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SYNOPSIS. A new geomembrane system, totally defbkenand capable
of following large settlements and differential neowvents, has been
developed to waterproof new fill dams. The geomeméiiner is anchored
by PVC elements embedded in the fill as it is bewagsed. This

unconventional design, presented at the 2006 ICCwiyress in Barcelona,
has found recent field application in two projedisth in Iran: Kohrang

dam and reservoir in 2004, and phases Bll and C3ap Cheshmeh tailings
dam in 2007-2008. The paper discusses the germamnakpts of the system,
and reports on Kouhrang and Sar Cheshmeh projects.

INTRODUCTION

The use of impervious geomembranes to waterprbbafdims is about half a
century old, the first installations dating back 18®59. Since 1959,

geomembranes have been widely used in fill damsgim construction as
well as in rehabilitation of asphalt concrete fgsirand of concrete facings
(CFRD). As discussed at a previous BDS conferéBceero & Vaschetti

2004), geomembrane systems can provide substatiantages in new
construction of fill dams as compared to traditiowaterproofing systems,
because they avoid the problems related to lackuitBble materials, to
adequate installation of multiple defence linesvaterstops, to deterioration
of waterstops, to connections of the core or ofdkphalt concrete to the
ancillary concrete structures.

Another advantage of geomembrane systems is relkatedonstruction
times. With traditional systems, the impact tha ithstallation/construction
of the face slabs, or the placement/compactiorhefitnpervious core, can
have on the overall construction schedule, and dbmplexity of the
techniques needed to construct the waterproofirsgery, are elements to
take into consideration when evaluating times ahpletion. In dams with a
clay core or with asphalt concrete core, a crugalnt is that the
construction of the dam body and the constructioth@e central core being
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strictly related, the constraints imposed by thetwer conditions, or any
disruption in the placement of the filter material|l affect the whole rate
of construction of the entire dam body. On the oyt installation of a
geomembrane system can be scheduled in conjunetittn the general
programme of construction, and is practically ueetiéd by weather.

Concerning future performance, as compared totioadl methods a PVC
geomembrane, with >230% elongation capability, withaintain
watertightness in presence of settlements andréeiffal movements that on
the contrary could in CFRDs cause fissuring / draglof the face slabs and
possible failure of the waterstops, and in asphaticrete facings cause
disruption in the connection of the asphalt fadimghe concrete structures.
In dams with an impervious core on the other hahd,efficiency of the
core heavily relies on the efficiency of constrant{too often related to dry
weather conditions) and on the skill of the cortyac

NEW DEFORMABLE GEOMEMBRANE SYSTEM

A major issue for the waterproofing element inlladam is its capability to
accommodate the movements that are typical oftyprs of dam. This issue
has directed the development of a new geomembrgstens to be applied
in construction of fill dams. The concept of thisconventional design,
presented at the 221COLD congress in Barcelona (Scuero & Vaschetti
2006), is to exploit at best the elongation chanastics of geomembranes.
The result has been a geomembrane system thatsatlomstruction of a
safe dam more easily, in shorter times, and atiowsts.

The rationale of the system
The concept is to provide imperviousness to the tgna system that is
totally deformable: the waterproofing liner and iéce anchorage system
are made with the same material, a highly flexitel deformable PVC
material. The cross section of the dam has thewiatlg simple layering:
- Dam body. Zoning is not strictly required, one tygfefill material
can be used
- Drainage layer, as in fill dams but of reducedkh&ss
- Base/anchorage layer. This single layer forms ridnasttion between
the dam body and the watertight system, incorpsrtite anchorage
system for the waterproofing liner, and can alscoiporate the
drainage layer
- Waterproofing liner: a PVC geocomposite
- Cover layer (shotcrete or unreinforced concretépaopl.

The waterproofing liner
The waterproofing liner is a composite liner (gaoposite) incorporating
the impervious element (the PVC geomembrane) amdla-function layer
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(the geotextile, coupled to the geomembrane infdhtory). The geotextile
increases puncture resistance and dimensionallistak@liminating the
potential for wrinkling and sagging due to temperatvariations. The high
friction at the interface geotextile/base layeiilfeates the positioning of the
geocomposite and increases stability in respesliding.

The geomembrane liner is fabricated in a factorgden 1SO 9001
procedures, assuring constant computer-controlieplgpties.

The anchorage system

The face anchorage system (patented) of the watdipg liner is
integrated in the dam, in the form of flexible P\¢€omembrane elements
(“wings”), about 0.5 m wide, embedded in the basdiarage layer and
anchored to the dam body by the ballasting actioth@ base layer itself.
Part of the wings is left protruding from the upsim face of the dam, so as
to form a continuous 0.5 m wide anchorage stripac8m between
anchorage bands depends on service conditionsydisesevere design load
is generally the velocity of the wind.

Figure 1. (1: Base/anchorage layer, 2: Plinth \BZRnchor strips)

The base layer for the waterproofing geocompositele gravel stabilized
with lean concrete placed as the fill is beingedjsand then smoothed and
compacted with a vibratory plate mounted on the afran excavator, as
done at Bovilla 91 m high rockfill dam in Albania 1996. In alternative,
the base layer can be made by extruded lean cencuebs. This method,
which is being increasingly used in many fill daofsrecent construction,
has the advantage of constructing in short timisrly regular stable slope
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not erodible by rainwater, that can be also steepad has constant
characteristics over the entire upstream face.

Figure 2. (1: PVC anchor wings, 2: WaterproofingdPgeocomposite)

The PVC geocomposite sheets (or larger panels lpredded in width

adequate to span the space between vertical astip®) are deployed over
the base layer, and anchored to the PVC wings hy Wwelding. Adjacent
PVC geocomposite sheets/panels are joined by wgitervertical welds,

creating a continuous watertight liner over theirenipstream face of the
dam.

The perimeter anchorage is made by a watertightesagned to follow the
differential movements between the deformablediii the rigid concrete
appurtenances (plinth, intake tower, spillway, )etwithout failing. The
perimeter seal can be of the compression type theoEmbedded type. At
plinth, the PVC geocomposite is watertight conngdtethe concrete which
Is connected to the grout curtain.

Figure 3. (1 : Base/anchorage layer, 2 : PVC gegosite panels, 3: PVC
anchor strips, 4 : Concrete plinth, 5 : Geocompegsénels welded to anchor
strips, 6: Watertight perimeter seal)
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ADVANTAGES OF THE SYSTEM

Being prefabricated in the controlled environmehtdactory, under 1ISO
procedures, all components of the waterproofingesys(PVC liner, PVC
anchor wings, components of the perimeter sealy lpxe-established and
constant computer-controlled properties. Propedresverified upon arrival
of materials at site; weather conditions at inatadh do not alter the
materials, joints and perimeter seals are verifedwatertightness with
standard methods. Hence the characteristics andirthe quality of the
waterproofing system are pre-established and uedltduring the entire
installation process.

Different from any other existing method, all thengonents of the
waterproofing system are fully deformable and allelastic recovery. The
impervious liner and its anchorage system are dapab following the
deformation of the dam and of accommodating allsfmbs differential
movements that may occur during service.

The upstream geomembrane allows reducing congraintespect to the
type and grading of fill material, to the type ahakness of drainage layer.
The dam body can be constructed with a large rarfigaeaterials locally
available. The waterproofing system is “more fongly in respect to
conventional systems as far as construction skitlsconcerned. Companies
with limited previous experience in embankment dao@ achieve
construction of a safe dam, while a specialisedtractor constructs the
waterproofing system.

Construction can be staged to follow constructibrthe dam, so that the
waterproofing system is completed concurrent witmpletion of civil
works: construction of the embankment can starthat same time as
construction of the cut-off or the grout curtainhilg installation of the
waterproofing system can start before the dam bagpleted most of the
expected settlement, and can be carried out irestdgllowing the raising
of the embankment, with no interference betweengorent of the fill and
placement of the waterproofing layer. Since weatwerditions to perform
installation activities are temperatures sustamdbi the workers, absence
of heavy rain unless a shelter is provided, anddvdpeed allowing safe
handling of geocomposite sheets, this system ceonamodate practically
any construction schedule, which would depend ooty the rate of
placement of the fill. The times for completiondatime costs of the entire
dam construction, can be significantly reduced.

FIELD APPLICATION
The concept described has been applied in pioneesions at Alento
cofferdam in Italy, and at two pilot projects inrkay and at Toulnustouc
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CFRD in Canada (Scuero & Vaschetti 2006). Fulldfigpplication has been
made in two fill dams, as described in the follogvicase histories, and is
under consideration for several projects.

Kohrang head pond

Kohrang head pond is part of Kohrang hydropowentpten Kohrang River.
The HPP has been designed with 3 units of 13.5 Malled capacity, that
are fed from Kohrang head pond by three 1200m Istegl penstocks.
Water to the head pond comes from a 1700m diversidgvert from the
outlet of Kohrang tunnel Il. The head pond, whadntrols and regulates
discharge and head of water for the generatorsansoval shaped
embankment. The geometrical shape and layout vgascted on the east by
a shallow valley, at the west by an access road, south by the
transmission tunnel. A free flow spillway insideethead pond body protects
the embankment from overtopping, a concrete inskecture connects the
head pond to the penstocks. During operation, aé¥i#ing and emptying
cycles may occur every day. The climate at sitewal only 6-month
outdoor construction activities, temperature inteinrmay go under -30°C
and heavy snowfall up to 3 m is usual.

In preliminary studies for the dam forming the heexhd, because of high
risk of settlements arising from non-uniformity &bil layers in the
foundations, the options of a rockfill dam with coste face or with
asphaltic face was eliminated (Jafarzadeh et @5R0Three alternatives
were retained, based on the materials availablecémstruction, on site
conditions, and on construction times and costkfilbdam with clay core,
homogenous impervious embankment, and homogenobard&ment with
geosynthetic liner. The three variants were fulgsigned and compared.
The reasons for selecting the option of homogenaesubankment with
exposed geomembrane (Yosefi et al. 2005) were
- the low permeability (almost zero) of the geomembra
- the geomembrane system could grant watertightnessia the case
of large settlements of the embankment
- the geomembrane system could establish a wateddirtection to
the concrete structures and sustain differentitieseents
- the durability of the geomembrane in extremely caldd hot
temperatures
- the overall lower cost, the higher speed of cowsitvn, and the
simplification of construction works and quality ntool that the
geomembrane system could provide.

Other very good advantages of the selection ofgix@membrane option
were the elimination of filter materials that netdable naturally had to be
prepared in a high cost procedure, the increaskaneof the pond and the
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reduced volume of excavation and fills, as showrT@ble 1. The main
advantage from the client’'s point of view was ayvehort duration of
construction works.

Table 1. Comparison of the three options (Jafafzatal. 2005)

Item Rock+clay core HomogeneousHomogeneous+GM

Max. height of embankment

(from prepared foundation) (m) 16.5 145 14
Length of crest (m) 460 495 480

Upstream slope of embankment 1:2.1 1:2.5 1:1.7

Downstream slope of embankment 1:2.8 1:3 1:1.7

Effective volume of pond (M) 60000 60000 86000
Total volume of fills (M) (Rockfill,

Clay, Random, Filter, Drain, Riprap) 216000 245000 99600
Volume of filter & Drain () 55000 68000 8930
Volume of excavation (f 213000 165000 9000

Details on the reasons determining the selectiom B¥C geocomposite as
waterproofing liner are not in the scope of thigpgraand can be found
elsewhere (Yosefi et al. 2005). The selected PVGcgmposite, a PVC

geomembrane 2 mm thick on the slopes and 1.5 mek tim the bottom,

laminated during fabrication to a 500 g/ngeotextile, had tensile
characteristics that allowed placing it directlyeothe compacted fill that
forms the 14 m high dams and bottom of the head pon

The face anchorage that is the most notable feafutiee system is formed
by PVC geomembrane strips embedded in the solileofihished line of the
earthworks. The trenches were designed to be fikgtd gravel, but the
main contractor found it more convenient to fikth with porous concrete.

Figures 4 and 5. Kohrang: details of the PVC geohrane strip embedded
in a trench filled with porous concrete and of BC geocomposite being
placed on it, and a view of the parallel anchapstm embankments
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The spacing between anchor strips, designed intibmof the maximum
wind velocity which is higher at the crest and reghitowards the bottom, is
8 m on the slopes and 16 m on the bottom. The P&Se@nposite sheets
have been anchored by heat-welding onto the PVChaangtrips.
Longitudinal anchorage was also provided at thee bafsthe slope, by
embedding the geocomposite in the peripheral dgairteench that runs all
around the toe of the slopes and discharges by pipenstream of the dam.
The drainage system under the PVC liner has besigroed to collect and
discharge leakage and avoid that unbalanced baekwedssure can act on
the liner.

Figures 6 and 7. Kohrang: the PVC geocompositetsteready anchored
on the PVC strips on part of the embankments, aathdiing the PVC
geocomposite in the bottom peripheral trench

The PVC liner was anchored along the crest by embkatlin a top trench.
Connection to the concrete structures (spillwatgkes) was achieved with
the well established and proven mechanical tie dowethod, with stainless
steel batten strips bolted to the concrete andnge@ so as to allow
accepting large movements between the fill ancctmerete structure.

Figures 8 and 9. Kohrang: backfilling of top trerfioh peripheral anchorage
of the PVC geocomposite, and tie-down anchorageomcrete, with extra
material to accommodate differential movements
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Installation at Kohrang was completed in 35 dagsaftotal of 16500 fof
geomembrane placed. The settlements that had lmeeseén during the
design phase occurred after impounding; temperaterd down to —37°C,
with heavy snow and ice formation. As a consequaidhe settlements,
some fissures opened at the contact between thdafh body and the
concrete appurtenances. There was no damage to edtposed
geomembrane.

Figures 10 and 11. Kohrang at completion, and duvinter operation.
Minimum temperature - 37°C, 3 m snow, 0.5 mice

The owner (Yosefi et al.,, 2005) reports that thengembrane system “is
working effectively.... Because of the use of thergembrane solution, the
following benefits have been gained by the owner:

* A saving of 60 per cent was achieved in the vauwhfill material.

* Construction was faster and easier.

» The volume of impounded water compared with thegimal design was
increased by 25 per cent, which creates more erggggrating capability.

« Construction costs for the head pond could besdsed by 50 per cent.”

Sar Cheshmeh tailings dam

Sar Cheshmeh is a tailings dam owned by Nationahidn Copper
Industries Company (NICICO), with estimated oreeres of about one
billion tonnes. The upgrading project for tailingisposal and water
management system carried out by NICICO includesngthening and
raising the Main Embankment and Saddle Dam Nooly fthe existing crest
at elevation 2175.5 m to elevation 2194 m (Stage H Stage IIC).
Maximum design earthquake is 0.8 g, temperatursgeatvary from — 16°C
to + 38 °C.

The designers, Australian Tailings Consultants Ehddle East Water &
Environment Joint Venture, have planned for Stdg§ednd Stage IIC a
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zoned rockfill, with an upstream exposed PVC gequusiie system as the
water-proofing component of the raised dam. The R)}éGcomposite will

be placed on a base layer made with extruded pocousrete curbs,
inclination 1.5H:1V. A concrete plinth will be cdnscted at the rock
abutments, while at the existing crest the geoman#will be keyed to the
existing clay core. Total length of the dam at $tdg§ will be 1000 m, total

installed geocomposite 2050 for Stage 11B and 18000 Tiior Stage IIC.

Figure 12. Layout of Sar Cheshmeh dam raising

Figures 13 and 14. The first curbs already pla¢edeamain embankment:
view from the central abutment (left) and from #sest abutment

The waterproofing liner, Sibelon CNT 4400, is fodndy a PVC
geomembrane 3 mm thick laminated during fabricationa 500 g/rh
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geotextile. Face anchorage is provided by anchipssbf the same material,
placed over the extruded curbs and anchored bgdtialg with the layers on
top. To avoid that as the embankment is being datise curbs are laterally
displaced by the pressure of the fill and by thezomtal stresses locked-in
as result of compaction, the curbs have been pastich a way that they
interlock with each other.

TYPICAL SECTION ON ANCHOR STRIPS
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Figure 15. Face anchorage details at curbs

Figures 16 and 17. Detail and view of the PVC geabrane wings placed
over the curbs at Sar Cheshmeh in January 2008

[IB, bottom anchorage of Sibelon CNT 4400 at thekrabutments will be
made by a watertight seal of the tie-down type guagn the concrete plinth,
and consisting of a 60 x 6 mm flat stainless sbeglen strip compressing
the liner on the concrete, according to a well-knofastening system.
Bottom anchorage at the existing crest will be miagleonnecting the PVC
geocomposite to the existing clay core via a trezatavated in the existing
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crest and backfilled with clay. Top anchorage awation 2185 m will be
made with a flat stainless steel batten strip.

The PVC geocomposite of Stage IIC will be deployexn the crest at
elevation 2194 m, will overlap the top anchoragestdge 11B at elevation
2185 m, and will be watertight welded to the PVC Sthge IIB. Top
anchorage at Stage IIC will be made in a trenchaexied at crest and
backfilled with a mass concrete anchor beam.

Raising of Stage 1IB started on October 2007. Athleginning of February,
9 lines of curbs have been placed that alreadyrjporate the face
anchorage system for the PVC liner. Expected tioreiristallation and
complete permanent anchorage of 20500 waterproofing system since
completion of Stage IIB is 2 months.
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