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ExteAeoTikn MepiAnyn

1. SUNPWVA PE TA EUPNHNATA TNC YEWTEXVIKNG EPEUVAC N OMnoid £YIVE eVTOC
TOU OIKOMNEDOU TNG NMPOTEIVOPEVNG avanTuENG (12 JIEPEUVNTIKEG YEWTPNOEIG
oc MEyIOTO BABoc 12 WETPWV), AvAPEVETAl OTI 0 UdpoPOpoC opilovTac
gupiokeTal o Baboc nou kupaiveral anod 3.5 yexpr 5 peTpa.

2. Zkono¢ TNG MEAETNC €ival 0 UMNOAOYIOHOC TNC EKTINWHEVNG NoooTNTAG
VvEPOU AVTANONG KATA TNV JIAPKEIQ EKOKAPNG TOU UNOYEiou Kal BEPUENIWOEWVY
TOU MPOTEIVOPEVOU KTIpiou Kai, AappBdavovrtag unown TIG d1APopeG PATEIG
KATAOKEUNG, va npoTabei N npoTiunTEa HEBOOOC anooTpayyiong Kabwe Kai n
HMEBODOOC anoppIyng Tou veEpoU AvTAnong.

3. ZUPQwva Pe TNV FewTexvikn MeAétn (Geoinvest - 2019), n neploodTEPN
€10p0r VEPOU €VTOC TWV EKOKAPWV AVAPEVETAI Ano ToV YEWAOYIKO opilovTa
C, o onoiog anoTeA&iTal KUpiwg and AAOUBIAKEG NPOOXWOEIG, KAl O OMoiog
enekTeiveTal og Babog 11.80 peTpwy, KAl napoucialel udponepaToOTNTA TNG
Ta&NG Twv 1.5 x102 cm/s n 13 m/day.

4. To oAIkO gupado oe katown (building footprint), yia To onoio Ba yivel
€EKOKA@n oTo Baboc Bepeliwong, Oa eival 10,458 m? . ©a KATAOKEUAOTEI €va
unoyelo e unoAoyilopevo Babog BepeAinong ota 4.5 pe 5 peTpa, kKaTw ano
TO UQIOTAPEVO UPOHETPO £DAPOUC.

5. Avapéverar oOTI, yia Tov €Aeyxo TnG opilovTiac pong vepoU npoc Tnv
eKOKa@n 6a KaTaokKeuaoTei HOVIPOC NEPIPETPIKOC UdATOOTEYAC TOIXOG
(d1appaypa/naccaloToixog), o BaBog TouAdxioTo 2 PETPA KATW and To
XauNAOTEPpO onueio ekokapng. O ToixoG Ba €ival NAKTWHEVOG EVTOG TOU
opiCovTa C.

6. AauBdavovTtag unown TNV YEWAOYIKN OTpATNypagia Tng MePIOXNG TOU
gpyou, Ta BdaGn Tou unoyelou udpo@opou opilovra, TO PBABoc TNG
NPOTEIVOUEVNG €KOKAQPNG, TNV  KATAOKEUR MEPIMETPIKOU  OTEYAVOU
dlappaypaTikoU TOIXOU KAl TA AMOTEAEOUATA TWV YEWTEXVIKWV EPEUVMV Kal
EPYAOTNPIAK®WV OOKIMWV, EYIVE UMOAOYIOMOC TWV MOCOTNTWV VEPOU TMou
avauEVETAl va EI0PEOUV EVTOC TNG EKOKAPNG KATA Tnv OIdpKeld TnG
KATAOKEUNG, WE avaAuon pe Tnv PEBodo flow net BewpwvTac Tnv €i0pon
vEPOU HETAEU TWV KABETWV d1aPPAYNATIKWV TOIXwWV, Ol OMnoiol anoTeAouv
flow lines adianépaoTwyv OTOIXEIWV, €NEId TO VEPO dev Unopei va disiodUoEl
OIAMECTOU TWV TOIXWHATWV.

7. Mg Tnv npoUnoBeon OTI 0 OTEYAVOC NEPINETPIKOG TOIXOG Ba KATAOKEUAOTEI
o€ BaBoG TouAdxioTov 7 HETPA (2 METPA KATW ANO TO XAMNAOTEPO ONMEio
EKOKAQNG), avapeveTal OTI n €l0pon VEPOU evTOC TNG EKOKAPNG Ba €ival Tng
Taénc Twv 0.5 - 0.6 m3 ava TeTpaywvikd PETPO guPfadol kaTownc, avda
nUEpa. AuTto petagpaletal o nepinou 5,500 KuBika PETPaA ava nuepa, yia
OAOKANPN TNV €KOKAPN 1, eVvaAAAKTIKA, o€ 2,700 kuBikd PJETpaA ava nuépa,
av n ekokagrn ekTeAeoTel o€ OUO PpAcelg, dnAadn va diaipebei To €pyo o€ dUo
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nepinou ioec nepioxec (OaAdupouc), ME TNV KATAOKEUR MNPOOWEIVOU
evolapeoou Ola@paypaTikoU n dAAou oTeyavou Toixou, O ornoioG 6a
KaTedAPIOTEI JETA TNV CUMNANPWON TNG NPWTNG PAoNC.

8. YnoAoyileTal 0TI oTNV NEPINTWON KATA TNV onoia n ekokagn 6a yivel os
dUo @aosig, 6a xpelaoTolv 6 — 8 YEWTPNOEIG AvTANONG, 0 oUVOUAoHO ME
(ppedTia anooTpayyiong (sump wells) pikpou Baboug (3-4 peETpa), nou Ba
gykartaoTabouv OoToV XWPO TNG EKOKAPNC.

9. MNa TO OUYKEKPIYEVO €pyo npokpiveTal n Auon TnG di1aBsong Tou
avTAoOUNEVOU VEPOU 0 PpedaTia Pe BaBog népav Twv 11 PETPWV ETOI WOTE
va OIOXETEUBOUV 01 noodTNTEG Tou VvePoU O KATAAANAO YEWAOYIKO
oxnuaTiond (OpiCovta C - AAANOUBIAKEC MPOOXWOEIC), ME IKAVOMOINTIKN
dlanepaTtoTnTa. MpokaTApKTIKA gaiveTal OTI yia va niTeuxOei To nio Navw
NpPeENel va avopuxBouv €€ ppedTia eowTePIKNG OlahéTpou 300mm. To oxnua
nio KAaTw UNodEIKVUEI TUMIKN TOMNA TOU (PPEATIOU.

Air vent—___ 1o mEle:__..r Conrol vatve

Recnarge main .—_______

— e rmr e e m— e

Dip pipe

Diown spout

Fig.3 Recharge Well

®dpeario Enava@oprtiong

10. YnoAoyileTal OTI oTNV NEPINTWON KATA TNV onoia n ekokagn 6a yivel og
duo paosig, 6a xpeiaoTolv 6 — 8 YEWTPNOEIG AvTANONG, 0 ouvdUaouod HE
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(ppeaTia anooTpayyiong (sump wells) pikpou Baboug (3-4 peETpa), nou Ba
gykaTtaoTaboUv OTOV XWPO TNG EKOKAPNG.

11. To olUoTnua anooTpdyyionc 6a ouvdebei pe oloTNUA PPEATIOV
enavagopTiong (recharge wells) Ta onoia 6a eykatacTtabouv OTOV XWPO
npPacivou Kal oTnV MePIPEPEIA TNG EKOKAPNG, Yia TNV andppiyn Tou vepou
avtAnong.

12. MNa Tov KaAUuTeEpo unoAoyiopd TNG NocoTnTac vepoU mnou duvartal vd
ENAvagQopTIOTEI Niow OTOV UdPOPOPEA KATW aNO MNPAYHATIKEG CUVONKEG
AeiIToupyiag, exel Ole€axBei  oAokKANpPwWMEVN OOKINA  €NAVAEICAYWYNG
(infiltration test) evrtdc TOU oOIkOnNEdOU, ME TNV Xpnon OUO @pPedTiKv
ENAVAEICAYWYNG.

13. And Tnv avaAuon TwV anoTEAEOUATWV TNG JOKIKNG ENava@opTiong TwV
0uo gpeaTtiov 1 kal 2, eEayeTal To cupnepacua OTI €vag MEYIOTOC pUBUOG
anoppo®nong Twv 20 KUBIKWYV HETPWV ava wpa £yIVE KATOPBWTOG, KATW ano
AaTHOOMAIPIKEG OUVONKEC.

14. MNa okonoug unoAoylopoU BewpeiTal OTI yia TNV anooTpdayylon NnocoTNTAC
vepoU 230 m3/hour (nepinTwaon oAIKNG ekokagng), 8a avopuxBoUv nepinou
12 yewTpnoeig enavapopTiong (recharge wells), n €av n ekokaen yivel o€
O0Uo paocelg 7 YyewTpnoelg. ‘Stand by’ yewTpnoegig 6a npénel eniong va ivai
01aBECIYEG, YIa TIG NEPINTWOEIG NOU KAMNOIA PPEATIA Ba XPEIAOTOUV HEPIKN
ouvTApnon.

15. Meilwon ¢ CUYKEVTPWONG TWV CTEPEWV OTO AVTAOUMEVO VEPO.

Ma va PeIwBEl N CUYKEVTPWON TWV AIWPOUNEVWY OTEPEWV OTO AVTAOUMEVO
VEPO Kal n nibavn ano@pa&n Twv QIATPOCWANVWY, MPOTEIVETAI N KATAOKEUN
0eEapevng kabidnong pe diacTtacelc 10 pETpa unkog, 3 peTpa Babog kar 3
METPA NAATOC £TOI WOTE va emTeuxBei udpauAikog xpovog napapovng 0.4
WPEC KAl JEiwoN TWV alwPoUPEVWY OTEPEWY oTa 30mg/I.
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Executive Summary

1. Based on the findings of the site investigations which were carried out within the
building plot, it is expected that the ground water table will be encountered at depths
varying between 3.5 to 5 meters.

2. Purpose of this report is to make an estimate of the dewatering requirements
during excavation of the foundations and basement of the proposed building and,
taking into consideration the various construction stages, to propose the preferred
method of dewatering and method of disposal of pumped water.

3. In accordance with the findings of the geotechnical report (Geoinvest - 2015),
most of the inflow will originate from Horizon C (mainly alluvial deposits), which
extends down to 11.80 m, and exhibit permeabilities of 1.5 x10°2 cm/s or 13 m/day.

4. The total area in plan (building footprint), to be excavated down to foundation
level is 10,458 m? . A one level basement will be constructed, with an anticipated
foundation level at 4.5 to 5 m below existing ground level.

5. It is anticipated that, for the control of ground water seepages into the excavation,
a permanent perimetric cut off wall (diaphragm/secant pile), will be constructed to a
depth of at least 2 m below the final excavation level. The wall will be keyed into the
alluvial deposits of Horizon C.

6. Considering the stratigraphy of the site, the ground water levels established and
the depth of the proposed excavation, the perimetric diaphragm wall to be installed
and, the test results obtained from the site investigations and laboratory tests, an
estimate of the anticipated inflow of water into the excavation during construction
has been made using a flow net analysis. Pre-construction dewatering assessment
for the aquifers encountered, was also correlated to results obtained during the
infiltration tests performed at the site and also, to results obtained from full scale
pumping tests performed for other sites in the broader area of the project, within
similar geological stratigraphy.

7. Provided that a watertight perimetric wall will be taken down to a depth of about
7m (i.e. 2m below excavation level), it is estimated that the inflow into the excavation
will be of the order of 0.5 - 0.6 m3 per square meter of plan area, per day. This
translates into around 5,500 cubic meters per day, for the total excavated area, or
alternatively, to 2,700 cubic meters per day, if the excavation is carried out in two
stages, i.e. divide the site into two approximately equal areas (compartments), by
constructing temporary intermediate secant pile or other, cut off walls.
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8. It is estimated that, for the case when the excavation will be carried out in two
stages, 6 no. wells will be required, in combination with a number of shallow sump
wells to be installed within the excavation area.

9. A ground water recharge system shall be used as a means of disposing the ground
water abstracted by the dewatering system. A full infiltration test was carried out at
the site, involving two recharge wells.

10. From the analysis of the data obtained during the infiltration tests carried out in
boreholes 1 and 2, it may be concluded that a maximum absorption rate of 20
m3/hour was achieved in both boreholes, with no pressure applied.

11. For design purposes it is considered that for an estimated dewatering requirement
of 230 m3/hour (case of total excavation), approximately 12 recharge wells will be
necessary, or for the case when the excavation is carried out in two stages 7 recharge
wells. Stand by recharge wells shall also be provided (Chapter 4).
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1. Hydrogeological Regime
1.1 Introduction

The proposed Development consists of a complex of buildings, with one underground
basement for parking. The total depth of excavation will be approximately 5m -
including 1.5 thick foundation rafts throughout. In addition, the lift wells will be
founded below the general excavation level.

The building plot is situated between Androutsou, Karaiskaki, Poumpoulinas and
Ayiou Andreou streets, about 600m west of Ayios Nikolaos round about and, covers
an area of approximately 12,800 m? which is generally flat, gently dipping towards
the sea (south). At present, there are no existing buildings within the site. An
approximate area of 2,355 m? will be allocated as public green.

The total area in plan (building footprint, Figure 1), to be excavated down to
foundation level is 10,458 m2. The Development will consist of 8 and 5 storeys
buildings. Prior to the excavation, it is anticipated that a peripheral diaphragm or
secant pile wall will be constructed, which will form a positive impermeable cut-off
barrier.

AR ARE DR AN|aeE. 2
- Bl

Figure 1- Basement Plan (Oikovouidng -AkkeAidou Architects)
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1.2 Hydrogeological Conditions

The hydrogeological conditions prevailing at the building site have been preliminarily
assessed, based on the results of twelve (12) investigation boreholes, drilled within
the area of the building plot (Geoinvest, December 2014 - Jannuary 2015). Results
so obtained, were also correlated to existing information obtained from desk study
sources, i.e. available geological/geotechnical information from previous
construction, geotechnical and hydrogeological work carried out in the broader area
of the proposed Project.

The investigation boreholes were taken down to a maximum depth of 15m, with
associated disturbed /undisturbed sampling and, in situ and laboratory testing.

In view of the anticipated relatively shallow excavation levels (single basement), it is
strongly recommended that prior to the commencement of the construction works,
trial pits are excavated down to depths of 5m, in order to further assess the in situ
permeability and infiltration/recharge capacity of the underlying strata. The trial pits
will facilitate a more accurate estimate of the hydrogeological conditions prevailing
at excavation level.

Pre-construction dewatering assessment for the aquifers encountered, was also
correlated to results obtained during the full infiltration tests performed at the site,
as well as from full scale pumping tests performed for other sites in the broader area
of the project, having similar geological stratigraphy.

The ground hydrogeological model considered, provides information for:

e Determine requirements for ground water control and any practical or
Environmental constraints.

e Develop preliminary conceptual model of ground water flow.

e Estimate total flow rate required to achieve drawdown at site down to
excavation depth.

From available information derived from the site investigation work performed within
the building site (Geoinvest), and the Infiltration Tests performed by
Themeliotechniki during October 2020, the following hydrogeological data may be
deduced for the different soil groups:

¢ Ground water was encountered in all boreholes at depths varying between 3.5
and 5.5m below existing ground level. This was further substantiated during
the performance of the infiltration test — Chapter 4.

e Static water level recorded during the investigation campaign, was of the order
of 2.5m at the southern part and 3m at the northern part of the plot.



Renaissance project - Prime Development
Dewatering Method Statement, November 2020

Nevertheless, these recorded water levels, are expected to be the result of the
recharge from storm drains and, seasonal variation of these water levels
should be expected (Geoinvest, Dec.2014 - Jan. 2015).

The permanent water table is found at deeper sections, most probably at
depths of the order of 6 to 10.5m.

More water is expected at deeper depths (»20-25m), below ground level.

The aquifers at the site are both (i) phreatic (horizons C and D) and, (ii) under
pressure, at depths greater than 20-25 meters in coarse materials found below
horizon D.

1.3 Permeabilities

No in situ permeability tests (Lefranc, Magg or constant head) were performed during
drilling, since the conditions were not favorable for such in situ testing, due to shallow
ground water table. Four laboratory falling head permeability tests, in accordance
with BS5930, were performed on selected samples with the following results:

Horizon B-Sandy Clayey Silt: 1.1x10*cm/s or 0.09 m/day

Group C - Silty, Sand and fine Gravel: 1.5 x10? cm/s or 13 m/day

Group D - Sandy, very Clayey Silt: 9.5x10° cm/s or 0.008 m/day

Group D - Clayey, very sandy Silt:2.4x10* cm/s or 0.21 m/day

The permeability of the coarse material (Gravel, Cobbles) of horizons C and D
are estimated to be at least 25 m/day, depending on the content of the fine
material.

Based on the above results, it may be deduced that the permeabilities of the
lower part of GroupC and the coarse part of Group D is high, whereas that of
Groups B and D are low. In the sand rich sections of Group D is estimated to
be moderate.

Group Soil Description Depth Range(m)
A Fill, consisting of a variety of materials of, mostly, Variable thickness
fine grained size, i.e. clay, silt and sand, with variable
amount of gravel. 16-3

Recent Alluvial Deposits found below the fill and
down to 2.80 — 3.90 m.

B Variable thickness
Consisting of:
Modern Alluvial, mostly Sandy, Clayey Silts 0.25t0 1.70
accumulations.

Their thickness varies between 0.25 to 1.70 m.
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Old Beach Deposits and old coarse Alluvial
Deposits

Representing mainly alluvial deposits reworked by the
sea, and shallow marine deposits. Mixed with organic
material. They exhibit an immature stratification with | Variable thickness

C abrupt facies changes in both vertical and horizontal
sense. 1.85/3.80 -
9.90/11.80
The predominant fraction is Sand and Gravel. The
sand predominates at the uppermost part of the
horizon and the gravel in the lower part.
The thickness of this horizon varies between 6m and
9Im.
Fine Old Sedimentary Deposits
They are represented by fine sedimentary deposits.
Distinguished soil types are:
» Sandy clayey silt to sandy clay and silt 9.90/11.80m
» Clayey, sandy silt to clayey sand and silt extending to
D » Silty sand to silt and sand depths greater
than 15m

The thickness of this horizon varies between 3.20m
and 5m.

Table 1 - Soil description with Depth - Boreholes 1-12

2. Inflow of water into the excavations during construction

It is proposed that for the control of ground water seepages into the excavation, a
permanent cut off wall (diaphragm/secant pile) will be constructed to a depth of at
least 2 m below the final excavation level. The cut-off will provide an impermeable
barrier that will facilitate the lowering of the water table during construction, since
lateral movement of ground water towards the excavation will be prevented and
seepage paths towards the base of the excavations will be substantially increased.

Static water levels recorded during the investigation campaign, were of the order of
2.5m at the southern part and 3m at the northern part of the plot. These recorded
water levels are expected to be the result of the recharge from storm drains and,
seasonal variation of these water levels should be expected (Geoinvest, Dec.2014-
Jan. 2015). On the other hand, the permanent water table is found at deeper
sections, most probably at depths of the order of 6 to 10.5m, i.e. below the
anticipated foundation excavation level. Therefore, in the case of a one level
basement, the problems of dewatering are expected to be manageable.
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Figure 2 - Building Cross Sections (Oikovouidnc-AkkeAidou Architects)

From the available geotechnical information (sources mentioned above), it is
expected that the strata at the anticipated excavation level will be represented by
the upper, finer part, of geological horizon C (sand predominates) which exhibits,
moderate to high permeabilities. Actual, mass in situ permeabilities were also
deduced from the results of the pumping/Infiltration Tests carried out within the site.
Due to the anticipated relatively shallow excavations, valuable information may also
be obtained from trial trenches, excavated down to 4.5 - 5m depths.

Design parameters, considered for permeability, storativity and transmissivity for
draw down calculations, were also, taken from pumping tests performed in similar
geological horizons and dewatering operations carried out during construction works
for other sites in the broader area.

It should be also mentioned that, the large number of boreholes drilled over the
whole area, may have resulted to limited interconnection and unification of water
bearing geological horizons. Therefore, it is possible that, the whole area could
behave in some instances, as one unified aquifer, interrupted in places by
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impermeable soils. In this context and for calculation purposes, it may be assumed
that water pressures within soil horizons outside the wall are close to hydrostatic, in
the case that ground water exists.

Of great importance of course, are the actual permeabilities of the stratum into which
the diaphragm wall will be keyed-in, below the base of the excavation.

Considering the stratigraphy of the site, the ground water levels established, the
depth of the proposed excavation, the perimetric diaphragm wall to be installed and,
the test results obtained from the site investigations and laboratory tests, an estimate
of the anticipated inflow of water into the excavation during construction has been
made. It has been considered that water inflow will come partly from around the wall
and partly directly, from the stratum below the base of the excavation, which is
horizon C.

The site is characterized by one phreatic water level found at depths 2.5 to 3m below
existing ground surface. Nevertheless, as previously stated, these recorded water
levels, are expected to be the result of the recharge from storm drains and, seasonal
variation of water levels should be expected (Geoinvest, Dec.2014-Jan. 2015). The
permanent water table is found at deeper sections, most probably at depths of the
order of 6 to 10.5 m and, therefore, below the proposed excavation level. Pore water
pressures in all horizons B, C and D are thus hydrostatic, and during excavation any
pressure head difference will produce flows through the upper part of horizon C. This
is caused by the total head difference between the two faces of the diaphragm wall
and the water bearing part of horizon C at the bottom of the excavation.

The ground water level will have to be lowered at least 1m below excavation bottom.
Considering the small excavation depth, and the static water level regime, the
seepages from behind the diaphragm wall will thus be relatively small and most
inflows will be due to upward vertical flows originating from horizon C.

For the calculation of total seepages it was assumed that seepages in to the
excavation will come partly from behind the wall and partly directly from horizon C.

A flow net diagram has been constructed for this case assuming a horizon C of infinite
depth. The flow, g per unit length of wall is given by:

g=k h Nf/Nd where K is the coefficient of permeability
h is the total head difference

Nf is the number of flow channels
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and, Ndis the number of head drops.

Provided that a watertight perimetric wall will be taken down to a depth of about 7m
(i.e. 2m below excavation level), it has been estimated that the inflow into the
excavation will be of the order of 0.5 - 0.6 m3 per square meter of plan area, per
day. This translates into around 5,500 cubic meters per day, for the whole excavated
area, or alternatively, to 2,700 cubic meters per day, if the excavation is carried out
in two stages, i.e. divide the site into two approximately equal areas (compartments),
by constructing temporary intermediate secant pile or other, cut off walls. The
temporary walls will be demolished as excavation progresses for the next
compartment.

______ %54??77/”/%///77 2 %//////////////m f%

Figure 3 - Geological Cross Section 4-4 (Geoinvest Dec.2014-Jan.2015), with
Excavation and cut off

2.1 Ground Water Control

There are several techniques or methods available for controlling ground water flow
into excavations at a construction site. The selection of a technique or techniques
appropriate to a particular project at a particular site will depend on many factors.
However, the lithology and permeability of the soils will always be of paramount
importance.

Considering the total footprint of the basement area, it is recommended to proceed
with the excavation of the whole basement area in two stages, as previously
mentioned. In this case pumping of about 115 m?3 /hour will be necessary and it is

10
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estimated that, for this case 6 no. wells will be required, in combination with a
number of shallow sump wells.

Alternatively, if the whole building footprint area is excavated at once, then a total
pumping of 230 m3 /hour will be necessary.

Ground water control recommendations are mainly based on the publication by CIRIA
515 (Ground Water Control, Design and Practice). The proposed ground water control
method has been selected, partly, from figure 1.10 of this publication, also
considering the relatively shallow excavation depth.

Considering the necessity to lower the water table at least 1m below the excavation
level and that, most of the inflow will be from the strata below, the water table has
to be lowered for the whole working area. It is necessary, therefore, to design for a
pump-well system that will work in combination with the physical cut-off wall.

Impermeable

cut-off walls
/ Pumped wells \

T
' - -
, E \ Lowered

e groundwater level

b) Excavalion with a retaining wall and wells to prevent
_ waler ingress through the base

——— -

Figure 4 — Pump-well dewatering system

In the current case, most of the inflow will originate from Horizon C and not from
behind the cut-off wall. It is, therefore, necessary to cover the excavated area with
a number of drainage wells, which will have to be drilled down to relatively shallow
depths, about 6m below excavation level. In combination with the deep wells, surface
sump wells should also be installed, operating in shallow pits. As stated above, it is
estimated that, for the case when the excavation will be carried out in two stages, 6
no. wells will be required, in combination with a number of shallow sump wells.
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The boreholes need to be 800-900 mm in diameter with a 300 mm perforated steel
pipe installed at the centre. The pipe must be wrapped in geotextile 200 grams/ m?,
to minimize the amount of silt and clay in the pumped water. The space between the
pipe and the external wall of the borehole must be filled with a mixture (50-50) of
single size 10 and 20 mm aggregates.

It is standard practice to adjust the design of the de-watering system to suit the
equipment available and techniques preferable to the contractor, so its final nature
can be adjusted accordingly, after re-evaluation of all factors considered.

Lifts’ Wells

For the excavation of the Lifts’ wells which extend 1 m below the general excavation
level, a separate perimetric watertight cut-off may be constructed with the use of
either sheet steel piles or secant piles. This will facilitate the excavation and
dewatering to the required depth.

2.2 Mitigation of Environmental Effects

2.2.1 Dewatering Consenting

Environmental permits are required for extracting groundwater for dewatering
purposes and for the disposal of the discharge into water bodies (sea, rivers), storm
water systems or, return pumped water back to the aquifer through recharge wells.

All sites that implement dewatering must obtain the necessary permits from the
competent Authorities. The Engineer and Contractor must fully understand the
conditions and lead-in times for activities covered by the permits.

Compliance with permit conditions can be demonstrated though the ITP for the
project and associated quality assurance records.

2.2.2 Discharge to the Environment

In the case of the Renaissance Project, the disposal of the pumped water to the sea
is considered impractical due to the logistics necessary to implement it and, in view
of its characteristics, this project must be considered in isolation.

For this reason, a recharge system is considered, where ground water abstracted by
the dewatering system is returned back to the aquifer. Such a scheme requires
caution and careful planning. Due to the relatively shallow excavation depth and
depth of permeable horizon C, a large diameter well recharge system has been
examined.
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Specific factors that have been examined are the siting of the discharge, the effects
on the discharge location and the ability of the discharge environment to accept the
volume of discharge.

It is important to be aware, that not only is groundwater being extracted to lower the
water table, but it is also likely that there will be sediment mobilized by ground water
flow and also possible that contaminants residing in the groundwater will be drawn
into the system.

Therefore, it is of paramount importance to implement appropriate monitoring and
treatment.

Potential methods include:

» Implementation of mitigation measures, such as devices to treat the discharge,
to reduce or avoid adverse discharge of suspended solids or contaminants.

» Appropriate design of the dewatering system to minimize the loss of fines from
in-situ soils and avoid ground settlement.

The proposed use of a recharge system in order to return pumped water back to the
aquifer offers the following advantages,

1. An important environmental benefit of the recharge method is that, by
returning the pumped water to the aquifer, the possibility of increasing the
salinity of the coastal aquifer due to excessive pumping to the sea (sea water
intrusion), is avoided.

2. Prevents excessive aquifer depletion and, therefore does not put other ground
water sources at risk.

3. Sensitive adjacent structures are not affected.

2.2.3 Dewatering Discharge Quality — Suspended Solids

Dewatering permits require that dewatering water pass through a sediment removal
device such as a settling tank, prior to discharge, with total suspended solids (TSS)
in the discharge leaving the site not exceeding 80 g/m3 (for recharge purposes).
Deviations from the TSS limits are generally noted through a visual check of the
water being released into the environment. Standard samples can be used for
comparison to allow a rough instant field assessment of discharge quality. If required
a sample is taken and tested in a laboratory (24 hr. to 48 hr. turn-around).

For recharging water back to the aquifer, the main consideration is the possible
clogging of infiltration trenches and boreholes.
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Based on particle size and density of silt particles, it is estimated that a settling tank
having dimensions 10m length by 3m wide by 3m height will be required for the
efficient removal of fines. Settling times are expected to be in the region of 1 hour.

Because primary sedimentation tanks remove the solids that settle quickly, it is only
particles with a long settling time that will be discharged from the primary treatment.
Therefore, samples of discharge water that meet the approved limits should be
prepared in a laboratory based on the typical particle size expected to be discharged
from the primary tanks. These can be compared with samples taken on

site to allow approximation of the TSS value of the discharge.

This would allow any compliance breach to be addressed early. The visual testing is
low cost and able to be actioned and recorded quickly.

3. Ground Water Recharge System

The recharge system shall be used as a means of disposing the ground water
abstracted by the dewatering system. Such a scheme requires caution and careful
planning. Due to the relatively shallow excavation depth and depth of permeable
horizon C, in this case it is advantageous to use a large diameter well recharge
system.

As recharge wells are prone to clocking by even small quantities of suspended solids,
it is important that settling tanks are used. As a rule of thumb, for each abstraction
well two recharge wells may be required when abstracting and recharging into the
same aquifer. This is to allow for sufficient capacity and for a number of the wells to
be out of commission being rehabilitated.

The operation of any form of a recharge system will require a recharge consent from
the environmental authorities. This provision applies even if the ground water is
being abstracted and returned to the same aquifer in the same site.

3.1 Recharge Trenches

Recharge trenches may also be considered if excavated to penetrate through the
superficial low permeability deposits, which in this case is the fill, horizon A.
Therefore, will have to be excavated down to the Recent Alluvial Deposits (Horizon
C), about 5 to 6 m deep, where deposits of higher permeability have been
encountered and also, so that the return of recharge water back to the main
excavation is avoided, as much as possible.
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3.2 Recharge Wells

Unlike recharge trenches, recharge wells can be designed to inject water at a specific
level in the sequence of the stratification, where higher permeabilities are
encountered and the danger of the return of recharge water back to the main
excavation is avoided. For the specific site under consideration, the wells can be taken
down to a depth of 10 meters, in horizon C, where the predominant fraction is Gravel,
with estimated permeabilities (based on laboratory tests) of the order of 1.5 x102
cm/s or 13 m/day.

The hydraulic requirements of recharge wells are essentially the same as those of
extraction wells. As a result, recharge wells are designed, drilled and developed the
same way as extraction wells. On the other hand, recharge wells are prone to
clogging, and therefore recharge water should be as clean as possible, with the use
of suitable settling tanks as previously discussed.

If the standing ground water level is found at a higher elevation the recharge wells
may require a grout seal in order to prevent water from travelling up the filter pack
to ground level. In such a case, the well head can be sealed, and the recharge
pipework pressurized slightly, so that the feed head is 2 to 3 m above ground level.
In order to avoid over pressurizing the well a standpipe may be installed which can
overflow if the pressure is exceeded.

In order to further asses the infiltration potential of recharge wells a full field
infiltration test was carried during period 27/10/2020 - 02/11/2020. The testing
procedure adopted and the results obtained are detailed in paragraph 4, below.

4. Recharge Wells for the in situ determination of Field Infiltration
Rate

4.1 General

Two no. (2) Recharge Test Wells were drilled at an approximate distance of 20 m
between them, in order to assess the in situ recharge potential of the ground by
injecting water at a specific level in the sequence of the stratification, where higher
permeabilities are encountered.

For the specific site under consideration, the wells were taken down to geological

horizon C (Old Beach Deposits and Old Coarse Alluvial Deposits - Site Investigation
report by Geoinvest, January 2015), where the predominant fraction is Gravel, with
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estimated permeabilities (based on laboratory tests) of the order of 1.5 x102 cm/s
or 13 m/day.

Perforated, slotted or screened pipe was used in that section where injection was
intended. The hole aperture in the pipe is smaller than any aggregate placed between
the liner and the borehole wall. The perforated pipe commenced below the overlying
unsuitable strata (Fill).
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Plate 1 - Location of Recharge Boreholes BH1 and BH2

4.2 Installation of Recharge Wells

The wells were installed as shown schematically below and have the following
technical characteristics:
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Figure 5 - Schematic presentation of Recharge Well

1. Borehole 1: Total drilled depth 11.30 m. The top 5.30 m of the 900 mm outside
diameter UPVC casing pipe is "blind” and, the bottom 6 m perforated. The pipe
extends about 0.70 m above existing ground level. Initial depth of ground
water (measured from the top of the pipe) 3.70 m. The top 5 m of the pipe
was externally grouted with cement grout in order to create an effective seal.
After installation of the lining tube, rounded 5mm to 10mm pea gravel was
placed in the annulus between the borehole wall and the lining tube.

2. Borehole 2: Total drilled depth 11.00 m. The top 5.00 m of the 900 mm outside
diameter UPVC casing pipe is "blind” and, the bottom 6 m perforated. The pipe
extends about 1 m above existing ground level. Initial depth of ground water
(measured from the top of the pipe) 3.85 m. The top 5 m of the pipe was
externally grouted with cement grout in order to create an effective seal. After
installation of the lining tube, rounded 5mm to 10mm pea gravel was placed
in the annulus between the borehole wall and the lining tube.

4.3 Recharge Test Procedure

The recharge test procedure involved the following steps:

1. For testing and in order to prevent clogging, clean water from a 25 cubic
meters capacity water bowser was injected into Borehole 1. The pipeline
system was equipped with a flow meter and return pipe in order to better
control the water flow. A manometer was installed at the top of the borehole,
for measuring the water pressure in borehole 1. Simultaneously, the water
table in borehole 2 was recorded. Water depth in borehole 2 measured from
top of installed pipe (casing). Initial water table in borehole 1 before test
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commenced = 3.70m. Water level in borehole 1 after completion of test =
3.40m.

2. Pumping water from Borehole 1 injecting into Borehole 2. In order to
economize the use of clean water and be able to assess the infiltration potential
of the geological stratum under working conditions, borehole 2 was tested with
water pumped from borehole 1. For this purpose a pump was installed in
borehole 1 at 10 m depth and connected with a pipeline to borehole 2. A water
flow meter was installed. Simultaneously, the water table in production
borehole 1 was recorded.

4.4 Field Measurements

Actual field measurements recorded during the in situ tests carried out at the site of
the proposed Renaissance Project are given below, in tabular and graphical form.

It is important to note that, although a manometer was installed at the top of the

borehole for measuring pressure, the tests were performed without the application
of pressure, at all stages.
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Pressure at Water Level in Water level
Time Average Supply Borehole BH2 change in BH2
(min.) (Lt/min.) Head (bar) (m) (cm)
0 0 0 3.85 0
1 124 0
2 125 0
4 124.5 0
5 124 0
10 123.2 0
15 123 0 3.83 2
20 121 0 3.83 2
25 120 0 3.83 2
30 120 0
31 181 0
35 187 0
40 185 0
45 194 0
46 230 0
47 225 0
49 223 0
52 226 0
53 245 0
57 244 0 3.81 4
63 243 0 3.8 4
72 240 0 3.8 4
77 240 0
82 234 0
83 328 0 3.79 6
84 315 0
86 344 0
87 361 0
88 363 0 3.78 7
92 357 0
97 362 0
99 340 0 3.77 8
100 355 0
105 355 0
110 355 0 3.77 8

Table 2 - Infiltration Test Borehole 1
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Graph 2 - Water Drop Borehole 2

Time Average Supply Water Elevation BH1
(min.) Lt/min (m)
0 0 3.7
1 320 4.46
4 318 4.65
5 309 4.71
6 315
7 315 4.71
9 300
15 308 4.73
20 320
25 300
30 321
31 301 4.76
32 302
33 305
35 322 4.79

Table 3 - Infiltration Test Borehole 2

Water Supply
Lt/min
=
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o

Infiltration Rate (Lt/min) - BH 2
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Graph 3 - Infiltration Rate Borehole 2
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Water Drop - Borehole 1

Water Elevation BH1 (m)

0 5 10 15 20 25 30 35 40
Time (min.)

—@— Water Elebation BH1
(m)

Graph 4 - Water Drop Borehole 1

4.5 Analysis of results

From the analysis of the data obtained during the infiltration tests carried out in
boreholes 1 and 2 it may be deduced that a maximum absorption rate of 20 m3/hour
was achieved in both boreholes, with zero bar pressure applied.

From previous experience and, also considering results obtained from similar tests
performed in the general area in similar geological horizons (e.g. NEO project), it is
expected that in the case that the recharge wells are pressurized up to one bar,
higher injection rates may be achieved.

For design purposes it is considered that for an estimated dewatering requirement of
230 m3/hour (case of total excavation), approximately 7 recharge wells will be
necessary. Allowing for possible clogging of some of the boreholes, and therefore
requiring rehabilitation, another 2 stand-by boreholes should be made available.

Recharge wells may be located in the proposed public green area of the building site.
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4.6 Design of Recharge Wells

A 900 mm diameter boreholes will be drilled down to a minimum depth of 11 m. The
boreholes will be installed with UPVC lining or other durable material agreed with the
Supervising Engineer. The lining will have an internal diameter of ®315mm (PN12.5).
It must be capable of inserting in the borehole without risk of breakage, or damage
to the joints.

Perforated, slotted or screened pipe shall only be used in that section where injection
is intended. The hole aperture in such a pipe shall be smaller than any aggregate
placed between the liner and the borehole wall. The perforated pipe shall commence
2 m below the overlying unsuitable strata (Fill).

After installation of the lining tube, rounded 5 mm to 10 mm pea gravel shall be
placed in the annulus between the borehole wall and the lining tube to a level 1m
above the perforated pipe as the casing is withdrawn. Care must be taken to ensure
that the level of the aggregate is maintained just above the bottom of the casing to
prevent collapse of the borehole. In addition, excessive heights of aggregate above
the bottom of the casing could jam the casing during withdrawal and risk lifting the
liner to the detriment of the excavation.

A concrete seal shall be placed on top of the aggregate to extend nominally 1.0 meter
above and below the interface with the overlying unsuitable material (Fill). Care
should be taken to prevent contamination of the gravel.

The well will be equipped with a down pipe or ‘falling main’, to feed the water down
into the well, which prevents the recharge water from cascading into the well and
becoming aerated (aeration of the water may promote biofouling and other clogging
processes and should be avoided). Air vents shall be provided at the top of the well
and pipework to purge air from the system when recharging commences, and to
prevent airlocks in the system.

Only clean water will be used for testing purposes in order to prevent clogging. If
required, water will pass through a sediment removal device as a settling tank, prior
to injection, in order that water used will have total suspended solids (TSS) not
exceeding 30 g/m?3.
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Appendix 1
Infiltration Test - Photographs
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