of the test should be 20hr. UV cycle at 75°C followed by 4hr. Condensation at 60°C.
(8) Not recommended since the high temperature of the Std-OIT test produces an unrealistic result for some of the antioxidant sin the exposed samples.
(9) UV resistance is based on percent retained value regardless of the original HP-OIT value.




High density polyethylene (HDPE) geomembrane - textured

Properties Test Test value Testing
method 0.75 mm 1.00 mim 1.25 mim 1.50 mim 2.00 mm 2.50 mim 3.00 rrim frequency
{minimum)
Thickness — mils (min.ave.} D 5004 nome (-5%) | mom. (-5%) mam. (-5%) mom. {-5%) nom. {-5%) mom. {-5%) mom. (5% Per roll
& Lowest individual for 8 out of 10 values - 0% - 10% - 0% - 10% - 0% - 1% - 1%
» | owest individual for any of the 10 values - 15% - 15% - 15% - 15% - 15% - 15% - 15%
Asperty Height mils (min, avg.) (1) G 12 0.25 mm 0.25 mm 0.25 mm 0.25 mm 0.25 mm 0.25 mm 0.25 mm 20 000 kg
Censity (min.ave. ) 015050 | 0.840 glec 0840 glec 0840 glec 0840 glec 0.840 glec 0840 gie 0840 gien Every2™
a2 roll (2)
Tensile Properties (min, avg.} (3) D Gaa3 8,000 kg
* field strength Type IV 11 kN/m 15kNm 18 kiim 22 khim 20 kN'm ATkMN/m 44 kNim
¥ Break strength 2 kN'm 10 kbim 13 kbim 18 kbim 21 kN'm 26 kMim 32 kMNim
¥ field elongation 12% 12% 12% 12% 12% 12% 12%
¥ Ereak elongation 100% 100% 100% 100% 100% 100% 100%
Tear Resistance [min.ave.} D 1004 g3N 125N 158 M 187N 248N 1N IT4N 20,000 kg
Puncture Resistance (min.ave. ) D 4833 200 N 287N 233N 400 N R34 N BET N 800 N 20,000 kg
Stress Crack Resistance (4) D 5347 300 br. 300 hr. 300 hr. 300 hr. 300 br. 300 hr. 300 hr. Per GRI
(App.) 310
Carbon Black Content (range) D 1603 (5} | 20-30% 20-30% 20-30% 20-30% 20-30% 20-30% 20-30% 5,000 kg
Carbon Black Dispersicn [ Mode (8) Maote (4) Maote (4) Mot (4) Mote i4) Mote (4) Mote (4) 20, 000 kg
Creidative Induction Time (OIT) {min, avg.) (7) 90,000 kg
(a) Standard OIT [ 3895 100 min. 100 min. 100 min. 100 mim. 100 min. 100 min. 100 min.
- m’_
(b} High Pressure OIT D 5825 400 min. 4000 min. 4000 min. 4000 mim. 400 mir. 400 min. 400 min.
Crwen Aging at 85°C (T (8) D &7
(a} Standard OIT (min, awg) - % retained after 80 days D 3885 05 % 55 % H% 55 % 05 % 55 % 55 % Per each
-ofr— formulation
(k) High Pressure QIT {min, awg) - % retained after 30 days D 5835 80 % 80 % 80 % 80 % 80 % 80 % 80 %
L Riesistance (8) GM11
(a} Standard OIT (min, avg) [ 3805 M. R. {10} M. R (B} M. R (8) M. R. (&) M. R (8) M. R. {8 M. R. {8 Per each
-of — formulation
(k) High pressure CIT (min, avg) - % retained after 1600hrs (11) [ 5325 A% 50 % 50 % 50 % A0 % 50 % 50 %

(1) ©f 10 readings; 8 out of 10 must be 2 0.18 mm, and lowest individual reading must be 2 0.13mm
(2} Altemate the measurement side for double sided textured sheet
(3} Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of § test specimens each direction.
‘ield elongation is calculated using a gage length of 33mm
Break elongation is caleulated usimg a gage length of S0mm
(4} The SP-MCTL test is not appropriate for testing geomembranes with textured or imegular rough surfaces. Test should be conducted on smooth edges of textured rolls or on smoath sheets the
same formulation as being used for the textured sheet materials. The yield stress used to calculate the applied load for the SP-MCTL test should be the manufacturer's mean value Via MQC testing.
(5) Other methods such as D 4218 (muffle fumace) or microwave methods are acceptable if an appropriate comrelation to O 1603 (tube fumace) can be established)
(6} Carbon black dispersion (only near spherical agglomerates) 10 different views:
8 in categories 1 or 2 and 1 in category 3
(T} The manufacturer has the opticn to select either one of the OIT methods listed to evaluate the antioxidant content in the geomembrane.
(&) It is also recommended to evaluate samples at 30 and &0 days to compare with the 80 day response.
{9} The condition of the test should be 20 hr. UV cycle at 75°C followed by 4 hr. condensation at 80°C
(10} Mot recommended since the high temperature of the Sid-0IT test produces an unrealistic result for some of the anticxidants in the UV exposed samples.
{11) U\ resistance is based on percent retained value regardless of the original HP-OIT value
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1 x Roll EnviroFix Grade X800 = 214 m*=
This 7t Truck is Carrying 1 070 m*
BENEFIT: Equal to 642 m?® of Dense (10-° m/s) Clay Liner

x 600 mm Thick (or 90 x 7 ..I_’g},zfl'ruckloads)
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300 mm Overlqap is Pressed Down Oﬁto Paste
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(b) Class B Landfill

Waste body

Geotextile
150 mm Stone leachate
collection system

100 mm Protection layer of silty sand
or a Geotextile of equivalent performance
1.5 mm HDPE Geomembrane

A
- -

liner {in 4 x 150 mm layers)

-
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Lining Protection Issues

1). Protection Geotextile Must be Robust Enough to Prevent
Puncturing of Geomembrane by Sharp Soil Particles

2). In Particular HDPE Liners Must Be Deformed Over
Substrate Particles as Little as Possible - or Environmental
Stress Cracking (ESC) May be Induced.

3). HDPE Should Not Deform More Than 0.25%** Out of Plane
Over Protrusion to Avoid ESC. Thick geotextiles help
achieve this

Thin geotextile Thick geotextile

- liner not deformed over stone

- liner deformed over stone
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We derived this methodology from a technique originally developed at the University
of Hannover. Our pass/fail criteria is less than or equal to 0.25 % strain based upon
the maximum average local strain.




All of the UK Landfill
Guidance Documents Can Be
Found Here:

https:/www.gov.uk/government/collections/en
vironmental-permitting-landfill-sector-
technical-quidance#landfill-engineering



https://www.gov.uk/government/collections/environmental-permitting-landfill-sector-technical-guidance

Benefits of Using
Geosynthetics

e Savings in Materials
e Labour-Saving or Intensive

e Savings In Plant

e Simpler Construction
e Savings In Maintenance

e Environmental Savings



So, Why Not Use Them?!




Thanks for Your Attention!







That’s All,
Folks!

“Mr. Davies, may | be excused?

My brain is full.”



