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1. INTRODUCTION

This plan addresses the Construction Quality Assurance (CQA) procedures required

during the construction of the dam complex barrier systems.

This CQA Plan establishes procedures to verify that construction and QCP
(construction quality plan) data pack records are in compliance with the Design
Drawings and Specifications, and meets the appropriate regulatory requirements,
develops the necessary documentation for submittal to the regulatory authority.

The objective of this plan is to establish:

e Duties of parties responsible for the CQA program

e Qualification requirements of the CQA Engineer(s)

e Inspection activities

e Sampling procedures

e Document control measures

e Procedures for approving the materials used for construction

e Methods for assuring compliance to design standards and Construction

e Specifications during construction

e Procedures for resolving issues that may occur concerning the design and

e construction

e Documentation of construction and testing for submittal to the regulatory

e authority for their review
The intent of the CQA Plan is to provide independent third-party verification and
testing, to demonstrate that the Contractors and Installers have met their obligations
in the supply and installation of components and materials according to the Design
Drawings, Specifications, and regulatory requirements.
Quality control is provided by the Manufacturers, Installers, and Contractors and refers
only to their actions taken to ensure that materials and workmanship meet these

design drawings and specifications.
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2, PARTIES INVOLVED IN THE CQA

SANS 10409 referenced in Table 2 has guidelines on the required qualifications of the
personnel required to ensure that the requisite skills and quality compliance are
achieved. Refer to Table 1 for the parties involved in the construction of these
facilities. This table is to be included in the QCP data pack

Table 1: Register of parties

Party Company Contact email Contact
Number

Owner
Construction | RSV
Manager
Package RSV
Engineer
Design RSV Des Fourie
Engineer

CQA Monitor

Geosynthetics

Manufacturer

Geosynthetics

Installer

Earthworks

Contractor

Laboratory
and field
testwork

supplier

Shotcreting
and rebar

contractor
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3. QUALITY ASSURANCE

The contracts placed by the Client provide the framework and references for quality
compliance in general. Table 3 provides the specific framework for the development
of records and the completion of the QCP data pack to ensure that the requirements

for submission to the regulatory authority are met.

4, EARTHWORKS QUALITY ASSURANCE

Construction of the project’s NEMWA 2024 compliant containment barrier system or
specified earthworks must be in accordance with the approved Project Drawings and
Project Specifications. This CQA Plan establishes the CQA monitoring and testing
program designed to ensure compliance with the Project Drawings and Project
Specifications. The earthwork quality assurance testing program consists of testing
of soil and rock materials used during the excavation and the construction of the
project’'s NEMWA 2024 compliant containment barrier system. Quality assurance
testing and observation is required during excavation of subgrade, placement of the
engineered fill, and construction of the liner system components for the project’s

NEMWA 2024 compliant containment barrier system.
5. GEOSYNTHETICS CONSTRUCTION QUALITY ASSURANCE

Construction of the specified geosynthetics must be in accordance with the approved
Project Drawings and Project Specifications. This Quality Assurance program consists
of reviewing Geosynthetics Manufacturer’s and Installer's Quality Control submittals,
material conformance testing, and construction monitoring and testing. The types of
geosynthetics used in the barrier system construction include geotextile,
geomembrane, geosynthetic clay liner, and HDPE pipe and fittings. These
geosynthetics are defined in the Project Specifications. Prior to and during
construction, these geosynthetics shall be sampled and tested to determine if they
conform to the Project Specifications. All geosynthetic conformance testing shall be
the responsibility of the Geosynthetic Installer and CQA Monitor. The current design

only provides subsoil drain filtration and possibly drain protection.
6. CONCRETE LINER CONSTRUCTION

Construction of the liner panels for the dams must be in accordance with the Project
Drawings and Project Specifications. This Quality Assurance programme consists of
reviewing the construction in compliance with the drawings and specifications and in
ensuring that the concrete strength and installation of reinforcing mesh is in

compliance with the tests listed in Table 3, that the requisite cover, laboratory tests
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and material certificates are carried out, recorded and filed for hand over in the quality
dossiers referenced in the Contractor’s Quality Control Plan. Of particular importance
is the proving of strength, durability and permeability of the concrete used in
construction. The concrete must be well compacted as opposed to the general use of
shotcrete underground to ensure durability and impermeability. The specification of
waterproofing crystalline slurry admixtures will aid in achieving these results. The
lining must be sized in 4 m x 5 m panels to control crack propagation and the joints

sealed with a polyurethane sealant.

Compliance verification comprises of reviewing or testing the contractor’s mix design,
inspecting concrete batching and mixing, sampling for carrying out of tests and
reviewing the suppliers reports or certificates for admixtures, cement, aggregates and

reinforcing steel work.

Test reports and responsibilities of the contractor must be in compliance with SANS
10100-2 referenced in Table 2

7. DOCUMENTATION

An effective Quality Assurance program depends on thorough monitoring and
documentation of all construction activities during all phases of construction and as a
minimum shall comply with SANS 10409 as amended and the all-important inception
meeting. Documentation shall consist of daily record keeping (including minutes of
meetings), construction problem resolutions, design and specification changes,
photographic records, weekly progress reports, chain of custody forms for test sample
tracking, and certification and summary report. During construction, all documentation
shall be kept on-site and will be available for review by the Project Manager, Design
Engineer, and the CQA Monitor.

No section of the barrier system may be covered up until the CQA Monitor and Design
Engineer (as appropriate) observes and approves the completed section of the barrier

system and assures that all CQA documentation has been completed.

Table 2: Reference standards

Standard Specification Description

SANS 1200 DE Small Earthworks

SANS 2001 CC1: 20212 Concrete works (structural)
SANS 10100-2: 2014
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SANS 1526 (2015)

HDPE

SANS 10409 (2020)

Design, selection and installation of

geomembranes

SANS 1083 (2014)

Aggregate

BS8007

Concrete water retaining structures

GRI-GN2 and GRI-GC13 (2012)

Joining and attaching geomembranes

and drainage

EPA 9090, ASTM D5747 and
ASTM D5721

Durability

ASTM D7007 or D8265 as per

the license with limited deviation
allowed to facilitate competitive
procurement of services without

compromising independence

and performance.

Form of electric leak location
survey to be undertaken post

placement of textile materials

CONSTRUCTION QUALITY ASSURANCE PLAN: RECORD OF MATERIAL CONTROL
TO BE COMPILED IN THE QUALITY CONTROL PLAN DATA PACK

Des Fourie
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Table 3: Construction Quality Assurance plan: record of material control to be compiled in the quality control plan data pack

Layers Parameter Test Method Performance Criteria | Minimum Min Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
Layer thickness (rip and | Survey/Inspection | Min ~ of 150 mm |1 record per
compact) measure thickness unless rock | 1000 m?
outcropping
encountered
Moisture content SANS 3001- | OMC 2 + 2%
GR30:2015
Compaction Density (a) Troxler 93% STD Proctor MDD | 1 record per
SANS 3001-NGb: 1000 m?
2014
Subgrade (b) Sand 93% Mod AASHTO at
Replacement oMC
SANS 3001-GR35:
2015
Max Particle Size (a) ASTM | Max size 63 mm 1 record per
D6913/D6913M- 1000 m?
17 Sieve Analysis
(b) ASTM D7928-
17 Hydrometer
test
Layer Thickness Survey/inspect Min of 150 mm |1 record per
Underdrain thickness, variable 1000 m2
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Layers Parameter Test Method Performance Criteria | Minimum Min | Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
Crusher Moisture content SANS 3001- | OMC 2 + 2%
Sand GR30:2015
Leak Compaction Density (a) Troxler 95% STD Proctor MDD | 1 record per
detection SANS 3001-NGb5: 1000 m?
system 2014
(b) Sand 93% Mod AASHTO at
Replacement OoMC
SANS 3001-GR35:
2015
Grading (particle size | (a) ASTM | Max size 10 mm 1 record per
distribution) D6913/D6913M- 1000 m?
17 Sieve Analysis
Protection geotextile wrapped blanket drain — Protection, drainage or cushioning
materials
Protection geotextile 340 g/m?
Mass/unit area g/m? ISO 09864 350, 400, 600, 1000, | 9000 kg
2000
Tensile properties 9000 kg
Strength 1SO10319 16, 21, 27, 32, 45
Strain at max load ISO10319 50%
Trapezoidal Shear | ISO 13434 0.42, 0.51, 0.66, 0.89,
Strength 0.96, 1.32
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Layers Parameter Test Method Performance Criteria | Minimum Min Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
CBR Puncture (kN/mm) 9000 kg
Max Force ISO 12236 3.1, 3.6, 4.1, 4.9, 7.6,
11.0
Elongation at max force | 1ISO 12236 38
UV strength ret after | ASTM D7238 70%
500 hrs exposure
Joint Strength 90% of strength of
parent material

Slotted HDPE Pipe
Crushing strength ASTM D4751
Slot aperture size Measure/Visual 10 mm Every line

Inspection
Fall Survey Slope min 1:100 Every line
Coarse aggregate fill
Grading (particle size | (a) ASTM | Max 20 mm
distribution) D6913/D6913M-

17 Sieve Analysis
Aggregate crushing | SANS 3001-AG10
value (ACV)
Flakiness Index SANS 5847 Max 35%

Clay Liners
Des Fourie Page 11 of 24




0916.0001C-01-REP-0001

Construction Quality Assurance Plan

Layers Parameter Test Method Performance Criteria | Minimum Min | Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
a) CCL Layer Thickness Survey or | 150 mm Layers 1 Test per
Excavation and 1000m?
Measure
Permeability (cm/s) ASTM D3385 1x10-6 cm/s 1 Test per
1000m?
Grading (particle size | ASTM D6913 /| Maximumsize of 0.002 | 1 Test per
distribution) D6913M - 17 Sieve | mm 1000m?2
Analysis
Density Proctor Test | 95% STD Proctor MDD
(ASTM D1557-91)
Moisture content | SANS 3001- | OMC 2+2% 1 Test per
(OMC) GR30:2015 1000m?
Plasticity Index (PI) ASTM D4318- | Min of 10 to Max that | 1 Test per
Atterberg Limits will  not result in | 1000m2
desiccation cracking
Smoothness SANS 10409
b) GCL Mass of GCL (g/m?) ASTM D5993 4000 m?
Moisture Content (%) | ASTM D5993 35 4000 m?
min
Swelling index ml/g ASTM D5890 24 50t
Tensile Strength MD | ASTM D6768 4 20 000m?
(kN/m)
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Layers Parameter Test Method Performance Criteria | Minimum Min Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
Peel Strength (N/m) | ASTM D6496 360 (for reinforced | 4000 m?2
min GCL only)
GCL Permeability (on pure bentonite not polymer modified)
Permeability (m/s) max | ASTM D6766 1x107-8 Yearly
at 35 kPa
Permeability (m/s) max | ASTM D6766 mod. | 5x107-10 Yearly
at 500 kPa
Component Durability
Geotextile & reinforcing | ASTM 65 Yearly
yarns (%  strength | D5721/ASTM
retained) D6768
Overlap GRI GCL3 Min of 150 mm All edges per
roll
HDPE GM Thickness ASTM D5994 /|15 mm Per roll
SANS 1526 :2015
Density ASTM 0.940g/cc 9000kg
D1505/D792
Texture One/both sides
Tensile Properties ASTM D6693 9 000kg
Yield strength 11,15,18,22,29,37,44
kN/m
Break strength 20,27,33,40,53,67,80k
N/m
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Layers Parameter Test Method Performance Criteria | Minimum Min | Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
Yield elongation 12%
Break elongation ASTM D6693 | 700% 9 000kg
(Type 5)
Tear resistance ASTM D1004 93 N, 125 N, 156 N, | 20 000 kg/1
187 N, 249 N, 311 per site
Puncture resistance ASTM D4833 240N,320 N ,400 N,480 | 20 000 kg
N,640 N,800 N2,906 00
NOkg
Stress crack Resistance | ASTM D5397 500hr Per GRI GM10
OIT (oxidative Induction Time (min.ave)
(a) STD OIT or ASTM D 3895 100min 1 per site or 1
every 90
000kg
(b) High Pressure OIT ASTM D 5885 400min 1 per site or 1
every 90
000kg
Oven Aging at 85°C** ASTM D 5721
(a) STD OIT (min.ave)- | ASTM D 3895 55% 1 per site or
%retained after 90 days every 2 every
or... 90 00kg
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Layers Parameter Test Method Performance Criteria | Minimum Min | Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
(b) High Pressure OIT | ASTM D 5885 80% 1 per site or
(min.ave)-%  retained every 2 every
after 90 days 90 00kg
**(|t is also recommended to evaluate samples at 30 and 60 days to compare with the 90-day response)
UV Resistance ASTM D 7238
(a) STd OIT (min.ave) ASTM D 3895 Not recommended (unrealistic
results due to high temp)
(b) High Pressure OIT | ASTM D 5885 50% (for all thickness) | 20hr uv cycles
(min.ave)-%  retained @ 75 C
after 1600 hrs followed by
4dhr
condensation
at 60C
Seaming GRI GM 14 &19(Vacuum box/Spark | Test Every
Testing/Seam Pressure Test) Seam
Peel Tensile Test: GRI GM 19/ASTM | 90% of parent material
D7747 strength
Wear Protection geotextile 542 g/m? over liner
separator Mass/unit area g/m? ISO 09864 350, 400, 600, 1000, | 9000 kg
2000
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Layers Parameter Test Method Performance Criteria | Minimum Min Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
Tensile properties 9000 kg

Strength 1SO10319 16, 21, 27, 32, 45

Strain at max load 1SO10319 50%

Trapezoidal Shear | ISO 13434 0.42, 0.51, 0.66, 0.89,

Strength 0.96, 1.32

CBR Puncture (kN/mm) 9000 kg

Max Force ISO 12236 3.1, 3.6, 4.1, 4.9, 7.6,
11.0

Elongation at max force | ISO 12236 38

UV strength ret after | ASTM D7238 70%

500 hrs exposure

Joint Strength 90% of strength of

parent material

GM Protection Layer, crusher sand over Geocell

a) Sand Layer Thickness Survey/inspect Min of 300 mm |1 record per
Layer thickness, 1000 m?
Moisture content SANS 3001- | OMC 2 + 2%
GR30:2015
Compaction Density (a) Troxler 95% STD Proctor MDD | 1 record per
1000 m2
Compaction Density (a) Troxler AD 88%
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Layers Parameter Test Method Performance Criteria | Minimum Min | Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
(b) Sand | AD 88% 1 record per
Replacement 1000 m?
Grading (particle size | (a) ASTM | Max size 10 mm 1 record per
distribution) D6913/D6913M- 1000 m?
17 Sieve Analysis
Cement stabilisation SANS 3001-GR53: | Unconfined 1 record per
2010 compressive strength | 1000 m?
b) Geo 150 mm high HDPE Overfill with sand layer
cell Thickness ASTM D5994 /| mm Per roll
SANS 1526 :2015
Density ASTM 0.940g/cc 9000kg
D1505/D792
Tensile Properties ASTM D6693 9 000kg
Yield strength 11,15,18,22,29,37,44
kN/m
Break strength 20,27,33,40,53,67,80k
N/m
Yield elongation 12%
Break elongation ASTM D6693 | 700% 9 000kg
(Type 5)
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Layers Parameter Test Method Performance Criteria | Minimum Min | Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
Tear resistance ASTM D1004 93 N, 125 N, 156 N, | 20 000 kg/1
187 N, 249 N, 311 per site
Puncture resistance ASTM D4833 240N,320 N ,400 N,480 | 20 000 kg
N,640 N,800 N2,906 00
NOkg
Stress crack Resistance | ASTM D5397 500hr Per GRI GM10
OIT (oxidative Induction Time (min.ave)
(a) STD OIT or ASTM D 3895 100min 1 per site or 1
every 90
000kg
(b) High Pressure | ASTM D 5885 400min 1 per site or 1
oIT every 90
000kg
Oven Aging at 85°C** ASTM D 5721
(a) STd OIT | ASTM D 3895 55% 1 per site or
(min.ave)-%retained every 2 every
after 90 days or... 90 00kg
(b) High Pressure | ASTM D 5885 80% 1 per site or
oIT (min.ave)-% every 2 every
retained after 90 90 00kg
days
**(|t is also recommended to evaluate samples at 30 and 60 days to compare with the 90 day response)
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Layers Parameter Test Method Performance Criteria | Minimum Min | Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
UV Resistance ASTM D 7238
(a) ST OIT (min.ave) | ASTM D 3895 Not
recommended(unreali
stic
results due to high
temp)
(b) High Pressure | ASTM D 5885 50% (for all thickness) | 20hr uv cycles
oIT (min.ave)-% @ 75 C
retained after 1600 followed by
hrs dhr
condensation
at 60C
Seaming GRI GM 14 | Test Every Seam
&19(Vacuum
box/Spark
Testing/Seam
Pressure Test)
Peel Tensile Test : GRI GM 19/ASTM | 90% of parent material
D7747 strength
Links
Protection geotextile 542 g/m? over geocell
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Layers Parameter Test Method Performance Criteria | Minimum Min Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
DR Mass/unit area g/m? ISO 09864 350, 400, 600, 1000,
Separator 2000
Tensile properties
Strength 1SO10319 16, 21, 27, 32, 45
Strain at max load ISO10319 50%
Trapezoidal ~ Shear | ISO 13434 0.42, 0.51, 0.66, 0.89,
Strength 0.96, 1.32
CBR Puncture (kN/mm) 9000 kg
Max Force ISO 12236 3.1, 3.6, 4.1, 4.9, 7.6,
11.0
Elongation at max force | 1ISO 12236 38
UV strength ret after | ASTM D7238 70%
500 hrs exposure
Joint Strength 90% of strength of
parent material
Alternative | Cast Concrete 30 MPa
Lining 200 mm thick
Characteristic EN 12350 seri¢Preferrrd testomethot{sding | Per batch
Flowability Slump-floy test | o
Viscosity (assessed by rate of flow) T Slllﬁﬁf;')'-fl‘évl\'/_' est or V-funndl test
Passing ability L-bok test®PITE
Segregation Segregation resistance (sieve) test
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Layers Parameter Test Method Performance Criteria | Minimum Min | Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
Panel test EFNARC 1999, | Core tests from each | 1 panel for
Sections 10(1) & | panel to show | each batch of
(2) (European | achievement of 30 | fresh
Specification  for | MPa in accordance | concrete laid
Sprayed Concrete) | with SANS 5865:1994
SANS 5865:1994
Use of welded mesh SANS 1024: 2012 Manufacturer’s For each
certificates required delivery
Macrofibres used in | EN 14488-5 Testing sprayed | Per batch
place of welded mesh concrete,
ASTM C 1116/C 1116M Determination of
General energy absorption
ASTM D7508/D7508M capacity  of  fibre
for polymeric fibres reinforced slab
ASTM A820/A820M for specimens
steel fibres
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Layers

Parameter

Test Method

Performance Criteria

Minimum
Frequency

Min
Value

Max
Value

No of
Tests

Standard
Deviation

Number
of
Failures

Crystalline
Waterproofing

admixture

A crystalline water
proofing admixture
is to be included in
the mix design, to
be approved by the
engineer before
casting slabs. Data
sheets and dosing
details are required

for approval.

Max Particle Size

(a) ASTM
D6913/D6913M-
17 Sieve Analysis

Max size 20 mm

Results to be
included
design mix
submission
complete with
waterproofing
crystalline
slurry
admixtures to
engineer for

approval

Des Fourie
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Layers Parameter Test Method Performance Criteria | Minimum Min Max No of | Standard | Number
Frequency Value | Value | Tests | Deviation | of
Failures
Aggregate crushing | SANS 3001-AG10
value (ACV)
Flakiness Index SANS 5847 Max 35%
Permeability Values SANS 5865 coring
concrete
SANS 3001-C03-2
Permeability and
durability
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