Groundwater recharge
techniques & practices - a
broader context
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Used terms:

RNIBEX:

Groundwater recharge ~ Artificial infiltration of groundwater ~
Managed Aquifer Recharge (MAR)

H TR KERN ~ ALHTKHNG ~ 2KEEEMEEAN (MAR)

They all refer to intentional infiltration of available surface water into
the aquifer

PR A A Rt R KA RIRBAMNE EEKE

What is needed for groundwater recharge:
TS IK B # Y A B S
1) Source of raw water for infiltration

AT RIKIKIR

2) Suitable target aquifer
EEMNEIRRKE

3) Application of suitable techniques for infiltration and recovery of
water

&R SEBUKRAR N



Groundwater recharge

Hi TS K [E]

In most European cases (Northern and Central Europe): artificially
infiltrated groundwater for drinking water production.
HERZEEOMEGF (JEBRFFER) © ATxhath T KA FIRAK
&7

A safe, sustainable and cost-efficient method.

XE—fRe. UHEAZFENTE,

Successful implementation requires a lot of expertise and data of the raw
water conditions and hydrogeological and geochemical conditions of the
target aquifer. Knowledge of the aquifer properties is essential in the
designing of the infiltration and recovery techniques.
ZRNKX—T17%, FERETWAIR, HAEDPEEFRKEHFUR
BB KENK RSk ZEE. TREKERFENTRITS
BEHRIREAREXEE,

Groundwater recharge can be utilized in different geological environments
and climatic conditions. Globally applicable method.
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This process harnesses the physical, chemical, and biological interactions
that occur during the extended residence time of infiltrated water within
the aquifer, including filtration, adsorption, redox reactions, ion exchange,
and biodegradation.
ZEREZDFA T BEKERKERKEBRERENDIE, ©F
MEMIER, BETE. BK. SUERRN. BFHRMEDFER
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Goals for groundwater recharge
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Possible outcomes and problems Target
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Lack of raw water or et
wrong infiltration technique et
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@ Inadequate application of
WATER “~infiltration/recovery techniques
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’ Poor geochemical conditions of
, the aquifer or too short residence
. time of water
! Sk B B ek
o Aoy
WATER QUANTITY
KE

n
>

Photo: Turku Region Water Ltd.



Aqwfers and infilt[at on methods
= SKEE*MGFE

Basic aquifer classifications
BIKBEARDE:

1) Confined aquifer (an aquifer that occurs beneath an aquitard or poorly permeable layer which is
often referred to as a confining bed

KEEKE (RLT58 ?5‘7J<}="SZ BUHREHEZTHNEKE, ZMEERRARKE)

2) Unconfined aquifer (an a(]éufer where the uppermost water table is at atmospheric pressure)

BKEKE (REMBBTKELTRIUENTHEKE)

3) Semi-confined aquifer (m|xture of 1 and 2)

FRERKE KENERENMES)

The type of an aquifer has a major effect on the selection of the possible infiltration methods.
However, also other aqwfer properties need to be taken into consideration.

BIKBRRENIESETNENERREGERT M. A, EHFFERAMEKEREM.

These are for example: Hydraulic conductivity values (K-values) of the aquifer material, oxygen
concentration of the infiltration water and of the natural groundwater and geochemical properties of
the aquifer.

XL Iﬁ@% BIKENRISERE (KE) . BEKERABTKNERE, UEREKEHN
Ik F M

Infiltration methods Indirect methods which aim to
15 JT 7k increase the aquifer volumes /
natural yield
1) Infiltration basins IEH%JU_ ib?'—ij]ﬂ SKEEE/ X
BiEM ARG E
2) Sprinkling 6) Subsurface dams
53 378 % TN
3) Well infiltration 7) Land su\rface modifications
HisiE Hh R eE
4) (River) Bank filtration 8) Refgrestation
AR R HFEM
5) Drain / trench infiltration 9) Check dams

HEKAE/I RS & =0

“Highest infiltration rates > 4 m/day
e (— 1 ikm[year/surface area)
S E=p l?_%_l%.-_zf‘_— >4 K/K
(=1.5 FK/F/RENUEFEE)
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Artificial recharge well
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Artificial infiltration of
groundwater

AT HE T AKKNE

Application and used infiltration techniques ALWAYS depend on:
N A5 FriER AR Iig ZBUR T

- Local conditions (raw water, aquifer type)

L&KM (RK. BKEERE)

- Aim of the project concerning the needed quality and quantity
of water (drinking water / gw for agricultural use / aquifer
restoration etc.)
oiE Biry RFTRKRSKE (IRRK/R K TIK/
BIKEEESF)

- Investment budget (also inexpensive alternatives are available)

BRAME (WRFLFUEERTR)

- Production capacity aims with possible variation of production
rates / seasonal changes in production

FERE AR IR KR e B/ FE T M IR E

- Mixed aims and techniques are possible!

EEEZMBRSHEAR]




Problems and possibilities in artificial infiltration

of GW . .
ALH FKAERNEBREE

Problems will arise when there is insufficient information of the subsurface
conditions (lack of aquifer mapping / modelling)

HRZHWTHFMAEE (WEKENEHEERE) , BE5IR—RFE~A,

-> Failures in water infiltration and/or recovery

HTARNSEEFRMET

- Insufficient control of the flow paths of the infiltrated water

XHANR AR IEH A2

- Problems of the lost water, too short residence times, instable water quality

HIKFRRE. FENEEE. KRAREFAR

Possibilities when high quality aquifer mapping data and correct infiltration
techniques are available and used:

ARESREAKENEEIRI TN FISERARFMET:

*  MAR method can provide with more than 10 times bigger production rates as
compared with naturally formed groundwater without any unwanted changes
in groundwater quality. (Finnish example)
SXARHTKMELL, ATEZE (MAR) TSI =kKERAHEME, BER
KEEM TKKERNATEL (BTFFZFRH)

*  The natural groundwater conditions (hydraulic heads, spring discharge rates)
can be restored.

BEBME R R TKIE (BFEKAKKERKRE) |

*  The aquifer’s natural capability to purify water can be harnessed to be the
primary purification method for good quality drinking water.

URDPFBMEKENRARSFLEN, BEEAMRRAKNERSALTFER.

MEMTIE

TOOLS FOR THE PROJECT EXECUTION

Quantitative understanding
(Aquifer management)

EENERARKEEE)
Hydrogeochemical data A
KSHFRMALEIE Ny
Isotope data
FAREE 3

Drill hole datat=—)

Geophysical data
& wmmEsE

t? Tracer tests
RERIR L

4= Infiltrations and

3D Groundwater

EIL KR Flow Model pumpings
=4 T KRS N5 5Kk EdE
GW level &7 3D Geological information system % Sedimentological
measurements (including time related data) interpretations
SNSRI SHIREERG (A MR R

BEEES - ¢7))

Integrated approach with constantly evolving and updating 3D models
provides versatile tools for managed aquifer recharge.
BEFHEEUNETN = ERAREEMR, ASKEATHARET S
HIUBNI AR,



Managed Aquifer Recharge:
Conclusions

BKEEE KL : Fit

The method is:
ZHEEBU MRS

Cost-efficient technology even for large scale water supply

B RHAR K - AT IFR{EER

. Natural method with minor chemical use
LA FIERDRRATIE

. Easily automated and remotely controlled process
ST ah{Efnig sl

. Large sub-surface storage capacity

EXHMTEKEE

Sustainable way of managing water resources

— MRS KEREE S

e Adapting to climate change
BN SETME
. Preparing for population growth
NADIBRMUESR
. Restoring and expanding the existing aquifer capacity

REMT RIBEZKERE

Safe solution for several common challenges

—FEEN X 2T E Ik R 2R AR

. Raising or stabilizing groundwater level
REEIZEM KA

. Preventing saline intrusion or land subsidence
[ Lb # 7K AR it )0 P

. Managing stormwater runoff and floods

EEMAKERAEK

CLEAN WATER
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PARTNERSHIPS
FOR THE GOALS

Turku Region Water’s MAR system has gained

excellent Sustainability Index ratings presented
in the MAR publication by UNESCO in 2021.

BI/REEH XK 552 B] 89 MAR R G EEX &
HARICAR 2021 FRAAY (MAR TF) &

®RF T HENTHREREEIR.

https://unesdoc.unesco.org/ark:/48223/pf0000379962
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Thank you!
BHgHE

See our YouTube videos on the channel: Turun

Seudun Vesi
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