7. Greuhdwater Simulation
7.1 Objectives of Groundwater Simulation

The objectives of the groundwater simulation in the Second Investigation in Jordan are as
follows:

a. Establishment of a Simulation Model through the Reappearance Simulation of the

Present Condition Based on the Hydrogeological Model and Water Balance
Calculation Results.

b. Re-assessment of the Groundwater Flow Amount of the Zerga Group aquifer in

the Study Area through the Reappearance Simulation.

¢. Ewvaluation of the Maximum Brackish Groundwater Potential, i.e. Total Flow

Amount of Brackish Groundwater of the Zerqa Group Aquifer in the Study Area.

d. Simulation of Future Groundwater Status (drawdown) Based on the Tentative

Alternatives of Brackish Groundwater Development.

e. Preliminary Evaluation of Brackish Groundwater Potential Based on the results of
“d”.

£ Groundwater Quality Change
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7.2 Work Procedure and Simulation Program

(1) Work Procedure

The procedure of the groundwater simulation is described as follows:

Step 1 . Modeling for Simulation
- Establishment of Grid System

- Input of Elevation Data of the Strata (aquifer and aquitard)

- Set-up the Boundary Condition (head constant, flow constant)

- Input of Recharge Flow into the Aquifers

- Input of the Initial Groundwater Table (Piezometric Potential)

- Input of the Initial Hydraulic Parameters (Hydraulic Conductance, Leakage

Factor, Storage Coefficient)

ep 2 : Reappearance Simulation of Present Condition
- Reappearance of the Present Groundwater Table (Piezometric Surface)
- Re-assessment of the Present Brackish Groundwater Flow Amount
- Evaluation of the Maximum Brackish Groundwater Potential through the Re-

assessment Mentioned above

Step 3 . Simulation of Future Groundwater Status

- Establishment of the Tentative Brackish Groundwater Development Alternatives
(Location, Development Amount, Development Stage, etc.)
- Drawdown Influence Evaluation of Each Alternative (both Zerqa aquifer and

Kurnub aquifer)

Step 4 . Bvaluation of the Brackish Groundwater Potential

- Lvaluation of the Safe and Maximum Brackish Groundwater Development

Amount Based on the Results of Step 3

Flow of the Simulation work is also shown in Fig. 1-7.2.1 as a flow chart,
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Fig. 1-7.2.1  Flow Chart of the Simulation Work
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(2) Selection of Simulation Program

Many groundwater simulation programs have been studied and published and they can be

classified as shown in Table I-7.2.1.

Table I-7.2.1 Classification of the Simulation Program

Program Characteristics Field of Application
Classification
Plain Two- - To analyze wide-area groundwater | Used for many fields treating
Dimensional seepage in plain model wide-area groundwater seepage
Program - Easy for data processing
- Not to be used for multiple layer
models
Sectional Two- |- To analyze the groundwater Used for seepage analysis on
Dimensional seepage in a sectional model dam, embankment, etc.
Program - Relatively easy for data processing

- Not to be applied for the wide-
area groundwater seepage model

Quasi-three- - To analyze the groundwater Used for many fields treating
Dimensional seepage in a quasi-three- wide-area groundwater seepage
Program dimensional model

- Relatively easy for data processing

- To be applied for multi layer
model considering the vertical
hydraulic connection

Three - To analyze the groundwater Used for limited fields, such as

Dimensional seepage in-a complete three- scientific study, atomic power
dimensional model plant site, etc. Not to be applied

Program - Can be used for every case of for practical engineering field
model '

- Much data needed for modelling
- Difficult for data processing
- _Long time needed for calculation

Based on Table 1-7.2.1, it is judged that the most suitable program for the Study is the
quasi-three-dimensional program, because the wide-area groundwater seepage will have to be
examined for the evaluation of the brackish groundwater potential in the Study Area.

The MODFLOW program which can analyze vertical seepage flow has been selected for
the Study from the many available quasi-three-dimensional programs because the seepage flow
between the Zerqa Group aquifer and the Kurnub Sandstone aquifer cannot be neglected for the

evaluation of the brackish groundwater potential,
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MODFLOW was developed by McDonald and Harbaugh in 1988 and has been épplied in

various fields treating groundwater seepage around the world.
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7.3 Modelling for Simulation

(1) Simulation Model

The simulation model has been established as shown in Fig. 1-7.3.1 based on the
hydrogeological model which was discussed in Chapter 6.

The simulation model consists of two layers of aquifer (Zerga and Kurnub) with
intercalation of an aquitard (marly layer). The Kurnub Sandstone aquifer is lacking in both the
Southern and Northern parts of the Study Area along the Main Fault because of  erosion,

The Jordan Valley Group in the west of the Main Fault is regarded as a homogeneous

single layer in this model.

(2) Grid Model

As the MODFLOW program is based on differential equations, the grid system should be
rectangular.

The grid system for the simulation has been formulated in N-S and E-W directions because
the groundwater flows from East to West. In the Study area, a grid spacing of 0.5 km to 1.0 km
has been used and is considered to be sufficiently accurate for the simulation.

On the East side and South side out of the Study area, a supplementary groundwater simulation
has been done to grasp the extent of drawdown influence as show in Fig. 1-7.3.2, The grid

spacing used in these areas is 1 km in N-S direction, 2 km in E-W direction.
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(3) Boundary Condition
The boundary conditions for the simulation have been established as shown in Fig. 1-7.3.2.
1) Zerqa Group Aquifer

a. For reappearance simulation of the present piezometric surface

Eastern Boundary: A constant head boundary was set at a
line 30 km outside from the Eastern
edge of the Study Area.

Western Boundary: A constant flow boundary was set at
the Main Fault.

A flow amount was given to each area
(Area A to Area B) based on the
hydrological water balance calculation
discussed in Chapter 5. The flow
amount was verified through the
reappearance simulation in area C,

Northern Boundary: A constant flow boundary was set
along the downstream reach of the
Zarqa River and a constant head
boundary was set along the upstream
reach of the Zarqa River.

Southern Boundary: A constant head boundary was set
along the southern edge of the Study
Area.

b. For simulation of future operation

Western Boundary; A constant head boundary was set
along the Jordan River,

Northern Boundary: A constant head boundary was set
afong the Zarqa River.

Southern and Eastern Boundary:  The boundary conditions set were the -
same as the reappearance simulation.
The Southern simulation boundary
was extended 12km from the Study
area in order to investigate the extent
of the draw-down influence area to
the South.
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2) Kurnub Sandstone Aquifer

For the groundwater simulation of the Kurnub sandstone aquifer, the same boundary

conditions were set for both the reappearance simulation of the present condition and the future

simulation,

Eastern Boundary:

Western Boundary:

Northern and Southern boundary:

(4) Hydraulic Properties

There was insufficient data available in the Study area to determine the hydraulic properties

A constant head boundary was set
along a line 20 km outside the Study
Area,

A constant head boundary was set
along the Jordan River.

An impervious boundary (Zero flow
boundary) was set along the Northern
and Southern edges of the Study Area.
For the areas where the Kurnub
Sandstone was eroded out, the same
boundary condition was given,

of the target aquifers such as permeability coefficient and storage coefficient

For this reason, the hydraulic properties for each cell have been determined through the

reappearance simulation trials of the present piezometric surfaces with reference to the existing

data and newly obtained data from the pumping tests,

The hydraulic properties obtained through the Study are as follows:
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Table I-7.3.1 Hydraulic Properties of the Strata in the Study Area

: Specific  Permeability Storage Leakance
Area” Strata? Well Capacity (m/day) Coefficient Factor
....... . /day) N ./
A Z2  WellNo. 1 86~137 0.3~0.7 1x10? -
K Existing ¥ 10~600 - - -
36 wells
B Z2  WellNo. 2 55 0.5~0.6 1x10%~4x107 -
Z2  WellNo. 4 620 0.89 - -
K  WellNO. 3 - 1.0~1.1 2x107 -
M WellNo. 3 - - - 0.07x10*%
C Z1 Hisban No. 1 605 9 3x10? -
Z1  WellNo. 5%  42-907 4.1~52  4x10%-6x103 -
I Existing 10~500 - - -
6 wells
D Z1  WellNo.6¥ 262-3.762  5.2-16.0 1x10% -

1) For the division of the areas, please refer to Section S. 3. 4

2) T :Jordan Valley Formation

K : Kurnub Sandstone
M: Marly Layer (Aquitard)
22 : Azab Formation of Zerqa Group (Upper Zerqa)

Z1 : Main Formation of Zerqa Group (Lower Zerqa)

3) Located in Subeihi area

4) From Combination well pumping test

5} to be tested in near future
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7.4  Reappearance Simulation of Present Piezometric Surface

7.4.1 Simulation Procedure

As the simulation using the MODFLOW program can process a multi aquifer system, the
reappearance simulation of present piezometric surface has been done for both the Kurnub
Sandstone aquifer and the Zerqa Group aquifer as a first step.

After caming out the reappearance simulation of the present piezometric surface of each
aquifer, these aquifers were combined with intercalation of the aquitard (Marly Layer) and the
plug layer (Jordan Valley Group).

The piezometric surface discrepancies caused by the combination of the aquifers were
adjusted through modifications to the hydraulic properties of each aquifer.

On completion of these procedures, the reappearance simulation of the present piezometric
surface of each aquifer was completed and the transmissibility distribution and flow amount of
each acquifer were determined.

This procedure is shown in Fig. I-7.4.1.

Reappearance of Each Aquifer

F-9

Combination of Each Aquifer

R

Fit

Yes

Determination of the Simulation Model Condition
Transmissibility Distribution
Leakance Factor
Flow Amount

Fig. I-7.4.1  Procedure of Reappearance Simulation of Present Piezometric surface
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7.4.2 Simulation Results

The results of the reappearance simulation of the present piezometric surface are described

below, The results of the flow amount of the Zerqa Group aquifer will be discussed in Section
7.4.3.

(1) Transmissibility Distribution of the Zerqa Group Aquifer

The transmissibility distribution of the Zerqa Group aguifer obtained by the reappearance
- simulation is shown in Fig, I-7.4.2. As shown in Fig. 1-7.4.2, the transmissibilities of Area B are
considerably lower than the other areas. The high permeability zone near Wadi Hisban and Wadi
Kaffrein in Area C can be noticed and this high permeability zone is inferred to be formed along
the syncline flexure running along Wadi Kaffrein (refer to Chapter 6).

As the transmissibility of Area B is much lower than those of the other areas, the
groundwater seepage velocity is supposed to be very low and to be stagnant. Actually, in Well
No.2 and Well No.4 drilled in Area B, the groundwater salinity of the Zerqa Group aquifer is
extremely high (more than 9,000 mg/L in TDS) and this phenomenon might be caused by the
reason mentioned above. On the other hand, the inferred high permeability zone along Wadi
Kafrein is almost coincident with the low salinity zone as discussed in Section 6.2.

For the reappearance of the concavity of tﬁe piezometric surface in Area C, two high
permeability zones are assumed along the synclinal axis running in parallel with Wadi Kafrein and
along the fault bounding the hilly area and plain area in the South of Area C (see Fig, 1-6.1.2) as
shown in Fig, 1-7.4.2,

(2) Leakance Factor of Marly Layer

The leakage coefficient distribution of the marly layer obtained by the reappearance
simulation is shown in Fig. 1-7.4.3.

As shown in Fig. 1-7.4.3, the leakage coefficient of the marly layer, which incompletely bind
both aquifers hydraulically, is assumed to be larger at the foot of the escarpment and along the

Wadi Kafrein because these areas are agsumed to be highly faulted.

I-124



LTnvd

05 ~ S
— Lt roT - .
T oo0s Topmby daoig ebiaz eyi jo uonnquusiy AupqissTuswel]  7p LT S 00T ~0S ¥
00¢ ~00T ¢
000T ~005 T
~0001 ‘1
wﬂm: i = = (AEp/ W) ATIQISSIIISTeLT,
. P s 2 .DLM... iy TPTAM mmase e i3 e m e 2 CENE ) o e Y- e : PN WIS
[ L RLEEEERE & CELE e elehdl e LelEt : memeumhmum;m_\mm g3 el el Aol 4 kT
3 o o —— e —t N : G e e B e e RYH
77 sl elel sl AR AR I (L s ] e o7 sl el T
B T = B £ T BN EE AL e ENEGE EEEERI
7 Eral 6] BLE: f«!wmmmn El L ET S8 €L e E | p LA ¥ GERE | v Vel Etl B e ke b S| Gl Bl 7 G S
7 EAENH ] N O NN N A R £ g B WXl A eel E[Eleiel ol o) B TR
EEELE] £ i b N M e S A R B G A D A R P NEEEEEEEENEEL LEE RN
FEEE BB P ERE N I B e &l Uy £ e £ | A e ETIE (B E BiE Al o e e S relrtararsiel o
B El £l e el P EUAE Poe | €L E [Pl S LEl Bt E EEL e CE ] e e e HE e s 2 EEEEEER:
ELEEl £l erore) EISE] E R bl £ L8 £ B LAl ¥ EIE [ EMTORL B T Fere] O ErE| BALLroTE| er e CEEEER
HEEEELE EISl ELAF PR VL ETet [ T i e v v CMSE | EL 24 el EIEEot oroere Bele ] HUEEEERS
ERELELE El E]. E=El E] £t 3k B b ¥ thuh F i PIE 1 E:E[ETELE £ £l s EIEEEERES
ARG ErE Rl v v1%] € B P WP FS EFRE & T © | &) €€ EF SLE&) ELE[E] € ¥ H-ST GBI Sk 5415
% ELE] L EFE| £ LT St veivd v R T FwA BT F ST F ] FSrdi e XA GE N EESELRA FEEE EEENECRR S
GBI R TEE | p e vl e r T o Ll AL 7L XA GHE EEEIEFEI € 7] g):2) ekg) el El Bl el ELe ebEl E] vl Suloie] & @
EEEGEEE EISEL 7 (Y I~ iy [Sednrs | v o h fwBiF oY [ £ £ ¥ €} P REeP Bl k) Bl CLERE] ChEl 2] 21 1L 35 3L I8 SRELENZcl v § 5] & 50
F ELE] E} E| £ L E Ve vl EF E ¥ | W Fomi—tb | nk & v - X B 5/ ESNE REIG SLELET B £ £] £1El 2 WKHW.N R EHEEEEE RS
E AL Bl ER e £ F [N e v g1 6% £ L e rienc el o el ool el 6 £ 7 2l 2L 4l | FEGEGLEEG mw.mwwm. p
€] Ereg) L6 Ef £ £ IR 3 i Ed E B2 EMRT ELELELEl Br CISLELCL BV EREL 3] Zraberaral il e e B S B el el e B 8 oS |3
o Az € ELCE] T 70 S = 7 s SEL-E] BTG €1 [BrE| B ELTHel of Bl erelel polarel 27l 2] el 2 2] 2 & Ele B o B B 3 o8 ST
&3 VoA E|BlEst e[S .ET EF ST~ VB SA~E | BLENELE] Efiretobasert] 4| 2 o Zhel 2l 21 2 2] 1 BTl Sl Thel g S hrel S ¥ g
LELEl B m..wmwm_.m T .m,;wmm A T8 TH R NN S BN G PR PEREEEE LR RN B D F LT
SLELe ol Ehois] O e R W W med Eb C e CE TE-FIRLE EIerr el o) Cf 6l o1 71 2] gl ghziarel o 1 v o T ElEl e erel o Bl & oe
NIVR TR B Y TR L o g 6] 16| E-F £rl € [ BFEIEl CPETEl £ ,m_.m.muw:% i EEIE S 7 7 6 ST efe g B
EEEEETE ELET¥ed e i 7 vl i b EL € }7E | el Cl et enel Bl gl oLl 6] Ol el Al bt ¥l 0 153 1 el el e S 2l B E e |
L N T P A T =TT . & ¥ o i T
P e : Lt epenet ol GREDREHE mmmmm%_%‘mmw_:wmq.ﬁ“m%n EEEE .mrmmmmr
IR : ey . T ¥ ] EECN N RATH B
sl e[ | S v E PR v | v [ el resd sl g el FcldfFef b bk NE N EEEEEE EEEiEts
=T~ ] i {muv 3 = (R g% 2 ol - N - - [ ?
%Iﬂ: SEE G Pl v wd S| S[STsfshs| sy HW.NNWWWN\W&.NW@MWZVHMFMMNNN HelE | £
, i BE e[+ 15 %] o|5T &FEY 5 5 M EEEEEEEEEEE S EE RS EEEEE SEE
°E s ek lalals]stels[ffdd4z EEEELS tETZECEEE! £ €
B 5 R g g . d L . S I 5 > ]
Ik +.] £ s , ZAGE 52 Il..). b EEEEEE
Zh w : \N\\m\\ 7 i
m - _— T e % %% w\m\\\. s 7 _\Q
\\l \\.\ oo A i K
15 35 &5 15 €8 I3 261 EEEIR L7582k 2L 2221 2028 11E 1318 1F g

v ealy

g eely

D esly

ﬂn it &

G ea1y

1-125



11avd

U ggas

JIsAe] AR JO UONNGUISK] J0I0E] 90uByRa]

€y L1 81

SOTX0T:C

iy

JOTXOT

0T XQT g
L01X60:E
OTX$T:T

o . ~ e e {ABD/T) IGIOET 30UENE
Syadv Aanls - = = BTl
= e - T . N : ) R, .

o . 3 BT E AN S ANy v A 5| sprl o g
% ST TP i £ z & MLESEE
5 R NN ) (¥ vk v Pzt EVE] ¥
= = 55 S B R T L TR #7 (A7 4P | % | 2Ll 5] FEbE v] o1 6LELE] Ef EPE| W{RBF| Fi ¥
T 5| BLS| S (Gl Sl 7 Ll rdox [ vilay il vl vl FLy 719 ELAPE| B £| V] K2
.5} 6175 § R ST B oet Ny [=s” RN EY I EEEEEERE EE R
SuEst Shel TGl -G Firvd-wd B 5B R RN EEEECEE L ¥
FEEES o 5 YL v ] ey PECECECEEREEEECEE RN
e = g Sl 7 fat it AECUEEEL S ER | E[-ETEhE] } Ei
kS| [P aa AR A SRR ELE B3] ShErg| 5 & 2
El £ 5 77 AN RSN AREE G e e G2 €L E
= 2 Z RIS RN T ANAL T ,m_‘_. L EjE{ELE gl €] ¥ 7
AN AR A S L EE L O NS IEEEEEESEEEE &
7 Thi? | v [SFANY 57 Ky b W [t LB ul V] orek eholi| ¥lg| ¥l 1.2 ELEl £ €[ ELE] 7
— [yl W [oF Rl | T ] M W el el thl o B] £ 6f £] 2| @] £1 €] &1 &
e AL S Tt byl PRt .,,34@”.«._” ¥i7i eyl €] £ E) ey 2l gl 2| 2l 2
77 b AN IEN AN mYHERUEEEEEEFEEE EEE!
7] e vl paey 7w vk ey pedad] wl W vl v gf €] BLELE| B Z) 2 PEEFEER
7, [E-SCE EAREAF IR EA A CEDEE: T EGEE: % -2i-a
Crwe= LTI F v rE Y Ry | A P ELE.Ciel £ILE FEEEERGEE S
=2 VE v Moy § ok |17 vk APy | Goi 0 F TPl ¥ick| 3T = EEEEEERELREGEN
i EA v rer e L v yicr §Veh vi| IS | b Tl PebLE FEFERFEREEEREEEGEEREE
T T BT bk F i 2.k ¥ & B TiGy Bw R PLE = 2] 2l & &l 2| 2l 2l el @) 2 &r &) & af el 2l & 2
NivH A A A .ﬁ = %L&.T rA kA P e i el e dl E
IERBE=SD B N R R e - = A ] R A WA A W A S A AL | 2hz) 2k7] 2l 2l 2y FEEETE
1| feala] ol8 o 2] el o] erarcbhotizl-# slare| 2|2 gihe) 2 lzyie EEFECE EEEEE . FEEs g
e ] S, . = : 2] 2 Bzlz]l = ™ E lm,ﬂ = B X
| sha] o1 nxmwm_ i of Frfaat m.«mﬁr [ @a&«hﬂ thzEed 2| 2] & K m ol zliz Zldz 1gl wﬂ\:mm.n”m 1| i
[a] A W EAT: Rl T T i o 2 o oy e S o . z e 3 = 7
ELXEEE d&wwwnfg ~J..mmw.r 1 u@?ﬂ ARSI S i SRR e D R ipsp H
I 0 s T P 5 [ % T Py I=Z % =t B e = g Ty
Nhuwﬁmkﬁh.‘mmuﬁﬂfm_-ﬂ..._Q\w.).w. ﬂ..m.ﬁmum_ﬂﬂm..aq\«m ,m =1 T |1t :ammaﬁw..nmxm 1
1 L~ i = = E |- 2L % - . [ 3 o] o
g A = w T K e H ‘ K
:mn_.ﬁ.ﬁw_.:wwwm,mﬁ%J..ﬂ. —-L 1T T L I RIRIRIR IR SRR BRINELLLLEEY ﬁ.ﬂﬁmﬂkw:m& )
=i ‘ - s 3 | - wIE oy o d 2% 21 g ] ;
AT i o] ] o] T Y h gl | | & a LT ST o o] o ! Gl [ I
T | o) TELE R R 1 5 b v
7 i N 5
m L R (\W u..m N
28 TEUSS(BLLLIMSLPIELZI1¢NIESBSISEASWT £ 25 19] 09 BS 85 LS S5 S5 1S £8 25 [S OF 5b Br| Lk 9F §F bb £F Z7 [rORERELESERErersar]| tOEhERLL 9202y 2 222l 02501 13 (S IF R IZITINT B &
Y ESIV g eary O ealy
{d ealy

n.&l@l

W™

-

&N

I-126



The piezometric potential of the Zerqa Group aquifer is higher than that of the Kurnub
Sandstone aquifer at the foot of the escarpment. Accordingly, it is assumed that the upward
leakage of the brackish groundwater from the Zerqa Group aquifer to the Kurnub Sandstone

aquifer is accelerated and the salinity of the Kurnub Sandstone aquifer gets higher at the foot of

the escarpment.

(3) Transmissibility Distribution of the Kurnub Sandstone Aquifer

The transmissibility distribution of the Kurnub sandstone aquifer obtained by the
reappearance simulation is shown in Fig. I-7.4.4, As shown in Fig. 1-7.4.4, it is assumed the
transmissibility value does not change greatly from area to area. It is inferred that the
transmissibility of the Kurnub Sandstone aquifer is slightly smaller than that of the Zerqa Group

aquifer.

(4) Natural Seepage between Zerqa Group Aquifer and Kurnub Sandstone Aquifer

Natural groundwater seepage between the two aquifers through the aquitard was calculated
in this simulation as shown in Fig.I-7.4.5. The simulation result shows that upward seepage
from Zerqa to Kurnub takes place along a narrow strip at the foot of the escarpment and Southern
narrow edge of the Study area and downward seepage from Kurnub to Zerqa occurs in the
reminder of the Study area.

The seepage amounts between the two aquifers in the Study area are calculated as follows:

Natural seepage amount from Kurnub to Zerqa ................. 6.5 MCM/year
Natural seepage amount from Zerqa to Kurnub. ................. 5.0 MCM/year
Total Amount ..........c.cccovevieeviiineeeinn, [T 1.5 MCM/year

from Kurnub to Zerqa
As mentioned above, it is estimated that, overall, the Zérqa Group aquifer receives recharge
from the Kurnub Sandstone aquifer in the Study area, but the amount is much smaller than the

lateral inflow amount from the east (70 MCM/year in Area C).
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7.4.3 Re-assessment of Flow Amount of the Zerqa Group Aquifer

Less data concerning the water discharge is presently available for Area C, and it is
impossible to evaluate the groundwater inflow from the Zerqa Group aquifer to the Jordan Valley
Plain in Area C from the hydrological analysis alone because groundwater from many sources -
Zerqa aquifer, Ajlun aquifer, Kurnub aquifer and wadis - flows into Area C. Therefore, the flow
amount of the Zerqa Group aquifer in Area C has been re-assessed through the reappearance
simulation of the present piezometric surface of the Zerqa Group aquifer.

As for the flow amount of Area A, B and D, the present piezometric surface of the Zerqa
Group aquifer could be reappeared in the simulation using the flow data obtained by the
hydrological calculation (refer to Chapter 5) without a large discrepancy in the natural
piezometric surface. Therefore, it is believed that the flow amounts of Areas A, B and D
inferred by the hydrological calculation are reliable. For Area C, on the other hand, it was
completely impossible to make the present piezometric surface of the Zerqa Group aquifer
reappear by using the flow amount estimated from the hydrological calculation in Area C (6.9
MCM/year). 1In other works, if a flow amount of 6.9 MCM/year is employed for the
reappearance simulation, an extremely low permeability must be given to Area C and the re-
appearance of the concave piezometric surface detected in Area C is definitely impossible.

For the re-assessment procedure, the method of operation was the inverse of that used in
the simulation. The method aims to derive the flow amount by simulation given the hypothesis
that the permeability of the Area C is not greatly different from those of the other areas. The re-
assessment procedure of the flow amount of the Zerqa Group aquifer in Area C is shown as a
flow chart in Fig, I-7.4.6
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Setting of Tnitial Permeability
Distribution in Area C

F-y

Reappearance Simulation

No

Determination of Flow
Amount in Area C

Fig.I-7.4.6  Re-assessment Procedure of the Flow Amount of the Zerga Group Aquifer
in Area C

The re-assessment results of the flow amount of the Zerqa Group aquifer are shown in Fig,

1-7.4.7 with the reappearing piezometric surface.

According to the results of the re-assessment, the total flow amount of the Zerqa Group

aquifer in the Study Area is estimated at around 120 MCM/year as shown in Table 1-7.4.1.

Table 1-7.4.1 Flow Amount of the Zerqa Group Aquifer in the Study Area

Area AV | AreaB"” | AreaC? | AreaD" | Total

Brackish Groundwater Flow
Amount of the Zerqa Group Aquifer 40.8 8.4 70 2.6 121.8
(MCM/year)

1) Same as the water balance calculation results discussed in Chapter 5

2) Re-assessment result of the groundwater simulation
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7.5 Simulation of the Future Status after the Development

7.5.1 Tentative Development Alternative
Tentative development alternatives have been assumed in order to evaluate the drawdown
influence to be caused by the future brackish groundwater development.

The tentative development alternatives assumed in this simulation work are subject to be

revised in due course of the Study.

(1) Development Site
As shown in Fig. I-7.5.1, it is assumed that the promising areas for brackish groundwater
development are Area A and Area C in terms of the flow amount of brackish groundwater in the

Zerga Group aquifer.

1) Area A

Area A is located in the North of the Study Area, and Deir Alla is situated in this area.
There is a pumping station which conveys water from Deir Alla to Zai,

A tentative production well field has been selected along the foot of the escarpment and the
Zarqa river taking into account the hydrogeological and topographic conditions and the assumed
location of the desalination plant, as shown in Fig. I-7.5.1. The tentative well field in Area A is
set in the area under the flowing condition and its piezometric potential is assumed to be 0 m to

20 m above the ground surface.

2) AreaC _

Area C is located in the South of the Study Area near the Dead Sea. The depth to the
Zerqa Group aquifer in Area C is generally large, as shown in hydrogeological cross section I~ T’
(see Supporting Report), because the strata syncline in Area C. 1t is inferred that the depth to
the Zerga Group aquifer is around 350 m at the downstream end of Wadi Hisban, around 200 m
at Kaffrein Village and around 400 m at the downstream end of Wadi Shueib. The Zerqa Group

exposed in the southern part of Area C,
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i

It is proposed that the most suitable location for the well field is on the high permeability
and shallower groundwater level zone. The alignment of the well field should be perpendicular
to the groundwater flow line. Based on the ideas mentioned above, the proposed well field is
shown in Fig. I-7.5.1 taking the topographic conditions and the assumed location of the
desalination plant into consideration,

The tentative well field in Area C is set in the area where the brackish groundwater is under
the flowing condition or at shallow depth. The piezometric potential in the well field is assumed
between -10m and +70m from the ground surface as shown in the hydrogeological section E-E’,

I-I" and II-TT" (see Supporting Report).

(2) Development Amount

The main purpose of the simulation for future status (future simulation) is to study the
groundwater draw-down influence of the future brackish groundwater development.

The maximum potential has been coincident with the total amount of flow (recharge). 1t
has been established from experience that the maximum exploitable groundwater amount without
an adverse effect is normally less than 80% of the total amount of flow (recharge).

Based on this empirical idea, four cases for brackish groundwater development schemes
(shown in Table I-.7.5.1) has been assumed for the simulation in order to examine the maximum

exploitable potential in the Study area.

Table I-7.5.1 Tentative Brackish Groundwater Development Amount

Case Development Amount (MCM/y) Remarks

Area A Area C Total

Case1 | 20 MCM/Year 30 MCM/Year 50 MCM/Year | Development will be
(50%) (40%) (45%) carried out in both areas

Case 2 25 MCM/Year 40 MCM/Year 65 MCM/Year Same as above
(60%) (60%%) (60%) .

Case 3 30 MCM/Year 45 MCM/Year 75 MCM/Year Same as above
(70%) (70%) (70%)

Case 4 35 MCM/Year 55 MCM/Year 90 MCM/Year Same as above
(80%) (80%b) (80%)

Note: Bracketed figures show approx. percentage of development amount to flow amount of the
area

Flow amount .... Area A : 40 MCM/Year, Area C : 70 MCM/Year
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(3) Development Staging
The staging for the brackish groundwater development project has been tentatively
formulated based on the following supposition.
i)  The project life will be twenty-five (25) years,
if)  The project will be multi stage. For the simulation work, two stages have been tentatively
considered for implementation of the project,
iii)  The first stage of the project will be a small scale development in order to study the actual

performance of the desalination plant, production wells, actual groundwater draw-down

and influence on the other aquifers.

Based on the suppositions mentioned above, the brackish groundwater development staging

assumed is as shown in Table I-7.5.2.

Table]-7.5.2 Tentative Development Stage

Stage
Case Area Ist stage 2nd stage Total
(0 ~ 5 years) (6 ~ 25 years)

Case 1 A 6 MCM/year (15%) 20 MCM/year (50%) |50 MCM/year (45%)
C 6 MCM/year (9%) 30 MCM/year (40%)

Case 2 A Same as above 25 MCM/year (60%) {65 MCM/year (60%)
C 40 MCM/year (60%)

Case 3 A Same as above 30 MCM/year (70%) |75 MCM/year (70%)
C 45 MCM/year (70%)

Case 4 A Same as above 35 MCM/year (80%) (90 MCM/year (80%)
C 55 MCM/year (80%)

Note: This staging has been used only for the determination of the maximum exploitable brackish
groundwater amount in the Study area. The actual development strategy will be

formulated in the Study.

Bracketed figures show approx. percentage of development to flow amount of the area.
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7.5.2 Future Simulation Results

(1) Case 1 (Total 50 MCM/year)

The calculated drawdown influence in Case 1 is shown in Fig. 1-7.5.2, Fig. I-7.5.3, Fig. I-
7.5.4 and Fig. I-7.5.5.

1) First Stage (6 MCM/year at Area A and C respectively, after 5 years)
a. Area A

The maximum draw-down of the Zerqa Group aquifer is about 10 m in the well field and its
influence  is limited to an area  near the well field as shown in Fig. [-7.5.2,

The draw-down influence cannot be detected in the Kurnub Sandstone aquifer.

b. AreaC
The draw-down of the Zerqa Group aquifer is about 30 m in the well field and its influence
extends 3 km from the well field as shown in Fig, 1-7.5.2.

The draw-down of the Kurnub Sandstone aquifer is less than 5m at the well field as shown
in Fig. 1-7.5.3.

2) Second Stage (Total 50 MCM/year, after 25 years)
a. Area A

The maximum draw-down of the Zerqa Group aquifer is about 20 m in the well field and
the influence distance of 10 m draw-down is about 4 km as shown in Fig. I-7.5.4.

The draw-down influence cannot be detected in the Kurnub Sandstone aquifer.

b. AreaC

The maximum draw-down of the Zerqa Group aquifer is about 80 m and its center is
located in the South of the well field as shown in Fig. 1-7.5.4. The influence distance of 10 m
draw-down is about 15 km,

The draw-down of the Kurnub Sandstone aquifer is around 20 m at the central part of the
well field. The influence area of 10 m draw-down extends around 8 km from the well field as

shown in Fig, 1-7.5.5.
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(2) Case 2 (Total 65 MCM/year, after 25 years)
The calculated draw-down influence in the Second Stage of Case 2 is shown in Fig. 1-7.5.6

and Fig. [-7.5.7.  For to the simulation of the First Stage development, please refer to the former

section (1).

a. Area A
The maximum draw-down of the Zerqa Group aquifer is about 30 m in the well field and
the influence distance of 10 m draw-down is about 5 km as shown in Fig. I-7.5.6.

The draw-down influence cannot be detected in the Kurnub Sandstone aquifer.

b. AreaC

The maximum draw-down of the Zerqa Group aquifer is about 110 m and its center is
located in the South of the well field as shown in Fig, 1-7.5.6,

The draw-down of the IQurnub Sandstone aquifer is around 30 m at the central part of the

well field, The influence area of 10 m draw-down extends around 10 km from the well field as

shown in Fig, [.7.5.7.

(3) Case 3 (Total 75 MCM/year, after 25 years)
The calculated draw-down influence in the Second Stage of Case 3 is shown in Fig, 1-7.5.8
and Fig, I-7.5.9,

a. Area A
The maximum draw-down of the Zerqa Group aquifer is about 40 m in the well field and
the influence distance of 10 m draw-down is about 6 km as shown in Fig. [-7.5.8.

The draw-down influence cannot be detected in the Kurnub Sandstone aquifer.

b. AreaC |

The maximum draw-down of the Zerqa Group aquifer is about 120 m in the well field and
the influence distance of 10 m draw-down is about 9 km as shown in Fig. I-7.5.8. _

The drawdown of the Kurnub Sandstone aquifer is around 40 m at the well field and the

influence area of 10 m drawdown extends 12 km from the well field as shown in Fig, 7.5.9.
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Fig. I-7.5.7 Drawdown Influence on the Kurnub Sandstone Aquifer in Case 2 (end of the Second Stage)
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Fig. 1-7.5.9 Drawdown Influence on the Kurnub Sandstone Aquifer in Case 3 (end of the Second Stage)



(4) Case 4 (Total 90 MCM/year, after 25 years)

The calculated draw-down influence in the Second Stage of Case 4 is shown in Fig. I-

7.5.10 and Fig. 1-7.5.11.

a. Area A
The maximum draw-down of the Zerqa Group aquifer is about 50 m in the well field and
the influence area of 10 m draw-down is about 7 km as shown in Fig. 1-7.5.10.

The draw-down influence cannot be detected in the Kurnub Sandstone aquifer.

b. AreaC

The maximum draw-down of the Zerqa Group aquifer is about 160 m in the well field and
the influence distance of 10 m draw-down is about 20 km as shown in Fig. I-7.5.10,
The draw-down of the Kurnub Sandstone aquifer is around 50 m at the well field and the

influence area of 10 m draw-down extends 15 km from the well field as shown in Fig. I-7.5.11.
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