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Abstract

The use of geosynthetics in the storage and distribution of our valuable water supplies has
proved most effective in curbing water loss experienced in leaking reservoirs while at the
same time proving to be cost effective. This paper will report on the design and successful
installation of HYPERLINER to an existing leaking 60ML concrete reservoir. The reservoir
was constructed in the early 1950s and significant water loss occurred through the concrete
joints. Hyperliner, an Ehtylene Vinyl Acetate (EVA) geomembrane, has proven most suitable
for reservoir rehabilitation due to its flexibility, absence of stress crack development,
durability and its ability to accommodate anticipated movement. EVA further has the ability
to conform to three dimensional shapes typically present in concrete reservoirs. The
application of the EVA covers the complete reservoir floor, supporting columns, walls and
buttresses. Furthermore a leakage detection system was incorporated into the design to allow
the owner of the facility to monitor any potential leakage and act accordingly.
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1 Introduction

The use of concrete reservoirs for the storage and distribution of potable water is common
practice around the globe. The major challenges with these types of reservoirs are that the
natural cracks in the reservoir propagate until such time that the reservoir is no longer leak
tight and water starts seeping through these cracks. Apart from crack formation and
propagation the concrete joints and wall to floor joints deteriorate to such a point that leakage
occurs through them as well. The cracks deem the reservoir dysfunctional as it no longer have
the ability to contain water without major loss of water occurring. Soft water attack can also
contribute to the corrosion of the concrete and eventually expose the re-enforcing bar in the
concrete — which if not rectified in time could lead to structural problems in the reservoir.
Despite the cracks and deteriorated joints the reservoirs are generally still in a sound condition
from a structural point of view. The deteriorated joints can be repaired by applying various
types of bandage systems however if cracks in the walls and floor are present the most
technically sound and cost effective solution is to apply a full geosynthetic solution to the
internal structures of the reservoir. This paper will describe the design and installation of a
proprietary Ethelyne Vinyl Acetate (EVA) geomembrane that was used to rehabilitate,
amongst many others, the Parktown Reservoir based in Johannesburg, South Africa.
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2 Project Background

The Parktown Reservoir, located in Johannesburg, South Africa was constructed in the early
1950s. The reservoir, with a capacity of 60 ML, is rectangular in shape with dimensions of 92
meter long by 73 meter wide and 9 meter deep. The reservoir was constructed below normal
ground level and the roof is covered with vegetation. Refer to Figure 1 below for a general
layout of the reservoir that was overlayed on a Google Maps image.

Figure 1: Location and general layout of reservoir

The reservoir had 300 vertical columns that supported the concrete roof. Each column had a
diameter of 300mm and had a conical base. Furthermore, there were 82 buttresses along the
inside perimeter of the wall to support the vertical wall. Figure 2 below depicts the columns
and buttresses of the reservoir.

Figure 2: Vertical roof support columns and buttresses
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In early 2010 water seepage from the reservoir was experienced in the parking lot adjacent to
the southern side of the reservoir. Refer to Figure 3 below.

Figure 3: Water seepage from reservoir to parking area

The presence of this seepage water triggered further inspection to the internal structure of the
reservoir which led to the discovery of soft water attack to the concrete, cracks in the concrete
that was covered by what appeared to be Hypalon bandages as well as delamination of a
bituminous waterproofing material that was present on the joints of the wall and floor panels.

The soft water attack to the concrete occurred to such a degree that the rebar were exposed at
various locations. Figure 4 below indicates the exposed rebar on a vertical roof support
column. The exposed rebar caused concern regarding the structural soundness of the
reservoir.

Figure 4: Exposed rebar on vertical roof support column

The bandages that was applied to cover the various cracks in the concrete structure was
generally still in a good condition. However, the cracks started to propagate beyond the areas
that were covered with the bandages. An example of the aforesaid can be seen in Figure 5
below.
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Figure 5: Crack propagation beyond the bandages.

Given the aforementioned background the most cost effective and long term durable method
was to completely line the internal surface area of the reservoir.

3 Design
3.1 Material Selection

In order to successfully line the interior of a concrete reservoir the material selection is the
first key decision that has to be made. The morphology of both High Density Polyethylene
(HDPE) and Linear Low Density Polyethylene (LLDPE) geomembranes are of a crystalline
nature which means that these materials are subject to stress crack resistance in the long term.
The three dimensional changes that the material needs to undergo from the conical column
base to the floor, draping the buttresses and waterproofing the four corners of the reservoir
will cause both HDPE and LLDPE geomembranes to fail pre-maturely which will result in a
leaking reservoir. It is for this particular reason why Hyperliner was selected to line the
interior of the structure. Hyperliner was developed specifically for the use in covered
structures where bending of the material through three dimensional corners are required.
Hyperliner is formulated from a proprietary composition based on a stabilized Ethylene Vinyl
Acetate (EVA) co-polymer. The key advantages of Hyperliner is its durability, tremendous
flexibility, puncture resistance and drape ability being a non-crystalline material, as well as its
excellent chemical resistance properties and drinking water compatibility.

3.2 Barrier System

The final barrier system that was utilized to waterproof the reservoir is depicted in Figure 6
below. From the bottom upwards the layers were as follows:
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e  Perforated Hi-Drain 750
e 2.0mm Hyperliner

The Perforated Hi-Drain 750 was incorporated between the concrete and the Hyperliner to
create a long term leakage detection layer should there be any defects in the Hyperliner. The
leakage detection layer was also compartmentalized in sixteen zones to easily pin point the
location of a defect in the geomembrane.

750mm PERFORATED HI-DRAIN L AR e o —. 2.0mm EVA
(CUSPATES FACING DOWN) ( N
<
a 2 f < o B
< ! \ 7
7 B 4 A s
- < A a4
2 REINFORCED CONCRETE g PR
< 4
9 4 P} N )
/ . ., . )
A4 4 p p P
< 4 4 a ”
4 < 5 4 )

Figure 6: Barrier system

On the floor an Alubrite foil sheet was layed underneath the Hi-Drain to enable spark testing
of the floor after the installation was complete to ensure a perfectly intact membrane prior to
filling the structure with water.

4 Installation
4.1 Surface Preparation

Prior to the commencement of the lining installation a specialist concrete contractor was
appointed to open up the previously exposed and corroded rebar. The corroded reinforcing bar
was cleaned and a protective anti-corrosion coating was applied to the steel. Finally, the rebar
was covered with an epoxy to repair the concrete to its original condition. All other rough
edges and sharp protrusions were ground down to ensure an acceptable smooth surface finish
that was acceptable for the geomembrane. Figure 7 below gives an overview of the prepared
and cleaned internal structure prior to the commencement of any lining activities.

Figure 7: Repaired and prepared concrete prior to lining installation
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A closed cell high density expanded polyethylene foam corner fillet was installed around the
perimeter of the wall to floor transition and also along the vertical connection between the
buttresses and the wall. The purpose of the corner fillet was to provide an even transition for
the geomembrane when going through a 90 degree bend. Refer to Figure 8 below indicating
the installed foam fillets in the corner at one of the buttresses.

Figure 8: Corner fillets
4.2 Pre-Manufacturing of Modules

To facilitate the speed of installation as well as increase the quality of the final product,
modules were pre-bent and pre-manufactured in our factory. The buttress modules were
drawn on a three dimensional computer aided design software and unfolded to a flat piece.
These flat pieces were cut and assembled like a puzzle and when brought to site fitted the
buttresses like a glove fits a hand.

Figure 9: Completed buttress module on the factory floor
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Figure 10: Buttress modules fitted to buttresses on site

The most critical parts and potential places where leakage could occur if the installation is not
properly done is around the multitude of three dimensional corners present in the reservoir.
The material properties of Hyperliner is ideal for vacuum forming sections to accurately fit

complex structures to prevent extrusion welding at these critical points. Refer Figure 11
below.

Figure 11: Vacuum forming around complex structures.

4.3 Site Installation

Following the completion of the preparation as described above our installation team
established on site to commence with the installation. Due to the nature of the structure the
first priority was to install lighting inside the reservoir and secondly adequate ventilation by
means of extraction fans to ensure a safe working environment.
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Mobile scaffold towers were constructed, and the first activity was the drilling of the holes for
the anchor bolts to secure the Hyperliner to the vertical walls. The lining operation
commenced with one team responsible for lining the perimeter walls and buttresses and a
second team to focus solely on the installation of the Hyperliner to the vertical roof support
columns. Figure 12 to Figure 16 below indicates progress photos as the installation
commenced.

Figure 13: Installation of Hyperliner to roof support column



Figure 15: Progress photo showing the different layers and components

Figure 16: Extrusion welding in progress

W. Meyer



GCYP 2018

Where the sealing of the Hyperliner to piping had to occur the piping was altered with a
flange casted flush into the concrete. Bolts were continuously welded onto the flange prior to
casting it into place. The Hyperliner was clamped, with gaskets on both sides of it, between
the flange that was casted into the concrete and a slip over flange. Figure 17 below shows a
picture of a typical flange make-off to a pipe.

Figure 17: Typical pipe flange make-off detail to Hyperliner
4.4 Quality Control

As with all geosynthetic installations, the quality control is of critical importance to ensure a
durable end product. Trial seams were conducted and tested both in the mornings and the
afternoons. Actual samples were also cut at the correct intervals and sent back to our off-site
laboratory to be tested under the correct climatic conditions. All the wedge welded seams
were pressure tested and the extrusion welded seams were both tested by vacuum box and
spark testing.

Finally, a spark test was conducted over the full floor area to ensure a defect free membrane.
Multiple defects were picked up by the spark testing. The defects were all caused by the
removal of the scaffolding and other tools and equipment from the reservoir. The defects were
repaired, and following the disinfecting of the reservoir, the reservoir was ready for
commissioning.

Figure 18: Cleaning and disinfecting the reservoir prior to filling
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Figure 19: Completed reservoir prior to filling

5 Commissioning

The reservoir was signed off and filling commenced. After a week the leakage detection
manhole was inspected and it was found that water was leaking from all 16 of the leakage
detection pipes. Divers was appointed to conduct a survey of the reservoirs to locate the
defects responsible for the leaking reservoir. Nails that punctured through the membrane was
the cause for the leaking reservoir.

Figure 20: Photo taken by diver - Nail about to puncture through Hyperliner

Figure 21: Photo taken by diver - Nail punctured through Hyperliner
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Through consultation with the specialist civil contractor it was determined that they used nails
to hold the high density polyurethane corner fillets in place while the glue that they used
cured. Not all the nails were removed from the foam and they were not visible as they were
nailed in below the exposed surface of the foam fillet. When the reservoir was filled the foam
compressed and exposed the Hyperliner to the rigid nails and punctured the geomembrane.
The reservoir was emptied and the Hyperliner was cut open at the locations identified by the
divers. The nails were removed and the patches were installed at these locations.

Following the above repair exercise the reservoir was filled and a small amount of leakage,
well below the acceptable leakage rate, was detected from 3 of the 16 compartments.

6 Conclusion

The concrete reservoir just over half a century old was successfully rehabilitated by applying
an all geosynthetics solution to the internal structures of the reservoir. In total 30 000 m? of
both Hi-Drain 750 and Hyperliner was successfully installed. The leakage detection system
that was incorporated into the design proved its worth and allowed the detection of the holes
caused in the membrane due to the nails holding down the foam corner fillets. The nails that
caused the damage to the liner is a prime example of the importance of adequate
communication and collaboration between different contractors on a specific construction site.
In this particular case the specialist civil contractor executed his scope of work prior to the
lining contractor establishing on site. This incident highlights the necessity of all parties
having a good understanding of the methodologies of construction to be followed as well as
always adopting a system thinking approach.
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