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INTRODUCTION

Water resources are vitally important for the future of humankind.

Groundwater from karst aquifers is among the most important drinking
water resource in the West Bank.

The protection of groundwater within karst aquifers to assure its quality
for potable use should be one of the Palestinians priorities.

The term ‘vulnerability’ is not restricted to groundwater but is used in a
wide sense to describe the sensitivity of whatever to any kind of stress.

The aim from this lecture is to present an integrated method that
addresses the question of groundwater vulnerability and risk in karst
environments.
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(P) — Protective Cover (I) — Infiltration Conditions

m Thickness, m Type of infiltration,

m Hydraulic Conductivity, m Flow concentration and

degree of by-passing the

m Degree of Karstification,

: rotective covet.
m Joints / faults. b




- Factor: the effectiveness of the production cover above the groundwater table.
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Fig. 42: Illustraticn of the P method: The P factor takes into account the effechiveness of the protective cover as
a function of the thickness and hydraulic properties of all the strata between the ground surface and the
groundwater suaface. The protective cover consists of up to four lavers: 1. topsoial, 2. subsoil, 3. non karst
rock. 4 unsaturated karst rock. The I factor expresses the degree to which the protectrire cover 15 bypassed
by lateral surface and subsurface flow, especially within the catchments of smking streams.




|’ Simple Flow Chart for the PI Methad
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Topsoil - T

Recharge - R

eFC [mm] upto 1 mdepth [ T Recharge| R
> 250 750 [mm/y]
> 200-250 500 0-100 1.75
> 140-200 250 >100-200 | 1.50
> 90-140 125 >200-300 | 1.25
> 50-90 50 >300-400 | 1.00
< 50 o] >400 0.75
Subsoil - S
Ty pe of subsoil (grain size distribution) S Type of subsoil (grain size distribution) S
clay 500] |very clayey sand, clayey sand, 140
loamy clay, slightly silty clay 400] [loamy silty sand
slightly sandy clay 350] [sandy silt, very loamy sand 120
silty clay, clayey silty loam 320]| |loamy sand, very silty sand 90
clayey loam 300] |slightly clayey sand, silty sand, 75
very silty clay, sandy clay 270| |sandy clayey gravel
very loamy silt 250] |slightly loamy sand, sandy silty gravel 60
slightly clayey loam, clayey silty loam 240| |slightly silty sand, slightly silty sand with gravel | 50
very clayey silt, silty loam 220]| |sand 25
very sandy clay, sandy silty loam, 200| [sand with gravel, sandy gravel 10
slightly sandy loam, loamy silt, clayey silt gravel, gravel with breccia =)
sandy loam, slightly loamy silt 180 ] |non-lithified volcanic material (pyroklastica) 200
slightly clayey silt, sandy loamy silt, silt, |[160| [peat 400
very sandy loam sapropel 300
Lithology - L Fracturing - F
Lithology L Fracturing F
claystone, slate, 20 non-jointed 25.0
marl, siltstone slightly jointed 4.0
sandstone, quarzite, 15 | |moderately jointed, slightly karstified 1.0
volcanic rock or karst features completely sealed
plutonite, metamorphite moderately karstic or karst 0.5
porous sandstone, 10 | |features mostly sealed
porous volcanic rock (e.g. tuff) strongly fractured or strongly 0.3
conglomerate, breccia, 5 karstified and not sealed
limestone, dolomitic rock, Epikarst strongly developed, not sealed| 0.0
gypsum rock not known 1.0
Thickness of each Bedrock - B Artesian pressure A
stratumin[m] - M B=L-F 1500 points
Total protective o -
function Prs F}S_[T+[;S, M,+;B, MJ.H.R+A
score Prg effectiveness P-factor example
of protective cover
0-10 very low 1 0-2 m gravel
>10-100 low 2 1-10 m sand with gravel
>100-1000 medium 3 2-20 m slightly silty sand
>1000-10000 high 4 2-20 m clay
>10000 very high 5 > 20 m clay

P-l%lap




Top Soil — (T-Factor)

N ods
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Soil type Measured / Estimated FC  Weighted Value
(mm/m) (T)

Terra Rossa, Brown Rendzinas and Pale Rendzinas 446 750
Brown Rendzinas and Pale Rendzinas 334 750
Grumusols 460 750
Brown Lithosols and Loessial Serozems 90-140 125
Brown Lithosols and Loessial Arid Brown Soil 140-200 250
Loessial Serozems 140-200 250




Sub-soil (S-Factotr)
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Soil type Sub-soil type Weighted Value

©)
Terra Rossa, Brown Rendzinas and Pale Rendzinas Clay 500
Brown Rendzinas and Pale Rendzinas Clayey loam 300
Grumusols Clay 500
Brown Lithosols and Loessial Serozems Slightly clayey sand 75
Brown Lithosols and Loessial Arid Brown Soil Loamy 250
Loessial Serozems Slightly clay 320
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Period Age Graphic Typical Lithology (Wast Bamnk 5 Group Symiood (lsrasl H Thickress
Log [Terminology) Formation Terminology) | Srat (rm)
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Campan Main Chert P ate Wadli Al-Gilt Ks-ag Group -
g Aguiciude
lancian Chalk and Ghart Abu Dis Ks-~ad 0 - 450
- | White Limestone stilolghes ] | Mopes = Hc-ju al
Turonian Jeresalem Kz Hc-i irea 40 - 190
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=1 Dolomite, soft Upper Hic-ba Waradim Uppear
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Marky Limestone and Limestone Ein Qinya . Ka-aq Ein Qinya Local Aquifer | s5
Shale Tarmimiun K-t Tem n o 300+
Agptian Shale and Limastone Ein Al-Assad Ka-ea 20+
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Meacomian Rama K-t =] T+
Volcanics Tayasic K-t a5
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Lithology ardFracturing
(L & F — Factotrs)
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Lithology Lithology Value Fracturing Value

(L) (F)

Nari (surface crust) and alluvium gravels and fan deposits 5 4

Conglomerates, marl, chalk, clay and limestone 5 20

Reefal limestone, Nummulitic limestone and chalk 0.5

, chalk and chert 25

White limestone, stilolithes dolomite and thin bedded limestone 0.5

Karstic dolomite, dolomite, chalky limestone 0.3

Limestone and dolostone, chalk 0.5

Reefal limestone, karstic limestone, dolomite, dolomite limestone 0.3




B Groundvater Recharge — (R-Factor)

m  When the geological formations that form the main aquifers are
outcropping, the following Rainfall-Recharge equations were

applied.

R=0.6 (P — 285) P > 700 mm

R=0.46 (P - 159) 700 mm > P >456 mm
R=0.3 (P) 456 mm > P

where:
R = Recharge from rainfall in mm/yr

P = Annual rainfall in mm/yr.
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Grourdwater Recharge — (R-Factor)

Kilometers

LEGEND:

Mean annual rainfall Recharge R value
(mm) (mm/yr)
200 - 250 60— 75 1.75
250 - 300 75-90 1.75
300 - 350 90 - 100 1.75
350 - 400 105 - 120 1.5
400 - 450 120 - 135 1.5
450-500 135 - 157 1.5
500-550 157 - 180 1.5
550-600 180 — 200 1.5
600-700 200 - 250 1.25
700-1000 250 - 430 1.00




P-Map

m  [inally, P-map was prepared based on COST 620 mathematical

equations as shown below.

m The value P was calculated for each cell by using the previous
described parameters maps, Hence, P-map is grid map with cell
size (20m X 20m) where each has its own P.¢. According to the
adapted P classification, It was found that about 5 km? (0.6% of
total area) is classified as moderate protective, and 637 km?

(76.7% of total area) is high protective whereas 189 km? (22.7% of
total area) is very high protective areas.
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1st Step: Determination of the dominant flow process

Depth to low permeability layer
< 30 cm 30-100 cm > 100 cm
Saturated ) o Type D Type C Type A
hydraulic > 10°-10™ Type B
conductivity> 10°-107 Type E
[m/s] <10° Type F
2nd Step: Determination of the I'-factor
Forest
dominant flow Slope
process <3.5% 3.5-27 % > 27 %
infiltration | Type A 1.0 1.0 1.0
subsurface| Type B 1.0 0.8 0.6
flow Type C 1.0 0.6 0.6
surface Type D 0.8 0.6 0.4
flow Type E 1R 0.6 0.4
Type F 0.8 0.4 0.2
Field/Meadow/Pature
dominant flow Slope
process <35% 35-27% > 27 %
infiltration | Type A 1.0 1.0 0.8
subsurface | Type B 1.0 0.6 0.4
flow Type C 1.0 0.4 0.2
surface |Type D 0.6 0.4 0.2
flow Type E 0.8 0.4 02
Type F 0.6 0.2 0.0
34 Step: Determination of the I-factor
Surface Catchment Map I' factor
00]0.2/04]106]08]1.0
a |swallow hole, sinking stream and 10 m buffer 0.0]00]00]10.0]0.0]0.0
b 1100 m buffer on both sides of sinking stream 0.0/02]04]06]108]1.0
¢ Jcatchment of sinking stream 0.2]04]06]108]11.0]1.0
d |area discharging inside karst area 041]06]08]11.01]1.0]1.0
e |area discharging out of the karst area 1.0]10110]1011.0]11.0
+
I-map




I Determination of Dominant Flow

m The dominant flow process 1s assessed on the basis of the top soil
permeability and the presence of low permeable layers.

1st Step: Determination of the dominant flow process
Depth to low permeability layer

Saturated > 10"
hydraulic > 10°-10"

conductivity> 10°-10° Type E
mls <10° Type F




ﬂ Determination of Dominant Flow

m The dominant flow process 1s assessed on the basis of the top soil
permeability and the presence of low permeable layers.

Type A - Infiltration and subsequent percolation.

Type B — Fast subsurface storm flow.

Type C — Very fast subsurface flow.

Type D — Saturated surface flow.

Type E — Hortonian surface flow rarely (only during storm rainfall).

Type F — Hortonian surface flow frequently (also during low intensive
precipitation).




Determination of Dominant Flow

Soil Type

Terra Rossa, Brown Rendzinas and Pale Rendzinas
Brown Rendzinas and Pale Rendzinas

Grumusols

Brown Lithosols and Loessial Serozems

Brown Lithosols and Loessial Arid Brown Soil
Loessial Serozems
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Infiltration and Subsequent Percolations
Hortonian Surface Flow
Saturated Surface Flow
Saturated Surface Flow
Saturated Surface Flow
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Determination of I’ Factor

2nd Step: Determination of the I'-factor

Forest

dominant flow
process

<35 %

Slope

3.9 -27 %

infiltration

Type A

1.0

1.0

subsurface
flow

Type B

1.0

0.8

Type C

1.0

0.6

surface
flow

Type D

0.8

0.6

Type E

1.0

0.6

Type F

0.8

0.4

Field/Meadow/Pature

dominant flow
process

< 3.5 %

Slope

3.9-27%

infiltration

Type A

1.0

1.0

subsurface
flow

Type B

1.0

0.6

Type C

1.0

0.4

surface
flow

Type D

0.6
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LardUse Map

LamdUse Map

Kilometers

landuse:

[ Field Crops
I "atural Forest
140 B Clives

[ Orchards
[] Planted Forest
[ Sandy Soil
[ Shrublands

) F Ramallahdistrict.shp /

o 150 155 160 165 170 175 180 185 N\ /‘% L&/*WD

= "K = BIRZEIT UNIVERSITY

160 160

PI- LU Map
0 5 10
Kilometers
140 140
LEGEND:
Land Use:
I FieldMeadow/Paturs
[ Forest

/ \D Ramallah District j




Dominant Flow Type

Forests Type A
Type D
Type F

Dominant Flow Type
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Surface Catchment Map
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I' Factor

Surface Catchment Map 0.4 0.6

10 m buffer on both sides of sinking wadis . . 0.0 0.0
100 m buffer on both sides of sinking wadis . . 0.4 0.6
Catchment of sinking wadis : : 0.6 0.8




ﬂ Determination of Dominant Flow

m The dominant flow process 1s assessed on the basis of the top soil
permeability and the presence of low permeable layers.

Type A - Infiltration and subsequent percolation.

Type B — Fast subsurface storm flow.

Type C — Very fast subsurface flow.

Type D — Saturated surface flow.

Type E — Hortonian surface flow rarely (only during storm rainfall).

Type F — Hortonian surface flow frequently (also during low intensive
precipitation).




|

m The vulnerability map shows the intrinsic vulnerability and the
natural protection of the uppermost aquifer. The map shows the
spatial distribution of the protection factor n, which 1s obtained by
multiplying the P and I factors:

n=P"1

m The areas on each of the three maps are assigned to one of five
classes, symbolized by five colors: from red for high risk to blue
for low risk. Consequently, one legend can be used for all three
maps.




Vulnerability Map I—Alap
(Vulnerability of GW) (Protection Cover) (Degree of Byvpassing)
Description - factor Description P — factor Description I - factor
Extreme 0-1 Verv low 1 Verv high 00-02
High =1-2 Low High 0.4
Yellow Moderate Moderate Moderate 0.6
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m From the final PI-map, 5% of the study area (41.6 km?) is
classified as extreme, 41% (340.7 km?) as high, 31% (257.6 km?)
as moderate, 18% (149.6 km?) as low and 5% (41.6 km?) as very

low. Hence, Ramallah-Al Bireh district 1s classified as high-to-
moderate vulnerable.
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