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GEOLOGIA DE LA PALMA
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Agrario Recreativo Urbano Turistico Industrial
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AGUAS SUBTERRANEAS
EN LA ISLA DE LA PALMA

Javier Pefia Garcia
Gerente del Consejo Insular
de Aguas de La Palma

Elzbieta Skupien Balon
Dra. Ingeniera de Minas, Colegiada 395
Méster en Prevenci6n de Riesgos Laborales

SANTA CRUZ DE LA PALMA, JULIO DE 2025

DEMARCACION HIDROGRAFICA DE LA PALMA

» La Demarcacién Hidrogréfica de La Palmai comprende e
territorio de la cuenca hidrogréfica de la isla de La Palma, asf
comolas aguas de transicién y costeras asaciadas.

Se encuentra situada al Noroeste del Archipiélago2, entre los
paralelos 28° 52’y 26° 26' de latitud Norte y los meridianos 18°
01"y 17° 42' de longitud Oeste3, constituyendo la Isla la
parte emergida de un edificio volcanico ocednico cuya base
submarina se apoya sobre la llanura abisal atléntica, a unos
4.000 m de profundidad, y con alttudes que superan los 2.000
m, alcanzando su méxima altura en el Rogue de Los
Muchachos (2.426 m)

LaIsla, con una extension de 707 km2 y 155 km de costa, tiene
més de la mitad de su territorio ambientalmente protegido.
Tiene una poblacién residente de 85.933 habitantes, con un
grado de presién sobre el terrtorio (269 hab/kmz) inferior al
soportado en otras islas del Archipiélago.

Los conocimientos sobre la  Geologia, Hidrologia,
Geomorfologia, Edafologia, Vegetacion, Fauna, Clima, e
Hidrologia subterrénea se pueden ampliar en el Plan
Hidrolégicovigente.

Fuente: htps Hapaimasguas com

INVENTARIO DE CAPTACIONES

w
Moranti | 161"

[

|
o |

Fuente: hips /lapaimasguas com

Fuente: Poncela et al (2022)

GESTION DE AGUA
SUBTERRANEA EN EL CONSEJO
INSULAR DE AGUAS DE LA PALMA

CONTROL DE
CALIDAD DE

CONTROL DE
CANTIDAD DE

AGUA

- 74

CONSEJO
INSULAR

DE AGUAS
DE LA PALMA

iNDICE

0

e '}
1.- Introduccion
2.- Gestion de aguaen L
2.1.- Cantidad del a
2.2.- Balance hidrico
2.2.- Calidad del
3.- Slstema.dt‘a moj

GEOLOGIA DE LA PALMA

5)y Poncela et al (2022)

UBICACION DE MASAS DE AGUAS SUBTERRANEAS

LPoot  LP002

ES7: Insular - vertientes
| | ES70LP0O0Z: Costero
‘ ES70LP003: Complejo basal
ES70LP004: Dorsal sur
- ES7: Valle de Aridane - Tazacorte

Fusente: Plan Hidr moria, 2024)

de la Demarcacion Hidrografica de La Paima

CANTIDAD DE AGUA




VARIABLES CLIMATICAS QUE INTERVIENEN EN EL
BALANCE HIDRICO INSULAR

PRECIPITACION MEDIA ANUAL =(628,8 mm/a

432,9 hm%a

s

cars cnuz ETP ETR i le
AN (mm/a) | (mm/a) | (me)
LPOO1 326,25 7280 11246 | 3335 714 3231
LP002 178,00 547,2 1127,0 | 3118 315 203,9
LPOO4 163,00 562,6 11583 | 3172 356 209,8
LPOOS 21,25 296,5 1157,6 | 2400 0,0 56,5
Total 688,50 628,8 11342 | 3212 50,4 257,2

Fuente: Plan Hidrolégico de la Demarcacién Hidrografica de La
Paima (Wemoria, 2024)

VARIABLES CLIMATICAS QUE INTERVIENEN EN EL
BALANCE HIDRICO INSULAR

ETP=[1134,2 mm/a ETR =[21,2 mm/a |

221,1 hm*/a|

Tasa
recarga
%

Superficie
3 e | emo e | e
ETP (mm) permesble | (mm/a)  (mm/a) | (mm/) (/) | (mm/a)

[O>1500 o 32625

[ 1.400- 1.500 A LPo02 178,00 saz2 270 sus 315 | 2039 | 373 | 363

[ 130- 1400 LP004 163,00 se26  fuss3 | 3wz || 356 | 2098 | 373 | 342

[ .200- 1300 LP00S 21,25 2965 fusze| 20000 00 | ses | 191 | 12
Total 688,50 688 Ju2 | 3212 | soa | 572 | 409 | w1

[l 1100- 1200

[l 1000- 1100

1000

Fuente: Plan Hidrolégico de la Demarcacién Hidrografica de La
Paima (Wemoria, 2024)

Precipitacion

BALANCE HIDRICO INSULAR

|
Esrron -t veienes |0
ey o ; |
oo oot | oon o 0 o C|
T il e A &Y infittracionsretorno %
70 Ve de o o o B B 88,6 hmia
ToTaL 7 26 £ 57 |

Fuente: Plan Hidrolégico de fa Demarcacién
Hidrogréfica de La Paim (Memoria, 2024)

RECURSOS HiDRICOS

TOTAL = 50,1 hm¥ANO

0,0 2,2 (X}
Agua Agua Agua Agua Agua
desallnizada  subterranea  superficial  desalada regenerada

AGUA SUBTERRANEA = 45,7 hm3/aiio

POZ0S= 7,9 hm3/aiio GALERIAS=32,6 hm3/aiioc NACIENTES= 5,3 hm3/aiio

Fuente. £ del Pl dela La 2024)

CALIDAD DE AGUAS SUBTERRANEAS

VARIABLES CLIMATICAS QUE INTERVIENEN EN EL
BALANCE HIDRICO INSULAR

ETP=[1134,2 mm/a ETR =[21,2 mm/a |

221,1 hm°/a

——

Superficle

permeable
km?

[ P [ eR s
(mm/a)  (mm/a) | (mm/a) (mm/a)

LPoOL 32625 7280 Q11246 | 3335 | 714 | 3231 | as4 | 1054
LPo02 178,00 sa72 fu270 | sus 315 | 2039 | 373 | 363
LPo04. 163,00 se26  f11583 | 3172 | 356 | 2098 | 373 | 342
LPO0S. 21,25 2965 f1157.6 [ 2000 00 | 565 | 191 12

Total 688,50 6288 1342 | 3212 | s0a | 2572 | a09 | 1771

Fuente: Plan Hidrolégico de la Demarcacién Hidrografica de La
Paima (Wemoria, 2024)

VARIABLES CLIMATICAS QUE INTERVIENEN EN EL
BALANCE HIDRICO INSULAR

ETP=[1134,2 mm/a ETR =[21,2 mm/a |

221,1 hm°/a

Shalee ® e | ER o Es
s (mm/a)  (mm/a) | (mm/a) (mm/a)

32625 11246 | 3335 | 714 | 3231 | 444 | 1054
LPo02 178,00 sa72 fu270 | sus 315 | 2039 | 373 | 363
LPo04. 163,00 se26  f11583 | 3172 | 356 | 2098 | 373 | 342
LPO0S. 21,25 2965 f1157.6 [ 2000 00 | 565 | 191 12
Total 688,50 6288 1342 | 3212 | s0a | 2572 | a09 | 1771

Fuente: Plan Hidrolégico de la Demarcacién Hidrografica de La
Paima (Wemoria, 2024)

BALANCE HIiDRICO INSULAR
D AAPORTACIONES AL SISTEMA

SALIDAS DEL SISTEMA

RECURSOS HIDRICOS

USOS DEL AGUA

PASOS DEL BALANCE

RETORNOS DE USOS Y CONSUMOS

INCREMENTO RESERVAS ACUIFERO

DS

Fusente: Plan Hidrolégico de la Demarcacién
Hrografica de La Paima (Memoria, 2024)

USOS DEL AGUA

Turistico Industrial

Fuente: Elaborado a partr del Plan Hidrolégico de la Demarcacien Hidrografica e La Paima (Memora, 2024)

DAGRAYA DE PPER

Fuente: Elaborado a part del Plan Hilrologico de I . 2024)



MONITORIZACION DE AGUAS
SUBTERRANEAS

MONITORIZACION DEL AMBIENTE DE LAS
GALERIAS

[ — perfl de gas CO, ena Boca Este:

- junio 20 —octibre ) —-enew20

Fuente: Figura elaborada por Francisco Martin (Marf, 2025)

Fuente: Documentod dad y Salud del Tinel de Tr

e (Skupien, 2025) Fuenie: Documento de Seguridad y Salud del Tinelde Trasvase (Skupien 2025)

GRACIAS POR SU ATENCION




Hydrogeological Characteristics and
Groundwater Management System of Jeju Island

Contents

Geology-and-Hydiegeology—
01. Introduction to Jeju Island
02. Geology of Jeju Island

03. Hydrogeology of Jeju Island

Groundwater Management

ChangSeong Koh 04, Groundwater Development & Use

(Jeju Groundwater Research Center)
Jeju-Research Institute

05. Groundwater Management System

I:ll Location and Main Statistics, Jeju Island

] Jeju Island is located between the Korean Peninsula, China and Japan. The island is a composite
volcanic structure rising 1,950 m above sea level

] The total area is 1,850 ki, population is 666 thousand people (2025), visitors are 12 Million People
(2024), and Gross Regional Domestic Product is $ 21 Billion (equivalent to about $31,200 per
person) (2023).

[ The industrial structure of Jeju Island is 12% for agriculture, forestry and fishing, 3% for

manufacturing, 72% for service (tourism), and 13% for construction.

[Eadd]

Jeju Island

I:E Jejulsland is a Treasure Island

(W] UNESCO designated Jeju Island as a Biosphere Reserves (2002), World Natural Heritage Site (2007)
and Global Geopark (2010).

(] In addition, Jeju Female Dlvers mscrlbed as a cultural heritage (2016).

g G Jeju

Ve Tedaod and Lovs i
bl i

Biosphere Reserve World Natural Heritage Global Geopark Intangible Cultural Heritage




Young Volcanic Island

(] Jeju Island is formed by volcanic activity from 1.9 Ma to 1,000 years ago. The formation age of this
island is very young. Volcanic rocks cover 98% of the total area of the island while sediments cover
the remaining 2% (28 k).

[ Volcanic rocks can be divided into two groups: Alkali basalt group and trachyte group. The
sedimentary rocks consist of tuff, marine deposits, interbedded sediments with volcanic rocks,
recent sediments, and sand dunes.

(W] In addition, about 400 cinder cones are composed of scoria.

e

Subsurface Geologic Structure

(W] The subsurface of Jeju Island is composed of volcanic rocks, Seogwipo F i UF
(granite, welded tuff). The Volcano is about 2

( muddy sand deposits), and

km thick (above sea level 1,950 m and below sea level 150 m), which is only 20% of the thickness of

Mauna Kea Volcano in Hawaii.
W] The ipo F ion|({

and plays a role as a key-bed. Its subsurface depth varies by region.

beneath the volcanic rock

ly marine ) is broadly di
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W] About 400 small volcanic cones on Jeju known as 'Oreum' that are mostly cinder cones or scoria

cones of p
[m] However, tuff cones and tuff rings also occur and consist of i or
tephra of poor permeability. Tuff is mostly found in coastal areas and tuff deposits act on a

barrier under

y

consolidate

e

Rainfall increase with the altitude (100m)

Sometars

(] Jeju Island has one of the highest rainy area in Korea. The average annual rainfalls
(1998~) is about 2,000 mm in Jeju island and it increased with altitude.

[w] The average annual rainfalls in the coastal region ranges from 1,100~1,900 mm, in middle altitude
area ranges from about2,500~2,700 mm and, in mountainous area ranges from 4,500~6,500 mm.

[w] However, there was very large fluctuations of precipitation every year. Since 1985, the frequency of
droughts and heavy rains tend to be more frequent.

Outcrop by Rock Types

Trachyte

Basalt

Subsurface Geology

[ Volcanicrocks consist of p d Aa lava flows. A dingto drilled core, p
thin bedded (0.5~5 m) with joints, vesicles, cracks, and lava tubes.

[®] Aa lava thickness ranges from 5~15 m with clinker, massive core and vertical joints. Clinker layers
with an average thickness of 3~5 mare developed on the top and bottom of Aa lava.

[ In addition, sediment deposits between the lava flows, with an average 2~3 m.

o Formation

Stream Flows

Normally Heavy Rainy

W] Most of the stream development on the north-south slopes and east-west slope is a poor, stream

length is short and slopes are steep therefore runoff time is short too.
@] Because of composition of high permeable volcanic rocks in Jeju Island, there is no permanent

stream flow. The stream flow only occurs when rainfalls over 50 mm per day.



m Water Balance & Sustainable Yield

m Groundwater Occurrence

Total Rainfall Evapotranspiration Jeju groundwater can be classified into Basal g Parabasal g and High-level
40d6Mllonrly 44,457 1'308(;‘2"::..7;‘ mly groundwater based on geologi , gl level vertical
- 3%

g

(40.7% of Groundwate’ Groundwater

(Aquifers)
(Unit: Million mily)
1993 2003 2013 2018 2023
Total Precipitation by Vol
(st avarmgeprecioraonm | 3388(100%) | 3427(100%) | 3769(100%) | 3952(100%) | 4046(100%)
Direct Runoff 638(19%) 708(20.7%) 833221%) | 970(24.5%) 980(24.2%)
irat 1138(33.2%) | 1,260(33.4%) 1,308(32.3%)
Groundwater Recharge

(] Average residence time of Jeju groundwater is about 22 years. In certain areas of the western
region, however, 50-years or older groundwater has been found.

(W] Average age of groundwater greatly differs by region: Western region-30 years, Northen region-

21 years, Eastern region-19 years, and Southernregion-13 years.

Groundwater flow velocity also varies by region. Some location have groundwater flow velocity
about 70 miyear while other locations up to 1,500 m/year(; ge : 475mlyear).

Groundwater Quality

m Groundwater Flow Direction

@] As a result of

quality changes, hy

ic slope, and water quality properties, etc.

.

SRS

annss

the dit of g flow using level data, the
di 1th. i

gl mainly flows

rth. h

and

[ In contrast, the groundwater flow heading east and west was relatively small.

®] Jeju ground water quality is excellent with generally low mineral content and an average

of 14.3°C. Total di: solids is less than 100 mg/€ on average and pH is 7.3 on

average.

Jeju ground water can be categorized into three types by chemical characteristics. Since basal
aquifer water is influenced by salt water, it is dominated by the presence of sodium chloride.
Water in parabasal and high level aquifers unaffected by salt water has the magnesium/calcium

bicarbonate type and is the greatest resource of the Jeju island. Ground water affected by
agriculture and animal feed lots have increased the levels of sodium, sulfate, and nitrate.

There are 646 springs in Jeju Island, with an average daily discharge of 1 million n'. Itis
located on the south and north slopes and on the coast.

Springs was used as a drinking water source for residents before development of
groundwater wells and are still used for a public water supply.

However, spring discharges tend to decrease due to g d well d I

and land use changes.

m History of Water Development

Spring Water &
Rainwater Use
(Before 1960)
Women carried water every day First groundwater well was developed Regional water supply system
using water jar and washed clothes  in 1961. Since the 1970s, springs and was constructed for Water
in the spring. wells have been developed as public Supply throughout Jeju Island
water sources. from 1995 to 2010.

e




Water Use

[®] The total daily water consumption in Jeju Island is 1,005 K . Of these, 97% are groundwater and
spring water. Rainwater is used only 3%.

] Jeju Island relies on groundwater for not only drinking water but also agricultural water.

Whole Island Water Use . .
819 K ni/d( 299 Million ni/y) .

70%
4,750 wells,
702 K ni/d

Springwater  Rainwater  Others

Groundwater

Groundwater Wells and Permit

[w] Agricultural wells accountfor 67% of total wells and 57% of pumping permits.

(unit: well, 103 mi/d)

|
Classification | Total Domestics ' Agricultural | Industrial B\:l?:::j

e 4,507 1311 3,061 124 1
©0-CTWEIS  (100.0%) (29.1%) | (67.9%) (2.8%) (0.2%)
total
Authorized 1,516 659 836 17 5
amount (100.0%) (43.4%) (55.1%) (1.1%) (0.3%)
1,435 480 940 5 10
No.ofwells  (1600%)  (33.4%) | (65.5%) | (0.3%) (0.7%)
public
Authorized 1,260 561 693 19 46
amount (100.0%) (44.5%) (55.0%) 0.2%) (0.4%)
No. of wells 3,072 831 2,308 145 1
(100.0%) 27.1%) (47.9%) (3.0%) (0.02%)
private
Authorized 256 98 142 15 0.1
amount (100.0%) (38.3%) (55.6%) (6.0%) (0.01%)
% Saline wells and itori excluded
Bottled Water Business
(W Jeju D F Corporation was d by Jeju Provincial Government(1995)

= Started "Jeju Samdasoo" bottled water business since 1998
(8] Jeju Samdasoois Korea's leading bottled water brand
= Annual sales of 942,000 i’ of bottled water, sales of $ 251 million

[®] 50% of profits from bottled water sales are returned to the local community

= Support for g p i conservation, housing,and start-ups
= Ongoing partnership with UNESCO Paris HQ, donating $84,000 annually for hydrogeological surveys in
developing countries
I oo
Pt

Groundwater Management Principles

In Jeju Island, groundwater is not just water but life water for people and the unique subsurface
resource. Therefore, Jeju Provincial Government has established and implemented the

following principles for ing gr r as inable resources.

] are ged as public

on Jeju Island.

[®] It is managed scientifically through hydrogeological survey and research on groundwater
systems.

] The dependency on groundwater is reduced through integrated management of all water

resources in Jeju Island.

Groundwater Well Distribution

® 4,508 wells, Authorized permit amount 1.5 Million m'/d (2024)

@ Public well (1,435)
@ Private well (3,073)

Rain Water Use

[W] Rainwater use facilities : Total 1,129 places, Storage capacity 6,191 K m'/d
- 4 reservoirs, 30 golf course reservoirs, 1,076 for agriculture, 19 for domestics

[ Rainwater Usage : annually 9,177 K m'ly, average daily 25 K m*/d (0.4% of facility Capacity)
7,037 K m’ of golf course — 51% of total golf course water use(13,797 K nrly)

[W Financial supportfor the ion of i facilities

Jeju Provincial Government provides 70% of the total construction cost

Rainwater Harvesting in Greenhouse

Major Groundwater Management System

Jeju Island relies on groundwater for all water use. Thus, the Jeju Provincial Government has
enacted a special law in 1991 to sy lly manage gr . The main provisions of
the Groundwater Management Act are as follows.

= All groundwater well development & use permit( new and renewal permit )

= All groundwater user have to pay a fee with groundwater pumped

= Bottled water production well is permitted only public corporation (private company is prohibited)

= All groundwater user have to submit an impact assessment report when applying for permission

= Designated as a special area for ble use of ground

= Designated as a groundwater conservation areas (1-4 level according to contamination vulnerability)
* Designation of ref water level monitoring wells for reducing ground pumped
= Prohibit underground injection of p ial ground i

= Groundwater artificial recharge facility standards for construction
* Mandatory rainwater user designation and establishment of facility standards
= Restriction on the supply and use of pesticides to prevent potential groundwater contamination

= Groundwater well develop and pump i dard:
* Ground pl y 10 years and 5 years revised)
* Ground special

= Operate groundwater monitoring network system

= Designate groundwater resources as conservation resources and restrict export to inland areas



Groundwater Well Development Permit

[w] Well development is permitted by the governor butshould be
declared in times of national crisis(war, etc).
W] Renewal permit for all groundwater wells
= Bottled water wells : every 2 years
= Domestic wells : every 3 years

= Agri ingwells : every 5 years
=] Limitonp for D
= Within 10 m radius from sewer pipes line etc.
= Within 50 m radius from livestock wastewater and spring

”
d.
N
»
<
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= Areas withina 250 m radius from current production well,
within 2 m from property boundary

O] well I pervision system
= Development or sealing of all groundwater wells should be
supervised by engineering experts
= When the constructionis completed, the supervision

completion report should be submitted

Operation of Reference Monitoring Wells

5 o
& 200
Rainfall
z
z = 400 3
a4 =
= w0 =
H E
g
: = 00
2 100
200-01 200501 200701 20000 20000 201301 200501 20701 201901
O] i of 61 water level wells to prevent excessive decline of groundwater

levels and seawater il
[®] Progressive actions
= 1st stage(Groundwater level decline caution)
w Inform the public about the decline of groundwater levels and need for water conservation
= 2nd Stage(Groundwater level decline alert)
= Reduce groundwater use by 10%
= 3rd Stage (mandatory conservation)
= Reduce groundwater use by 30%

Based on the

water level, progressive actions can be taken.

Special Accounting for Groundwater Management

[®] Collect funds for the development, use, conservation, and management of groundwater, special
gl account was
[®] Income
= Fees for Groundwater use, general and other special accounting, and penalty
[=] Expenditure
= studies, i Water
system i ion etc.

Plan, Sealing of Groundwater Wells,

Real-Time Groundwater Monitoring

Water Level Monitoring Groundwater Usage Monitoring

[®] Monitoring wells on Jeju Island can be categorized into five types: water levels, seawater
intrusion(deep monitoring), water quality, groundwater pumped, and stream flow gauging (about
1,500 wells(sites) are in operation).

[ In terms of monitoring types, water level for 153, deep
usage 1,095, groundwater quality 152, and stream flow 36.

ing wells 53, gi

[®] The data from each well are transmitted to the office through a CDMA wireless network. The monthly
charge for the service is about $ 10 per well.

Groundwater Management Area

Mt. Halla

) % A

© Groundwater well
Groundwater management area

[®] TargetArea
= Areas where groundwater levels decline oris likely to decline severely
= Area where seawater intrusion may occur or where CI exceeds the Drinking Water Quality

Standard
= Areas that need to restrict the
[ Designation procedure
= Draft zoning(Governor) = Deliberation and consentby Jeju Provincial Government Council
= Review of extension period (every 5 years)
[® Designated and Announced: 2003. 6. 25
= Areas : 632.2 km? (6 Districts)

for future water demand

and use of g

Rainwater Use

[®] Target
= More than 60,000 m? golf course, more than 100,000 m? hot spring complex
= Resort using more than 5,000’ of water per day
[=] Base amount of monthly rainwater use
= Golf course : more than 40% of total water use
= Tourism Complex : more than 10% of total water use
[®] Golf course Rainwater Use
= Approximately 6,000 to 7,000 K of rainwater are used annually, accounting forabout50 ~ 60%
of the total water ptioni ingg
X Rainwater use in the golf course is affected by rainfall

Special Accounting for Groundwater Management

[®] Collect funds for the development, use, conservation, and management of groundwater, special
gl account was
[®] Income
= Fees for Groundwater use, general and other special accounting, and penalty
[=] Expenditure
= studies, i Water
system i ion etc.

Plan, Sealing of Groundwater Wells,

Operation of Stream Flow Gage

[ Even though surface water discharge data are
essential for the water-budget analysis, no data were
available until 1996.

[W] The Jeju government realized that the measurement of
surface water was needed for proper analysis water
budget. Since 1997, surface water has been monitored
at 30 sites.




