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UNISSF
(Unified Normal and Inverse Sub-Surface Flow Analysis Program)

‘ Century Research Center Corporation, organized and existing under lows of Japan with the
principal office at 3-6-2, Nihonbashi-honcho, Chuo-ku, Tokyo, Japan has developed and
is the owner of computer program "UNISSE".

Century Research Center Corporation hereby grants to "LICENSEE" a non-exclusive and
non-transferable license to use the software and the related materials, and LICENCE shall
use the software only at the place designated hereupon.

LICENSEE: MINISTRY OF WATER AND IRRIGATION
WATER AUTHORITY OF JORDAN
THE HASHIMITE KINGDOM OF JORDAN

COMPUTER : VAX8200 MODEL 821BA-YJ

LICENSE:

You may use the program on only one machine and place designated above.
You may not copy, modify, or transfer the program.

You may not sublicense, rent, or lease this program.
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INTRODUCTION

CHAPTER I
INTRODUCTION

The, UNISSF program is designed to analyze the behavior of ground water in the multi-
layered aquifer system in both confined condition and unconfined condition. The function of
this program is to solve the unknown head and unknown flow in the region of analysis under
the given boundary conditions and initial conditions by Finite Element Method (FEM), which
is widely used in numerical analysis to solve the partial equation either steady or non-steady.
The UNISSF also comprises the programs for graphic and plotting to demonstrate both the
input data and the calculation results on the graphic display and/or the plotter. It is an advantage
of the UNISSF to examine the input data and the calculation results by using these sub-
programs. Graphic display and/or plotting system comprise the following drawing system;

- Mesh grid map (With element number and/or node number)

- Geological structure contour map (Bottom and/or top of the aquifer unit)
- Geological and/or groundwater profile at any time step

- Piezometric contour map at any time step

- Drawdown contour map at any time step

Those drawings on the color graphic display are effectively used to calibrate the simulation
models in both steady state and non-steady state.,



GENERAL FEATURE OF THE UNISSF PROGRAM

CHAPTER II
GENERAL FEATURE OF THE UNISSF PROGRAM

1.

]

Composition of the UNISSF

The UNISSF is composed of the following 5 programs :

(1)
(2)
(3)
(4)
(5

(1)

UNISSF2/G : Mesh-generator program

UNISSF2 :  Quasi-three-dimensional groundwater analysis program
UNISSF2/P : Post-processing program

DISPLAY :  Graphic program

XYPLOT :  Plotting program

Features

UNISSF2/G ( Mesh-generator program )

The UNISSF2/G is a program intended to automatically generate geometrical data
{node coordinates, element connection, geological data), and it possess graphic and
plotter output option,

1) Mesh data is entered automatically or manually.
2) Geological data necessary for each node is generated automatically.
3) Mesh and Geological data is checked by display graphic or plotter,

(3)  UNISSF2 (Quasi-three-dimensional groundwater analysis program)
The UNISSF2 is a quasi-three-dimensional groundwater analysis program, and on

the basis of Dupuit's hypothesis, groundwater flow in the three-dimensional ground is
determinate by the Finite Element Method (FEM).



(4)

(6)

GENERAL FEATURE OF THE UNISSF PROGRAM

UNISSF2/P ( Post-processing program )

The UNISSF2/P is a program intended to deliver the output of the results calculated
by the UNISSF2.

DISPLAY

The DISPLAY is a program to show graphic outputs of calculated results by the
UNISSF2 Input mesh diagram and generated geological contour diagram are also
shown by this programi. '
XYPLOT

The XYPLOT is a program to show plot outputs of calculated results by the

UNISSF2. Input mesh diagram and generated geological contour diagram are also
shown by this program.



MATHEMATICAL SOLUTION

CHAPTER III
MATHEMATICAL SOLUTION

1. Dominant Equation ~
The dominant equation is based on the Dupuit's hypothesis. This hypothesis means the
direction of groundwater infiltration flow is mainly on the horizontal plane, that is, the
perpendicular components of flow is so small as compared with horizontal components as to be
ignored.

Y
X /
- -~ Aquifer
|
T h -
Z ¥ ?
Ho
Y 7
‘ X

Using Dupuit's hypothesis, continuous equation of three-dimensional groundwater flow is,
from V,=0, as follows;

dh o 0
S---+ - (Hp+h)Vy } +--—-{ (Hg-i-h)\’y}:q (D
ot ox dy
where, S : coefficient of storage
Vx: Vy, V2 :apparent flow velocity in x, y, z directions
q : discharge/recharge per unit time
t » ime
h : deference of head from Hp
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On the other hand, Darcy's kinetic equation is as follows;

K o v K on v K oh {2)
V, = - Kymems = Kgmmn = Kooee
X xax , y yay , z Zaz

where, Ky, Ky , Kz: coefficient of infiltration capacity in x, y, z directions

From equation (1) and (2}, following equation (3) is obtained.

gh dh D 3h
Sroe = wonn { Kg(HO # b )ome } # =ooe { Ky(HO + h )= } +q

ot ox ox oy dy
0 oh 2 oh
== { Tx(h )= ) + === { Ty(h)-—--} +¢q (3)
ox ox 9y dy

where, Ty, Ty : coefficient of transmissivity in x, y directions

The equation (3) is the dominant equation of two dimensional groundwater flow. The equation
(3) is approximately established in each element of the FEM mesh.

2. The Quasi-three-dimensional Analysis

The analysis by the equation (3) can be applied for multi-layered system so that it is called the
quasi-three dimensional analysis. In this analysis, coefficient of transmissivity (T) and’
coefficient of storage (S) are considered as the function of piezometric head. It is able to
analyze not only confined aquifer but also unconfined aquifer, even transference between both
conditions. That is different from the conventional horizontal two-dimensional groundwater
analysis.

The coefficient of transmissivity (T} is defined as follows;
n

T=z Kj bj
i=0

where, Kj : coefficient of infiltration capacity of i-layer
b; : thickness of i-layer

-6-



MATHEMATICAL SOLUTION

Meanwhile, the coefficient of storage (S) is defined as follows;

confined aquifer

n .
CoT=, Ss; bj
i=0
where, Ss;i  :coefficient of specific storage i-layer
bj : thickness of i-layer
unconfined aquifer

Defined as the volume of water discharged from the gap in the soil of unit volume (=
effective porosity ) due to lowering of piezometric level

The coefficient of transmissivity and the coefficient of storage, regarding as the function of
groundwater level can be expressed as follows;
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Layers T Legend

K4, S4
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K2, 82

K1, &1
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1
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1 |
|

| S4
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h0 hl h2 h3 h4

K2, §2

K1, St

Ko, So

So ! |

h

If the piezomeiric head is more than h3, the aquifer system is confined. T and S are expressed
as the linear parameters of the equation (3).

T =Kgbg + Kibj + Kgby + K3bs (=constant )
S = Ss1bj + Ssgby + Ssab3 (= constant )

If the piezometric head is less than h3, the aquifer system is unconfined. T and S are expressed
as the non-linear parameters of the equation (3). S is nearly equal to the specific yield (=
effective porosity ) of the layer in which the piezomtric surface exists.

T =Kgbg + Kby + Kobg +K3(h-hp) (hy<h<hsg)
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S =83 (8 =Sy + Ssp, Sy >>8sp)

If the groundwater surface is further lowered to the basement (h = hg ), T and S become zero.

\

3. Theoretical solutions

Theoretical solutions of the equation (3) is obtained under some initial conditions and boundary
conditions.

Initial Conditions : h(x4,0) = h(x})
Boundary Conditions
boundary with known head s h(xi,t) = hp{x,t)

boundary with known discharge/recharge  : Q(xj,t) = Qb(xj,t)

4, Mathematical formulation

The equation (3) is formulated to be solved by numerical solution. Firstly, the following
equation (4) is formulated from the equation (3) by using remainder R.

d oh d dh dh
R (Talh ) o (Ty(h)o=- ) +q- 8 @

ox dx oy ay

The optimal approximate solution is obtained by minimizing the remainder R for the all
elements of FEM mesh. It is called the weighted remainder method. The weight is defined
as 'the shape function’, which is due to the shape of each element, by the Gallarkin method.
After that, the following equation (5) is obtained.

Tsrinyas=0 (5)
where, [N] :shape function (matrix)

When the equation (5) is solved, the following linearized and differentiated equation (6) is
obtained.
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1 1
(~—[CI+IKD) {h}rAr={FlrrAc+--—-[CI{h}¢ (6)
At At
) where, [C] :matrix of the value related to the coefficient of storage

[K] :matix of the value related to the coefficient of transmissivity
[ F)} :matrix of the value related to discharge/recharge
{h} :matrix of piezometric head
t : time
At :time step

The equation (6) is the expression of the simultaneous linear equation for h.

5. Skyline method

Generally, the equation (6) is solved by the Gauss' elimination method, but in consideration of
saving the computer memory and increasing calculation speed, the skyline method is
employed in this analysis. The skyline method is a kind of the band matrix method, but it is
different from the ordinary one as follows;

1) Data is handled in row unit.

2) The correspondence of the band width is variable in each row.
3) The equation is formed by the sum of product.

-10-



Calculation

[al{x}=[b] [al,[b]

{x)
i) LU splitting
— k=23, ... ,
— j=12, ... , k-1
j-1

i

ajk = a"jk / aij

k-1

i=1

Bl = A - 2 'k 2%k

MATHEMATICAL SOLUTION

- {Nn % n ) matrix
-« (nx 1) matrix

ajic = ajk - 2. a4 2k
=1

where, a*ik : the value before dividing by pivot a'j;

(equivalent to component of 'U' of LU splitting)

a'jk  :the value after dividing by pivot a'j;

(equivalent to component of 'L' of LU splitting)

ii) Allotment of memory

a)) ey |as

11|12 ar;

1) sy ar;

Qry(dgq|9;

Oyy |0y

Coefficient Matrix

SRT é

-11-
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iii) Calculation of the right side of the equation

( Foward elimination )

—"———‘-'k=2,3, ..... ,
k-1
b'k=(bk'2Lkib'i)/ka
i=1

( Regressive substitution )

~—a k =n, n-1, ... , 2
xg =b'y
— i=1,2, .. , k-1

b'j (new) = b’ - Ui xk

x1 =by (final}

-12-
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GENERAL PROCEDURE OF
GROUNDWATER SIMULATION

CHAPTER 1V
GENERAL PROCEDURE OF GROUNDWATER SIMULATION

1. . Data Preparation

(1) Region of analysis
The region of analysis are extended to hydrological boundary as far as possible, for
example, river, lake, sea, and mountain ridge.

(2} Mesh
In the FEM analysis, the region to be analyzed is divided into the small portions called
'element’,and vertexes of element are called 'node'. The division is effected on a
horizontal plan. The coordinates of node and element connection are defined for
preparation of mesh data,

(3) Geological layer
In order to express the three-dimensional geological condition, the geological layer
distribution in the vertical direction is given for each node.

(4) Hydrogeological conditions
The solutions of FEM analysis are obtained under the given hydrogeological conditions
which are called boundary conditions and initial conditions.

1) Boundary condition

The boundary conditions mainly refer to piezometric head and flow at the outermost
nodes of the region of analysis.

2) Initial condition

The initial conditions are given at all nodes. Either of the following two states is
considered as initial condition in FEM analysis.

Static state ( constant head, no water flow )
Steady state ( constant head, constant flow )

(5) Aquifer constants

The following aquifer constants are defined for expression of transmissivity of the
geological layers.

-13-
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GROUNDWATER SIMULATION

Coefficient of infiltration capacity (K)
Coefficient of storage (S )

2. Model Construction

Mode!, which is made up with the data in the region of analysis, is constructed to express the
hydrogeological condition by the numerical data and to analyze that by numerical method with
computer. The prepared data are entered to computer disk storage in accordance with the input
data format of the program.

In the case of large scale model, pre-processing which is the data processing for mesh and
geological data are performed in advance of numerical analysis to express the geometrical
structures.

3 Steady State Calibration

(1) Steady state analysis
The condition of groundwater in the steady state is as follows.

constant piezometric head

constant groundwater flow

constant discharge/recharge
'Constant’ means that the values are constant at each place and do not change by time,
To calculate unknown piezometric head under some boundary condition, the steady

state condition is obtained. The steady state analysis is mostly executed at first in the
groundwater analysis so as to estimate the existing condition of groundwater flow,

-14-
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GROUNDWATER SIMULATION

(2) Steady state model calibration

The piezometric surface in the region of analysis is obtained under some boundary
condition, but the calculated results is needed to be compared with the actual
groundwater flow condition. Prior to groundwater model analysis, physical features of

, aquifer system are to be examined to carry out a series of field investigations and
analysis. The groundwater flow condition estimated by the model is needed to coincide
with the actual condition. For this, the model calibration is performed by "Trial and
Error' until the calculated results become reasonable.

4, Non-steady State Calibration

(1) Non-steady state analysis
If the artificial abstraction, like pumping, is started at some steady state, the piezometric
surface is gradually lowering, and finally the condition of groundwater becomes to
another steady state with the artificial abstraction. This process is analyzed by the non-
steady state analysis. The condition of groundwater is obtained by time until final
steady state.

(2) Non-steady state model calibration
The non-steady state model calibration is performed to estimate the coefficient of
storage (S) in the region of analysis. The drawdown of piezometric surface is due to the
ceefficient of storage.For example, the piezometric surface is as much lowering as
lower coefficient of storage. The coefficient of storage of the model is adjusted by
comparing calculated drawdown with actual drawdown.at the monitoring well in the
region,

5. Maodel Simulation

After the model is reasonably calibrated, the piezometric surface in future is predicted by using
the model. The purpose of the prediction is mainly to estimate the appropriate scale of the
abstraction in the region. The groundwater condition in future is predicted for the several cases
of abstractions, including the existing and the newly planned, by using the simulation model.

-15-
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EXAMPLE 1

CHAPTER I
EXAMPLE 1 : Steady state analysis in confined aquifer (1)

1. Data Preparation

‘Calculation of the piezometric head in the confined aquifer, after lowering the piezometric head
along the right side boundary from +2 m to - 2 m.

Plane

A A
L o Region of _+
=) Analysis
—~ff -
50m
Section A-A'
Initial piezometric head
ELm |
+60 — Piezometric head is lowered
from +2 m to -2 m along the
+2.0 —] 7 right side boundary.
2.0 — CLAY X.}
4.0 — -
-10.0

AR W 74
BAS

-1-



(1) Mesh data

1) Mesh diagram

2) Node number and element number

1

3

4

5

®

6

10

1

Q|®

15

O
&

1

20

®

21

2

© |6

B®|e | e |6

2

25

1 -25 Node number

(D -(@® Element number

EXAMPLE 1



EXAMPLE 1

3 Node coordinates

1 2 3 4 5
Node no. Coordinates
6 7 8 9 10 X Y
1 0.0 50.0
11 12 13 14 15 2 12.5 500
Y 3 25.0 50.0
16 17 P18 |19 20 ' ' :
24 375 0.0
21 22 23 24 25 25 50.0 0.0
X
4) Element connection
1 2 3 4 5 '
@ @ @ @ 1 -25 Node number
6 7 8 9 10 (D -(@® Element number
11© 12® 13® 14 15
16@ 17 18@ 19® 20
21® 22 23® 24 25

Elementno, Node no, of element

I J K L I J
1 1 6 7 2
2 2 7 3 8
3 3 8 9 4
L K
1;5 1;8 2'3 24 1-9 Node numbers of element are
16 19 24 25 20 given counter-clockwise



(2) Geological data and aquifer constants

1) Symbol of layers

EXAMPLE 1

Plane
\ (Mesh) 1 2 3 4
6 7 8 9
A
L o u iz 13 |
=
16 17 18 19
# 21 2 |23 |
—~at. _—
30 m
Section A-A'
ELm
+6.0 —
+2.0 —
20 — CLAY
40 —
-10.0

IR

BASE

AR



2)

3)

EXAMPLE 1

Elevation at top of each layers for each node

ELm
+6.0 — - top of CLAY
+2.0 —
20 CLAY
4.0 —~g top of SAND
-10.0 -
M M‘ top of BASE
BASE
Node no; Top of layer (EL m)
BASE SAND CLAY
i -10 -4 2
2 -10 -4 2
3 -10 -4 2
24 -10 -4 2
25 -10 -4 2
Aquifer constants

The pair of K and S is given for each symbolized layer (except BASE)}.

K: coefficient of infiltration capacity
S : coefficient of storage

Layer K (m/day} S
CLAY 1.0x 1074 1.0x 107 £2
SAND 20 038

Note: {1 The top layer is assumed to be impervious in the analysis of confined
aquifer.
£2 Coefficient of storage of layer 'SAND' in confined aquifer
3 Coefficient of storzige of layer 'SAND' in unconfined aquifer



EXAMPLE 1

(3) Boundary condition

Plane

Q Specified head boundary

1 2 3 4
A 6 7 8 9 10 Al
L i Ji2 3 4 M J
16 17 18 19 0
1 22 23 24 5
Section A-A'
Initial piezometric head
ELm I
+6.0 s Piezometric head is lowered
from +2 m to -2 m along the
+2.0 | OZ right side boundary.
20 — CLAY ()¥_—4
40 — )
-10.0
BASE
Left side boundary Right side boundary
Node no. Head (EL m) Node no. Head (EL m)
1 2.0 5 -2.0
6 2.0 10 2.0
11 2.0 15 -2.0
16 2.0 20 2.0
21 2.0 25 -2.0



EXAMPLE 1

(4) Initial condition

Plane

. ® Node to be given the initial head

)
)

10

s A

>
[=)]
& O—F
i
f&s) C
’\D N\
>

—
[
o )
S
—
%]
oo
Fen'
4
—
o

._
[#% )

o
Pk
P

16 117 A 20
) D
21 422 123 &\24 25
Section A-A'
Initial piezometric head
ELm '
+6.0 — Piezometric head is lowered
from +2 m to -2 m along the
+2.0 — VA I8 o A right side boundary,
20 — CLAY _=Y___+
-4.0 — -
-10.0 -
Y 4 AR
BASE
Node no. Head (EL m) Node no. Head (EL m)
2 2.0 12 2.0
3 2.0 13 2.0
4 2.0 14 2.0
7 2.0 22 2.0
8 2.0 23 2.0
9 2.0 24 2.0



EXAMPLE 1

Plane
O  Boundary condition

Initial condition

Section A-A'
Initial piezometric head
ELm ]
+6.0 — Piezometric head is lowered
from +2 m to -2 m along the
¥20 - ¢ - o o o right side boundary.
= —
| ezley
7o |cray S 0%
@ to be calculated
-10.0
R Y
BASE



(1)

1)

2)

3)

EXAMPLE 1

Data Input

Getting start

The prepared data is enter into the data file on the disk storage of the VAX computer
system. Data input and operation of programs are performed at the terminal of VAX. If
the '"TEKTRONIX' is available, the graphic output is shown on the display. Before
starting, it is necessary to get the directory, username, password, and account
on VAX,

Login to VAX8200 at the terminal

I- check the connection of power cable
2- check the connection of communication cable from VAX8200
3- power switch on

4- Enter username > (USERNAME) [enter)
5- Local > C FALA]J [enter]

6- username : (USERNAME) [enter]
7- password : (PASSWORD) [enter)

Copy the file LOGIN.COM

$ COPY DUAOD:[JICAILOGIN.COM [] [enter]
$ @LOGIN [enter]

Note: This process is only for the first time. It is not necessary from the next login.
Logout from VAX

$ LO [enter]



(2)

Editing the data file

1)
2)

$ ED EXALDAT [enter] (create the data file)

Input data for Example 1

SETTING,
TITLE
EXAMPLE 1

STEADY

SYSTEM

18T
2ND
3RD

4TH
*

*
*

NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NCDE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NOQDE
NODE
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
MEND

2

- nom o=
oot
- omom =
[}
o
[= T = -

--- MESH DATA

(U= UM Y- N PR SRS AV

L . T T S . T T T T T T )

O @~ o

W0~y Ul W

10
1l
12
13
14
15
16

L T . T T T O S T O T T N N . T T R T T . T T T T R e

L . . T " N T ST S N T T R Y
oy

--- UNIT ---

CHEC, 100.

EXAMPLE 1

STATE ANALYSIS IN CONFINED AQUIFER

, 25, 2
, 0,0
, 0,0
0.0 ,
12.5 ,
25.0 ,
37.5 ,
50.0 ,
0.0 ,
12.5 ,
25.0 ,
37.5 ,
50.0 ,
0.0,
12.5 ,
25.0 ,
37.5 ,
50.0 ,
0.0 ,
12.5 ,
25,0 ,
37.5 ,
50.0 ,
0.0 ,
12.5 ,
25.0 ,
37.5 ,
50.0 ,
. 7
' 8
. 9
. 10
. 12
' 13
. 14
, 15
. 17
’ 18
) 19
' 20
, 22
. 23
. 24
, 25

-10-
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EXAMPLE 1

*

UNIT , ME , DAY , 10 , 0.01
*

* BOUNDARY CONDITION
*

INIP , 1 , 1 , 1, 2.0
INIP , 6 , € , 1, 2.0
INIP , 1 , 1 , 1, 2.0
INIP , 16 , 16 , 1, 2.0
INIP , 2} , 21 , 1, 2.0
INIP , 5 , § , 1, =2,0
INIP , 10 , 10 , 1, =-2.0
INIP , 15 , 15 , 1, =2.0
INIP , 20 , 20 , 1, =~2.0
INIP , 25 , 25 , 1, =2.0
NCON , 1 , 1 , 1, HF

NCON , 6 , 6 , 1, HF

MCON , 11 , 11 , 1, HF

NCON , 16 , 16 , 1, HF

NCON , 21 , 21 , 1, HF’
NCON 5 , 5 , 1, HF

NCON , 10 , 16 , 1, HF

NCON , 15 , 15 , 1, HF

NCON , 20 , 20 , 1, HF

NCON , 25 , 25 , 1, HF

*

* INITIAL CONDITION

*

iNIE , 2 . 2 , 1, 2.0
iNIF , 3 , 3 , 1, 2.0
INIP , 4 , 4 , 1, 2.0
wizp , 71 , 71 , 1, 2.0
INIP , B8 , 8 , 1, 2.0
mwIP , 9 , 9% , 1, 2.0
INIP , 12 , 12 , 1, 2.0
INIP , 13 , 13 , 1, 2.0
INIP , 14 , 14 , 1, 2.0
NIe , 17 , 17 , 1, 2.0
INIP , 18 , 18 , 1, 2.0
INIP , 19 , 19 , 1, 2.0
INIP , 22 , 22 , 1, 2.0
INIP , 23 , 23 , 1, 2.0
INIP , 24 , 24 , 1, 2.0
*

* --~ STEADY STATE ---

*

CONT , STEADY

*

* —-- AQUIFER CONSTANTS ---~

LAYE , 2
SaND , 20, , 0.3
CLAY , 1.0E-07, 1.0B-07

* --- GEOLOGICAL DATA ---
*
GEOL , 1, 1, 1, 2
BASE , SAND CLAY

-10., -4.0 , 6.0
GEOL , 2, 2, 1, 2
BASE , SAND CLAY

-10., -4.0 ', 6.0

GEOL , 3, 3, 1, 2
BASE , SAND CLAY

-11-



10 , 10
SAND
-4.0

11, 11
SAND
-4.0

12 , 12
SAND
-4,0

13 , 13
SAND
-4.0

14 , 14
SAND
-4.0

15 , 15
SAND
-4.0

16 , 16
SAND
-4.0

17, 17
SAND
-4,0

18 , 18
SAND
-4.0

19 , 19
SAND
-4.0

20 , 20
SAND
-4.0

21, 21
SAND
-4.0

22 , 22
SAND
~4.0

23, 23
SAND
-4.0

24 , 24

-12.
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y

4)
3)

-‘10., _430 ’ 6.0
GEOL , 25 , 25, 1,
BASE , SAND CLAY
-10., -4.0 : 6.0
*

ENDD

Press PF4 function key

Command : exit {enter] {data to be saved) or

EXAMPLE 1

Command : quit [enter] (data notto be saved / data not to be changed)
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(1)

EXAMPLE 1

Data Check and Calculation

Data check

1)
2)

3
4)

5)
6)

$ UNISSF [enter]

UNISSEF2 <M>

UNISSF2/G <G>

UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

END <E>

PLEASE ENTER > M [enter] (‘M' for UNISSF2)
RESTART ? (Y/N) N [enter]

FILE NAME(?.dat) EXA1 [enter]
( checking the data }

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ---->E [enter] ('E' for end)
$ ED EXALPRN [enter] (printoutputto be checked)

Press PF4 function key (at the end of check)
Command : QUIT [enter]
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EXAMPLE 1

(2) Calculation by UNISSF2

1y

2)
3

4
5)

6)
7

8)

9
10)

$ ED EXALDAT [enter]

Ist line of the data to be changed

SETTING, CHEC, 100

'

SETTING, RUN , 100

(RUN + one blank)
Press PF4 function key (at the end of edit)
Command : EXIT [enter] (save the data)

$ UNISSF [enter]

UNISSF2 <M»>

UNISSF2/G <G>

UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

END <E>

PLEASE ENTER ---->M [enter] ('M' for UNISSF2)
RESTART 7 (Y/N) N [enter]

FILE NAME(?.dat) EXA1 [enter]
(calculau'hg)

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLQT <X>
END <E>

PLEASE ENTER ---->E [enter] (E' for end)

$ ED EXALPRN [enter) (print output to be checked)

Press PF4 function key (at the end of check)
Command : QUIT [enter}
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(1)

(2)

Post Processing by UNISSF2/P

Creation of the data file for plot control

1
2)

3)
4)

$ ED PLOT1.DAT [enter]

Input data
START 1 TP
SUBTITLE
EXAMPLE 1
NNUM ON
ENUM ON
DIVI OFF
DOWN OFF
MESH OFF
MPLOT

FPRIN ON
SCALE A4

CONT 10

PLOT ALL

REWIND

VERT SET 1

11 15

VERT 1

LPLOT ALL

END

Press PF4 function key (at the end of edit)
Command : EXIT [enter] (save the data)

Post processing

1)
2)

3)
4)
6)

$ UNISSF [enter]

UNISSF2 <M>

UNISSF2/G <G>

UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

END <E>

PLEASE ENTER ---->P [enter] ('P' for UNISSF2/P)
RESTART 7 (Y/N) N [enter] '

FILE NAME(?.dat) PLOTIL [enter]

FILE NAME(FT10) EXAL1FTI10 [enter]
FILE NAME(FT11) EXALFT11 {enter]

( proccs'sing )

FORTRAN STOP
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7

8)
9)

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ----> E [enter]

$ ED EXA1PRN [enter]

Press PF4 function key
Command : QUIT {enter]

-17-

('E' for end)
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EXAMPLE 1

Graphic and Plotting

w

(1) Graphic on TEKTRONIX terminal

1) Press SET UP key
2) * CODE TEK ([enter]
3) Press SET UP key, and [enter]

4) $ UNISSF [enter]

5) UNISSEF2 <M>
UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ---->D [enter] (D' for DISPLAY)
6) FILE NAME : FOR040.DAT [enter]
£)) press CLEAR key

( graphic 1) (Press [enter] to show the next graphic)
( graphic 2) (Press 'E' for end of graphic)

g) At the end of graphic (no graphic on display), Press CLEAR key

9) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E {enter] ('E' for end)
10) Press SET UP key

1) * CODE ANSI [enter]
12) Press SET UP key, and [enter]
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(2)

EXAMPLE 1

Plotting

1) Plotter set up

2) Paper set

3) Press 'On-line’' soft key

4) $ UNISSF [enter]

b)) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>
PLEASE ENTER ----> X [enter] (X' for XYPLOT)

6)  FILE NAME : FOR040.DAT (enter]

( plottin.g )

7 If there are more than 2 drawin gs, the plotting is stopped and the message
'HALT RECIEVED...' is shown in the plotter window when each
drawing is finished. Replace the paper. After sizing paper, press 'On-line'
soft key.

8) At the end of plotting, the message 'PLOT COMPLETE' is shown in the
plotier window.

0) UNISSF2 <M>

UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>»
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter]
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EXAMPLE 1

6. Output

(D Print output by UNISSF2

VER. 3.5

UNISSF-2
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Print output by UNISSF2/P
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EXAMPLE 1
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EXAMPLE 1

Mesh

Plot output
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EXAMPLE. 1

Piezometric Surface and Flow Vector
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EXAMPLE |

Profile of Piezometric Surface |

 (Node 11 - 15)
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EXAMPLE 2

CHAPTER II
Example 2 : Non-steady state analysis in unconfined aquifer

1. Data Preparation

'Caiculau'on of the piezometric head in the confined aquifer with 500 m3/day of pumping at the
center of the region.

Plane
A A
L 8 Region. Of J
3 Analysis
— —»
50m
Section A-A' Pumping
(500 m3/day) .0 piezometric head
ELm ? |
+6.0 —
+2.0 —
2.0 —
-4.0 —
-10.0

BASE
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EXAMPLE 2

(1) Mesh Data
Same as Example 1

(2} Geological Data and Aquifer Constants

A
{ gl |12 (13 [ 15J
e

16 17 18 19 20

Y 21 [22 |23 |4 |25

50m

Section A-A' Pumping
(500 m3/day)  Initial piezometric head
ELm ? I

+6.0 — — Top of 'SAND'
+2.0 —
2.0 —
-4.0 —
100 L ~—— Top of 'BASE'
Y4 R e
BASE
Elevation at the top of each layer Aquifer Constants
Node no, Top of layer
BASE SAND Layer K (m/day) S
1 -10 6
2 -10 6 SAND 20 0.3
3 -10 6
24 -10 6
25 -10 6
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(3) Boundary

Plane

Conditions

O Specified head boundary

EXAMPLE 2

1
o 2 3 4 _()5
A 1P
L gt 12 13 14__ys _+
bt Well
16 7 18 |19 %0
O
C}l 22 23 24 5
Section A-A' Pumping :
(500 m3/day)  1pital piezometric head
ELm |
+6.0 —
+2.0 -a—— Piezometric head is fixed
along the left and right
boundaries.
20 —
4.0 —
-10.0
IR 4
BASE
Left side boundary Right side boundary Well
Node no. Head Node no. Head Node no. Pumping
(EL m) (EL m) ' (m3/day)
1 2.0 5 2.0 13 500
6 2.0 10 2.0
11 2.0 15 20
16 2.0 20 2.0
21 2.0 25 2.0
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EXAMPLE 2

(4) Initial condition

Plane
O Boundary condition

Initial condition

Al

Well
Section A-A' Pumping
(500 m3/day)  Injtial piezometric head
ELm ’ l
+6.0 —

+2.0 —| ¢
2.0 —
-4.0 —
-10.0 &
R V%4
BASE
Node no. Head (EL m)
2 2.0
3 2.0
4 2.0
22 2.0
23 2.0
24 2.0
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EXAMPLE 2

(§) Time stage and step

FEM Calculation for non-steady analysis is proceeded by time-step, which is a short
time length divided from the total calculation time. The time step is possible to give
stage-wise. The time step DT1, DT2 and DT3 are given to the STAGE1,STAGE2 and
STAGE?3 respectively. In general, time step is needed to be short in the early stage and
longer in the later stage to save the calculation time.

Initial Condition (Non-steady state) Final Steady State
|- =$
STAGE1 STAGE2 STAGE3
Head

1h : ! Le——d  Time (day)
00 05 2.0 5.0
STAGE TIME STEP End of STAGE
1 DT1=0.1 T=0.35
2 DT2 =0.5 T=2.0
3 DT3=1.0 T=5.0

A7



EXAMPLE 2

(6) Output time
Print and plot outputs are obtained by specifying the output time.

(Example)

Stage Time Time Step

0.0 0 (Initial Condition)
0.1
0.2
0.3
0.4
0.5
1.0
1.5
2.0
3.0
4.0
5.0

Qutput

Output

O 00~ v v B W N =

[FL I WS R UL I & R R R i
—t
o

—
—

Output
(Final Steady State)

Time 0.2, 2.0 and 5.0 are specified in the input data by using 'PRTIME' and
‘PLTIME' command.
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(1)

Data Input

Editing the data file

1)
2)

$ ED EXA2.DAT [enter] (create the data file)

Input data for Example 2

SETTING,

TITLE

EXAMPLE 2 NON-STEADY STATE ANALYSIS

18T
2ND
3RD

4TH
*

*
*

NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NCDE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NCDE
NODE
NODE
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM

e T e . T T O N . . T T T D U T T T T S S

25
2
0
0

- o
- wm W

W00~ N W e

O e
A aEWNER O

CHEC,

16 ,
10.,

L T T T T TR S TR . T T T Y

0
0

f

[
OQWwom-Jo Ut o e

NMNNMDMNNBEHEHEERERRRP
VLS WNEEOoOWm-odn s Wk

4
0
0

=== MESH DATA

MmO M wm wm W W ™ M W W m m om oWm WM W oM WM WM W ™M N w

100.

’
!
f

2

nwmnek UWw e (RN PLIN S B W R =
oOwUNOoOO-TUNOOoOITUNOOSUNNOD
oMo oocwoumootnonmnooutonoolrhoo

=
N O

m M m om oMo m oM ma mw o w om o MW
o -~ L

5, 2
0, 0
0, 0

F . T T T T A R N T T T L T T T

10
12
13
14
15
17
18
19
20
22
23
24
25

-49.
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19
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0.01

RNNNNNNNDNDNNN

QF

-500

MNNNDNMONNNNDNDNDDNND DD
CO0OO0OO0O0OO0O OO0 OoOOoOOCOO

P
OO0 00000O0OO0O

MEND

*

* === UNIT =-—-

*

UNIT , ME , DAY , 10 ,

*

* -~-- TIME STEP ---—

*

TIME, 3

STEP, 1, 0.1, 0.5

STEP, 2, 0.5, 2.0

STEP, 3, 1.0, 5.0

*

* —-— BOUNDARY CONDITION ===
&

INIP , i, 1 ., 1,
INIP , 6 . 6 1,
iNir , 11 , 11 , 1,
INIP , 16 , 16 , 1,
NP , 21 , 21 , 1,
INIP , s , 5 ., 1,
iNIP , 10 , 10 , 1,
INIP , 15 , 13 , 1,
INIP , 20 , 20 , 1,
INIP , 25 , 25 , 1,
NCON 1, 1, 1,
NCON 6 , 6 1,
NCON 1, 11 i,
NCON , 16 , 18 , 1,
NCON , 21 , 21 , 1,
NCON 5 , 5 , 1,
NCON |, w0 , 10 , 1,
NCON , 1% , 15 , 1,
NCON , 20 , 20 , 1,
NCON , 25 , 25 , 1,
*

NCON 13 , 13 , 1,
INIO , 13, 13 1,
*

* ——= INITIAL CONDITION «--
*

INIP 2, 2 , 1,
INIP , 3 , 3 ., 1.,
INIP , 4 , 4 1,
INIP , T ., 7T 1,
INIP , g8 , 8 , 1.,
INIP , g , 8 , 1,
INIP , 12 , 12 , 1,
INIP , 13 , 13 , 1,
INIP , 14 , 14 , 1,
INIP , 7, 171, 1,
INIP , 18 , 18 , 1,
INIP , 18 , 19 , 1,
INIP , 22 , 22 , 1,
NI , 23 , 23 ., 1,
INIP , 24 , 24 , 1,
*

* --- STEADY STATE =---
*

CONT , STEADY

*

* -—— AQUIFER CONSTANTS ---
LAYE , 2

-50-

Time stage and step
(Non-steady)

Well : Node 13
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SAND
CLAY

GEOQOL
BASE

-10.

GEQOL
BASE

-10.

GEQL
BASE

-10.

GEOL
BASE

-10.

GEOL
BASE

~10.

GEOL
BASE

-10.

GEOL
BASE

~10
GEOL
BASE

-10.

GEOL
BASE

-10.

GEOL
BASE

-10.

GEOL
BASE

-10.

GEQOL
BASE

-10.

GEOL
BASE

-10.

GEOL
BASE

-10.

GEOL
BASE

-10.

GEQL
BASE

-10.

GEOCL
BASE

-10.

GEOL
BASE

-10.

GEOL
BASE

-10.

GEOL

t

e T T A T S R . T T T T T T O O O S O SN S S S O T T N S R N . T e Y

20. , 0.3

1.0E-07,

-- GEOLOGICAL DATA ---

1, 1
SAND
-4.0
2, 2
SAND
-4.0
3, 3
SAND
-4.0
4, 4
SAND
-4.0

5, 5,

SAND
-4.0
6 ,
SAND
-4.0
7, 7
SAND
-4.0
8, 8
SAND
-4.0
9, 9
SAND
-4.0
10 , 10
SAND
-4.0

i1, 11,

SAND
-4.0
12, 12
SAND
-4.0
13, 13
SAND
~4.0

14, 14,

SAND
-4.0

15 , 15 ,

SAND
-4.0
16 , 16
SAND
-4.0
17 , 17
SAND
-4.0
18 , 18
SAND
-4.0
19 , 19
SAND
-4.0
20 , 20

1.0E-07

EXAMPLE 2



4)
5)

BASE , SAND CLAY

-10., -4.0 , 6.0

GEOL , 21 , 21, 1,
BASE , SAND CLAY

-10., -4.0 , 6.0

GEOL , 22 , 22 , 1,
BASE , SAND CLAY

-10., -4.0 : 6.0

GEOL , 23 , 23, 1,
BASE , SAND CLAY

-10., -4.0 ; 6.0

GEOL , 24 , 24 , 1,
BASE , SAND CLAY

-10., -4.0 , 6.0

GEOL , 25 , 25, 1,
BASE , SAND CLAY

-10., -4.0 ;s 6.0

*

PRTIME, 0.5, 1.0, 2.0,
PLTIME, 0.5, 1.0, 2.0,
X

ENDD

Press PF4 function key

Command : exit [enter] (data to be saved) or

4.0
4.0

EXAMPLE 2

Qutputs are to be obtained
at specified imes.

Command : quit {enter] (data not to be saved / data not to be changed)
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(1)

EXAMPLE 2

Data Check and Calculation

Data check

1)
2)

3)
4)

3)

6)
7

$ UNISSF [enter]

UNISSF2 <M>

UNISSF2/G <G>

UNISSF2/P <P >

DISPLAY <D>

XYPLOT <X>

END <E>

PLEASE ENTER ---->M [enter}] ('M' for UNISSF2)
RESTART 7 (Y/N) N [enter]

FILE NAME(?.dat) EXA2 {enter]
( checking the data )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>»

PLEASEENTER ---->E [enter] ('E' for end)
$ ED EXA2.PRN [enter] (printoutput to be checked)

Press PI'4 function key (at the end of check)
Command :_QUIT [enter]

53



(2)

Calculation by UNISSF2

1)

2)
3)

4)
5)

6)
7

8)

9
10)

$ ED EXA2.DAT [enter]

1st line of the data to be changed

SETTING, CHEC, 100

'

SETTING, RUN , 100

(RUN + one blank)
Press PF4 function key (at the end of edit)
Command : EXIT [enter] (save the data)

$ UNISSF [enter]

UNISSF2 <M>

UNISSF2/G <G>

UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

END <E>

PLEASE ENTER ---->M [enter] (‘M' for UNISSF2)
RESTART 7 (Y/N) N [enter]

FILE NAME(?.dat) EXA2 [enter]
(calwlau'ﬁg)

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ---->E [enter] (E' for end)
$ ED EXA2.PRN [enter] (print output to be checked)

Press PF4 function key (at the end of check)
Command : QUIT [enter]
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(1)

(2)

Post Processing by UNISSF2/P

Creation of the data file for plot control

1) $ ED PLOT2.DAT [enter]
2) Input data

START 1 TP
SUBTITLE

EXAMPLE 2
NNUM oN
ENUM ON
DIVI OFF
DOWN OFF
MESH OFF
MPLOT

FEPRIN' ON
SCALE A4

CONT 10

PLOT ALL

REWIND

VERT SET 1

11 15

VERT 1

LPLOT ALL

END
3) Press PF4 function key (at the end of edit)
4) Command : EXIT [enter] (save the data)

Post processing
1) $ UNISSF [enter]
2) UNISSEF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>
PLEASE ENTER --—->P [enter] (P for UNISSF2/P)
3 RESTART ? (Y/N) N [enter]
4) FILE NAME(?.dat) PLOT2 {enter]

5)  FILENAME(FT10) EXA2.FT10 [enter]
6)  FILENAME(FT11) EXA2.FT11 [enter]

( proccs.sing )
FORTRAN STOP
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7

8)
9

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter]

$ ED PLOT2.PRN [enter]

Press PF4 function key
Command : QUIT [enter]

-56-

('E' for end)
(print cutput to be checked)
(at the end of check)
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(1)

EXAMPLE 2

Graphic and Plotting

Graphic on TEKTRONIX terminal

1)
2)
3)
4)

3

6)
7

8)
9

10)
11)
12)

Press SET UP key
* CODE TEK [enter]
Press SET UP key, and [enter]

$ UNISSF [enter]

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER -—>D [enter] (D' for DISPLAY)
FILE NAME : FOR040.DAT [enter]
press CLEAR key

( graphic 1) (Press [enter] to show the next graphic)
( graphic 2) (Press 'E' for end of graphic)

At the end of graphic (no graphic on display), Press CLEAR key

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ---> E [enter] ('E' for end)
Press SET UP key

* CODE ANSI [enter]
Press SET UP key, and {enter]
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(2)

EXAMPLE 2

Plotting

1) Plotter set up

2) Paper set

3) Press 'On-line' soft key

4) $ UNISSF [enter]

5) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D»>
XYPLOT <X>
END <E>
PLEASE ENTER ----> X [enter] (X' for XYPLOT)

6) FILE NAME : FOR040.DAT [enter]

(plotu'n.g )

7 If there are more than 2 drawings, the plotiing is stopped and the message
'HALT RECIEVED..." is shown in the plotter window when each
drawing is finished. Replace the paper. After sizing paper, press 'On-line’
soft key.

8) At the end of plotting, the message 'PLOT COMPLETE' is shown in the
plotter window.

9) UNISSF2 <M>

UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ----> E [enter]
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EXAMPLE 2

Output

6.

Mesh

(Plot output only)
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EXAMPLE 2

Piezometric Surface and Flow Vector
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Z 3 1dWORT .
SISATUNG 31ELS AGUILS-NON  Z F1dWux3

T T b 3W3S
oz T ob 3IWIS

1071d W34
LN3I¥dN3d

000" T = 3NIL

EXAMPLE 2

Piezometric Surface and Flow Vector
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ESB'[

oaoTe

1014 W34

o5, 39as

LNIFHENI

A7193S

Q'EZ G'b
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Piezometric Surface and Flow Vector

EXAMPLE 2

oan” ¢

|

LT oh WIS 10d W34
gfz 1 ob WIS LNIHdN3

2.000

TIME

-9
?

2
3

.0
0

SCALE
SCALE

CURRENT
FEM PLOT

NON-STEADY STATE ANALYSIS

EXAMPLE

EXAMPLE 2

2

-62-




EXAMPLE 2

—

Piezometric Surface and Flow Vector
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EXAMPLE 2

Piezometric Surface and Flow Vector
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EXAMPLE 2

Piezometric Surface and Flow Vector

Z 3JdWgR3 .
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EXAMPLE 2

Profile of Piezometric Surface ( Node 11 - 15)

pos”

St
L

0 = 3UIL

SISATIGNG 31ULlS AQUILS-NON

¢ J1dWER3

06" EhZ/T = IS

it

———
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Z I1dWgK3

0 01-

Qu3aH
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EXAMPLE 2

Profile of Piezometric Surface { Node 11 - 15)

gopD" 1T = JUIL

St bl £T
L ! 1

Z AdlEH4 .
SISATIONY J1PLS AQUYU3ILS-NON 2 FidWb<3

06" EhZ/T = JWIS

&1 1T
I ]

——
. —

au3aH

_——
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EXAMPLE 2

Profile of Piezometric Surface ( Node 11 - 15)

goo"Z = 3HIL

5t i
- 1

2 JidER3
SISATIONGY 3JLULS AQU3LS-NON 2 FT1dhux3

DE*ENZ/T = FIUIS

a1 It
1 i

_——
—_—

—_——

7
o
o
1
au3dH
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EXAMPLE 2

-

Profile of Piezometric Surface ( Node 11 - 15)

ono-

st
—

S = 3HIL

Z 3IdlgR3

SISATIONG 31915 AQUALS-NON 2 J1dHBK3’

DE"ELZ/T = JWI5

A 11
! I

e
——

ag3aH

s
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EXAMPLE 2

Profile of Piezometric Surface ( Node 11 - 15)

3LYLS AQY3LS TIWNIA

i
!

¢ A 1dWOR3
SISATIDNG 3101S AQU3ILS-NON & F1dHER3

068" Ehd/T = 3WIS

A it
1 I

———

- 0" 0T~

au3aH

e B
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EXAMPLE 3

CHAPTER IIX
Example 3 ;: Steady state analysis in confined aquifer (2)

1. Data Preparation

‘Calculation of the piezometric head in the confined aquifer under the given boundary condition

Plane
(%]
] Region of
Analysis
~f -
S5km
Boundary condition
Head (EL m)

86 87 88 89

Pt ™ I

ngf O O O
[ ey
3 :

(impervious) £

S

(impervious)

RN

Flow (1000 m3/day)
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(1) Mesh data

1) Mesh diagram

2) Node number and element number

1

2

3

L% |

—

NORKC

@O

®

]

®

® |

2

5

10

15

20

25

1«25

®-®

-712-

Node number

Element number

EXAMPLE 3



3) Node coordinates

11

13

14

18

19

2]

22

23

24

X

4) Element connection

@

6

10

@O

®

11

® O

15

16© 1

®

19

®

20

©)

21 2!

®

2

®

25

Element no.

15
16

Node no. of element

1

QIR

18
19

J

6
7
3

23
24

K L

2
8
4

R Y= R FS RN |

24 19
25 20

10

15

20

25

EXAMPLE 3

Node no. Coordinates
X Y
1 0 5000
2 1250 5000
3 2500 5000
24 3750 0
25 5000 0

1 -25 Node number

(D -(@® Element number

®

L K

Node numbers of element are
given counter-clockwise

73



(2)

1)

uy ¢

EXAMPLE 3

Geological data and aquifer constants

Symbol of layers and elevation at top of each layers for each node

S~

\mm\ \

S50
X D]

7 ,n \

—} J—

Skm

Elevation Contour

BASE
(Bottom of Aquifer /
Top of Basement}

AQUI
(Top of Aquifer)

SURF
(Ground Surface)
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Node

O 0 1 L B W N =

1 T N T N T N T N o S i i e i ey
mthHO\ooo-.!O\_Ut-hmtov—*O

Top of BASE

(EL m)
44
48
33
56
60
36
38
40
44
50
24
26
28
31
38
12
15
19
24
30
5
8
11
17
21

Top of AQUI

(EL m)

-75-

75
80
84
87
90
68
73
77
79
81

57

60
61
63
67
46
50
52
54
57
37
39
40
44
45

EXAMPLE 3

Top of SURF
(EL m)
85
88
91
93
95
78
78
80
82
85
68
69
71
73
74
60
62
63
65
66
55
56
58
5%
61



2)

Aquifer constants

Trasmissivity Map

ucy ¢

Symbol
AQO1
AQ2
AQD3

Node

LYo T I B o S R A .

P o S o Sy S S
ch Wt bW N = O

AQO3
AQO2
AQOL
AQO2
AQO3
——— -
5km

K (m/day) S

10.0 0.3

5.0 0.2

2.0 0.1
Symbol K (m/day)
AQO3 2.0
AQO3 2.0
AQ02 5.0
AQOI 10.0
AQO1 10.0
AQO3 2.0
AQ2 5.0
AQO1 10.0
AQOI 10.0
AQO1 10.0
AQQ2 5.0
AQO1 10.0
AQO1 10.0
AQO1 10.0
AQO2 5.0
AQO1 10.0

76-

S

0.1
0.1
0.2
0.3
0.3
0.1
0.2
0.3
0.3
0.3
0.2
0.3
0.3
0.3
0.2
0.3

EXAMPLE 3



17 AQO1 10.0 0.3
18 AQD2 5.0 0.2
19 AQQ2 5.0 0.2
20 AQO1 2.0 0.1
21 AQO1 10.0 0.3
22 AQO1 10.0 0.3
23 AQO2 5.0 0.2
24 AQO3 2.0 0.1
25 AQD3 2.0 0.1
Input Data :
Layer K (m/day) S
SURF 1.0x 107 L 1.0x 107 22
AQU1 10 0343
AQO2 5 022
AQO3 014
Note :

EXAMPLE 3

{1 The top layer is assumed to be impervious in the analysis of confined

aquifer.

L2 Coefficient of storage of layer '"AQxx’ in confined aquifer

f3 Coefficient of storage of layer 'AQxx' in unconfined aquifer



(3)

(4)

Boundary condition

Plane
O Specified head boundary
© Specified flow boundary
8m 8 m 88m 89m 90m
Ol OZ .. . QS
6 7 3 9 10
11 12 13 14 15
16 17 18 19 20
H—F P
(-1000 m3/day)
Node Specified Head Node
(EL m)
1 86 21
2 87 22
3 88 23
4 89 24
5 90 25

Initial condition

Assumed initial condition : (Top of 'BASE") +30m

-78-

Specified Flow
(m3/day)
-600
-600
-400
-200
-200

EXAMPLE 3



EXAMPLE 3

2. Data Input

(1) Editing the data file

' 1D $ ED EXA3.DAT [enter] (create the data file)
2) Input data for Example 3

SETTING, CHEC, 100.
TITLE

EXAMPLE 3 STEADY STATE ANALYSIS IN CONFINED AQUIFER SYSTEM

15T , 25 , 16 , 4 , 25 , 2

2ND . 4,0 , 0, 0,0

3RD , 0,0 , 0, 0, 0,0

41TH , 0, 0

* .

* -~ MESH ---

*

NODE , 1, 0 , 5000

NODE , 2, 1250 , 5000

NODE , 3, 2500, 5000

NODE , 4 , 3750 , 5000

NODE , S, 5000 , 5000

NODE , 6 , 0, 3750

NODE , T, 1250 , 3750

NODE , 8 , 2500, 3750

NQDE , 9 , 3750 , 3750

NODE , 10 , 5000 , 3750

NODE , 11, 0, 2500

NODE , 12 , 1250 , 2500

NODE , 13 , 2500 , 2500

NODE , 14 , 3750 , 2500

NODE , 15 , 5000 , 2500

NODE , 16 , 0, 1250

NODE , 17 , 1250 , 1250

NODE , 18 , 2500 , 1250

NODE , 19 , 3750 , 1250

NODE , 20 , 5000 , 1250

NCDE ., 2 , 0, 0

NODE , 22 , 1250 , 0

NQODE , 23 , 2500 , 4]

NODE , 24 , 3750 , 0

NODE , 25 , 5000 , 0

ELEM , 1, 6, 7 . 2, 1
ELEM , 2, 7, 8, 3. 2
ELEM , 3, 8 , 9, 4 , 3
ELEM , 4, 9, 10 , 5, 4
ELEM , 5, 11, 12 , 7, 6
ELEM , 6 , 12 , 13 , 8 , 7
ELEM , 7 . 13 , 14 , 8 , 8
ELEM , 8, 14 , 15 , 10 , 9
ELEM , 9, 16 , 17 , 12 , 11
ELEM , 10 , 17 , 18 , 13 , 12
ELEM , 11 , 18 , 19 , 149 , 13
ELEM , 2, 19 , 20 , 15 , 14
ELEM , 13, 21, 22 , 17 , 16
ELEM , 14 , 22 , 23 , 18 , 17
ELEM , 15 , 23 , 24 , 19 , 18
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EXAMPLE 3

ELEM , 16 , 24 , 25 , 20 , 19
MEND

*

* --— UNIT ---

UNIT , ME , DAY , 10 , 0.01

* --- BOUNDARY CONDITION --—-
*

Nz , 1 , 1 , 1, 86
INIP , 2 , 2 , 1, 87
INIP , 3 , 3 , 1, 88
INEP , 4 , 4 , 1, 89
iNIP , 5 , 5 , 1, 90
INTQ , 21 , 21 , 1, -600
INIQ , 22 , 22 , 1, =600
INIQ , 23 , 23 , 1, -400
INIQ , 24 , 24 , 1, =200
INIQ , 25 , 25 , 1, =200
MCON , 1 , 1 , 1, HF
NCON , 2 , 2 , 1, HF
NCON , 3 , 3 , 1, HF
NCON , 4 , 4 , 1, HF
NCON , $ , 5 , 1, HF
NCON , 21 , 21 , 1, OQF
NCON , 22 , 22 , 1, QF
NCON , 23 , 23 , 1, OF
NCON , 24 , 24 , 1, QF
NCON , 25 , 25 , 1, QF
*

* -~~~ INITIAL CONDITION —---
*

INIP , 6, 6, 1, 66
INIP , 7, 71, 1, 68
INIP , 8, 8, 1, 70
INIP , 9, 9, 1, 14
INIP , 10, 10, 1, 80
NP , 11, 11, 1, 54
INIP , 12, 12, 1, 56
wNIP , 13, 13, 1, S8
INIP , 14, 14, 1, 61
INIP , 15, 15, 1, 68
INIP , 16, 16, 1, 42
INIP , 17, 17, 1, 45
INIP , 18 , 18 , 1, 49
INIP , 19, 19, 1, 54
INIP , 20, 20, 1, 60
iNIP , 20, 20, 1, 35
INIP , 22, 22, 1, 38
NIP , 23, 23, 1, 41
INIP , 24, 24, 1, a7
INIP , 25, 25, 1, 51
*

* ~—- STEADY STATE —--

CONT , STEADY

* --~ AQUIFER CONSTANTS ---
*

LAYE , 4

AQO1 , 10.0 , 0.3

AQO2 , 5.0 , 0.2

AQO3 , 2.0 , 0.1
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SURF

GEOL
BASE

14
GEOL
BASE

48
GEOL
BASE

53
GEOL
BASE

56
GEOL
BASE

GEOL
BASE

36
GEOL
BASE

GEOL
BASE
40
GEOL
BASE
44
GEOL
BASE
50
GECOL
BASE
24
GEOL
BASE
26
GEOQL
BASE
28
GECL
BASE
31
GEOQL
BASE
38
GEOL
BASE
12
GEOL
BASE
15
GEOL
BASE
19
GEOL
BASE
24
GEQL
BASE

t

L
[
!
f
r
r
f
r
L
L
'
I
[
I
1
r
t
L}
r
f
r
’
[}
L
r
r
f
r
r
I
L
[
[
I
f
f
f
L
r
I
[}
[
£
f
f
r
’
I
L
!
I
r
L3
’
L}
I
’
s
I

1.0E-07,

1.0E-07

~== GEQOLOGICAL DATA ---

1, 1,
AQ03 ,
15

2, 2,
AQO3 ,
80 ,

3, 3.,
AQO2 ,
84 ,

4, 4,
aQol ,
g7 ,

11, 11,
AQ01 ,

12, 12,
AQ01 ,
60 ,

13, 13 ,
AQ01 ,
61 ,

14 , 14 ,
aQ01 ,
63 ,

15 , 15 ,
AQO2 ,
67 ,

16 , 16 ,
aQo1 ,
46 ,

17 , 17,
AQO1 ,
50 ,

18 , 18 ,
AQOZ ,
52 ,

19 , 19 ,
AQO2 ,

I
20 , 20,
AQOLl ,

1, 2
SURF
85
1, 2
SURF
88
1, 2
SURF
91
1, 2
SURF
93
1, 2
SURF
95
1, 2
SURF
78
1, 2
SURF
78
1,
SURF
80
1, 2
SURF
82
1, 2
SURF
85
1, 2
SURF
68
1, 2
SURF
69
1, 2
SURF
71
1, 2
SURF
73
1, 2
SURF
74
1, 2
SURF
60
1, 2
SURF
62
1, 2
SURF
63
1,2
SURF
65
1, 2
SURF

2

-81-
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30
GEOL
BASE

5
GEOL
BASE

8
GEOL
BASE

11
GEQL
BASE

17
GEOL
BASE

21
*

ENDD
4)
5)

r 57 !
21, 21,
. AQO1l ,
' 37,
.22, 22,
. RQOL ,
. 39 ,
.23, 23,
. RQ02 ,
: 40 ,
.24 , 24 ,
. BAQO3 ,
: 44 ,
125 r 25 f
, RQO03 ,
! 45 r

66
1, 2
SURF
55
1, 2
SURF
56
1, 2
SURF
58
1, 2
SURF
59
1, 2
SURF
61

Press PF4 function key

Command : exit [enter] (data to be saved) or

EXAMPLE 3

Command : quit [enter] (data not to be saved / data not to be changed)
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(1)

EXAMPLE 3

Data Check and Calculation

Data check

1)
2)

3)
4)

5)
6)

$ UNISSF [enter]

UNISSEF2 <M>

UNISSF2/G <G>

UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

END <E>

PLEASE ENTER ---->M [enter] ('M' for UNISSF2)
RESTART 7 (Y/N) N f{enter]

FILE NAME(?.dat) EXA3 [enter]
( checking thc- data)

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASEENTER ---->E [enter] (E' for end)
$ ED EXA3.PRN [enter] (print output to be checked)

Press PF4 function key (at the end of check)
Command ; QUIT [enter]
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(2) Calculation by UNISSF2

1)

2)
3)

4)
5)

6)
7)

8

)
10)

$ ED EXA3.DAT [enter]
1st line of the data to be changed

SETTING, CHEC, 100

'

SETTING, RUN , 100

(RUN + one blank)

Press PF4 key
Command : EXIT [enter]

3 UNISSF [enter]

UNISSE2 <M>
UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> M [enter]
RESTART ? (Y/N) N [enter]

FILE NAME(?.dat) EXA3 {enter]

(ca]culatiﬁg)

FORTRAN STOP

UNISSF2
UNISSF2/G
UNISSF2/P
DISPLAY
XYPLOT
END

<M>
<G>
<P>
<D>
<X>
<E>

PLEASE ENTER --->E [enter]
$ ED EXA3.PRN [enter]

Press PF4 function key
Command : QUIT [enter]

-84-

EXAMPLE 3

(at the end of edit)
(save the data)

(M' for UNISSF2)

('E' for end)

(print output to be checked)

(at the end of check)



(1)

(2)

Post Processing by UNISSF2/P

Creation of the data file for plot control

1) $ ED PLOT3.DAT [enter]
2) Input data

START 1 TP
SUBTITLE

EXAMPLE 3
NNUM oN
ENUM ON
DIVI OFF
DOWN OFF
MESH OFF
MPLOT

FPRIN - ON
SCALE )-C!

CONT MANU

76, 78, 80, 82, 84, 86, 88, 90

PLOT ALL

REWIND

END
3) Press PF4 function key (at the end of edit)
4) Command : EXIT [enter] (save the data)

Post processing
D $ UNISSF [enter]
2) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>
PLEASE ENTER ---->P [enter] ('P' for UNISSF2/P)
3) RESTART 7 (Y/N) N [enter]
4) FILE NAME(7.dat) PLOT3 {enter]

5)  FILENAME(FT10) EXA3.FT10 [enter]
6)  FILENAME(FTi1) EXA3.FT11 [enter]

( proces;sing )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
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)

8)
9

UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter]

$ ED PLOT3.PRN [enter]

Press PF4 function key
Command : QUIT {[enter]

('E' for end)
(print output to be checked)
(at the end of check)

EXAMPLE 3



(1)

EXAMPLE 3

Graphic and Plotting

Graphic on TEKTRONIX terminal

1)
2)
3)
4)

5)

6)
7

8)
9

10)
11)
12)

Press SET UP key
* CODE TEK [enter]
Press SET UP key, and [enter]

$ UNISSF [enter]

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ---->D [enter] (D' for DISPLAY)
FILE NAME : FOR040.DAT [enter]
press CLEAR key

( graphic 1) (Press [enter] to show the next graphic)
( graphic 2) (Press 'E' for end of graphic)

At the end of graphic (no graphic on display), Press CLEAR key

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter] ('E' for end)
Press SET UP key

* CODE ANSI {enter]
Press SET UP key, and [enter)
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(2)

Plotting

EXAMPLE 3

1) Plotter set up

2) Paper set

3) Press 'On.line' soft key

4) $ UNISSF [enter]

5) UNISSEF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D»>
XYPLOT <X>
END <E>
PLEASE ENTER ----> X [enter] (X' for XYPLOT)

6) FILE NAME : FOR040.DAT [enter]

(plotting )

) If there.are more than 2 drawings, the plotting is stopped and the message
'HALT RECIEVED...' is shown in the plotter window when each
drawing is finished. Replace the paper. After sizing paper, press 'On-line
soft key.

8 At the end of plotting, the message 'PLOT COMPLETE' is shown in the
plotter window,

9) UNISSF2 <M>

UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter]
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Mesh

(Plot output only)

Output

f__ 6.

£ AdHgx3

WILSAS ¥3ILINUY Q3NIANDD NI SISATUNG FLELS AQU3LS £

s eb T ob 3OS LOTd W3

sZ

az

5t

ot

F1digR3

hZ EZ [

a1 St .4 £1

1z

13 atr (A1

z1 1N ot 5

91

hi ET 1

tt

1071d W34

JP3s

Z‘EE.’_ D'b
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EXAMPLE 3

Piezometric Surface and Flow Vector

£ 31dHORd
W3LSAS ¥34INoy JINI4INO3I NI SISATIOND J101S AQB3ILS E 3FdWoxd

000°0 = 3WIL s T b 3WIS  LDd Wad

W T o 37935 INIWYND

=oapSully
oo o= rFDQc c
<5
pul
/ e 2
] / gz

Im

IS

a° 85.’_ 0']3
W T b 3U3S

0da’ 66
000" 8
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EXAMPLE 4

CHAPTER 1V
Example 4 : Non-steady state analysis in confined aquifer

1. Data Preparation

‘Calculation of the piezometric head in the confined aquifer with 500 m3/day of pumping
starting from the steady state which is calculated at the EXAMPLE 3.

Plane

Ln

g‘ Region of
Analysis

Y
g -
5 km
Boundary condition
Head (EL m)
87 88 89 90

(impervious) i

Pumping
(500 m3/day)

S (impervious)

Flow (1000 m3/day)
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(1) Mesh data
Same as EXAMPLE 3

(2) Geological data and aquifer constants
Same as EXAMPLE 3

(3) Boundary condition

Plane
(O Specified head boundary
® Specified flow boundary
86m 87m 88m 89m 90m
1
o—0—c—c¢—0
6 7 8 9 10
11 12 @13 14 15
N Pumping
16 17 18 19 20 (500 m3/day)
@21 @.22 @23 ®24 @ZS
(-1000 m3/day)
Node Specified Head Node Specified Flow
(EL m) (m3/day)
1 86 21 -600
2 87 22 -600
3 88 23 -400
4 g9 24 -200
5 90 25 -200

Pumping : 500 m3/day at node 13

-92.
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(4)

(5)

(6)

EXAMPLE 4

Initial condition

1) Initial condition for the steady state calculation (without pumping)
Assumed initial condition : (Top of 'BASE") + 30 m

2) Initial condition for the non-steady state calculation (with pumping)
Caluculated conditiion of steady state without pumping

Time stage and step

FEM Calculation for non-steady analysis is proceeded by time-step, which is a short
time length divided from the total calculation time. The time step is possible to give
stage-wise. The time step DT1, DT2 and DT3 are given to the STAGE1,STAGE2 and
STAGES3 respectively. In general, time step is needed to be short in the early stage and
longer in the later stage to save the calculation time.

Qutput time

Print and plot outputs are obtained by specifying the output time.
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(1)

Data Input

Editing the data file

1)
2)

$ ED EXA4.DAT [enter] (create the data file)

NON-STEADY STATE ANALYSIS

Input data for Example 4
SETTING, CHEC, 100.
TITLE

EXAMPLE 4
isT , 25, 16 , 4, 25,
20 , 4,0 ,0, 0,
3RD ., 0,0 ,0, 0,
4TH , 0,0
*
* --~ MESH -—-
*
NODE , 1, 0
NODE , 2, 1250
NODE , 3, 2500
NODE , 4, 3750
NODE , 5, 5000
NODE , 6 , 0
NODE , 7, 1250
NODE , 8, 2500
NODE , 9 , 3750
NODE , 10 , 5000
NODE , 11 , 0
NODE , 12 , 1250
NODE , 13 , 2500
NODE , 14 , 3750
NODE , 15 , 5000
NODE |, 16 , 0
NODE , 17 , 1250
NODE , 18 , 2500
NODE , 19 , 3750
NODE , 20 , 5000
NODE , 21, 0
NODE , 22 , 1250
NODE , 23 , 2500
NODE , 24 , 3750
NODE , 25 , 5000
ELEM , 1, 6 .
ELEM , 2, ("
ELEM , 3, 8 ,
ELEM , 4, 9 ,
ELEM , 5, 1 ,
ELEM , 6 . 12 ,
ELEM , 7, 13 ,
ELEM , 8 14 ,
ELEM , 9, 16 ,
ELEM , 10 , 17 ,
ELEM , 11, 18 ,
ELEM , 12 , 19 ,
ELEM , 13 , 21 ,
ELEM , 14 , 22 ,
ELEM , 15 , 23,
ELEM , 16 , 24 ,

2
0
0

L O . T T T T S O R T I T U T T T S T T Y

10
12
13
14
15
17
18
i3
20
22
23
24
25

-05-

¢ 0

5000
5000
5000
5000
5000
3750
3750
3750
3750
3750
2500
2500
2500
2500
2500
1250
1250
1250
1250
1250

[ B B I o o ]

- M oM M m m W m W W W M M m ohw

- M M M M M WM W W W wm W W oW
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MEND
*

*
*
UNIT
*

*

TIME,
STEP,
STEP,
STEP,

CONT
*

--— UNIT ---
, ME , DAY , 10 , 0.01
-=~ TIME STEP ~--
3
1, 2, 30
2, 5, 60 ~
3, 10, 150
~~~ BOUNDARY CONDITION —--
, ¥, 1 , 1, 86
, 2 9, 2 , 1, 87
, 3 , 3 , 1, B8
, 4 , 4 , 1, 89
r 5 r 5 ! 1 t g0
, 21 , 21 , 1, -600
, 22 , 22 , 1, =600
, 23 , 23 , 1, -400
, 24 , 24 , 1, =200
, 25 , 25 , 1, =200
, % , 1 , 1, HF
, 2 , 2 , 1, HF
, 3 , 3 , 1, HF
, 4 , 4 , 1, HF
, 5 , 5 , 1, HF
, 21 , 21 , 1, QF
.22 ,22 , 1, QF
, 23 ,23% , 1, OQF
, 24 , 24 , 1, QF
, 25 ,2% , 1, QF
we= INITIAL CONDITION ===
, 6, 6, 1, 66
, 17, 1, 1, &8
, 8, 8, 1, 10
., 9, 9, 1, 74
, 10, 10, 1, 80
, 11, 11, 1, 54
, 12, 12, 1, 56
, 13, 13, 1, 58
, 14, 14, 1, 61
, 15, 15, 1, 68
, 16 , 16, 1, 42
, 17, 11, 1, 45
, 18, 18, 1, 49
, 19, 19, 1, 54
, 20, 20, 1, 60
, 20, 20, 1, 35
, 22, 22, 1, 3B
, 23, 23, 1, 41
, 24, 24, 1, 47
, 25, 25, 1, 51
--— STEADY STATE -> NON~STEADY STEATE —--
, STUN
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LAYE
aQo01
ap02
AQO3
SURF

GEOL
BASE

44
GECL
BASE

48
GEOL
BASE

53
GEOL
BASE

GEOL
BASE

GEOL
BASE
36
GEOL
BASE
38
GEOL
BASE
40
GEOL
BASE
44
GEOL
BASE
50
GEOL
BASE
24
GEOL
BASE
26
GECL
BASE

GEOL
BASE

31
GEOL
BASE

GECL
BASE

12
GEOL
BASE

15
GEQL
BASE

~=—~ AQUIFER CONSTANTS ---

4
10.
5.
2.

- m w m

—--~ GEOLOGICAL DATA ---

1, 1,1,2
AQ03 , SURF
75 , 85
2, 2,1, 2
AQQ03 , SURF
go , 88
3, 3,1, 2
AQQ2 , SURF
84 , 91
4, 4,1, 2
AQOl , SURF
87 , 93
5, 5,1,
AQOl , SURF
80 , 95
6, 6, 1,2
AQO3 , SURF
68 , 78
7r7llf
AQ02 , SURF
73 . 78
8, &, 1,2
AQ01 , SURF
17 , 80
9, 9,1, 2
AQ02 , SURF

r
’
L
r
L}
r
r
s
L
1
f
I
¢
T
L
[
!
L}
L}
L
L
r
f
f
f
r
‘ 79 . 82
[}
1
r
I
I
I
I
!
I
L
L3
L
f
’
r
!
t
r
L
i
r
'
r
I
L
r

2

2

10, 10, 1, 2
AQO1 , SURF
81 , 85
11, 11, 1, 2
AQOLl , SURF
57 , 68
12,12, 1, 2
AQOl , SURF
60 , 69
13, 13,1, 2
AQO1l , SURF
61 , 71
14 , 14, 1, 2
AQ01 , SURF
63 , 73
15 , 15 , 1, 2
AQO02 , SURF
67 , 74
16 , 16 , 1, 2
AQOl , SURF
46 , 60
17, 17,1, 2
AQO1l , SURF
50 ,. 62
18, 18, 1, 2
AQO2 , SURF

.
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19 , 52 ,
GECOL ,19 , 19 ,
BASE , AQ02 ,

24 , 54 ,
GEOL ,20 , 20 ,
BASE , AQO1 ,

30 , 57 ,
GEOL ,21 , 21 ,
BASE , AQO1 ,

5, 37 .
GEQL ,22 , 22 ,
BASE , AQOl ,

8, 39 ,
GEOL ,23 , 23 ,
BASE , AQO02 ,

11 , 40 ,
GEOL ,24 , 24 ,
BASE , AQO3 ,

17 , 44 ,
GEOL ,25 , 25 ,
BASE , AQO3 ,

21, as
*

*

PRTIME, 15, 30,

PLTIME, 15, 30,

*

*

NBTIME, 0

ENDD

NEWB 1, 0
13, QF, 0, 8§,

63
1, 2
SURF

65
1, 2
SURF

1, 2
SURF
55
1, 2
SURF
56

SURF
58

SURF
1, 2

SURF
61

120
120

-0R%-.

EXAMPLE 4

Pumping at node 13

starting at time = 0



(1)

EXAMPLE 4

Data Check and Calculation |

Data check

1)
2)

3
4

5)
6)

$ UNISSF [enter]

UNISSF2 <M>

UNISSF2/G <G>

UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

END <E>

PLEASE ENTER ---->M [enter] ('M' for UNISSF2)
RESTART ? (Y/N) N [enter]

FILE NAME(?.dat) EXA4 [enter]
( checking the data )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/p <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E {enter] ('E' for end)
$ ED EXA4.PRN [enter] (print output to be checked)

Press PF4 function key (at the end of check)
Command : QUIT [enter]

-Q0.



EXAMPLE 4

(2) Calculation by UNISSF2

1)

2)
3

4)
3)

6)
7

8)

9
10)

$ ED EXA4.DAT [enter]
1st line of the data to be changed
SETTING, CHEC, 100

'

SETTING, RUN , 100

(RUN + one blank)
Press PF4 key (at the end of edit)
Command : EXIT [enter] (save the data)

$ UNISSF ([enter]

UNISSF2 <M>

UNISSF2/G <G>

UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

END <E>

PLEASE ENTER ---->M [enter] ('M' for UNISSF2)
RESTART 7 (Y/N) N [enter]

FILE NAME(?.dat) EXA4 [enter]
(calculating)

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ---->E [enter] ('E' for end)
$ ED EXA4.PRN [enter] (print output to be checked)

Press PF4 function key (at the end of check)
Command : QUIT ([enter]
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(1)

(2)

Post Processing by UNISSF2/P
(contour map of piezometric surface)

Creation of the data file for plot control

1 $ ED CONT4.DAT [enter]
2) Input data

START 1 TP
SUBTITLE
'EXAMPLE 4

NNUM ON

ENUM ON

DIVI . OFF

DOWN OFF

MESH  OFF

MPLOT

FPRIN ON

SCALE a4

CONT MANU

76, 78, 80, 82, B4, B6, 88, 90

PLOT ALL

REWIND

END
3) Press PF4 function key (at the end of edit)
4) Command : EXIT [enter] (save the data)

Post processing
1) $ UNISSF [enter)
2) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>
PLEASE ENTER ----> P [enter] ('P' for UNISSF2/P)
3) RESTART 7 (Y/N) N [enter]
4) FILE NAME(7.dat) CONT4 [enter]

5)  FILENAME(FTI0) EXA4.FT10 [enter]
6) FILE NAME(FT11) EXA4.FT11 [enter)

{ proces‘sing )

FORTRAN STOP
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7

8)
9)

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter]

$ ED CONT4.PRN [enter]

Press PF4 function key
Command : QUIT [enter]

-102-

('E' for end)
(print output to be checked)
(at the end of check)
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(1)

(2)

Post Processing by UNISSF2/P
(contour map of drawdown)

Creation of the data file for plot control

1Y)
2)

3)
4)

$ ED DOWN4.DAT [enter]

Input data

START 1

SUBTITLE

NNUM

ENUM
DIVI
DOWN
MESH
FPRIN
SCALE
CONT
-0.5, -1.
-3.0, -3.
BELOT
REWIND
END

Press PF4 function key

Command

TP

EXAMPLE 4 ({DRAWDOWN)
ON

ON

ON

ON

CFF

ON

A4

MANU

0, -1.5, -2.0, -2.5
5, _4-0: "'4.5; -5.0
ALL

: EXIT [enter]

Post processing

$ UNISSF [enter]

1)
2)

UNISSEF2

<M>

UNISSF2/G <G>
UNISSF2/P <P>

DISPLAY
XYPLOT
END

PLEASE ENTER ---->P [enter]

<D>
<X >
<E>

RESTART ? (Y/N) N [enter]

FILE NAME(?.dat)
FILE NAME(FT10) EXA4.FT10 [enter]
FILE NAME(FT11) EXA4.FT11 [enter]

( proccs‘sing )

FORTRAN STOP

-103-

{at the end of edit)
(save the data)

('P' for UNISSF2/P)

DOWN4 [enter]
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7

8)
9

UNISSF2 <M >
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ----> E [enter]

$ ED DOWN4.PRN [enter]

Press PF4 function key
Command : QUIT [enter]

-104-

('E' for end)
(print output to be checked)
(at the end of check)
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(1)

EXAMPLE 4

Graphic and Plotting

Graphic on TEKTRONIX terminal

1)  Press SET UP key
2) * CODE TEK [enter]
3) Press SET UP key, and [enter]

4) $ UNISSF - [enter]

5) UNISSF2, <M>
UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ---->D [enter] (D' for DISPLAY)
6) FILE NAME : FOR040.DAT [enter]
7 press CLEAR key

( graphic 1) (Press [enter] to show the next graphic)
( graphic 2) (Press 'E' for end of graphic)

&) At the end of graphic (no graphic on display), Press CLEAR key

9) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/PF <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter] ('E' for end)
10) Press SET UP key

11) * CODE ANSI [enter]
12) Press SET UP key, and [enter]
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(2) Plotting

1) Plotter set up
2) Paper set
3) Press 'On-line’ soft key

Y- §) $ UNISSF [enter]

5) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER -—--> X [enter] (X' for XYPLOT)
6) FILE NAME : FOR040.DAT [enter]

(plotting )

[)] If therc'are more than 2 drawings, the plotting is stopped and the message
'"HALT RECIEVED...' is shown in the plotter window when each
drawing is finished. Replace the paper. After sizing paper, press 'On-line’
soft key.

8) At the end of plotting, the message 'PLOT COMPLETE' is shown in the
plotter window,

)] UNISSF2 <M>
UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ---->E [enter]
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Mesh

(Plot output only)

Output

6.
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h IT1dWER3
CISATUND JLULS AQU3LS-NON  + I 1dWUR3

85 T b 3WIS  LO7d W3
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EXAMPLE 4

Piezometric Surface and Flow Vector
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Piezomeltric Surface and Flow Vector

000" ST = 3WIL
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Piezometric Surface and Flow Vector

h F1dHBEH3
SISATUNGY 31015 AQU3ILS-NON  h 31dWOXd
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Piezometric Surface and Flow Vector
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Piezometric Surface and Flow Vector
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Piezometric Surface and Flow Vector
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Drawdown Map
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Drawdown Map
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Drawdown Map
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Drawdown Map
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Drawdown Map
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‘ MESH DATA PROCESSING

CHAPTER 1
MESH DATA PROCESSING

1.~ Data Input

The mesh division is made on the Jafr Basin and the Hasa Basin. The boundary of the mesh is
extended to the edge of B2/A7 aquifer in the north, the edge of saturated B2/A7 aquifer in the
south, the basin boundary in the east, and the edge of B2/A7 outcrop in the west. The 361
nodes and 386 elements are defined considering following items;

- Geological structures: "Kalak - Wadi Al Fiha" fault
: "Salwan" fault
"Arja - Uweina" flexure

- Location of existing well :  Hasa wellfield
Western Highland

- Proposed wellfield : South Hasa
East Ma'an

The node coordinates are depend on Palestinian Grid. The element configuration is made by
connecting the node numbers at vertexes of elements. The mesh data which include the node
coordinates and the element connection is stored in the data file 'MESH.DAT'. Input data are
shown in PART 5.

-1-



MESH DATA PROCESSING
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MESH DATA PROCESSING
2. Processing

The mesh data are processed by using the program 'UNISSF2/G'. After processing, the
mesh data are stored in the data file 'MESH.RST' and the plotting data file of
'FOR040.DAT'. The mesh diagram is shown on the graphic display by using the program
'DISPLAY"' with the data file 'FOR040.DAT'. The mesh diagram is also drawn by plotter
with the program 'XYPLOT'.

MESH.DAT (Input data file)

( UNISSF2/G )

(Output data files)

MESH.PRN —® (Print output)

MESH.RST

FORQOO8.DAT
DISPLAY (Graphic)

FOR040.DAT

A

(Geological data processing)

X

XYPLOT J (Plotting)

Fig. 2 Mesh Data Processing



(1)

Operation

UNISSF2/G

1 $ UNISSFE [enter]

2) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
PLEASE ENTER > G [enter]

3) RESTART 7 (Y/N) N

4)  FILENAME (?.dat) MESH
( proces'sing )

FORTRAN STOP

4) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER --> E [enter]

5) $ ED MESH.PRN [enter]

6) Press PF4 function key

7 Command : QUIT [enter]

MESH DATA PROCESSING

('G' for UNISSF2/G)

('E' for end)
(print output to be checked)
(at the end of check)



MESH DATA PROCESSING

Graphic
1) Press SET UP key
2) * CODE TEK [enter]
3) Press SET UP key, and [enter]
4) $ UNISSE [enter}
5) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P >
DISPLAY <D>
XYPLOT <X> .
PLEASE ENTER ---> D [enter] (D' for DISPLAY)
6) FILE NAME : FOR040.DAT [enter]
7) Press CLEAR key
(Grai)hicl) {Press [enter] for next)
(Graphic2) (Press 'E' for end)
8) UNISSF2 <M >
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER ---> E [enter] (E' for end)
9) Press SET UP key
10) * CODE ANSI [enter]
11)  Press SET UP key, and [enter]



(3)

MESH DATA PROCESSING

Plotting

1D Plotter set up

2) Paper set

3) Press 'On-line’ soft key

4) $ UNISSF [enter]

5) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>
PLEASE ENTER ----> X [enter] (X' for XYPLOT)

6) FILE NAME : FOR040.DAT [enter]

(Plotting)

[)) If thére are more than 2 drawings, the plotting is stopped and the message
'"HALT RECIEVED..." is shown in the plotter window when each
drawing is finished. Replace the paper. After sizing paper, press 'On-line'
soft key.

8) At the end of plotting, the message 'PLOT COMPLETE' is shown on
the plotter window,

)] UNISSF2 <M>

UNISSF2/G <G>
UNISSF2/P <P >
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ----> E [enter]
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SCALE
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Fig.3 Mesh Diagram
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GEOLOGICAL DATA PROCESSING

CHAPTER II
GEOLOGICAL DATA PROCESSING

1. Data Input
Geological data is necessary to demonstrate the geological structures in the study area. The
geological data are composed of the following items:

— Elevation contour of the bottom of B2/A7 aquifer
— Elevation contour of the top of B2/A7 aquifer
~ Elevation contour of ground surface

From the contour diagram above, the elevations are estimated for each node which is defined
on the mesh diagram. The mesh diagram of the B2/A7 aquifer includes 361 nodes. This
number is too much to give the geological data for each node manuoally. In this case, the auto
generator which is a function of the program "UNISSF2/G' is available.

The input data of using the auto genarator of "UNISSF2/G' are composed of the geological
data at several number of key points, which are selected nodes on the mesh diagram. The
geological data of the nodes which are in the region enclosed by the four key points are
interpolated with the data at key points.

The 54 key points are selected on the mesh diagram of B2/A7 aquifer, and the 39 regions are
defined on the mesh diagram. The mesh diagram is almost covered with the regions. Selected
key points and geological data at key points are shown on Table 1. The regions defined on the
mesh diagram are shown on Fig. 4. The data file named 'GEQOL.DAT" for the auto generator
of '"UNISSF2/G' is shown in PART 5.

2. Processing

After mesh data processing, the mesh data are stored in the data file 'MESH.RST'.
Geological data are processed by using the auto generator of "UNISSF2G' with the data files
'MESH.RST' and 'GEOL.DAT". Generated geological data are entered into the data file
'GEOL.FT21' and the plotting data file of 'FOR040.DAT'.



GEOLOGICAL DATA PROCESSING

Table 1 Key Points for Geological Data Processing

Key Points Elevation (EL m) Remarks
Node Bottom of B2/A7  Top of B2/A7 Ground Surface ~ *  :B2/A7 oulcrop
Number {BASE) (AQUD) (SURF) ** . Edge ol B2/AT
1 1100 1250 - *
4 800 950 - *
6 780 380 1000
9 670 770 900
26 630 730 880
27 1090 1290 - *
37 800 950 - *
40 650 7150 880
48 610 760 880
51 660 910 940
52 660 010 1060
59 1000 1400 - *
83 640 740 830
84 640 140 900
87 630 800 1000
89 600 700 1050
114 560 770 1000
117 640 740 890
128 680 800 210
135 670 720 870
139 640 740 910
144 560 660 970
149 1350 1620 - *
154 900 1350 - *
157 380 580 1200
160 400 600 1080
19 1420 1670 - *
197 1100 1300 - *
201 440 600 1100
203 500 600 930
206 610 660 870
208 1380 1600 - *
226 1000 1200 - -
229 730 900 1180
233 460 560 900
260 490 560 870
282 1000 1200 - *
286 640 720 1120
201 610 690 900
301 1430 1600 - *
313 1450 1600 - *
324 1470 1600 - *
325 1230 1500 - *
328 1000 1150 - *
LX) 750 850 1050
334 580 660 870
338 630 680 870
340 670 720 870
344 730 830 950
349 730 830 900
351 o 760 870
358 680 730 920
360 610 . 860 -
361 670 - 920 e
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GEOLOGICAL DATA PROCESSING

The geological contour diagrams are shown on the graphic display by using the proE‘fam
'DISPLAY' with the data file 'FOR040.DAT'. The contour diagrams are also drawn by
plotter with 'XYPLOT".

(Mesh data processing)
(Input data files)
MESH.RST
GEOL.DAT

( UNISSF2/G J

(Output data files}
GEOL.PRN ———» (Print output)
GEOL.FT21
FORO08.DAT ( .
/ ~ DISPLAY (Graphic)
\.
FORO40.DAT
T~—a(
¥ XYPLOT J (Plotting)
(Processing for additional data) \.

Fig. 5 Geological Data Processing
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(1)

GEOLOGICAL DATA PROCESSING

Operation
UNISSF2/G
1) $ UNISSF [enter]
2) UNISSF2 <M>
UNISSF2/G <G>
UNISSEF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER ---> G [enter] ('G' for UNISSF2/G)
3) RESTART 7 (¥Y/N) N
4) FILENAME (?.dat) GEOL
5) RESTART FILENAME (?.dat) MESH
( proccs.sing )
FORTRAN STOP
4) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER ---> E [enter] (E' for end)
5) SED GEOL.PRN [enter] (print output to be checked)
6) Press PF4 function key (at the end of check)
D Command; QUIT [enter]
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GEOLOGICAL DATA PROCESSING

(2) Graphic

1) Press SET UP key
2) * CODE TEK [enter]
3) Press SET UP key, and [enter]

v 4) $ UNISSF {enter]

5) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >

PLEASE ENTER ---> D [enter] (D' for DISPLAY)
6) FILE NAME : FOR040.DAT [enter]
N Press CLEAR key

(Gral.)hicl) (Press [enter] for next)
(Graphic2) (Press 'E' for end)

8) UNISSFE2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>

PLEASE ENTER ---> E [enter] ('E' for end)
9) Press SET UP key

10) * CODE ANSI [enter]
11)  Press SET UP key, and [enter]

-14-



(3)

GEOLOGICAL DATA PROCESSING

Plotting

1) Plotter set up

2) Paper set

3) Press 'On-line' soft key

4) $ UNISSF [enter]

5) UNISSF2  <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>
PLEASE ENTER ----> X [enter] (X' for XYPLOT)

6) FILE NAME : FOR040.DAT f{enter] -

(Plotting)

7 If there are more than 2 drawings, the plotting is stopped and the message
'HALT RECIEVED...' is shown in the plotter window when each
drawing is finished. Replace the paper. After sizing paper, press 'On-line’
soft key,

g) At the end of plotting, the message 'PLOT COMPLETE! is shown in the
plotter window.

9 UNISSF2 <M>

UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER --->E [enter]
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GEOLOGICAL DATA PROCESSING

5. Additional Geological Data

The generated geological data are stored in the daia file "GEOL.FT21', But geological data at
some nodes are not incorporated in the 'GEOL.FT21'. These nodes are located outside of the
regions enclosed by the key points so that the data are not generated by the auto generator of
'UNISSF2/G'. Nodes located autside of the regions are shown on Fig. 10. Geological data
for these nodes are added to the data file 'GEOL.FT21' by using the program 'GADD', The
additional data are shown on Table 2.

(Processing by auto generator)

(Input data files)

GEOL.FT21

GECL.ADD

o)

(Output data file)

FORQ21.TMP

(Processing for various symbols of layer)

Fig. 9 Processing for Additional Geological Data
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GEOLOGICAL DATA PROCESSING

Table 2 Aditional Geological Data

Elevation {(EL m) Remarks
Nade Bottom of B2/A7 Top of B2/A7 Ground Surface * :B2/AT outcrop
Number (BASE) (AQUD) (SURF} ** : Edge of B2/A7
2 900 1100 - *
3 : 800 1050 - *
3 1080 1300 - *
53 1080 1300 - *
132 650 700 1000
150 _ 1350 1520 ) - *
275 1430 1650 - *
300 620 740 920
07 1450 1670 - *
323 1450 1650 - *
329 860 960 1200
330 810 910 1100
350 730 180 880
359 680 - 880 il
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GEOLOGICAL DATA PROCESSING

The data file ‘'GEOL.ADD' is prepared for the additional geological data (shown in PART
5). By the program 'GADD', the data on 'GEOL.ADD' are combined with the data on
'GEQL.FT21'. The combined data are entered into the data file 'FOR021.'TMP' which
includes the geological data for the all nodes. Operation of the program 'GADD' is described
below;

1 $ GADD [enter]
2) Default File Name :
UNIT 1 : GEOL.FT21
UNIT 2 : GEOL.ADD
UNIT 3 : FOR021.TMP ( default only )
Use Default 7 (Y/N) Y [enter]
3 UNIT 1: GEOL.FT21
UNIT 2 : GEOL.ADD
UNIT 3 : FOR021.TMP

Press enter to continue [enter)
( processing )

FORTRAN STOP

-22-



GEOLOGICAL DATA PROCESSING

=8 o LY

[alp[plelN]b]

Blank (or Comma)

Alignment ;

[T I2] BEEN
| 1 [3[3] [ [3]3] |
[ [1]3]2] 2 [3]2] |

(OK) (NO)

Fig. 11 Data Input Format for'GEOL.ADD"
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AQUIFER CONSTANTS

" CHAPTER IIX
AQUIFER CONSTANTS

1. Aquifer Symbols and Constants

Tht; data file 'FOR021.TMP' includes the geological data which are composed of the top
elevation of the three layers symbolized 'BASE', 'AQUI" and 'SURF'. The layer
symbolized 'AQUTY is the B2/A7 aquifer and the layer above the B2/A7 is considered as less
permeable layer, which is symbolized 'SURF'.

Aquifer constants, coefficient of permeability (K) and coefficient of storage (S), are various in
the study area so that the various K and S are given as data for each node

For expression of this, several number of symbols are necessary for the B2/A7 and the upper
layer, instead of the symbols AQUI and SURF included in the geological data respectively.

'FOR021.TMF'

. FOROLDAT
GSo03 SN——
GS02
_ Tl Gse | TT—
) '\ GSo1
AQO3 | Aom |
g Q AQOZ | 4001

BASE

Fig. 12 Various Symbols
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AQUIFER CONSTANTS

2. Processing

- The data of various symbols for each node are prepared in the data file 'NMAT.DAT'. The
input format of ‘'NMAT.DAT' is illustrated in Fig. 14. By the program 'NMAT', the
symbols '‘AQUT' and 'SURF' in the data file 'FOR021.TMP"' are revised according to the
various symbols in the 'NMAT.DAT and the revised geological data are stored in the data file
'FORO021.DAT'

(Processing for additonal geological data)

(Input data files)

FOR021.TMP

NMAT.DAT

(o)

(Output data file)

FORO021.DAT

(FEM Calculation)

Fig. 13 Processing for Various Symbols of Layer
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AQUIFER CONSTANTS

114

112

112
31519 1]0
3160 112
316]1} 1{2
A[Q|E|N

| | 313 HEIEIN
| [1]3]2] 1]3]2] |
(OK) (NO)

Fig. 14 Data Input Format for'NMAT.DAT'
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Operation

1) $ NMAT [enter]

2) Default File Name
UNIT1 : NMAT.DAT
UNIT2 : FOR021.TMP (default only)
UNIT3 : FOR021.DAT (default only)
Use Default 2 (Y/N) Y

3) UNIT1 : NMAT.DAT

UNIT2 : FOR021.TMP
UNIT3 : FOR021.DAT

Press enter to continue [enter]
( processing )

FORTRAN STOP

28-
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AQUIFER CONSTANTS

4, Data Preparation of K and §

The aquifer constants K and S are prepared for each symbol of layer included in the data file
FORO021.DAT. The 40 symbols are included in the 'FOR021.DAT', which require the 40 pair
of the constants such as K and S are also prepared. Table 3 shows the symbols and aquifer

constants.

AQI19

Symbols and Aquifer Constants

K S
1.0E-08 L 1.00E-07 £2
1.0E-08 : 1.00E-03
1.0E-08 9.09E-04
1.0E-08 8.03E-04
1.0E-08 6.75E-04
1.0E-08 5.02E-04
1.0E-08 3.73E-04
1.0E-08 3.30E-04
1.0E-08 2.77E-04
1.0E-08 2.06E-04
1.0E-08 1.39E-04
1.0E-08 1.23E-04
1.0E-08 1.03E-04
1.0E-08 7.67E-05
1.0E-08 5.18E-05
1.0E-08 3.85E-05
1.0E-08 1.93E-05
1.0E-08 7.20E-06
1.0E-08 2.68E-06
1.0E-08 1.00E-06
1.0E-08 1.00E-07 43
100.0 0.25
80.0 0.2391
60.0 0.2258
40.0 0.2082
20.0 0.1813
10.0 0.1578
7.5 0.1490
5.0 0.1374
2.5 0.1197
1.0 0.0997
0.75 0.0941
0.50 0.0868
0.25 0.0756
0.10 0.0629
0.05 0.0548
0.01 0.0397
0.001 0.0251
0.0001 0.0158
0.0000 0.0100
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AQUIFER CONSTANTS

Note : Maximum number of symbols is 40.
{1 Upper layer (symbol 'GSxx') is assumed to be impervious.

[2 Coefficent of storage for 'AQOQ", 'AQO1', 'AQ0Z2, . .., 'AQI19" in the case of the
confined aquifer

These values are given to the upper layer ‘GRSF which is symbolized 'GS00',
‘G801, 'GS02, . ., 'GS19. ’

Coefficient of Storage (S)

Confined Unconfined
AQO1 1.00E-03 0.25

¢

Input Data of S for GS01

Confined Unconfined
AQO02 9.09E-04 0.2391

#

Input Data of S for GS02

{3 Coefficient of storage in the case of unconfined aquifer
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FEM CALCULATION BY UNISSF2

CHAPTER 1V
FEM CALCULATION BY UNISSF2

1.~ Data Input

The mesh data and geological data are prepared in the data file 'FOR021.DAT' through the
pre-processing. The data of boundary condition, initial condition and aquifer constants are
stored in another data file which is used for FEM calculation by the program 'UNISSF2'
with the data file 'FOR021.DAT.

(1) Boundary Condition )

The boundary conditions are either of the specified-head or specified flow type.Nodes
along the western basin boundary, where average annual rainfall exceeds 150 mm in
the outcrop area, are of specified-head type of boundary condition. The specified-flow
of outflow type is given to the node along the eastern boundary of the model, where
ground water flows out to further east to northeast. The northern boundary is along the
edge of B2/A7 aquifer and the southern boundary is along the edge of the saturated
B2/A7 aquifer. Both the northern and the southern boundary are considered as the
boundary of no inflow/outflow type. The condition of nodes along the boundary is
shown in Table 4 and Fig. 15.
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FEM CALCULATION BY UNISSF2

Table 4 Boundary Conditions
Western Boundary Eastern Boundary
(Specified Head Type) (Specified Flow Type)
Node  Specified Piezometric Node Specified Flow
Head (EL m) (m3/day)
1 1120 7 -1800
27 1120 8 -2400
33 1120 9 -2400
53 1140 26 -2400
59 1160 46 -2400
104 1190 47 -1400
149 1450 48 -1400
150 1420 51 -2800
151 1440 52 -2800
154 1310 89 -4000
161 1440 132 -4300
172 1440 139 -5600
179 1460 300 -5600
191 1500 343 -4800
192 1420 358 ~-4800
208 1480
242 1480
275 1500
276 1470
301 1500
307 1500
313 1500
323 1500
324 1500

Note : Minus (-) means outflow from the study area.
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FEM CALCULATION BY UNISSF2

(2) Recharge through the Wadi Bed

From the surface runoff analysis, groundwater recharge through the wadi bed on the
outcrops of B2/A7 in the Jafr Basin is estimated at approximately 6.7 MCM/y. The
groundwater recharge through the wadi bed is distributed to nodes around the Western
Highlands as shown on Table 5 and Fig 16. ‘
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FEM CALCULATION BY UNISSF2

Table 5 Recharge through Wadi Bed
Node Recharge Recharge
{mcm/year) (m3/day)
162 0.70 1918
163 0.10 274
164 0.10 274
173 0.10 274
174 0.20 548
180 0.10 274
181 0.20 548
182 0.30 822
193 0.05 137
194 0.05 ' 137
195 0.05 137
196 0.45 1233
209 0.65 1781
210 0.10 274
211 0.10 274
212 0.10 274
215 0.10 274
216 0.10 274
217 0.10 274
218 0.10 274
236 0.15 411
237 0.15 411
243 0.10 274
244 0.10 274
245 0.20 548
277 0.10 274
278 0.15 411
279 0.15 411
302 0.05 137
303 0.10 274
304 0.15 411
305 0.15 411
308 0.05 137
309 0.05 137
310 0.10 274
311 0.05 137
312 0.05 137
314 0.25 685
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FEM CALCULATION BY UNISSF2

Western Highlands

162 /163
164
173174
182
180 181
193 196
194 195
212
\ 211 218
21.0 215
\ 217
216
2000
236
243 237
244 ‘,,,/”
2117 245
218 //’////
302 J103
304
279 305
309 Ja1g -
314

-36- Fig. 16 Nodes Located in the B2/A7 Qutcrop



(3)

FEM CALCULATION BY UNISSF2

Abstractions

The steady state analysis is based on the simple assumption that there are no artificial
abstractions from the B2/A7 aquifer. A semi-steady state condition is assumed to
calibrate the simulation model, which is based on assumptions that artificial abstraction
does not exceed the annual average groundwater recharge without any influences on
the regional piezometric surface, It is assumed that the piezometric surface in the study
area was in a steady state and/or semi-steady state before 1970.

-37-



(4)

FEM CALCULATION BY UNISSF2

Aquifer Constants

Aquifer constants of K and S§ with the symbol of layer ,which are shown on Table 3,
are stored in the data file for FEM calculation. Each pair of K and S is specified for
each node according to the symbol of layer which is also included in the data file
'FOR021.DAT",

The data including above items are stored in the data file 'MODEL2.NEW' shown
below.

SETTING, CHEC, 3600, 0
TITLE
WATER RESOURCES STUDY OF THE JAFR BASIN ( B2 / A7)

isT , 361, 386, 8, 361, 3

2ND , 2, 0, 0, o, 0

3RD , 0, 0, 0, 0, 0, 0

4TH , 0, 0

*

* ——— MESH wo= Mesh data are read
* from 'FOR021.DAT
GENE by GENE command.
*

*

UNIT, ME ., DAY , 25, 1.0E-01

CONT, STEADY, SURP

*

*

* ~-- BOUNDARY CONDITION --—-—

*

* HF : SPECIFIED HEAD Definition of

* QF : SPECIFED FLOW node condition

*

* NGDE CONDITION

*

NCON, 1, 1, 1, HF Western boun
NCON, 27, 27, 1, HF (specified head)

NCON, 33, 33, 1, HF
NCON, 53, 53, 1, HF
NCON, 59, 59, 1, HF
NCON, 104, 104, 1, HF
NCON, 149, 149, 1, HF
NCON, 150, 150, 1, HF
NCON, 151, 151, 1, HF
NCON, 154, 154, 1, HF
NCON, 161, 161, 1, HF
NCON, 172, 172, 1, HF
NCON, 179, 179, 1, HF
NCON, 191, 191, 1, HF
NCON, 192, 192, 1, HF
NCON, 208, 208, 1, HF
NCON, 242, 242, 1, HF
NCON, 275, 275, 1, HF
NCON, 276, 276, 1, HF
NCON, 301, 301, 1, HF
NCON, 307, 307, 1, HF
NCON, 313, 313, 1, HF
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NCON,
NCON,
*

NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
*

NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,

89,
132,
139,
300,
343,
358,

162,
163,
164,
173,
174,
180,
181,
182,
193,
194,
195,
196,
209,
210,
211,
212,
215,
216,
217,
218,
236,
237,
243,
244,
245,
277,
278,
279,
302,
303,
304,
305,
308,
309,
310,
311,
312,
314,

323,
324,

7
8,

9,
26,
46,
47,
48,
49,
51,
52,
89,
132,
139,
300,
343,
358,

162,
163,
164,
173,
174,
180,
181,
182,
193,
194,
195,
196,
209,
210,
211,
212,
215,
216,
217,
218,
2386,
237,
243,
244,
245,
2717,
278,
279,
302,
303,
304,
308,
308,
309,
310,
311,
312,
314,

HF
HF

QF
or
QF
QF
QF
QF
QFr
QF
QF
QF
Qr
QF
QF
QF
QF
QF

QF
QF
QF
QF
QF
QF
QF
Qr
QF
QF
QF
QF
QF
QF
QF
QF
QF
QF
QF
QF
Qr
oF
QF
QF
QF
QF
QF
QF
QF
QF
QF
QrF
QF
QF
QF
QF
oF
QF

——— INITIAL CONDITION ---

-39-
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FEM CALCULATION BY UNISSF2

* NODE HEAD (M)

£

INIP, 1, 1, 1,1120.00 Specified head along
INIP, 27, 27, 1,1120.00 the western boundary
INIP, 33, 33, 1,1120.00

INIP, 53, 53, 1,1140.00

INIP, 59, 59, 1,1160.00

INIP, 104, 104, 1,1190.00

INIP, 149, 149, 1,1450.00

INIP, 150, 150, 1,1420.00

INIP, 151, 151, 1,1440.00

INIP, 154, 154, 1,1310.00

INIP, 161, 161, 1,1440.00

INIP, 172, 172, 1,1440.00

INIP, 179, 179, 1,1460.00

INIP, 191, 191, 1,1500.00

INIP, 192, 192, 1,1420.00

INIP, 208, 208, 1,1480.00

INIP, 242, 242, 1,1480.00

INIP, 2175, 2175, 1,1500.00

INIP, 276, 276, 1,1470.00

INIP, 301, 301, 1,1500.00

INIP, 307, 307, 1,1500.00

INIP, 313, 313, 1,1500.00

INIP, 323, 323, 1,1500.00

INIP, 324, 324, 1,1500.00

*

INIQ, 7, 1, 1, =-1800 Specified flow along
INIQ, 8, 8, 1, -2400 the eastern boundary
INIQ, 9, 9, 1, =-2400

INTQ, 26, 26, 1, =-2400
INIQ, 46, 46, 1, -2400
INIQ, 47, 47, 1, -1400
INIQ, 48, 48, 1, -1400
INIQ, 51, 51, 1, =-2800
INIQ, 52, 52, 1, =-2800
INIQ, 89, 89, 1, -4000
INIQ, 132, 132, 1, -4800
INIQ, 139, 139, 1, =5600
INIQ, 300, 300, 1, =-5600
INIQ, 343, 343, 1, -4800
INIQ, 358, 358, 1, -4800
*

INIQ, 162, 162, 1, 1918 ' Specified flow for
INIQ, 163, 163, 1, 274 recharge through
INIQ, 164, 164, 1, 274 wadi bed

INIQ, 173, 173, 1, 274

INIQ, 174, 174, 1, 548

INIQ, 180, 180, 1, 274

INIQ, 181, 181, 1, 548

INIQ, 182, 182, 1, 822

INTQ, 193, 193, 1, 137

INIQ, 194, 194, 1, 137

INIQ, 195, 195, 1, 137

INIQ, 196, 196, 1, 1233
INIQ, 209, 209, 1, 1781

INIQ, 210, 210, 1, 274
INTQ, 211, 211, 1, 274
INIQ, 212, 212, 1, 274
INIQ, 215, 215, 1, 274
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FEM CALCULATION BY UNISSF2

INIQ, 216, 216, 1, 274
INIQ, 217, 217, 1, 274
INIQ, 218, 218, 1, 274
INIQ, 236, 236, 1, 411
INIQ, 237, 237, 1, 411
INIQ, 243, 243, 1, 274
INIQ, 244, 244, 1, 274
INIQ, 245, 245, 1, 548
INIQ, 277, 277, 1, 274
INIQ, 278, 278, 1, 411
INIQ, 279, 279, 1, 411
INIQ, 302, 302, 1, 137
INIQ, 303, 303, 1, 274
INIQ, 304, 304, 1, 411
INIQ, 305, 305, 1, 411
INIQ, 308, 308, 1, 137

INTQ, 309, 308, 1, 137
INIQ, 310, 310, 1, 274

INIQ, 311, 311, 1, 137

INTQ, 312, 312, 1, 137

INTQ, 314, 314, 1, 685

*

*

L AQUIFER CONSTANTS ———--

*

* K : COEFFICIENT OF INFILTRATION CAPACITY

* § : COEFFICIENT OF STORAGE

*

* SYMBOL OF K s

* AQUIFER

*

LAYE, 40
GS00, 1.0E~08, 1,00E-07
Gso01, 1.0E~08, 1.00E-03
GS02, 1.0E~08, 9.09E-04
GS03, 1.0E-08, B8.03E-04
GS04, 1.0E~08, 6.7SE~04
GSO0S, 1.0E-08, 5.02E-04
GS06, 1.0E~08, 3.73E-04
Gs07, 1.0E~08, 3.30E-04
GSO08, 1.0E-08, 2.77E-04
GS09, 1.0E-08, 2.06E-04
GS10, 1.0E-08, 1,39E-04
GS11, 1.0E~08, 1,23E-04
Gs1z2, 1.0E-08, 1.03E-04
GS13, 1.0E-08, 7.67E-05
Gs14, 1.0E-08, 5.18E-05
GS15, 1.0E-08, 3.85E-05
GS186, 1.0E-08, 1.93E-0S
Gs17, 1.0E-08, 7.20E-06
GS18, 1.0E-08, 2.68E-06
GS19, 1.0E-08, 1.00E-06
AQO0, 1.0E-08, 1.00E-07
AQO1, 100.0, 0.25
AQ02, 80.0, 0.2391
AQ03, 60.0, 0.2258
AQ04, 40.0, 0.2082
AQOS, 20.0, 0.1813
AQOS, 10.0, 0.1578
aQ07, 7.5, 0.1490
AQOS, . 5.0, 0.1374
AQO9, 2.5, 0.1197
AQ10, 1.0, 0.0997

-41-



FEM CALCULATION BY UNISSF2

AQ11, 0.75, 0.0941
AQ12, 0.50, 0.0868
AQ13, 0.25 0.0756
aQ14, 0.10, 0.0629
- AQ15, 0.05, 0.0548
AQ16, 0.01, 0.0397
AQ17, 0.001, 0.0251
AQ18, 0.0001, 0.0158
AQ19, 0.00001, 0.0100
*
*
* ~-- GEOLOGICAL DATA --~~ Geological data are
* read from ‘FOR021.DAT'
GENE by GENE command.
*
*
*
ENDD
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FEM CALCULATION BY UNISSEF2

(5) Initial Condition
The initial condition of piezometric head is assumed at DH m above the elevation at
bottom of the B2/A7 as shown below.

Assumed Initial Piezometric Surface

SURF

AV

\

AQUI DH m

BASE N

1

Fig. 17 Assumption of Initial Head
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FEM CALCULATION BY UNISSF2

The data of initial condition for each node are prepared. The data file MODEL2.DAT,
which ncludes all the data needed for FEM calculation, is created by the program
'INIP'. The operation of 'INIP' is described below.

1) $ INIP [enter]

2) 1. New Date File
2. Old Data File

Please Select (1/2)? 1
3)  DefaultFile Name
UNIT1 : FOR021.DAT (default only)
UNIT2 : MODEL2.NEW
UNIT3 : MODEL2.DAT
Use Default 2 (Y/N) Y
4) UNIT1: FOR021.DAT
UNIT2: MODEL2.NEW
UNIT3: MODEL2.DAT

Press enter to continue {enter]

5) Setting Initial Head
( Initial Head ) = ( top of BASE ) + DH

DH (m) ? =150 Inidal head is assumed at 150 m above the top
. elevation of layer symbolized 'BASE'

( proccs.sing )

FORTRAN STOP
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FEM CALCULATION BY UNISSF2

(Processing for additonal geological data)

(Input data files)

FOR021.TMP

MODEL2.NEW

(o

geerme DH is t0 be given

(Output data file)

MODEL2.DAT

(FEM Calculation)
Fig. 18 Processing for Assumption of Initial Head
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(1)

FEM CALCULATION BY UNISSF2

FEM Calculation by UNISSF2

Data Check

1)
2)

3
4)

)

6)
)

$ UNISSF [enter]
UNISSF2  <M>

UNISSF2/G <G >

UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

END <E>

PLEASEENTER ->M [enter] (M' for UNISSF2)
RESTART ? (Y/N) N [enter]

FILE NAME(?.dat) MODEL? [enter]
( checking the data )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter] ('E' for end)
$ ED MODEL2.PRN [enter] (print output to be checked)

Press PF4 function key {at the end of check)
Command : QUIT [enter]
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(2) FEM Calculation

1)

2)

4)
5)

6)
7

8)

N

10)
11)

$ ED MODEL2.DAT [enter]
1st line of the data to be changed

SETTING, CHEC, 100

'

SETTING, RUN , 100

{RUN + one blank)

Press PF4 key
Command : EXIT [enter]

$ UNISSF [enter]

UNISSEF2 <M>
UNISSF2/G <G >
UNISSE2/P <P>

DISPLAY <D>

XYPLOT <X>

PLEASE ENTER ---> M [enter]
RESTART 7 (Y/N) N

FILENAME (?.dat) MODEL?2
( proces;sing )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G >
UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

PLEASE ENTER --> E [enter]
$ ED MODEL2.PRN [enter]

Press P¥4 function key
Command: QUIT [enter]
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(at the end of edit)
(save the data)

('M' for UNISSF2)

It takes about 30 minutes
by VAX 8200



(Processing for various symbols.of layer)

(Input data files)

FEM CALCULATION BY UNISSF2

(Processing for assumption of initial head)

FORO21.DAT

MODEL2.DAT

[ UNISSF2 J

(Output data files)

MODEL2.PRN

——  (Print output)

MODEL2.FT10
< MODEL2.FT11

MODEL2.FT12

MODEL2.RST

FOROO8.DAT

¥

(Post-processing)

Fig. 19 FEM Calculation
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FEM CALCULATION BY UNISSF2

3. Post-processing by UNISSF2/P

(1) Creation of the data file for plot control

1) $ ED CONT.DAT
2) Input Data

START, 2, TP
SUBTITLE

NNUM, OFF
ENUM, OFF
DIVI, OFF
DOWN, OFF
MESH, OFF
FPRI, ON
SCAL, A4 .
CONT, MANU
400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950,
1000,1050,1100,1150,1200,1250,1300,1350,1400,1450,1500,1550,
1600, 1650
VECT, 25
PLOT, ALL
END

3) Press PF4 function key
4) Command : EXIT [enter]



FEM CALCULATION BY UNISSF2

(2) Post-processing

1) $ UNISSF [enter]
2) UNISSF2 <M>
UNISSF2/G <G>
! UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER ---> P [enter] ('M' for UNISSF2/P)
3) FILENAME (?.dat) CONT
4) FILENAME (FT10) MODEL2.FT10 {enter]

5) FILENAME (FT11) MODEL2.FT11 [enter]
( proccs-sing )

FORTRAN STOP
5) UNISSE2 <M->
UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER ---> E {[enter]
6) $ ED CONT.PRN [enter} (print output to be checked)

) Press PF4 function key (at the end of check)
8) Command: QUIT [enter]
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FEM CALCULATION BY UNISSF2

(FEM Calculation)
(Input data files)
MODELZ2.FT10
MODEL2.FT11
CONT.DAT

( UNISSF2/P j

(Qutput data files)
CONT.PRN ~———% (Print output)
FORQO08.DAT
FORO20.DAT '
/ L DISPLAY ) (Graphic)
FOR040.DAT
T~

XYPLOT ) (Plotting)
\_

Fig. 20 Post-processing
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FEM CALCULATION BY UNISSF2

Plotting

1) Plotter set up

2) Paper set

3) Press 'On-line’ soft key

4) $ UNISSF [enter]

5) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>
PLEASE ENTER ----> X ({enter] (X' for XYPLOT)

6) FILE NAME : FOR040.DAT [enter]

( ploting )

7 If there are more than 2 drawings, the plotting is stopped and the message
'HALT RECIEVED...' is shown in the plotter window when each
drawing is finished. Replace the paper, After sizing paper, press 'On-
line' soft key.

8) At the end of plotting, the message 'PLOT COMPLETE' is shown in the
plotter window.

9) UNISSF2 <M>

UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter]
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(2)

FEM CALCULATION BY UNISSF2

Plotting

1) Plotter set up

2) Paper set

3) Press 'On-line' soft key

4) $ UNISSF [enter]

5) UNISSF2 <M>
UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>
PLEASE ENTER ----> X [enter] (‘X' for XYPLOT)

6) FILE NAME : FOR040.DAT [enter]

(plotting)

7 If there are more than 2 drawings, the plotting is stopped and the message
'HALT RECIEVED..." is shown in the plotter window when each
drawing is finished. Replace the paper, After sizing paper, press 'On-
line' soft key.

8) At the end of plotting, the message 'PLOT COMPLETE' is shown in the
plotter window.

N UNISSF2 <M>

UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>»

PLEASE ENTER --->E [enter]
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STEADY STATE MODEL CALIBRATION

CHAPTER V
STEADY STATE MODEL CALIBRATION

1. Assumption for the Steady State in the Study Area

The steady state analysis is based on the simple assumption that there are no artificial
abstractions from the B2/A7 aquifer. A semi-steady state condition is assumed to calibrate the
simulation model, which is based on assumptions that artificial abstraction does not exceed the
annual average groundwater recharge without any influences on the regional piezometric
surface. It is assumed that the piezometric surface in the study area was in a steady state and/or
semi-steady state before 1970.

The model constructed by the data in 'FOR021.DAT' and MODEL2.DAT!' is needed to be
calibrated by comparing the calculated results with the estimated groundwater condition which
was by the previous investigation and the studies.

2. Items to be Calibrated

(1)  Piezometric Level at the Groundwater Monitoring Wells

The calculated head is needed to be calibrated by comparing with the piezometric head in the
groundwater monitoring well. The 10 monitoring weils are selected and specified at the nodes
in the FEM mesh as shown on Fig. 21. At these nodes, the calculated head is needed to be
reasonably adjusted to the piezometric head of monitoring well.

(2) Piezometric Surface

The piezometric surface estimated by the field investigation and the studies prior to the
groundwater model analysis is shown on Fig. 22, The contour diagram of piezometric surface
obtained by calculation is need to approximately coincide with the estimated one.

(3) Groundwater Fiow Path

The direction of groundwater flow in the B2/A7 aquifer is estimated as follows.

Western Highland —®  South Hasa—® Hasa
Western Highland —  Ma'an —» Iafr
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STEADY STATE MODEL CALIBRATION

4) Water Balance

Water Balance through the boundaries in the B2/A7 aquifer was estimated to be +/- 15 through
20 MCM/y. The calculated result of total recharge (+) / discharge (-) is need to be match with
the range above. '

2. Convergence of Solution

Unknown piezometric head is calculated by numerical analysis. Solution of the'dominant
equation for groundwater flow condition is obtained by iterative calculation. The calculation of
unknown head is started from the initial condition. The value of head is fluctuating during
iterative calculation. After several times of the iteration, the fluctuation is gradually decreasing.
Finally, the value of head is almost stable and the range of fluctuation is nearly equal to zero. It
is the convergence of solution and the calculation is successfully finished at this case. But in
some case, the fluctuation is not decreased by the iteration and the stable solutions is not
obtained. The convergence of solution is depend on the model which is made up with the input
data.

The data for calculation control such as the maximum times of iteration and the error, which is
a criterion for the convergence, are prepared for numerical analysis. These data are
incorporated in the data file MODEL2.DAT' in the case of UNISSF.
(1) Maximum Times of Iteration and Error
Given by 'UNIT' command in ' MODEL2.DAT
UNIT, ME, DAY, 25, 1.0E-01
- Max. times of iteration : 25 times

- Error for the criterion of convergence :0.1m

(2) Output in the case of successful results

CP-TIHE IS  Q.0000E+00 SEC. FOR INPUTS OR PREPARATION OF CAL.

TIME = 06.000 TIME STEP = 0O MAXIMUH GHANGE TN PRESSURE HEAD DURING ITERATION O WAS 6.0T447E¢02 AT NODE
TIHE = 0,400 TIME STEP = 0 MAXIMUH CHANGE IN PRESSURE HEAD DURING ITERATION 1 WAS 13,06587E+0l AT NCDE
sesss FIX HEAD TO BOTTOM ITEA= 2 NODE= 10 P= 1,0243E40] TO BNEW~ 1.0270E+0)

TIHE = 0.000 TIME STEP = O HAXIMUH CHANGE [N PRESSURE HEAD DURIKG ITERATION 2 WAS 1.54330E+01 AT HODE
TIME = 0.000 TIME STEF = 0 MAXIMUM CHANCE I[N PAESSURE HEAD DURINKG ITERATION 3 WAS 6.27172E+00 AT NODE
TIME = 0.000 TIME STEP = 0 HAXIHUM CHANGE IN PRESSURE HEAD DURING ITERATION 4 WAS 2.71737E+400 AT HODE
TIME = 0.000 TIME STEP = 0 PAXIMUH CHANGE IN PRESSURE JIEAD DURING ITERATION 5 WAS 1.25960E+00 AT NODE
TIME = 0.000 TIME STEP = 0 MAXIMUH CHANGE IN PRESSURE HEAD CURING ITERATION & WAS 4.92750E-01 AT HOOE
TIME = 0,009 TIHE STEP = @ HAXTHUM CHAMGE IH PRESSURE HEAD DURIHG ITERATION 7 WAS 2,40776E-D1 AT NOOE
TIME = 0.000 TIME STEP = O MAXIMUK CHANGE IN PRESSURE HEAD DURING ITERATION 8 WAS 9.13104E-02 AT HOOE
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3)

TIME =

STEADY STATE MODEL CALIBRATION

The last line " ... MAXIMUM CHANGE IN PRESSURE HEAD DURING
ITERATION 8 WAS 9.19194E-02 AT NODE 330" shows the maximum
fluctvation of calculated head is less than the error which is given by 0.1 m so that the
calculation is successfully finished at the 8th of iteration.

Output in the case of unsuccessful results

0.000 TIME STEF = 0 HAXIMUM CHANGE IN PRESSURE HEAD DURING ITERATION 18 WAS S0159E+401 AT KODE

srssd FIX HEAD TO BGTTOH  ITER= 19 NODE- 299 P~ &.5864E+02 TO PNEW~ £,6255E402

TIME = 0,000

seaar FIYX HEJ.D TO BOTTOM  ITER~ 20 NODE~ 300 P= 5,3350E402 TO PNEW~ 6.2000E+02
TIME =~
TIHE =
TIHE =

crana
FYYYT]
sanes
naaas
senan
Eresa
arane
ahgae

TIHE =
TIHME =
TIHE =

3.

7

TIME STEP = 0 MAXJMUM CHANGE IN PRESSURE HEAD DURING ITERATION 19 WAS 2.3520B1E+02 AT HCDE

0.000 TIME STEP - O MAXIMUM CHANGE 1IN PRESSURE HEAD DURING ITERATICH 20 WA 1.08147E+02 AT HODE 241
0.000 TIME STEF = 0 HAXIMUM CHANGE IN PRAESSURE HEAD DURING ITERATION 21 HAS 1.19977E402 AT HODE

0.000 TIME STEP - O MAXIMUH CHANGE IH PRESSURE HEAD DURING ITERATION 22 WAS 1.55174E+02 AT NODE

FIX HEAD TO BOTTOH  ITER~ 23 NODE~ 5 p= 7,7595E402 TO PNEW- 7,7676E402
FIX HEAD TO BOTTOM ITER= 23 NODE~ 8 P~ &,7652E+02 TO PNEW= §.D)12E402
FIX HEAD TO BOTTOM  ITER= 23 NODE= 9 P~ 6,6582E402 TO PHEW~ 6.7000E2+402
F£IX HEAD TO BOTTOM  ITER~ 21 NCDE= 231 P= 7,209BE+02 TO PNEW= 7,5000E+02
FIX HEAD TO BOTTOM  ITER~ 23 NCOE~ 344 P~ 7,1115E402 TO PNEW= 7,3000E02
FIX HEAD TO BOTTOM  ITER= 23 NODE~ 349 P= 7,.0973E402 TO PNEW=~ 7,3000E402
FIX HEAD TO POTTQM  ITER- 23 NODE= 350 p= 7.0876E4+02 TQ PNEW= 7,30008402
FIX HEAD TO DOTTOM  ITER=- 23 HODE= 351 P= 7.0300E+d2 71O PNEW= 7.1000E+02

a.600 TIME SEF ~ D MAXIMUM CHAMGE IN PAESSURE HEAD DUAINC ITERATIQON 23 WAS 7.45509E+01 AT NCDE a2s
0.000 TIME STEP ~ . O HAXIMUM CHANGE IN PRESSURE HEAD DURING ITERATION 24 WAS 1.05330E+02 AT WODE 19¢
0.040 TIME STEP ~ 0 MAXTMUH CHANGE IN PRESSURE HEAD DURIKG ITERATION 25 WAS 1.22021E+02 AT NODE 196

The last line " ... MAXIMUM CHANGE IN PRESSURE HEAD DURING
ITERATION 25 WAS 1.22021E+02 AT NODE 196" shows the maximum
fluctuation of calculated head is over the error which is givén by 0.1 m so that the
calculation is unsuccessfully finished in accordance with the maximum times of
iteration.

For such case, the model constructed by the data is needed to be modified. Check
items are described below;

- Maximum times of iteration is not enough

- Error of criterion for convergence is too small.
- Boundary condition is not appropriate.

- Initial condition is not appropriate.

- Model is too complicated.

Data Modification for Calibration

The model calibration is carried out by Trial and Error. After FEM calculation by 'UNISSF2'
and post-processing by 'UNISSF2/P', the calculated results are delivered by print output and
graphics and plotting. These outputs are compared with the estimated actual groundwater
condition, If the calculated results do not coincide reasonably, the data in 'FOR021.DAT and
'MODEL2.DAT" are needed to be modified and the next trial of calculation is to be performed.
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The data modification and the trial of calculation are to be repeated until the reasonable results
are obtained. Procedures from modification of data for the next trial are described below.

(1) Mesh Data

Y

Case ; - Mesh data is incorrect.
- Add or delete the nodes

1) $ ED MESH.DAT ([enter]
2) (Data modification)

3) Press PF4 function key (at the end of modification)

4) Command : EXIT

5) Mesh Data Processing — Refer to Page 4
6) Geological Data Processing — Refer to Page 12
7 Additional Geological Data — Refer to Page 21
8) Aquifer Symbols — Refer to Page 26

9 Assumption of Initial Head

1- $ RENAME MODEL2.DAT MODEL2.0LD [enter]
2- $ INIP [enter]

3- 1. New Date File
2. Old Data File

Please Select (1/2) ? 2
4- Default File Name
UNIT1 : FOR021.DAT (default only)
UNIT2 : MODEL2.OLD
UNIT3 : MODEL2.DAT
Use Default 7 (Y/N) Y
5- UNIT1: FOR021.DAT
UNIT2: MODEL2.NEW
UNIT3: MODEL2.DAT
Press enter to continue [enter]

6- Setting Initial Head
( Initial Head ) = ( top of BASE ) + DH

DH (m) ? = (INPUT)

( proces‘sing )
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(2)

10)
11)
12)

STEADY STATE MODEL CALIBRATION

FORTRAN STOP
FEM Calculation — Refer to Page 45
Post-processing — Refer to Page 48
Graphic or Plotting — Refer to Page 49 or 50

Geological Data

Case : - Geological data is incorrect.

- Geological contour diagram is not preferable.

$ ED GEOL.DAT [enter]

(Data modification)

Press PF4 function key (at the end of modification)
Command : EXIT

Geological Data Processing — Refer to Page 12
Additional Geological Data —— Refer to Page 21
Aquifer Symbols — Refer 1o Page 26

Assumption of Initial Head

i- $ RENAME MODEL2.DAT MODEL2.0LD [enter]
2- $ INIP [enter]

3- 1. New Date File
2. Old Data File

Please Select (1/2) 7 2
4- Default File Name
UNIT1 : FOR021.DAT (default only)
UNIT2 : MODEL2.OLD
UNIT3 : MODEL2.DAT
Use Default 7 (Y/N) Y
5- UNIT1: FOR021.DAT
UNIT2: MODEL2.NEW
UNIT3: MODEL2.DAT

Press enter to continue [enter]

6- Setting Initial Head
( Initial Head ) = (top of BASE ) + DH
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DH (m) 7 = (INPUT)

( proceésing )

FORTRAN STOP
9 FEM Calculation — Refer to Page 45
10)  Post-processing — Refer to Page 48

11)  Graphic or Plotting —— Refer to Page 49 or 50

(3) Additional Geological Data

Case : - Nodes needed to give the additional data are changed due to the modification of
the geological data for key points and regions.

1) $ ED GEOL.ADD ([enter]
2) (Data modification)

3) Press PF4 function key (at the end of modification)

4) Command : EXIT

5) Additional Geological Data — Refer to Page 21
6) Aquifer Symbols — Refer to Page 26

7 Assumption of Initial Head

1- $ RENAME MODEL2.DAT MODEL2.OLD [enter]
2- $ INIP [enter]

3- 1. New Date File
2. Old Data File

Please Select (1/2) 7 2
4- Default File Name
UNIT1 : FOR021,DAT (default only)
UNIT2 : MODEL2.0LD
UNIT3 : MODEL2.DAT
Use Default 7 (Y/N)} Y
5- UNIT1: FOR021.DAT
UNIT2: MODEL2.NEW
UNIT3: MODEL2.DAT

Press enter to continue [enter]
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(4)

STEADY STATE MODEL CALIBRATION

6- Setting Initial Head
( Initial Head )} = ( top of BASE ) + DH

DH (m) ? = (INPUT)

( proces.sing )

FORTRAN STOP
8) FEM Calculation e Refer to Page 45
9) Post-processing e — Refer to Page 48
10)  Graphic or Plotting — - Refer to Page 49 or 50

Symbol of Layer ( Aquifer Constants )

Case: - Calculated contour diagram of groundwater piezometric head is not
preferable,

Aquifer constants K and S are changed in accordance with the modification of symbol
of layer.

Example:

1- Modification of Symbols in 'NMAT.DAT'

Node Symbol Modified Symbol
i AQO1 — AQo4
2 AQO2 — AQO05
3 AQO3 — AQoG

2- Modification of Symbols in 'FOR021.DAT'
After modifying the 'NMAT.DAT, the program 'NMAT' is processed and the
data stored in 'FOR021.DAT' are modified in accordance with the modified
data in the 'NMAT.DAT
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(Previous)

GEOL, 1,

1, 1,
AQ04,

(H12)

2 1

AQO05,
(H22)
3! 1!
AQ06,
(H32)

Modification of K and S
K and S are automatically selected from the table of symbols, K and § in

'MODEL2.DAT".

STEADY STATE MODEL CALIBRATION

2
GS01
(Hi3)
2

GS02
(H23)
2

GS03
(H33)

2
GS04
(H13)
2
GS0s

(H23)
2

GS06
(H33)

(Table of Symbols, K and S in'MODEL2.DAT)

Symbol

GS01
GS02
GS03
GS04
GS05
GS06

AQOI
AQ2
AQO3
AQG4
AQDS
AQO6

K

K'1
K'2

K'4
K's
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(Modified 'FOR021.DAT")

GEOL, 1, 1, 1, 2
BASE, AQO4, GSo04
(Hy1) H12) (H13)
GEOL, 2, 2, 1, 2
BASE, AQOS5, GS05
' (H21) (H22) (H23)
GEOL, 3, 3, 1, 2
BASE, AQO6, GSo06
(H31) (H32) (H33)

(K and S selected during FEM calculation)

Node 1 Upper layer K =K4, S=54
Aquifer K =K, S =54
Node 2 Upper layer K = K35, S=835
Aquifer K=K's, S=2585
Node 3 Upper layer K =Kg, S =8¢
Aquifer K = K'g, S =38

1) $ ED NMAT.DAT [enter]
2) (Data modification)

3 Press PF4 function key (at the end of modification)
4) Command : EXIT
5) Aquifer Symbols — - Refer to Page 26
(Modification of symbols
in 'FOR021.DAT"
6) FEM Calculation - Refer to Page 45
7) Post-processing - Refer to Page 48
8) Graphic or Plotting I Refer to Page 49 or 50

(5) Boundary Conditions

Case: - Calculated contour diagram of groundwater piezometric head is not
preferable.

- Calculated water balance in the study area is not reasonable.
- Solution is not converged,

1) $ ED MODEL2.DAT [enter]
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(Data modification)

Press PF4 funciion key (at the end of modification)
Command : EXIT

FEM Calculation — Refer to Page 45
Post-processing —— Refer to Page 48
Graphic or Plotting . a Refer to Page 49 or 50

Initial Condition

Case: - Calculated contour diagram of groundwater piezometric head is not

1)

preferable.
- Solution is not converged.

Assumption of Initial Head

1- $ RENAME MODEL2.DAT MODEL2.OLD [enter]
2- $ INIP [enter]

3- 1. New Date File
2. Old Data File

Please Select (1/2) 7 2
4- Default File Name
UNIT1 : FOR021.DAT (default only)
UNIT2 : MODEL2.OLD
UNIT3 : MODEL2.DAT
Use Default ? (Y/N) Y
5- UNIT1: FOR021.DAT
UNIT2: MODEL2.NEW
UNIT3: MODEL2.DAT

Press enter to continue [enter]

6- Setting Initial Head
(Initial Head )} = ( top of BASE ) + DH

DH (m) 7= (INPUT) (another DH to examine)
( proces.sing )

FORTRAN STOP
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2) FEM Calculation — Refer to Page 45
3) Post-processing - Refer to Page 48
4) Graphic or Plotting — Refer to Page 49 or 50
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Table 6 Calibrated Piezometric Level
(Steady State Calibration)

Well no. Node Piezometric Level Calculated

(as of 1988, El m) (EL m)
H-15 16 783.00 805
JO-5 50 724.00 739
IT-4 87 785.17 748
S-121 94 988.49 991
JT-1 114 880.03 888
JO-3 128 790.28 778
T2 160 794.47 808
S-111 185 1179.29 1167
S-65 197 1192.82 1194
S-118 214 1270.67 1276
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CLL NON-STEADY STATE CALIBRATION

CHAPTER VI
NON-STEADY STATE CALIBRATION

1.

Al

Calibration of Drawdown

The non-steady state model calibration is performed to estimate the coefficient of storage (S) in
the monitoring area. The drawdown of piezometric surface is depend on the coefficient of
storage. For example, the more drawdown is given by the less coefficient of storage. The
coefficient of storage of the model is adjusted by comparing calculated drawdown with actual
drawdown in the monitoring well.

Successive decreases in the piezometric head have been monitored in the monitoring well at S-
121 since 1973. The non-stcédy state model assumes that the regional piezometric surface was
in a steady state and/or semi-steady state before 1970. Fifteen years of monitoring records
(1973-1988) are used to calibrate the computed piezometric head.

(1)

(2)

(6)

Additional Data for Non-steady State Calibration

Abstractions

The existing abstractions from 1973 to 1988 are estimated to calculate the drawdown of
piezometric surface in the study area. The abstractions are mainly located in the Hasa
Mine and the Western Highlands as shown in Figs. 24 and 25, The installation year of
wells and the increasing of pumping rate are also considered. The data of abstractions
are shown on Tables 7 to 10.

Time Step

FEM Calculation for non-steady analysis is proceeded by time-step, which is a short
time length divided from the total calculation time of 16 year (1973 -1988). The time
step is possible to give stage-wise. The time step DT1, DT2 and DT3 are given to the
STAGE!1,STAGE?2 and STAGES3 respectively. In general, time step is needed to be
short in the early stage and longer in the later stage to save the calculation time.

Qutpnt time

Print and plot outputs are obtained by specifying the output time.
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Table 7 Existing Abstractions
Hasa Basin as of 1988
Node Pumping Pumping  Remarks

(mem/year) (m3/day)

14 -0.74 -2027  (H-23)

16 -0.04 -110  (H-15)

19 -0.93 -2548  (H-20)

20 -0.45 -1233  (H-17)

21 -1.09 -2986  (H-19)

22 -141 -3863 (H-21)

41 - -1.28 -3507  (H-12)

43 -0.23 -630 (H-11)

44 -0.09 =247 (H-13)

72 -1.12 -3068 (H-6)

92 -0.25 -685 Cement factory
93 -0.25 -685 Cement factory
95 -0.10 -274  Irrigation

109 -0.10 -274  Irrigation

110 -0.10 -274  TIrrigation

111 -0.10 -274 Irrigation
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Table 8 Existing Abstractions and Recharge through Wadi Bed

Jafr Basin as of 1988
Nbde Pumping Pumping  Recharge through Recharge through Total Remarks
Wadi Bed Wadi Bed

{memfyear) (m3fday) (mcm/year) {m3/day)} (m3/day)
152 -0.30 -822 -822 Irrigation
162 -1.75 -4793 0.70 1918 2877 Shoubak
163 0.10 274 274
164 0.10 274 274
173 -0.30 -§22 0.10 274 -548 Irrigation
174 -0.30 -822 0.20 548 -274 Irrigation
175 -0.20 -548 -548 Irrigation
176 -0.20 -548 548 Trrigation
180 -0.27 740 - 0.10 274 ' -466 Irrigation
181 -0.30 822 0.20 5438 274 Tmigation
182 -0.30 -822 0.30 822 0 Irigation
183 -0.20 -548 -548 [rrigation
193 ~0.30 -822 0.05 137 -685 Irrigation
194 -0.30 -822 0.05 137 -685 Irrigation
195 -0.30 -822 0.05 137 -685 Irrigation
196 -0.70 -1918 0.45 1233 -683 Arja
209 -0.85 -2329 0.65 1781 -548 Qa Ma'an
210 0.10 274 274
21 010 274 274
212 0.10 274 274
215 0.10 274 274
216 0.10 274 274
217 0.10 274 274
218 0.10 274 274
236 0.15 411 411
237 0.15 411 411
239 -1.35 3699 -3699 Tahouneh
243 0.10 274 274
244 0.10 274 274
245 0.20 548 548
277 0.10 274 274
278 015 411 411
279 0.15 411 411
282 -0.20 -548 -548 Irigation
283 -0.20 -548 -548 Irrigation
302 ' 0.05 137 137
303 0.10 274 274
304 -0.30 -§22 0.15 411 -411 Irrigation
305 .15 411 411
306 -0,20 -5438 -548 Irrigation
308 0.05 137 137
309 0.05 137 137
310 0.10 274 274
in 0.03 137 137
312 0.05 137 137
314 -0.53 -1452 0.25 685 =767 Irrigation
345 -0.365 -1600 -1000 Shadya Mine
146 -0.365 -1000 ' -1000 Shadya Mine
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Table 9 Input Data for Existing Abstractions (1)
Hasa Mine * { ) : Node number

Year H-23 H-15 H-20 H-17 H-19 H-21 H-12 H-11 H-13 H-6

(14) (16) (19) (20 (21) (22) (a1) (43) (44 (72
1988 -2027 -110 -2548 -1233 -2086 -3863 -3507 -630 -247 -3068
1987  -1927 -104 2422 1172 -2839 /3672 3334 -599 234 2917
1986 -1832 99 -2302 -1114 -2699 -3491 -3169 -569 =223 -2773
1985 -1742 -94 -2189 -1059 -2565 -3318 -3012 -541 -212 -2636
1984 -1656 -89 -2081 -1007 -2439 -3155 -2864 -515 =201 -2506
1983 -1574 -85 -1978 -957 -2318 -2999 -2722 -489 -191 -2382
1982 -1496 -81 -1880 -910 -2204 -2851. -2588 465 -182 -2264
1981 -1422 77 -1787 -865 -2095 -2710 -2460 -442 -173 -2152
1980 -1352 -73 -169% -822 -1991 -2576 -2338 -420 -164 -2046
1979 -1285 -69 -1615 -782 -1893 -2449 -2223 -399 -156 -1945
1978 -1222 -66 -1535 -743 -1799 -2328 -2113 <380 -149 -1849
1977 -1161 -63 -1459 =706 <1711 -2213 -2009 -361 -141 -1758
1976 -1104 -60 -1387 -671 -1626 -2103 -1910 -343 -134 -1671
1975 -1049 -57 -1319 -638 -1546 -1815 -326 -128 -1588
1974 -008 -54 -1254 -607 -1469 -1726 -310 -121 -1510
1973 =948 -51 -1192 -517 -1397 -1640 -295 -115 -1435

Others ( ) : Node number

Year Cement Factory Irigation **

(92) {93) (95) (109 (110 (111)
1988 -685 -685 -274 -274 -274 -274
1987 -685 -685 -264 =264 -264 -264
1986 -685 -685 -255 -255 -255 <255
1985 -685 -685 -246 -246 246 246
1984 =237 -237 -237 =237
1983 -228 -228 -228 -228
1982 =220 =220 -220 -220
1981 212 =212 =212 -212
1980 -205 -205 -205 -205
1979 -198 -198 -198 -198
1978 -191 -191 -191 -191
1977 184 -184 -184 -184
1976 -177 -177 -177 -177
1975 -171 -171 -171 =171
1974 -165 -165 -165 -163
1973 -159 -159 -159 -159

Note :  Assumption of increasing rate of pumping;

*  Average increasing rate of pumping for the last 5 yeurs

**  Average increasing rate of population in Ma'an for the last 5 years
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Table 10 Input Data for Existing Abstractions (2)

Water Supply * ( ): Node number
L2 ] *r L FE L)
Year Shouvbak Ara QaMa'an Tahounch
(162) (196} (209) (239)

1688 -2877 -685 -548 -3699
1987 <2719 -622 -467 -3570
K - 3 -
{ggg gjﬂ jg; _sz g;g Note: * Recharge through wadi bed is considered,
1984 2260 438 233 3198 Assumption of increasing rate of pumping;
1983 2119 382 -161 .3084 **  Average increasing rate of population in Tafila for the last § years
1682 .1983 a7 92 2974 ¥ Average increasing rate of population in Ma'an for the last 5 years
1681 -1851 215 -25 -2868
1980 1723 ~224 39 -2766
1979 -1600 -174 102 -2667
1978 <1481 «127 161 <2572
1977 ° 1366 -81 219 -24 80
1976 -1255 -36 275 -2392
1975 -1148 7 320 2306
1974 -1044 48 381 -2224
1973 =944 88 430 -2145

Irrigation in the Shoubak Area * { ): Node number

Year (152) (173 {174) (175) (176} (180) (181) (182) - (183) (193) {194) (195)

1988 -822 -548 -274 -548 -548 -466 274 0 -548 -685 -685 -635
1987 -822 -548 =274 -548 -548 -466 -214 0 -548 -685 -685 -635
1986 -822 -548 -274 -548 -548 -466 -274 0 -548 -685 -685 -685
1985 -822 -548 =274 -548 -548 -466 -274 0 -548 -685 -685 -685
1984 -822 -548 -274 -548 -548 -466 274 0 -548 -685 -685 -685
1983
1982
1981
1980
1979
1978
1977
1976
1975
1974
1973
Others * ( }: Node number
Year Irvigation around Ma'an Shidya Mine
St Siz

{282) (283) (306) {304) (314) {345) (346)
1988 -548 -548 548 -411 767 =274 ~274
1987 -548 -548 -548 -411 ~767 -274 274
1986 -548 -548 548 -411 ~767 -2 <274
1985 -548 -548 548 -411 -767 -274 =274
1984 -548 -548 -548 -4]1 -767 -274 -274
1983 -548 -411 =167
1982 548 -411 =767
1981 -548 411 =767
1980 -548 -411 =167
19719 -548 -411 =167
1978 -548 -1} -767
1977 -548 411 <767
1976 -548 411 =167
1975 -543 -411 -167
1974 -548 -411 -767
1971 -548 -411 -7617
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Western Highlands

152
16
175
73, 174
I 176
o | e
TN 183
196
19311044 )
\
209
239
]
282
283
ot 306

314

Fig. 25 Existing Abstraction in the Western Highlands
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152
162
173
174
175
176
180
181
182
183
193
194
195
196
209
239
282
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304
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314

345
346

Pumping
MCM/y)
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-1.75
-0.30
-0.30
-0.20
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-0.30
-0.20
-0.20
-0.30
-0.30
-0.70
-0.85
-1.35
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-0.53
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NON-STEADY STATE CALIBRATION

3. Procedure of Calculation

Calculation is proceeded from the steady state first, and the initial condition of non-steady state
calibration (time = 0) is obtained as the calculated results of the steady state. After this,
calculation for non-steady state is started from time with the newly given condition data which
include the existing abstractions.

4. Data Input

Additional data for non-steady calibration are given to the data file 'MODEL4.DAT as shown
below;

1) $ COPY MODELZ .DAT MODEL4.DAT [enter]
2) $ ED MODEL4.DAT [enter]

Modified Data ;
SETTING, RUN , 3600, 0

TITLE
WATER RESOURCES STUDY OF THE JAFR BASIN ( B2 / A7 )

1sT , 361, 388, 8, 361, 3

2ND , 2, 0, 0, 0, 0

3RD , 0, 0, 0, 0, 17, 3

478 , o, 0

*

* ~~— MESH --- Mesh data are read

* from 'FOR021.DAT
GENE by GENE command.
*

*

* --~ TIME STEP ---

*

TIME, 6 Time stage and step
STEP, 1, 9.125, 365 (Non-steady)
sTEP, 2, 18.25, 730

STEP, 3, 36.5 , 1095

STEP, 4, 73.0 , 1460

STEP, 5, 91.25 , 1825

STEP, 6, 182.5 , 7300

*

UNIT, ME , DAY , 23, 1.0E~-01
CONT, STUN , SURF , FLUX

*

* —--- BOUNDARY CONDITION —=-

*

* HF : SPECIFIED HEAD Definiton of
* QF : SPECIFIED FLOW node condition
*

* NODE CONDITION

*
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NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
*

NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
*

NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,

194,
195,
1986,
209,
210,
211,
212,
215,
216,
217,

21,
33,
53,
59,

104,

149,

150,

151,

154,

161,

172,

179,

191,

192,

208,

242,

2175,

276,

301,

307,

313,

323,

324,

132,
139,
300,
343,
358,

162,
163,
164,
173,
174,
180,
181,
182,
193,
194,
195,
196,
209,
210,
211,
212,
218,
216,
217,

HF
HF
HF
HF
HF
HF
HF
HF
HF
HF
HF
HF
HF
HF
HF
HF
HF
HF
HF
HF
HE
HE
HF
HF
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NCON, 218, 218, 1, QF
NCON, 236, 236, 1, OQF
NCON, 237, 237, 1, OF
NCON, 243, 243, 1, OF
NCON, 244, 244, 1, QF
NCON, ‘245, 245, 1, OQF
NCON, 277, 277, 1, QF
NCON, 278, 278, 1, OF
NCON, 279, 279, 1, OQF
NCON, 302, 302, 1, QF
NCON, 303, 303, 1, OF
NCON, 304, 304, 1, QF
NCON, 305, 305, 1, QF
NCON, 308, 308, 1, OF
NCON, 309, 309, 1, OF
NCON, 310, 310, 1, OQF
NCON, 311, 311, 1, QF
NCON, 312, 312, 1, QF
NCON, 314, 314, 1, OF
®

* === INITIAL CONDITION =~---

*

* NODE HEAD (M)
*

INIP, 1, 1, 1,1250,00
INIP, 2, 2, 1,1050.00
INIP, 3, 3, 1, 950.00
INIP, 4, 4, 1, 950.00
INIP, 5, 5, 1, 926.76
INIP, 6, 6, 1, 930.00
INIP, 7, 7, 1, 872.21
INIP, 8, 8, 1, 831.12
INIP, 9, 9, 1, 820.00
INIP, 10, 10, 1,1176.98
INIP, 352, 352, 1, 838.63
INIP, 353, 353, 1, 833.45
INIP, 354, 354, 1, 805.77
INIP, 355, 355, 1, 822.46
INIP, 356, 356, 1, 820.94
INIP, 357, 357, 1, B820.04
INIP, 358, 358, 1, 830.00
INIP, 359, 359, 1, 830.00
INIP, 360, 360, 1, 820.00
INIP, 361, 361, 1, 820.00
*

INIP, 1, 1, 1,1120.00 Specified head along
INIP, 217, 27, 1,1120.00 the western boundary
INIP, 33, 33, 1,1120.00
INIP, 53, 53, 1,1240.00
INIP, 59, 59, 1,1160.00
INIP, 104, 104, 1,1190.00
INIP, 149, 149, . 1,1450.00
INIP, 150, 150, 1,1420.00
INIP, 151, 151, 1,1440.00
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INIP, 154, 154, 1,1310.00

INIP, 161, 161, 1,1440.00

INIP, 172, 172, 1,1440.00

INIP, 179, 179, 1,1460.00

INIP, 191, 191, 1,1500.00

INIP, 192, 192, 1,1420.00

INIP, 208, 208, 1,1480.00

INIP, 242, 242, 1,1480.00

INIP, 275, 275, 1,1500.00

INIP, 276, 276, 1,1470.00

INIP, 301, 301, 1,1500.00

INIP, 307, 307, 1,1500.00

INIP, 313, 313, 1,1500.00

INIP, 323, 323, 1,1500.00

INIP, 324, 324, 1,1500.00

. .
INIQ, 7, 7, 1, -1800 Specified flow along
INIQ, 8, 8, 1, =2400 the eastern boundary
INIQ, 9, 9, 1, -2400

INIQ, 26, 26, 1, -2400
INIQ, 46, 46, 1, -2400
INIQ, 47, 47, 1, -1400
INIQ, 48, 48, 1, -1400
INIQ, 51, 51, 1, -2800
INIQ, 52, 52, 1, -2800
INIQ, 89, 89, 1, =-4000
INIQ, 132, 132, 1, -4800
INIQ, 139, 139, 1, =5600
INTQ, 300, 300, 1, -5600
INIQ, 343, 343, 1, -4800
INIQ, 358, 358, 1, -4800
*

INIQ, 162, 162, 1, 1918 Specified flow for
INIQ, 163, 163, 1, 274 recharge through
INIQ, 164, 164, 1, 274 wadi bed

INIQ, 173, 173, 1, 274

INIQ, 174, 174, 1, 548

INIQ, 180, 180, 1, 274

INIQ, 181, 181, 1, 548
INTQ, 182, 182, 1, 822
INIQ, 193, 193, 1, 137
INIQ, 194, 194, 1, 137
INIQ, 195, 195, 1, 137
INIQ, 196, 196, 1, 1233
INIQ, 209, 209, 1, 1781
INIQ, 210, 210, 1, 274
INIQ, 211, 211, 1, 274
INIQ, 212, 212, 1, 274
INIQ, 215, 215, 1, 274
INIQ, 216, 216, 1, 274
INIQ, 217, 217, 1, 274
INIQ, 218, 218, 1, 274
INIQ, 236, 236, 1, 411
INIQ, 237, 237, 1, 411
INIQ, 243, 243, 1, 274

INIQ, 244, 244, 1, 274
INIQ, 245, 245, 1, 548
INIQ, 277, 277, 1, 274
INIQ, 278, 278, 1, 411
INIQ, 279, 279, 1, 411

INIQ, 302, 302, 1, 137
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INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,

* ¥ X

NODE
*
QTIME,
QTIME,
QTIME,
*

* NODE
*
QTIME,
QTIME,
QTIME,
*

* NODE
*
QTIME,
QTIME,
QTIME,
*®

* NODE
*
QTIME,
QTIME,
QTIME,
*

* NODE
*
QTIME,
QTIME,
QTIME,
*

* NODE
*
QTIME,
QTIME,
QTIME,
*

* NODE
*
QTIME,
QTIME,
QTIME,
*

* NODE
x
QTIME,
QTIME,
QTIME,
*

* NODE

303, 303, 1,
304, 304, 1,
305, 305, 1,
308, 308, 1,
309, 309, 1,
310, 310, 1,
311, 311, 1,
312, 312, 1,
314, 314, 1,

~-— ABSTRACTIONS

14 ( H - 23 )
1, 1, 0.0,

1, 2, 5840.0,
1, 3, 7300.0,

16 ( H ~ 15 )
2, 1, 0.0,
2, 2, 5840.0,
2, 3, 7300.0,

19 (H - 20 )
3, 1, 0.0,
3, 2, 5840.0,
3, 3, 7300.0,

20 ( H - 17 )
4, 1, 0.0,
4, 2, 5840.0,
4, 3, 7300.0,

22 (H - 21)
5, 1, 1095.0,
s, 2, 5840.0,
5, 3, 7300.0,

41 (H - 12 )
&, 1, 0.0,
6, 2, 5840.0,
6, 3, 7300.0,

43 (H - 11 )
T, 1, 0.0,
7, 2, 5840.0,
7, 3, 7300.0,

44 (H - 15)
8, 1, 0.0,
8, 2, 5840.0,
8, 3, 7300.0,

72 { H - 6 )

274
411
111
137
137
274
137
137
685

-548
-2027
-2027

-51
-110
-110

-1192
-2548
~-2548

-377
-1233
-1233

~2103
-3863
~3863

~1640
~3507
-3507

-295
-630
~630

-115
-247
=247

-23-
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time and pumping

(T-Q tables)
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T-Qtables : 17

Maximum number of
data in T-Q table : 3

(Refer to 4th command)
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QTIME, 9, 1, 0.0, —-1435
QTIME, 9, 2, 5840.0, -3068
QTIME, 9, 3, 7300.0, -3068
*

* NODE 95

*

QTIME, 10, 1, 0.0, -159
QTIME, 10, 2, 5840.0, -274
QTIME, 10, 3, 7300.0, -274
*

* NODE 109

*

QTIME, 11, 1, 0.0, -159
QTIME, 11, 2, 5840.0, -274
QTIME, 11, 3, 7300.0, -274
*

* NODE 110

*

QTIME, 12, 1, 0.0, -159
QTIME, 12, 2, 5840.0, -274
QTIME, 12, 3, 7300.0, -274
*

* NODE 111

¥

QTIME, 13, 1, 0.0, =159
QTIME, 13, 2, 5840.0, -274
QTIME, 13, 3, 7300.0, =274
*

* NODE 162

*

QTIME, 14, 1, 0.0, -944
QTIME, 14, 2, S5840.0, -2877
QTIME, 14, 3, 7300.0, -2877
*

* NCDE 196

*

QTIME, 15, 1, 0.0, 88
QTIME, 15, 2, 5840.0, -685
QTIME, 15, 3, 7300.0, -685
*

* NODE 209

*

QTIME, 16, 1, 0.0, 430

QTIME, 16, 2, 5840.0, -548
QTIME' 16’ 3, ?300.0; _548
*

* NODE 239

*

QTIME, 17, 1, 0.0, -2145
QTIME, 17, 2, 5840.0, -3699

QTIME, 17, 3, 7300.0, -3699
*

®
* --~ AQUIFER CONSTANTS ---
*
* K : COEFFICIENT OF INFILTRATION CAPACITY
* § : COEFFICIENT OF STORAGE
*
* SYMBOL OF K s
* AQUIFER
*
LAYE, 40
Gs00, 1.0E~08, 1.00E-07 (K)
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* % F %

GENE
*

*
PRTIME,
PLTIME,

*
*
NBTIME,

14 , o1,
¢ QT,
¢ QT

20 , QT,
r QT,
¢ QT,

730,
730,

0.0,

--- GEOLOGICAL

1825,
1825,

1085,

0.0
ss,
sS,
ss,
58,
ss,
sS,

Gs01,
G502,
GS03,
G504,
G505,
Gs06,
Gso07,
Gs08,
G509,
GS10,
Gs1l1,
GS12,
G513,
GS1l4,
G515,
GS16,
GS17,
G518,
G519,
AQOD,
AQO1L,
2Q02,
AQO03,
aQO4,
AQODS5,
2006,
AQO7,
nQos8,
AQOG,
AQ10,
AQ11,
AQl2Z,
AQ13,
AQl4,
AQ1S5,
aQl6,
aQle,
AQ18,
AQ19,

o000 0o
[=]
-~

3650

58
58
55
S8
55
S5

1.
1.
1.
1.
1,
1.

.
»
.
.
]
.
.
.
.
.
.

.

BPRPEBRPEPRRPEPRBBRP R B P

oo OooOoOOR NN

DATA -~-

3650, 5840,
3650,

5840,
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0E-08, 1.00E-03 already
0E-08, 9.09E-04 calibrated in
0E-08, 8.03B-04 the steady state
OE-08, 6.75E-04
0E-08, 5.02E-04 (S)
0E-08, 3.73E-04 to be
0E-08, 3.30E-04 calibrated in the
0E~08, 2.77E-04 non-steady state
0E-08, 2.06E-04 '
0E-08, 1.39E-04
0E-08, 1.23E-04
0E-08, 1.03E-04
0E-08, 7.67E-05
0E-08, 5.1BE-05
OE-08, 3.85E-05
0E-08, 1.93E-05
0E-08, 7.20E-06
0E-08, 2.68E-06
0E-08, 1.00E-06
0E-08, 1.00E-07
o, 0.25
0, 0.2391
0, 0.2258
o, 0.2082
0, 0.1813
0, 0.1578
5, 0.1490
0, 0.1374
5, 0.1197
0, 0.0997
75, 0.0941
50, 0.0868
25 0.0756
10, 0.0629
0s, 0.0548
01, 0.0397
001, 0.0251
0001, 0.0158
00001, 0.0100
Geological data are
read from 'FOR021.DAT
by GENE command.
7300 Outputs are to be
7300 obtained at specified

times.

Boundary conditions
are to be changed
at specified times

Boundary conditions
are to be changed
at time = 0.



NON-STEADY STATE CALIBRATION

43 , Qr, 7, S5, 0.0, 88

44 , Qr, 8, 8S, 0.0, S8 QT:

72 , Q®, 9, 88, D.0, SS To refer the T-Q table
85 , QT, 10, 85, 0.0, SS

109, QT, 11, - 85, 0.0, S§
110, QT, 12, 58, 0.0, SS§
111, ©QT, 13, 58S, 0.0, SS
162, QT, 14, &S, 0.0, S§
196, QT, 15, 8S, 0.0, SS
209, 97, 16, 88, 0.0, SS
239, QT, 17, s, 0.0, s8
304, QF, 0, S8, 0.0, CG, -411
306, QF, O, 85, 0.0, TG, -548
314, QF, 0, ss, 0.0, CG, =767

NEWB, 1, 1095.0 Boundary conditions
22 , @, 5, 588, 0.0, s8 are to be changed
NEWB, 18, 3650.0 at time = 1095,

92 , or, 0, sS, 0.0, CG, =~685

93 , QF, O, ss, 0.0, CG, -685 Boundary conditions
152, Qf, 0O, SS, 0.0, CG, -822 are to be changed
173, QF, 0, SS, 0.0, CG, ~-548 at time = 3650.

174, oF, 0, &5, 0.0, CG, -2M4
175, or, O, 58, 0.0, CG, -3548
176, QF, 0, 85, 0.0, CG, -548
180, or, 0, 585, 0.0, CG, -466
181, Qr, 0, 85, 0.0, CG, -274
182, Q¥, 0, s8s, 0.0, CG, 0
183, Q¢, 0, 88, 0.0, CG, 548
193, QE‘; 0, SS, 0.0; CGr "685
194, QF, 0, SS' 0.0; CG, —685
195, QF, 0, S§, 0.0, CG, =685
282, o, 0, 88, 0.0, CG, -548
283, QF, 0, S5, 0.0, CG, -548
345, o, 0O, S8, 0.0, CG, =274
346, QF, 0, 55, 0.0, CG, -274

3) Press PF4 function key (at the end of edit)
4) Command : EXIT {[enter] (save the data)
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5. Operation

(1) Data Check
1) $ ED MODEL4.DAT [enter]
) 1st line of the data to be changed

SETTING, RUN , 100

'

SETTING, CHEC, 100
2) $ UNISSF [enter]
3) UNISSF2 <M>

UNISSF2/G <G>

UNISSE2/P <P>

DISPLAY <D>

XYPLOT <X >

END <E>

PLEASEENTER ---->M [enter] ('M' for UNISSF2)
4) RESTART ? (Y/N) N [enter]

5) FILE NAME(?.dat) MODEL4 [enter]
( checking Lhe'data )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter] ('E' for end)
6) $ ED MODEL4.PRN [enter] (print output to be checked)

7 Press PF4 function key (at the end of check)
8) Command : QUIT [enter]

-87-



(2) FEM Calculation

1)

2)
3

4)
3)

6)
7

8)

9

10)
11)

$ ED MODEL4.DAT [enter]
1st line of the data to be changed

SETTING, CHEC, 100

'

SETTING, RUN , 100

(RUN + one blank)

Press PF4 key
Command : EXIT [enter]

$ UNISSF [enter]

UNISSF2 <M»>
UNISSF2/G <G>
UNISSEF2/P <P>

DISPLAY <D>

XYPLOT <X>

PLEASE ENTER ---> M [enter]
RESTART 7 (Y/N) N

FILENAME (?.dat) MODEL4
( proces;sing )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

PLEASE ENTER ---> E [enter]
$ ED MODEL4.PRN [enter)

Press PF4 function key
Command: QUIT [enter]
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(at the end of edit)
(save the data)

(M’ for UNISSF2)

It takes about 4 hours
by VAX 8200



(3)

NON-STEADY STATE CALIBRATION

Post-processing

1)
2)

3
4)
5)

5)

5)
6)

$ UNISSF (enter]

UNISSF2 <M>

UNISSF2/G <G>

UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

PLEASE ENTER ---> P [enter] (‘M' for UNISSF2/P)
FILENAME (7.daty CONT

FILENAME (FT10) MODEL4.FT10 [enter]

FILENAME (FT11) MODEL4.FT11 ([enter]
( proccésing )

FORTRAN STOP

UNISSF2 <M>

UNISSF2/G <G>

UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

PLEASE ENTER ---> E [enter]

$ ED CONT.PRN [enter] (print output to be checked)

Press PF4 function key (at the end of check)
Command; QUIT [enter]
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(4)

NON-STEADY STATE CALIBRATION

Graphic on TEXTRONIX Terminal

6)
7)

8)
9N

10)
12))

Press SET UP key
* CODE TEK (enter] _
Press SET UP key, and [enter]

$ UNISSF [enter}

UNISSEF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ----> D [enter] (D' for DISPLAY)
FILE NAME : FOR(040.DAT [enter}
press CLEAR key

{ graphic 1) (Press [enter] to show the next graphic)
( graphic 2) (Press 'E’ for end of graphic)

At the end of graphic (no graphic on display), Press CLEAR key

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ----> E [enter] ('E' for end)
Press SET UP key

* CODE ANSI [enter)
Press SET UP key, and [enter)



NON-STEADY STATE CALIBRATION

(5) Plotting

1)
2)
3)

o)
5)

6)

7

8)

9)

Plotter set up
Paper set
Press 'On-line’ soft key

$ UNISSF [enter]

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> X [enter] (X' for XYPLOT)
FILE NAME : FOR040.DAT [enter]

{ p]otrin'g )

If there are more than 2 drawings, the plotting is stopped and the message
'"HALT RECIEVED...' is shown in the plotter window when each
drawing is finished. Replace the paper. After sizing paper, press 'On-line’
soft key.

At the end of plotting, the message 'PLOT COMPLETE' is shown in the
plotter window.

UNISSF2 <M>
UNISSE2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter]

5. Items to be Checked

(1) Piczometric Level in the Groundwater Monitoring Wells

The calculated head is needed to be calibrated by comparing the piezometric head in the

groundwater monitoring well. The 10 monitoring wells are selected and specified at the nodes
in the FEM mesh as shown in Fig. 22. At these nodes, the calculated head is needed to be
reasonably adjusted to match with the piezometric head in the monitoring well.
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In the monitoring well of $-121 (at node 94), the record shows that the piezometric head has
been decreased by 8.4 m from 1973 to 1988. The calculated head at node 94 is needed to be
adjusted to the monitoring record at S-121 by 'Trial and Error' to estimate the coefficient of
storage.

(2) Piezometric Surface

The piezometric surface which was estimated by the field investigation and the studies prior to
the groundwater model analysis is shown on Fig. 21. The contour map of piezometric surface
which is calculated by the model is need to coincide with the measured one.

(3) Groundwater Flow Path

The direction of groundwater flow in the B2/A7 aquifer was estimated as follows;

Western Highlands ~—®  South Hasa—® Hasa
Western Highlands ——#  Ma’an —®»  Jafr

{(4) Water Balance

Water Balance through the boundaries in the B2/A7 aquifer was estimated to be +/- 15 through
20 MCM/y. The calculated result of 1otal recharge (+) / discharge (-) is need to be match with
the range above.

6. Convergence of Solution

The problem of convergence is mainly depend on the time-step. If the solution is not
converged, calculation is to stop on the way. For this case, the time-step is needed to be
shorter, mainly in early stage. The stability of solution is improved by adopting the shorter
time-step,but it takes longer time to calculate.

7. Data Modification for Calibration

The model calibration is carried out by Trial and Error. After FEM calculation by 'UNISSF2'

and post-processing by "UNISSF2/P', the calculated results are delivered by print output and
graphics and plotting. These outputs are compared with the estimated actual groundwater
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condition. If the calculated results do not coincide reasonably, the data in 'FOR021.DAT and

'MODEL4.DAT' are needed to be modified, and the next trial of calculation is to be
performed. The data modification and the trial of calculation are to be repeated until the
reasonable results are obtained. Procedures of the meodification of data to next trial are

de§cﬁbed below;
1 $ ED MODEL4.DAT [enter]
2) (Data modification)
- Coefficient of Storage (S)
- Abstractions
- Time for outputs to be obtained
3) Press PF4 function key (at the end of modification)
. 4) Command : EXIT
5) FEM Calculation — Refer to Page 88
5) Post-processing - Refer to Page 89
6) Graphic or Plotting — - Refer to Page 90 or 91
Note : If the other data which are calibrated in the steady state is needed to be

modified, the steady state calibration is carried out again.
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Table 11  Calibrated Piezometric Level
(Non-steady State Calibration)
Well no. Node Piezometric Level Calculated
(as of 1988, El m) (EL m)

H-15 16 783.00 784
JO-5 50 724.00 739
JT-4 87 785.17 748
$-121 94 088.49 984
JT-1 114 880.03 887
JO-3 128 790.28 778
JT-2 160 794.47 807
S-111 185 1179.29 1167
S-65 197 1192.82 1193
S-118 214 1270.67 1276
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MODEL SIMULATION

CHAPTER VII
MODEL SIMULATION

(1)

(2)

(3)

(4)

Summary of Model Simulation

Puropse

After the model is reasonably calibrated, the piezomertic surface in the future is
predicted by using the model. The purpose of the prediction is mainly to estimate the
appropriate scale of the abstraction in the region. The groundwater condition in the
future is predicted by the simulation model for the serveral case of abstractions,
including the existing and the newly planned.

Proposed Wellfields ‘

The simulation model predicts the influences of future groundwater exploitation such as
'South Hasa' and 'Ease Ma'an' on the regional groundwater flows. Each expermental
wellfield assumes the prodution wells of 10 to 20 in number with a unit pumping rate at
0.5 to 1 MCM/y which are located at a distance 1 to 2 km.

Recharge Dams

The model prediction also includes the alternative studies on the groundwater recharge
dam. The conjunctive development study is also carried out by using the simulation
model. The models based on groundwater exploitation by coupling with the two groups
of recharge dams such as A1-2-3 and B1-2-3 which assume the commencement of the

impounding in 1993 with net infiltration capacity of 5.4 MCM and 3.3 MCM per
annum respectively.

Regional Effect of the Recharge Dam in the Shoubak Area

The regional effect of the groundwater recharge dam in the Shoubak area is evaluated
by using the simulation model. From priority ranking study for the proposed recharge
dams, the A-2 recharge dam is selected to evaluated the efftects of infiltration on the
unconfined aquifer in the Shoubak area, where the piezometric surface is being lowered
by the intensive groundwater irrigation.
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2. Data Input
Example : Each 5§ MCM/y of abstraction in South Hasa and East Ma'an

Ea‘ch 10 of production wells are assumed for two proposed wellfields with a unit pumping rate
‘of 0.5 MCM/y. The calibrated model is composed of 'FOR021.DAT and 'MODELA.DAT". In
addtion to the data in 'MODELA4.DAT', the following data are given to the model;

- Time stage and step after 200 years

- Pumping rate for each production well in the two wellfields

- Assumption that outflow from the study area is decreasing along the eastern
boundary due to drawdown in the model
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Existing

Abstractions

A

Abstraction in the
Proposed Wellfields

A

MODEL SIMULATION

Time : day
(Time : year)
——— Assumed Initial Condition
0 ~s-——— (Calibrated Steady State
(1973)
5840 Calibrated Groundwater Flow
(1988) COﬂd.iflO['lby the Year 1988
6570
(1990) *
|
|
[ 0 .
| utput :
[ 6570 (1990)
10220 (2000, after 10 years pumping)
| - 13870 (2010, after 20 years pumping)
d 17520 (2020, after 30 years pumping)
| ©
>~ 21170 (2030, after 40 years pumping)
18 24820 (2040, after 50 years pumping)
| & 357702010, after 80 years pumping)
: 64790 (2010, after 160 years pumping)
|
I
I
|
i
79570 v
(2190)

-—— Final Steady State

-99.
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Fig. 29 Abstraction in the Proposed Wellfields

South Hasa
(0.5 MCM/y x 10)

East Ma'an
(0.5 MCM/y x 10)
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MODEL SIMULATION

Pumping rate of existing abstraction is assmued not to be changed after the end of
1988. Data input for the case above, each 5 MCM/y of abstraction in South Hasa and
East Ma'an, is described below;

1) COPY MODELADAT 10MCM.DAT [enter]
2) ED 10MCM.DAT [enter]

SETTING, RUN , 3600, 0
TITLE
WATER RESQURCES STUDY OF THE JAFR BASIN ( B2 / A7 )

1sT , 361, 38, 8, 361, 3
2ND , 2, 0, 0, 0, 0
3RD , 0, 0, 0, 0, 32, 8
4TH , 0, 0
*
* ——— MESH ——- Mesh data are read
* from 'FORO21.DAT
* by GENE Command,
GENE
*
*
* ~=~ TIME STEP --- Time stage and step
*
TIME, 10
STEP, 1, 9.125, 365
STEP, 2, 18,25, 730
STEP, 3, 36.5 , 1095
STEP, 4, 73.0 , 1460
STEP, 5, 91.25 , 1825
STEP, 6, 182.5 , 5840
STEP, 7, 365.0 , 10220 (after 10-year)
STEP, 8, 730.0 , 13870 (after 20-year)
STEP, 9,1460.0 , 35770 (after 80-year)
STEP, 10,2920.0 , 79570 (after 200-year)
*
UNIT, ME , DAY , 25, 1.0E-01
CONT, STUN , SURF , FLUX
*
*

(same as 'MODELA.DAT)

Relationships of

* -== BBSTRACTIONS ~-- time and pumping
* (T-Q tables)
* NODE 14 ( H -~ 23 )
* Number of
QTIME, 1, 1, 0.0, -948 T-Q tables : 32
QYIME, 1, 2, 5840.0, -2027
QTIME, 1, 3,79570.0, -2027 Maximum number of
* data in T-Q table ; 8
* NODE 16 ( H - 15 )
* (Refer to 4th command)
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QTIME,
QTIME,
QTIME,
*

* NODE
QTIME,
QTIME,
QTIME,
*

* NODE
QTIME,
QTIME,
QTIME,
*

* NODE
QTIME,
QTIME,
QTIME,
*

* NODE
QTIME,
QTIME,
QTIME,
*

* NODE
QTIME,
QTIME,
QTIME,
*

* NODE
QTIME,
QTIME,
QTIME,
* NODE
QTIME,
QTIME,
QTIME,
*

* NODE
QTIME,
QTIME,
QTIME,
* NODE
QTIME,
QTIME,
QTIME,
* NODE
QTIME,

QTIME,
QTIME,

2, 1, 0.
2, 2, 5840,
2, 3,79570.

19 ( H - 20

3, 1, 0.
3, 2, 5840,
3, 3,78570.

20 ( H - 17

4, 1, 0.
1, 2, 5840.
4, 3,79570.

22 { H - 21

5, 1, 1095,
5, 2, 5840.
5, 3,79570.

41 ( H - 12

6, 1, 0.
6, 2, 5840.
6, 3,79570.

43 ((H - 11

7, 1, 0.
7, 2, 5840.
7, 3,79570.

44 ( H - 15

8, 1, 0.
8, 2, 5840,
8, 3,79570.

72 ( H - 6)

9; 1, 0.
9, 2, 5840.
8, 3,79570.

10, 1, 0.
10, 2, 5840.
10, 3,79570.

109
11, 1, 0.
11, 2, 5840.
11, 3,79570.
110
12, 1, 0.

12, 2, 5840.
12, 3,78570.

0,

-51
-110
-110

~1192
~2548
-2548

=577
1233
1233

2103
3863
3863

1640
3507
3507

-295
-630
-630

-115
-247
-247

1435
3068
3068

-159
-274
~274

-159
=274
-274

-159
-274
=274
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* NODE

QTIME,
QTIME,
QTIME,
*

* NODRE

QTIME,
QTIME,
QTIME,

* NODE

QTIME,
QTIME,
QTIME,
W

* NODE

QTIME,
QTIME,
QTIME,
*

* NODE

QTIME,
QTIME,
QTIME,
*

* NODE

QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
OTIME,
*

* NODE

QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
OTIME,
QTIME,
QTIME,
*

* NODE

QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,

111

13,
13,
13,

162

14,
14,
14,

196

15,
15,
15,

209

16’
16,
16,

239

17,
17,
17,

18,
18,
18,
18,
18,
18,
18,
18,

19,
19,
18,
19,
19,
19,
19,
18,

20,
20,
20,
20,
20,
20,
20,

1, 0
2, 5840

3,78570.

1, 0.

2, 5840
3,79570

1, 0.
2, 58490.

3,79570

2, 5840,

3,79570

i, 0.
2, 5840,
3,79570.

1, 6570.
2 10220,
3,13870.
4,17520,
5,21170.
6,35770.
7,64970.
8,79570.

1, 6570.
2 10220.
3,13870.
4,17520.
5,21170,
6,35770,
7,64970.
8,79570.

l, 6570

2 10220,
3,13870.
4,17520.,
5,21170,
6,35770.
7,64970.

.0,
.0,
0,

0,
.0,
.0,

0,
.0,

.0,
0,
.0,

-159
-274
-274

-944
-2877
-2877

88
-685
-685

430
-~548
-548

-2145
-3699
-3699

-1800
-1347
-1242
-1171
-1112
-538
=756
-756

-2400
-1795
-1656
-1562
-1482
-1251
-1009
-1009

~2400
~1785
~1656
-1562
-1482
-1251
-1009
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Assumption that outflow from
the study area is decreasing
along the eastern boundary
due to drawdown in the model.
Node:

7, 8,9, 26, 46, 47, 48,

51, 52, 89, 132, 139,

300, 343, 358



QTIME,
*
* NODE

QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
*

* NCODE

QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
*

* NODE

QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
*

* NODE

QTIME,
QTIME,
QTIME,
QTIME,
QOTIME,
QTIME,
QTIME,
QTIME,
*

* NODE

QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
*

* NODE

QTIME,
QTIME,
QTIME,
QTIME,

8,79570

1, 6570,
2 10220.
3,13870.
4,17520.
5,21170.
6,35770.
7,64970.
8,79570.

1, 6570,
2 10220,
3,13870.
4,17520.
5,21170.
6,35770.
7,64970.
8,79570,

1, 6570.
2 10220,
3,13870,
4,17520.
5,21170.
6,35770.
7,64870.
8,79570.

1, 6570,
2 10220.
3,13870.
4,17520.
5,21170.
6,35770.
7,64970,
8,79570,

1, 6570

2 10220,
3,13870.
4,17520,
5,21170.
6,35770.
7,64970.
8,79570.

1, 6570.
2 10220.
3,13870,
4,17520,

.0,

-1009

-2400
-1795
~1656
-1562
-1482
=-1251
-1009
-1008

-2400
-1795
-1656
~1562
-1482
-1251
-1009
~1009

~1400
-1047
-966
-911
-865
~730
-588
~-588

1400
1047
~966
-911
-865
-730
-588
-588

-2800
-2085
-1932
~-1822
-1729
-1459
-1177
~1177

-2800
-2095
-1932
-1822
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QTIME,
QTIME,
QTIME,
QTIME,

* NODE

QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,

* NODE

QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
*

* NODE

QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,

* NODE

QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
*

* NODE

QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
QTIME,
*

* NODE

QTIME,

26,
26,
26,
26,

89
217,

27,
27,
27,
27,
27,
27,

132

28,
28,
28,
28,
28,
28,
28,
28,

139

29,
29,
29,
29,
29,
29,
29,

300

30,
30,
30,
30,
30,
30,
30,
30,

343

31,
31,
31,
31,
31,
31,
31,
31,

358

32,

Ss
6,
7,
8,

1,
2

3,
4,
S,
6,
7,
8,

1,
2

3,
4,
5,
6,
7,
8,

1.
2

3,
4,
3¢
6,
7,
8,

1,
2

3,
1,
5,
6,
T,
8,

1,
2

3,
4,
3¢
6,
1,
8,

1,

21170.
35770.
€4970.
75570.

6570.
10220.
13870.
17520.

21170

35770,
64970,
79570.

6570.
10220,
13870.
17520.
21170,
35770.
64970.
79570,

6570.
10220.
13870,
17520.
21170.
35770.
64970.
78570.

6570,
10220.
13870.
17520.
21170,
35770.
64970.
78570.

6570.
10220.
13870.
17520,
21170.
35770.
64970.
79570.

6570.

0,

-1729
~1459
-1177
-1177

-4000
-2992
-2760
-2603
-2470
-2085
-1681
-1681

-4800
-3581
-3311
~3124
-2965
-2502
-2017
-2017

-5600
-3933
-3614
-3337
~319%
~-2807
-2643
-2643

-5600
-3933
-3614
-3337
-3199
-2807
~2643
-2643

-4800
-3372
-3098
~2860
-2742
~-2406
~-2265
-2265

-4800
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QTIME, 32, 2 10220.0, -3372
QTIME, 32, 3,13870.0, -3098
QTIME, 32, 4,17520.0, -2860
QTIME, 32, 5,21170.0, -2742
QTIME, 32, 6,35770.0, -2406
QTIME, 32, 7,64970.0, -2265
QTIME, 32, 8,79570.0, -2285
*
*

(same as MODELA.DAT)
*
PRTIME, 6570, 10220, 13870, 17520,
PLTIME, 6570, 10220, 13870, 17520,
*
NBTIME, 0.0, 1095.0, 3650.0,
*
ENDD
NEWB, 19, 0.0
14 , QT, 1, 85, 0.0, SS
16 , QF, 2, SS, 0.0, SS
19 , o, 3, Sss, 0.0, ss
20 , Qr, 4, 58S, 0.0, sS8
41 , QT, 6, SS, 0.0, S8
43 , @Qr, 1, SS, 0.0, S$§
44 , QT, B, S8, 0.0, S8
72 , QTF, 8, 58, 0.0, S5
95 , QT, 10, SS, 0.0, S§
109, QT, 11, SS, 0.0, SS
110, o1, 12, ss, 0.0, SS§
1ii, Qt, 13, S§5, 0.0, SS
162, o7, 14, S8, 0.0, 5§
196, QT, 15, 85, 0.0, S8
209, oQT, 16, &8, 0,0, S§
239, @T, 17, s8s, 0.0, S8s
304, QF, 0, 8S, 0.0, CG, -411
306, QF, 0, 85, 0.0, CG, -548
314, Qr, 0, S8, 0.0, CG, -767
NEWB, 1, 1095.0
22 , Qv, 5, 8s, 0.0, 8S
NEWB, 18, 3650.0
92 , QF, 0, S5, 0.0, CG, -685
93 , QF, 0, S8S, 0.0, CG, =685
152, or, 0, S8, 0.0, CG, -822
173, ¢or, 0, 8S5, 0.0, CG, -548
174, QF, 0, 88, 0.0, CG, -274
175, QF, 0, 85, 0.0, CG, -548
176, QF, 0, S5, 0.0, CG, -548
180, oF, 0, 88, 6.0, CG, -466
181, ¢or, O, 88, 0.0, CG, =274
182, Qr, 0, S8s, 0.0, CG, 0
183, Qr, 0, 85, 0.0, CG, -548
193, QF, 0O, S8, 0.0, CG, -685
194, gQF, 0, SS, 0.0, CG, -685
195, QF, 0, sS, 0.0, CG, =685
282, QF, 0, 8§, 0.0, CG, -548
283, g, 0, 8§, 0.0, CG, -548
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21170, 24820, 35770, 64970
21170, 24820, 35770, 64870

6570.0

Boundary conditions are to be changed
at time = 0 day.

QT : Torefer T-Q table

Boundary condition is to be changed
at ime = 1095 day.

Boundary conditions are to be changed
at ime = 3650 day.



345, QF,
346, OF,
NEWB,
66 , QF,
67 , QF,
68 , QF,
7¢ , QF,
717 ., QF,
78 , QF,
79 , QF,
100, QF,
101, QF,
102, QF,
255, QF,
256, OF,
257, QF,
264, QF,
265, QF,
266, QF,
267, QF,
272, QF,
213, OF,
274, QF,
345, QF,
346, QF,
7 QT,
8 QrT,
9 QT,
26 , QT,
46 , Qr,
47 , QT,
48 , oT,
49 , QT,
51 , QT,
52 ., QT,
89 , QT,
132, QT,
139, QT,
300, QT,
343, QT,
358, QT,

A M m m m w w ow o om

$s, 0.0,
ss, 0.0,
6570.0

ss, 0.0,
$s, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
85, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss5, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
85, 0.0,
ss, 0.0,
ss, 0.0,
$s, 0.0,
ss, 0.0,
s$s, 0.0,
ss, 0.0,
8s, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
$s, 0.0,
8s, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
85, 0.0,
ss, 0.0,

CG,
CcG,

CG,
cG,
CG,
cG,
cG,
cG,
CG,
cG,
cG,
CG,
cG,
CG,
cG,
CG,
cG,
CcG,
ca,
CG,
ce,
CG,
CcG,
CG,
Ss
SS
SS
SS
SS
S8
ss
SS§
S8
S5
sS
s§
SS
sS
58
$8

3) Press PF4 function key
4) Command : EXIT

-274
=274

~1370
-1370
-1370
-1370
-1370
-13%0
-1370
~1370
~1370
-1370
-1370
~-1370
-1370
-1370
~1370
~1370
-1370
-1370
-1370
-1370
-1000
-1000
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Boundary conditions are to be changed
at time = 6570 day.

South Hasa :
Node 66, 67, 68, 76, 77
78, 79, 100, 101, 102

East Ma'an :
Node 255, 256, 257, 264, 265
266, 267, 272, 273, 274

Shidya Mine :
Node 345, 346

(at the end of edit)
(save the data)



(1)

MODEL SIMULATION

Operation

Data Check

1)

2)
3)

4)
5

6)

7)
8)

$ED 10MCM.DAT [enter]

Lst line of the data to be changed

SETTING, RUN , 100 ]
SETTING, CHEC, 100

$ UNISSF [enter]

UNISSF2 <M>

UNISSF2/G <G>

UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

END <E>

PLEASE ENTER ---->M [enter] (‘M for UNISSFZ)
RESTART ? (Y/N) N [enter]

FILE NAME(?.dat) 10MCM [enter]
( checking the' data)

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter] ('E' for end)
$ ED 10MCM.PRN (enter] (print output to be checked)

Press PF4 function key (at the end of check)
Command ;: QUIT {enter]
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(2) FEM Calculation
1) $ ED 10MCM.DAT [enter]
1st line of the data to be changed
SETTIN$G, CHEC, 100

SETTING, RUN , 100

(RUN + one blank)
2) Press PF4 function key (at the end of edit)
3 Command : EXIT (enter] (save the data)

4) $ UNISSF [enter]
5) UNISSF2 <M>

UNISSF2/G <G>

UNISSF2/P <P >

DISPLAY <D>

XYPLOT <X>

PLEASEENTER ---> M [enter] ('M' for UNISSF2)
6) RESTART 7 (Y/N) N

7) FILENAME (?.dat) 10MCM

( proces;sing ) It takes about 8 hours
. by VAX 8200
FORTRAN STOP
8) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER ---> E [enter]
9) $ED 10MCM.PRN [enter]

10)  Press PF4 function key
11)  Command: QUIT [enter]
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(3) Post-processing to deliver the contour diagram

1) $ED CONT.DAT [enter]
2) Input data

) START, 2, TP .
PLTIME, 13870, 24820 Contour diagrams after 20 years
SUBTITLE and 50 years are to be shown

NNUM, OFF
ENUM, OFF
DIVI, OFF
DOWN, OFF
MESH, OFF
FPRI, ON
sCaL, Al
CONT, MANU .
400, 450, 500, 550, 600, 650, 700, 750, 80O, B850, %00, 950,
1000,1050,1100,1150,1200,1250,1300,1350,1400,1450,1500,1550,
1600,1650
VECT, 25
PLOT, ALL
END

3) $ UNISSF [enter]
4) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER ---> P [enter] (M' for UNISSF2/P)
5 FILENAME (7.dat) CONT
6) FILENAME (FT10) 10MCM.FT10 [enter]

7 FILENAME (FT11) 10MCM.FT11 (enter]
( proccs.sing )

FORTRAN STOP

8) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/p <P>
DISPLAY <D>
XYPLOT <X >

PLEASE ENTER --—> E [enter]
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) $ ED CONT.PRN [enter] (print output to be checked)

10)  Press PF4 key (at the end of check)
11)  Command: QUIT [enter]
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(5) Post-processing to deliver the drawdown contour diagram

1)
2)

3
4)

5)
6)
7

8

$ ED DOWN.DAT (enter]
Input data

START, 2, TP i

PLTIME, 6570, 13870, 24820 Drawdown contour diagrams

SUBTITLE after 20 years and 50 years
are to be shown. L1

NNUM, OFF

ENUM, OFF

DIVI, OFF

DOWN, OFF

MESH, OFF

FPRI, ON

SCAL, Al

CONT, MANU :

400, 450, 500, 550, 600, 650, 700, 750, 800, 850, %00, 950,
1000,1050,1100,1150,1200,1250,1300,1350,1400,1450,1500,1550,
1600, 1650
VECT, 25
PLOT, ALL
END

$ UNISSF {enter]

UNISSF2 <M>

UNISSF2/G <G>

UNISSEF2/P <P>

DISPLAY <D>

XYPLOT <X>

PLEASE ENTER ---> P [enter] (M' for UNISSF2/P)
FILENAME (?.dat) CONT

FILENAME (FT10) 10MCM.FT10 [enter]

FILENAME (FT11) 10MCM.FTI11 [enter]
( proces;sing )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X>

PLEASE ENTER ---> E [enter]
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N $ ED CONT.PRN [enter] (print output to be checked)
10) Press PF4 function key (at the end of check)
11)  Command: QUIT [enter]

Note : /1 Drawdown is calculated as follows;
{Drawdown at time = 13870) N
= (Piezometric level at time-= 13870) - (Piezometric level at time = 6570)
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Graphic on TEXTRONIX Terminal

1)
2)
3
4)

5)

6)
7

8)
9

10)
11)
12))

Press SET UP key
* CODE TEK [enter]
Press SET UP key, and [enter]

3 UNISSF [enter]

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ---->D [enter] "~ (D' for DISPLAY)
FILE NAME : FOR040.DAT [enter]
press CLEAR key

( graphic 1) (Press [enter] to show the next graphic)
( graphic 2) (Press 'E' for end of graphic)

At the end of graphic (no graphic on display), Press CLEAR key

UNISSE2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>»

PLEASE ENTER ----> E [enter] ('E' for end)
Press SET UP key

* CODE ANSI [enter]
Press SET UP key, and [enter]
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Plotting

1) Plotter set up

2) Paper set

3 Press 'On-line’ soft key

4) 3 UNISSF [enter]

5) UNISSF2 <M>
UNISSE2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>
PLEASE ENTER ----> X [enter] (X' for XYPLOT)

6) FILE NAME : FOR040.DAT [enter]

(plotiing )

)] If there are more than 2 drawings, the plotting is stopped and the message
'"HALT RECIEVED..." is shown in the plotter window when each
drawing is finished. Replace the paper. After sizing paper, press 'On-line'
soft key.

8) At the end of plotting, the message 'PLOT COMPLETE' is shown in the
plotter window.

%) UNISSF2 <M>

UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter]
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Fig. 31 Predicted Piezometric Surface and Drawdown after 20 years Pumping

.Q 2
StALE 0y '§6rs

w
I
a
L
0

(-
=0
ragl |
) A
a8
[C
Jur
[WaTH

CURRENT  SCALE .0 4 %8
FEM PLOT SCaLeE 9, 15815« TIME = 13870.000
LIaATFP PFROIIRCF STIHINY NF THF JAFP RASTN f R? » @7
L

;
oo
Cafp=—

.0
o

SCALE
SCALE

CLURPENMT
FEF PLOT

CURREMT  SCALE 19 _, 2@
FEM PLOT SCALE L9, 1§85

- TINE = 138V0.000
LGQTFR RFSMAIIPIEF STIINY NF THF T4FD RASTM

R? «» %
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Fig. 32 Predicted Piezometric Surface and Drawdown after 50 years Pumping

$00 y5o .0po

SCalLE

.o z,0
SCALE q.D \ l§515.ﬂ

CURREMTY
FEM PLOT

CURRENT  SCALE L2 . 2®

FEM PLOT SCALE 10 4 139158 TIME = 24820.001

LIATFR RFSMIILFF STINY NF THF JaFP RASTH f R? <+ Q7

SCALLE

.0 t ‘."u
SCALE ({.n ljtns.u

CURPENIT
FEM PLOT

CURRENT  SCALE T2 1 298
FEM PLOT sCale L2 h#se

LI&TFS OFSALIRCE ST NF THF TAQFR ROS T f A

TIME = 24820.001

s G7o
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CASE STUDIES

CHAPTER VIII
CASE STUDIES

1. Proposed Wellfields
The simulation model predicts the influences of future groundwater exploitation such as 'South
Hasa' and 'East Ma'an' on the regional groundwater flows. Each experimental wellfield
assumes the production wells of 10 to 20 in number with a unit pumping rate at 0.5 to 1
MCM/y which are located at a distance from 1 to 2 km.

(1) Case 1-1:
Each 5 MCM/y of abstraction in South Hasa and East Ma'an

Production wells of 10 in number are located in the two proposed wellfields, assuming
a unit pumping rate of 0.5 MCM/y. This is the same case as shown in CHAPTER VII
MODEL SIMUALTION.
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Case 1.2 :
Each 10 MCM/y of abstraction in South Hasa and East Ma'an

Production wells of 10 in number are located in the two proposed wellfields, assuming
a unit pumping rate of 1.0 MCM/y.

1 COPY 10MCM.DAT 20MCM.DAT ([enter]
2) ED 20MCM.DAT [enter]

(same as 10MCM.DAT except following)

*
NBTIME, 0.0, 1095.0, 3650.0, 6570.0

*

ENDD

NEWEB, 19, 0.0 Boundary conditions are to be changed
14 , QT, 1, SS, 0.0, SS at ime = O.day.
16 , QT, 2, 5S, 0.0, SS

19 , QT, 3, 88, 0.0, S5

20 , QT, 4, S8, 0.0, SS

41 , OT, 6, S5, 0.0, SB

43 , Qr, 7, 8S, 0.0, sS

44 , QT, 8, 88, 0.0, s8

72 , QT, 9, sSS, 0.0, S8

95 , QT, 10, S8, 0.0, SS

109, QT, 11, SS, 0.0, S8

110, QT, 12, SS, 0.0, SS

111, QT, 13, SS, 0.0, S5

162, QT, 14, SS, 0.0, SS

196, QT, 15, SS, 0.0, S5

209, QT, 16, SS, 0.0, S5

239, QT, 17, 8§85, 0.0, SS

304, QF, 0, SS, 0.0, CcG, -411
306, QF, 0, Ss, 0.0, CG, -548
314, QF, ©0, Ss, 0.0, cG, ~-767

NEWB, 1, 1095.0 Boundary condition is to be changed
22 , QT, 5, 8§S, 0.0, S8 at ime = 1095 day.
NEWB, 1B, 3650.0

92 , QF, 0, 88,
93 , Q¥, 0, S8s§,
152, or, 0, ss,
173, ¢r, 0, 88,
174, QF, 0, 88,
175, QF, 0O, S8,
176, QF, 0, S8s,

.0, CG, -685 Boundary conditions are to be changed
.0, CG, ~685 at time = 3650 day.

.0, cG, -822

.0, €6, -548

.0, cG, -274

.0, CG, ~548

.0, CG, -548

180, QF, @, SS, CG, -466
181, QF, 0, &S, 0.0, CG, -274
182, QF, 0, S§, 0.0, CG, 0
183, QF, 0, S§S, 0.0, CG, -548

193, QrF, 0, 8s,
124, QF, 0, 88,
195, QF, 0, 8s,
282, oFr, 0, 88,
283, Qr, 0, 8s,

.0, CG, -GBS
.0, ¢cG, -685
.0, CG, -685
.0, CG, -548
.0, cG, -548

OO0 00COO0O0COOo OO0 OO0
(=]
-
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I

r

r
26 ,
46 ,
47 ,
48 ,
49 ,
51 ,
52 ,
89 ,
132,
138,
300,
343,
358,

3
4)

QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QoF,
oF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QT,
QT,
QT,
QT,
QT,
T,
QT,
QT,
QT,
Qr,
ar,
Qr,
QT,
or,
QT,
QT,

§5, 0.0,
85, 0.0,
6570.0

55, 0.0,
ss5, 0.0,
55, 0.0,
§s, 0.0,
58, 0.0,
55, 0.0,
58, 0.0,
88, 0.0,
55, 0.0,
58, 0.0,
5§, 0.0,
55, 0.0,
58, 0.0,
§s, 0.0,
58, 0.0,
s5, 0,0,
58, 0.0,
ss, 0.0,
55, 0.0,
55, 0.0,
55, 0,0,
ss, 0.0,
S5, 0.0,
ss, 0.0,
ss, 0.0,
58, 0.0,
55, 0.0,
55, 0.0,
S5, 0.0,
58, 0.0,
58, 0.0,
58, 0.0,
55, 0.0,
88, 0,0,
§§5, 0.0,
§s, 0.0,
ss, 0.0,
§5, 0.0,

CG,
CcaG,

CcG,
G,
G,
CG,
cG,
cG,
CG,
CG,
CG,
CG,
CG,
CcG,
CcG,
CcG,
CcG,
CcG,
CG,
CG,
G,
CcG,
G,
SS
58
8S
sS
S
5§
S8
ss
S8
55
85
SS
sS
sS
SS
S8

Press PF4 function key
Command : EXIT

=274
-274

-2740
-2740
-2740
-2740
~-2740
~2740
-2740
-2740
-2740
-2740
-2740
~2740
-2740
-2740
-2740
~2740
-2740
-2740
-2740
-2740
~1000
-1000
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Boundary conditions are to be changed
at time = 6570 day..

South Hasa :
Node 66, 67, 68, 76, 77
78, 79, 100, 101, 102

East Ma'an :
Node 255, 256, 257, 264, 265
266, 267, 272, 273, 274

Shidya Mine :
Node 345, 346

{at the end of edit)
(save the data)



CASE STUDIES

Fig. 33 Case1-2:
Each 10 MCM/y of abstraction in South Hasa and East Ma'an

South Hasa -
(1.0 MCM/y x 10)

East Ma'an

(1.0 MCM/y x 10)
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2,

CASE STUDIES

Recharge Dams

The model prediction also includes the alternative studies on the groundwater recharge dam.
The conjunctive development study is also carried out by using the simulation model. The
maqdels based on groundwater exploitation by coupling with the two groups of recharge dams
such as A1-2-3 and B1-2-3 which assume the commencement of the impounding in 1993 with
net infiltration capacity of 5.4 MCM and 3.3 MCM per annum respectively.

(1)

Case 2-1 :
Each § MCM/y of abstraction in South Hasa and East Ma'an
with the recharge dams

Production wells of 10 in number are located in the two proposed wellfields, assuming
a unit pumping rate of 0.5 MCMY/y, which incorporate the two groups of recharge dams
such as A1-2-3 and B1-2-3.

1) COPY 10MCM.DAT R1IOMCM.DAT {enter]
2) ED RIOMCM.DAT [enter]

(same as 10MCM.DAT except following)

*

NBTIME, 0.0, 1095.0, 3650.0, 6570.0, 7665
*

ENDD

NEWB, 19, 0.0 Boundary conditions are to be changed
14 , QT, 1, 8S, 0.0, SS at ime = 0 day.

16 , o7, 2, S5, 0.0, SS

19 , Qr, 3, SS, 0.0, S8

20 , Qr, 4, 85, 0.0, SS
41 , Qr, 6, SS, 0.0, S§
43 , Qr, 7, 5§, 0.0, SS
44 , Qr, 8, SS, 0.0, SS
72 , QF, 9, 85, 0.0, SS

85 , Qr, 10, sS, 0.0, sS

109, QT, 11, S§S, 58
110, QT, 12, S§S, 0.0, SS
111, QT, 13, SS, 0.0, SS
162, QT, 14, 5SS, 0.0, S§
196, QT, 15, S8, 0.0, SS
209, QT, 16, SS, 0.0, SS
239, QT, 17, SS, 0.0, S§

304, QF, 0, S8s,
306, QF, 0, S8s,
314, QF, 0, 88,

.0, Cg, -411
.0, CG, =548
0, CG, =767

COO0O00D0O0O00OOCCOOOOCO OO OO0 C
[ =]
-

NEWB, 1, 1095.0, Boundary condition is to be changed
22 , Qr, 5, s§, 0.0, SS at time = 1095 day.
NEWE, 18, 3650.0
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92 , QF,
93 , QF,
152, QF,
173, QF,
174, QF,
175, QF,
176, QF,
180, QF,
181, OF,
182, QF,
183, QF,
193, QF,
194, QF,
195, OF,
282, OF,
283, QF,
345, QF,
346, OF,
NEWB,
66 , QF,
67 , QF,
68 , QF,
76 , QF,
1, QF,
78 , QF,
79 , QF,
100, QF,
101, QF,
102, QF,
255, QF,
256, QF,
257, QF,
264, QF,
265, QF,
266, QF,
267, QF,
272, QF,
273, QF,
274, QF,
345, QF,
346, QF,
T, QT,
, QT,
r QT,
r QT,
¢ QT,
47 , QT,
! QT!
¢ QT,
¢ QT,
+ QT,
89 , Qr,
132, QT,
139, QT,
300, QT,
343, QT,
358, QT,
NEWB,
163, QF,
164, QF,
194, QF,

ss, 0.0,
ss, 0.0,
ss, 0.0,
§s, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
6570.0

ss, 0.0,
ss, 0.0,
ss, 0.0,
55, 0.0,
ss, 0.0,
ss, 0.0,
§s, 0.0,
85, 0.0,
ss, 0.0,
ss, 0.0,
S5, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
53, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
S5, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
S5, 0.0,
ss, 0.0,
88, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
7665,0

ss, 0.0,
§s5, 0.0,
s5, 0.0,

CG,
CcG,
CG,
CG,
CG,
CG,
CG,
CG,
CG,
cG,
cG,
CG,
cG,
cG,
cG,
cG,

cG,
CG,
cG,
cG,
cG,
cG,
cG,
cG,
CG,
cG,
cG,
cG,
cG,
cG,
cG,
cG,
CG,
CG,
CG,
cG,
Ss
S5
SS
ss
SS
S5
55
S5
ss
Ss
sS
SS
S8
ss
ss
SS

CG,
CG,
CG,

~685
~685
-822
-548
-274
-548
-548
-466
-274

-548
-685
-685
-685
-548
-548
-274
-274

-1370
-1370
-1370
-1370
-1370
-1370
-1370
~-1370
-1370
-1370
-1370
-1370
-1370
-1370
-1370
~-1370
-1370
~1370
-1370
-1370
-1000
-1000

4219
4411
4658
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Boundary conditions are to be changed
at time = 3650 day.

Boundary conditions are to be changed
at time = 6570 day.

South Hasa :
Node 66, 67, 68, 76, 77
78, 79, 100, 101, 102

East Ma'an :
Node 255, 256, 257, 264, 265
266, 267, 272, 273, 274

Shidya Mine :
Node 345, 346

Boundary conditions are to be changed
at ime = 7665 day.

Recharge Dams :



CASE STUDIES

279, QF, 0, sS, 0.0, ¢G, 2521 Node 163- Al Node 279 - B1
305, gr, 0, ss, 0.0, CG, 4603 Node 164 - A2 Node 305 - B2
312, Qr, 0, 55, 0.0, CG, 2438  Node 194 - A3 Node 312 - B3
3) Press PF4 key (at the end of edit)

4) Command : EXIT (save the data)
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CASE STUDIES

Fig. 34  Case 2-1:
Each 5 MCM/y of abstraction in South Hasa and East Ma'an

with the recharge dams

South Hasa

(0.5 MCM/y x 10)

East Ma'an
(0.5 MCM/y x 10)

Recharge Dam

Dam No. Average Annual  Annual Recharge

Inflow Evapolation

(MCM/y) (MCM/y) (MCM/y)
Al 1.5 0.06 1.44
A2 1.9 0.09 1.81
A3 2.0 0.05 1.95
B1 0.8 0.03 0.77
B2 1.6 0.07 1.53
B3 0.9 0.06 0.84

-126-



(2)

CASE STUDIES

Case 2-2
Each 10 MCM/y of abstraction in South Hasa and East Ma'an
with the recharge dams

Production wells of 10 in number are located in the two proposed wellfields, assuming
a unit pumping rate of 1.0 MCM/y, which incorporate the two groups of recharge dams
such as A1-2-3 and B1-2-3.

1) COPY 20MCM.DAT R20MCM.DAT [enter]
2) ED R20MCM.DAT [enter]

(same as 20MCM.DAT except following)

*

NBTIME, 0.0, 1085.0, 3650.0, 6570.0, 7665
*

304, QF, 0, SS,
306, QF, 0, S8, 0.0, CG, ~548

314, QF, 0, SS, 0.0, CG, -767

NEWB, 1, 1095.0 Boundary condition is to be changed
22 , Qr, 5, 88§, §S at time = 1095 day.

NEWB, 18, 3650.0

92 , QF, 0, sSs,
83 , QF, 0, 88§,
152, QF, 0, SS,
173, QF, 0, sS§,
174, OF, 0, ss,
175, QF, 0, SS,
176, QF, 0, SS,
180, QF, 0, SS,
181, QF, 0, SS,
182, QF, 0, SS,
183, QF, 0, SS,
193, QF, 0, Ss§,
194, QF, 0, Ss§,

.0, CG, =411

ENDD :
NEWB, 19, 0.0 Boundary conditions are to be changed
14 , QT, 1, Ss, 0.0, sS at time = 0 day.
l¢ , QT7, 2, 8s, 0.0, 88
19 , 07, 3, Ss, 0.0, SS
20 , Qr, 4, sS, 0.0, SS
41 , QT, 6, SS, 0.0, S8
43 , @I, 17, SS, 0.0, SS
44 , QT, 8, SS, 0.0, SS
72 , QT, 9, 88, 0.0, SS
95 , QT, 10, s8, 0.0, SS
109, QT, 11, SS, 0.0, SS
110, QT, 12, S5, 0.0, SS
111, QT, 13, SS, 0.0, SS
162, QT, 14, SS, 0.0, SS
196, QT, 15, S5, 0.0, SS
209, QT, 16, SS, 0.0, SS
239, QT, 17, 85, 0.0, SS
0
0
0

L=
o
-

0, CG, -685 Boundary conditions are to be changed
.0, CG, -685 at time = 3650 day.
0, CG, -822

.0, CG, -548

.0, CG, -274

.0, CG, -548

CG, -548

.0, CG, -466

.0, CG, -274

.0, CG, 0

.0, CG, -548

.0, CG, -685

.0, CG, -685

COoODDOC OO0 OC QOO0 OO
o
-
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195, QF, O,
282, QF, 0,
283, QF, O,
345, QF, G,
346, QF, @,
NEWB, 38,
66 , oF, O,
67 , QF, O,
68 r QFf 0(
76 , QF’ 0!
71T, QF, 0,
78 , QF, O,
79 , QF, O,
100, QF, O,
101, QF, O,
102, oF, O,
255, gF, O,
256, QF, 0,
257, oF, O,
264, QF, 0,
265, QF, 0,
266, QF, 0,
267, QF, 0,
272, QF, 0,
273, QF, O,
274, QF, O,
345, QF, @,
346, oF, 0,
7, or, 18,
8 , oT, 19,
8 . QT, 20,
26 , QT, 21,
46 , QT, 22,
147 , QT, 23,
48 , QT, 24,
49 , Qr, 25,
s1 , Qr, 26,
52 , Qr, 27,
89 , or, 28,
132, QT, 29,
139, QT, 30,
300, Qr, 31,
343, QT, 32,
358, QT, 33,
NEWSB, 6,
163, QF, O,
164, QF, O,
184, QF, O,
278, QF, 0,
305: Qr, 0,
312, oF, 0,
3)

4

S8,
55,
58,
55,
58, 0.0,
6570.0

ss,

oo ocoo
L=
-

~

S8,
58,
58,
ss,
55,
88,
s8,
58,
55,
§5,
3s,
55,
58,
58,
88,
58,
58,
88,
§s,
58,
58,
38,
88,
88,
55,
58S,
58,
58,
88,
58,
58,
58,
58,
58,
88,
58,
7665,0
35,
S5,
58,
53,
5§35,
§s5,

n
n
-
[ e e e}
-

-

- M m om o ow

- m om

-

DOO0CO OO OO0OCOOO OO0 O

-~

PR
L T e e e

[

COOOoOLOOOO0OCOOCODODODOOOoO

-~ M owm m om om ow oW

2 s .
w N

COO0OCOoOOO0OL0OCCOoOO0DOO 0000000000000 0 O

- om W

<
o
-

cOf

Qo
<O
-

.0'

L= = = |
<
-

CG,
CcG,
cG,
CG,
ca,

cG,
cG,
cG,
CG,
CG,
CG,
G,
CG,
CcG,
cG,
G,
G,
cG,
G,
CG,
cG,
cG,

cG,
CG,
CG,
CG,
58
58
S8
Ss
S8
S8
58
58
55
S8
58
S8
S8
S8
S8
55

CG,
CG,
CG'
CG;
ca,
CG,

Press PF4 function key
Command : EXIT

CASE STUDIES

-685
~-548
-548
-274
-274
Boundary conditions are to be changed
-2740  atfime = 6570 day.
~2740
-2740  South Hasa ;
-2740 Node 66, 67, 68, 76, 77
-2740 78, 79, 100, 101, 102
-2740
-2740
-2740
-2740
-2740
-2740  East Ma'an :
-2740 Node 255, 256, 257, 264, 265
~2740 266, 267, 272, 273, 274
-2740
-2740
-2740
-2740
~2740
-2740
-2740
-1000  Shidya Mine :
-1006 Node 345,346
Boundary conditions are to be changed
4219 at ime = 7665 day.
4411
4658 Recharge Dams :
2521  Node 163 - Al Node 279 - B1
4603 Node 164 - A2 Node 305 - B2
2438 Node 194 - A3 Node 312 - B3
(at the end of edit)
(save the data)
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CASE STUDIES

Fig. 35 Case2-2:
Each 10 MCM/y of abstraction in South Hasa and East Ma'an
with the recharge dams

South Hasa '
(1.0 MCM/y x 10)

East Ma'an

(1.0 MCM/y x 10)

Recharge Dam

Dam No. Average Annual  Annual Recharge

Inflow Evapolation

(MCM/y) (MCM/y) (MCM/y)
Al 1.5 0.06 1.44
A2 1.9 0.09 1.81
A3 2.0 0.05 1.95
Bl 0.8 0.03 0.77
B2 1.6 0.07 153
B3 0.9 0.06 0.84
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CASE STUDIES

4, Regionat Effect of the Recharge Dam in the Shoubak Area

The regional effect of the groundwater recharge dam in the Shoubak area is evaluated by using
the simulation model. From priority ranking study for the proposed recharge dams, the A-2
recharge dam is selected to evaluated the effects of infiltration on the unconfined aquifer in the
Shoubak area, where the piezometric surface is being lowered by the intensive groundwater
irrigation.

(1) Case 3-1:
3.27 MCM/y of abstraction without recharge dam

The pumping rate for the existing groundwater irrigation in the Shoubak area is
-assumed at 3.27 MCM/y Abstraction of each proposed wellficld is assumed at 10
MCM/y which is the same abstraction as Case 1-2. This is the same case as Case 1-2.

COPY 20MCM.DAT SHOUBAKIL.DAT [enter]
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(2)

CASE STUDIES

Case 3-2 :
3,27 MCM/y of abstraction with the A-2 recharge dam

The pumping rate for the existing groundwater irrigation in the Shoubak area is
assumed at 3.27 MCM/y. The A-2 recharge dam is considered to evaluate the effects of
infiltration on the unconfined aquifer. Abstraction of each proposed wellfield is
assumed at 10 MCM/y which is the same abstraction as Case 1-2.

1) $ COPY SHOUBAKIL.DAT SHOUBAK2.DAT [enter]
2) $ ED SHOUBAK2.DAT [enter]

(same as SHOUBAXK.DAT except following)

*

NBTIME, 0.0, 1095.0, 3650.0, 6570.0
*

ENDD
NEWB, 19, 0.0 Boundary conditions are to be changed
14 , Qr, 1, 8s, 0.0, S8 at ime = 0 day.

16 , oT, 2, SS, 0.0, SS

19 , QT, 3, SS§, 0.0, SS

20 , T, 4, ss, 0.0, SS

41 , QT, 6, SS, 0.0, SS

43 , @, 17, sSS, 0.0, S5

44 , Qr, 8, 8s, 0.0, SS

72 , QT, 9, S§, 0.0, SS

95 , QT, 10, SS, 0.0, SS
109, QT, 11, 8§, 0.0, SS
110, QT, 12, SS, 0.0, SS
111, QT, 13, SS, 0.0, SS
162, QT, 14, SS, 0.0, SS
196, oT, 15, S5, 0.0, S8
209, QT, 16, S5, 0.0, SS
239, QT, 17, &S, 0.0, SS
304, QF, 0, SS, 0.0, CG, -411
306, QF, 0, SS, 0.0, CG, -548
314, QF, 0, S5, 0.0, CG, -767

NEWB, 1, 1085.0 Boundary condition is to be changed
22, Q?, 5, S§S, 0.0, SS at time = 1095 day.
NEWB, 18, 3650,0

92 , o, 0, Ss, 0.0, CG, -6€85 Boundary conditions are to be changed
53 , QF, 0, ss, 0.0, CG, -685 at time = 3650 day.
152, QF, 0, 88, 0.0, CG, -822

173, QF, 0O, 8S, 0.0, CG, -548

174, QF, 0, 8§, 0.0, CG, -274

175, QF, 0, SS, 0.0, CG, =548

176, QF, 0, S§, 0.0, CG, ~548

180, QF, 0, 85, 0.0, CG, ~-466

181, QF, O, S5, 0.0, CG, =~274

182, QF, 0, §S, 0.0, CG, 0

183, QF, 0, 5SS, 0.0, CG, =548

193, QF, 0, SS, 0.0, CG, -685

194, oF, 0, S5, 0.0, CG, -685

195, QF, 0, 8§, 0.0, CG, -685

282, gr, 0, 8§, 0.0, CG, ~-548

-131-



CASE STUDIES

283, QF, 0, SS, 0.0, CG, -548
345, QF, 0, SS, 0.0, cG, -274

346, QF, 0, S3, 0.0, CG, -274 -

NEWB, 38, 6570.0 Boundary conditions are to be changed
66 , QF, 0, 85, 0.0, cG, =-2740 attime = 6570 day.

7 , Qf, 0, SS, 0.0, CG, =-2740

68 , oF, 0, Ss, 0.0, cG, =-2740 South Hasa :

76 , QF, 0, &S, 0.0, cGg, -2740 Node 66, 67, 68, 76, 77

1, QF, 0, 88, 0.0, CG, -2740 78, 79, 100, 101, 102

78 , QF, 0, SS, 0.0, CG, =-2740

79 , QF, 0, SS, 0.0, CG, -2740

100, QF, ©, S8, 0.8, CG, =2740

101, Qf, 0, 8§, 0.0, CG, =~2740

102, Qf, O, 8§, 0.0, CG, -2740

255, oF, 0, SS, 0.0, cg, -2740 East Ma'an: .

256, QF, 0, §S, 0.0, ¢G, -2740 Node 255, 256, 257, 264, 265
257, QF, 0, S5, 0.0, CG, =2740 266, 267, 272, 273, 274
264, QF, 0, SS, 0.0, CG, -2740

265, QF, 0, SS, 0.0, CG, -2740

266, QF, 0, SS, 0.0, CG, -2740

267, QF, 0, S8s, 0.0, CG, =-2740

272, QF, 0, S§S, 0.0, CG, ~-2740

273, oF, 0, S8, 0.0, CG, =~-2740

274, QF, 0, 8§, 0.0, CG, -2740

345, QF, 0, SS, 0.0, cG, -1000 Shidya Mine:

346, QF, 0, SS, 0.0, cG, -1000 Node 345,346

7 , QT, 18, 8S, 0.0, S§
8 , 0T, 19, 88, 0.0, S§
9 , QT, 20, SS, 0.0, SS
26 , QT, 21, 8§, 0.0, SS
46 , QT, 22, SS, 0.0, SS
47 , QT, 23, 88, 0.0, SS
48 , QT, 24, 8S, 0.0, SS
4% , QT, 25, SS, 0.0, SS
51 , QT, 26, 55, 0.0, SS
52 , QT, 27, S5, 0.0, S§

89 , Qr, 28, S5, 0.0, S8

132, QT, 29, S5, 0.0, S8

139, or, 30, SS, 0.0, SS

300, QT, 31, SS, 0.0, SS

343, QT, 32, Ss, 0.0, SS

358, QT, 33, sS, 0.0, SS

NEWB, 1, 7665,0 Boundary conditions are to be changed
164, QF, 0, 8§, 0.0, CG, 4411  attme =7665 day.

A-2 Recharge Dam :

Node 164
3) Press PF4 key (at the end of edit)
4) Command : EXIT (save the data)
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CASE STUDIES

Fig. 36 Case 3-2:
3.27 MCM/y of abstraction with the A-2 recharge dam

South Hasa |
(1.0 MCM/y x 10)

Existing Abstraction in the Shoubak Area
(irrigation use)

3.27 MCM/y

East Ma'an

(1.0 MCM/y x 10)
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CASE STUDIES

Case 3-3 :
6.54 MCM/y of abstraction without recharge dam

The double pumping rate of 6.54 MCM/y is assumed to estimate the upper limit of
pumping in the Shoubak wellfield. Abstraction of each proposed wellfield is assumed
at 10 MCM/y which is the same abstraction as Case 1-2,

1) $ COPY SHOUBAK1.DAT SHOUBAK3.DAT [enter]
2) $ ED SHOUBAK3.DAT [enter]

(same as SHOUBAK1.DAT except following)

*

NBTIME, 0.0, 109%5.0, 3650.0, 6570.0
*

ENDD
NEWB, 19, 0.0 Boundary conditions are to be changed
14 , or, 1, ss, 0.0, S8 at time = 0 day.

16 , pT, 2, 88, 0.0, SS
19 , @r, 3, 8s, 0.0, SS
20 , Qr, 4, SS, 0.0, S8
41 , QT, 6, S8, 0.0, SS
43 , QT, 7, S5, 0.0, SS
44 , QT, 8, S8, 0.0, SS
72 , QF, 9, 8§, 0.0, S§
95 , QT, 10, SS, 0.0, SS
109, QT, 11, SS, 0.0, SS
110, QT, 12, SS, 0.0, SS
111, QT, 13, 8§, 0.0, SS
162, QT, 14, SS, 0.0, SS
196, QT, 15, 8s, 0.0, SS
209, QT, 16, SS, 0.0, SS
239, QT, 17, 55, 0.0, SS
304, QF, 0, &S, 0.0, CG, -411
306, QF, 0, 58S, 0.0, CG, -548
314, QF, O, S8, 0.0, CG, -767

NEWB, 1, 1095.0 Boundary condition is to be changed
22 , QT, 5, S8, 0.0, SS at time = 1095 day.
NEWE, 18, 3650.0

92 , QF, 0, 85,
93 r QFI 0! SSJ‘
152, QF, O, Ss,
173, QF, 0, SS,
174, QF, 0, S5,
175, QF, 0, S§S,
176, QF, 0, SS,
180, QF, 0, SS,
181, QF, 0, SS,
182, QF, 0, SS,
183, QF, 0, SS§,
193, QF, 0, Ss, 0.0, CG, -685
194, QF, 0, &S, 0.0, CG, -685
195, QF, 0, SS, 0.0, CG, -685
282, QF, 0, 8§, 0.0, CG, -548
283, QF, 0, SS, 0.0, CG, -548

.0, CG, -685 Boundary conditions are to be changed
.0, CG, -685 at time = 3650 day.
.0, CG, -B22

.0, CG, -548

.0, €6, -274

.0, CG, =548

CG, =548

.0, CG, -466

.0, CG, =-274

.0, CG, 0

.0, CG, =548

o000 00O 0COoOO0O0 OO0
o
-~
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345,

348,

NEWB,
66
67
68
76
77
78
79 ,
100,
101,
102,
152,
173,
174,
175,
178,
180,
181,
182,
183,
193,
194,
195,
255,
256,
257,
264,
265,
2686,
267,
272,
213,
274,
345,
346,
;

8

9

26
46
47
48
49
51
52
89
1321
139'
300,
343,
358,

3)
4)

- m w W m w

L I T e I e T Y

QF,
QF,

QF,
QF,
QF,
QF,
QFI
QF,
oF,
oF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
OF,
QF,
QF,
QF,
OF,
QF,
oF,
QF,
QF,
QF,
QF,
QF,
OF,
QT,
QT,
oT,
QT,
QT,
QT,
QT,
QT,
QT,
oT,
oT,
QT,
QT,
QT,
QT,
QT,

ss, 0.0,
ss, 0.0,
6570.0
ss, 0.0,
_8s, 0.0,
88, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
§s8, 0.0,
ss, 0.0,
ss, 0.0,
ss8, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
$s, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
88, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
88, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,

CG,
CG,

CG,
CG,
CG,
CG,
CG,
CG,
CcG,
CcG,
CG,
CG,
CcG,
CG,
CG,
cG,
cG,
CG,
CG,
CG,
CG,
CcG,
CG,
CG,
CG,
CG,
CG,
CG;
CG,
CG,
cG,
CG,
CG,
CG,
CG,
CaG,
ss
s3
558
Ss
ss
Ss
85
8§
585
Ss
SS
SSs
Ss
S5
s88
S5

Press PF4 function key
Command : EXIT

-274
=274

-2740
-2740
-2740
-2740
-2740
-2740
-2740
-2740
-2740
-2740
-1644
~1370
-10%6
~1096
-109¢6
-1205
-1096
-822

-1096
-1507
-1507
-1507
-2740
-2740
~2740
-2740
-2740
-2740
-2740
-2740
~2740
-2740
-1000
-10Q0
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CASE STUDIES

Boundary conditions are to be changed
at time = 6570 day.

South Hasa :
Node 66, 67, 68, 76, 77
78, 79, 100, 101, 102

Double pumping rate in the
Shoubak wellfield :

Node 152,173, 174, 175, 176,
180, 181, 182, 183, 193,
194, 195

East Ma'an :
Node 255, 256, 257, 264, 265
266, 267, 272, 273, 274

Shidya Mine :
Node 345,346

(at the end of edit)
{save the data)



CASE STUDIES

Fig. 37  Case 3-3: :
6.54 MCM/y of abstraction without recharge dam

South Hasa .
(1.0 MCM/y x 10)

- Existing Abstraction in the Shoubak Area
(irrigation use)

6.54 MCM/y

East Ma'an

(1.0 MCM/y x 10)
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(4)

CASE STUDIES

Case 3-4 :
6.54 MCM/y of abstraction without recharge dam

The double pumping rate of 6.54 MCM/y is assumed to estimate the upper limit of
pumping in the Shoubak wellfield. The A-2 recharge dam is considered to evaluate the
effects of infiltration on the unconfined aquifer. Abstraction of each proposed wellfield
is assumed at 10 MCM/y which is the same abstraction as Case 1-2.

1) $ COPY SHOUBAK3.DAT SHOUBAK4.DAT [enter]
2) $ ED SHOUBAK4.DAT [enter]

(same as SHOUBAK3.DAT except following)

*
NBTIME, 0.0, 109%5.0, 3650.0, 6570.0, 7665

*
ENDD

NEWSB, 19, 0.0 Boundary conditions are to be changed
14 , QT, 1, S8, 0.0, 5§ at time = 0 day.

16 , T, 2, 85, 0.0, SS

19 , o, 3, 88, 0.0, 8§

20 , or, 4, 88, 0.0, S§

41 , QT, 6, S5, 0.0, SS

43 , oT, 7, 8S, 0.0, SS

44 , o1, B8, S8S, 0.0, SS

12, QT, 9, 88, .0, S8

95 , QT, 10, SS, ss
109, QT, 11, SS, 0.0, SS
110, QT, 12, S8, 0.0, SS
111, QT, 13, S5, 0.0, SS
162, QT, 14, SS, 0.0, SS
196, Qt, 15, SS, 0.0, SS
209, Qr, 16, S5, 0.0, SS
239, QT, 17, SS, 0.0, SS

COoOOO 000 OO OO0 OO COCO0O o
o
-

304, QF, ©, 8s, 0.0, CG, -411
306, QF, O, s8S, 0.0, CG, -548
314, QF, 0, 8s, 0.0, CcG, -767

NEWB, 1, 1095.0 Boundary condition is to be changed
22 , Qr, 5, S8, 0.0, sS at ime = 1095 day.
NEWB, 18, 3650.0

92 , QF, 0, SS,
93 , QF, 0, ss,
152, QF, 0, sS,
173, QF, 0, SS,
174, QF, 0, SS§,
175, QF, 0, 8§,
176, QF, 0, sS,
180, QF, 0, SS,
181, QF, 0, S§,

.0, CG, -685 Boundary conditions are to be changed
.0, CG, -685 at ime = 3650 day.

.0, cG, -822

.0, CG, -548

.0, CG, -274 Existing pumping rate in the

CG, -548 Shoubak wellfield

.0, CG, =548

.0, CG, -466 Node 152, 173, 174, 175, 176,
.0, CG, -274 180, 181, 182, 183, 193,
182, Qr, 0, Ss, 0.0, CG, 0 194, 195

183, QF, 0, Ss, 0.0, CG, -548

193, QF, 0, Ss, 0.0, CG, -685

194, Q¢, 0, Ss, 0.0, CG, -685

OO0 0 COoO OO0 o0
Q
Py
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195,

282,

283,

345,

346,

NEWB,
66
67
68
16
77
78
79 ,
100,
101,
102,
152,
173,
174,
175,
176,
180,
181,
182,
183,
193,
194,
195,
255,
256,
257,
264,
265;
267,
272,
273,
274,
345,
346,
7

8

9

26
46
47
48
49
51
52
89 ,

132,

139,

300,

343,

358,

NEWB,
164,

" M M M owm

L S T T T T T Y

QF,
CF,
QF,
QF,
QF,

QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
OF,
QF,
OF,
QoF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
OF,
QT,
QT,
T,
Qr,
ar,
QT,
Qr,
QT,
0T,
QT,
QT,
QT,
or,
QT,
Qr,
Qr,

Qr,

ss, 0.0,
ss, 0.0,
s§s, 0.0,
$s, 0.0,
ss, 0.0,
6570.0

58, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
85, 0.0,
85, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
§s, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
85, 0.0,
8s, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
85, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
§s, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
§s, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
ss, 0.0,
7665, 0

ss, 0.0,

CG,
CG,
CcG,
CG,
CG,

cG,
cG,
cG,
cG,
cG,
CG,
CG,
CG,
cG,
cG,
cG,
cG,
CG,
cG,
CG,
CG,
cG,
cG,
cG,
cG,
CG,
CG,
CG,
CG,
CG,
CG,
CG,
cG,
CG,
cG,
cG,
CG,
CG,
CG,
§S
$s
S5
SS
sS
SS
sS
S
S8
Ss
58
SS
S8
8§
sS
sS

CG,

-685
-548
-548
=274
=274

=-2740
~2740
-2740
-2740
-2740
-2740
-2740
-2740
-2740
~2740
-1644
-1370
-109¢6
-1096
-1096
-1205
-1096
-822

~-1096
~1507
-1507
-1507
-2740
-2740
-2740
~-2740
-2740
-2740
~-2740
-2740
-2740
-2740
-1000
-1000

4411
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CASE STUDIES

Boundary conditions are to be changed
at time = 6570 day.

South Hasa :
Node 66, 67, 68, 76, 77
78, 79, 100, 101, 102

Double pumping rate in the
Shoubak wellfield

Node 152, 173, 174, 175, 176,
180, 181, 182, 183, 193,
194, 195

East Ma'an :
Node 255, 256, 257, 264, 265
266, 267, 272, 273, 274

Shidya Mine ;
Node 345, 346

Boundary conditions are to be changed
at time = 7665 day.

A.2 Recharge Dam :
Node 164



CASE STUDIES

3) Press PF4 function key (at the end of edit}
4) Command : EXIT (save the data)
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CASE STUDIES

Fig. 38  Case 3-4:
6.54 MCM/y of abstraction with the A-2 recharge dam

South Hasa ‘
(1.0 MCM/y X 10)

Existing Abstraction in the Shoubak Area
(irrigation use)

)\ 6.54 MCM/y

East Ma'an

(1.0 MCM/y x 10)

-140-



PART 4 GROUNDWATER SIMULATION
OF THE JAFR BASIN
(Al-6 AQUIFER)
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MESH DATA PROCESSING

CHAPTER I
MESH DATA PROCESSING

1. Data Input

The mesh division is made on the Jafr Basin and the Hasa Basin. The boundary of the mesh is
extended to the edge of Al-6 aquifer in the north, the edge of saturated A1-6 aquifer in the
south, the basin boundary in the east, and the edge of A1-6 outcrop in the west. The 223 nodes
and 231 elements are defined considering following items;

- Geological structures: "Kalak - Wadi Al Fiha" fault
“Salwan" fault
"Arja - Uweina" flexure

- Proposed wellfield East Hasa (around JT-3 test well)
The node coordinates are depend on Palestinian Grid. The element configuration is made by
connecting the node numbers at vertexes of elements. The mesh data which include the node

coordinates and the element connection is stored in the data file 'MESH.DAT". Input data is
shown in PART 5.

-1-



MESH DATA PROCESSING
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MESH DATA PROCESSING
2. Processing

The mesh data are processed by using the program 'UNISSF2/G'. After processing, the
mesh data are stored in the data file '"MESH.RST' and the plotting data file of
'FOR040.DAT’. The mesh diagram is shown on the graphic display by using the program
'"DISPLAY" with the data file "FOR040.DAT". The mesh diagram is also drawn by plotter
with the program 'XYPLOT',

MESH.DAT (Input data file)

( UNISSF2/G J

(Output data files)
MESH.PRN — % (Print output)

MESH.RST

FORO008.DAT
DISPLAY (Graphic)

FOR040.DAT

T

é | XYPLOT (Plotting)

(Geological data processing)

Fig. 2 Mesh Data Processing



(1)

Operation

UNISSF2/G

1)
2)

3)
4)

4)

3)

6)
7

$ UNISSF [enter]

UNISSF2 <M>
UNISSF2/G <G>
UNISSE2/P <P >

DISFLAY <D>

XYPLOT <X>

PLEASE ENTER ---> G [enter]
RESTART 7 (Y/N) N

FILENAME (7.dat) MESH
( proceésing )

FORTRAN STOP

UNISSEF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>

PLEASE ENTER ---> E [enter]
$ ED MESH.PRN [enter]

Press PF4 function key
Command : QUIT [enter]

MESH DATA PROCESSING

('G' for UNISSF2/G)

('E' for end)
(print output to be checked)
(at the end of check)



(2)

MESH DATA PROCESSING

Graphic
1) Press SET UP key
2) * CODE TEK [enter]
3) Press SET UP key, and [enter]
4) $ UNISSF [enter]
5) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER ---> D [enter] (D' for DISPLAY)
6) FILE NAME : FOR040.DAT {enter]:
7 Press CLEAR key
(Grai)hicl) (Press [enter) for next)
(Graphic2) (Press 'E' for end)
8) UNISSE2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER ---> E [enter] (E' for end)
9) Press SET UP key
10) * CODE ANSI [enter]
11y Press SET UP key, and [enter)



(3)

MESH DATA PROCESSING

Plotting

1) Plotter set up

2) Paper set

3) Press ‘On-line’ soft key

Note : Refer to PLOTTER OPERATION GUIDANCE

4)
3)

6)

7

&

9N

$ UNISSF [enter]

UNISSF2 <M >
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ----> X [enter] (X' for XYPLOT)
FILE NAME : FOR040.DAT [enter]

(Plot.ting)

If thére are more than 2 drawings, the plotting is stopped and the message
'HALT RECIEVED...' is shown in the plotter window when each
drawing is finished. Replace the paper. After sizing paper, press 'On-line'
soft key.

At the end of plotting, the message 'PLOT COMPLETE' is shown on
the plotter window.

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <Po>
DISPLAY <D>»
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter]



FEM PLOT SCALE 90 4 1§997-¢

N\

MESH DATA PROCESSING

FEM PLOT SCALE 2 _, 15837

LOWER AJLUN ( A1-B6 )
FEM MESH

Fig.3 Mesh Diagram






GEOLOGICAL DATA PROCESSING

CHAPTER II .
GEOLOGICAL DATA PROCESSING

1. Data Input
Geological data are necessary to demonstrate the geological structures in the study area. The
geological data are composed of the following items:

— Elevation contour of the bottom of A1-6 aquifer
— Elevation contour of the top of A1-6 aquifer
~ Elevation contour of ground surface

" From the contour diagram above, the elevations are estimated for each node which is defined
on the mesh diagram. The mesh diagram of the A1-6 aquifer includes 223 nodes. This number
is too much to give the geological data for each node manually. In this case, the auto
generator which is a function of the program 'UNISSF2/G' is available.

The input data of using the auto genarator of 'UNISSF2/G' are composed of the geological
data at several number of key points, which are selected nodes on the mesh diagram. The
geological data of the nodes which are in the region enclosed by the four key points are
interpolated with the data at key points.

The 33 key points are selected on the mesh diagram of A1-6 aquifer, and the 23 regions are
defined on the mesh diagram. The mesh diagram is almost covered with the regions. Selected
key points and geological data at key points are shown on Table 1. The regions defined on the

mesh diagram are shown on Fig. 2. The data file named ‘GEOL.DAT" for the auto generator
of 'UNISSF2/G' is shown in PART 5,

2. Processing

After mesh data processing, the mesh data are stored in the data file 'MESH.RST'.
Geological data are processed by using the auto generator of "UNISSF2G' with the data files
‘MESH.RST® and 'GEOL.DAT". Generated geological data are entered into the data file
'GEOL.FT21' and the plotting data file of 'FOR040.DAT".



GEOLOGICAL DATA PROCESSING

Table 1 Key Points for Geological Data Processing

Key Points Elevation (EL m)
Node Bottom of A1-6 Top of A1-6 Ground Surface
Number (BASE) (AQUD) (SURF)
2 450 550 1000
4 450 600 1000
6 470 620 950
7 500 600 1000
23 440 540 1000
25 450 550 880
30 450 650 880
36 450 670 1000
37 1000 1100 1200
89 420 680 910
100 450 670 920
102 300 500 1200
103 300 500 1200
105 160 480 1100
121 850 1000 1450
132 160 480 910
149 330 500 1100
150 1150 1250 1650
155 1000 1100 1650
161 500 630 1100
163 280 480 880
179 600 750 1100
182 500 650 500
185 420 600 880
192 450 670 920
193 1050 1250 1700
202 1200 1350 1650
210 800 900 1100
216 690 800 890
221 550 700 880
223 690 800 850
230 300 670 930
231 680 750 920

-10-



GEOLOGICAL DATA PROCESSING
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GEOLOGICAL DATA PROCESSING

The geological contour diagrams are shown on the graphic display by using the program
'DISPLAY' with the data file 'FOR040.DAT'. The contour diagrams are also drawn by
plotter with 'XYPLOT".

(Mesh data processing)

Al

- MESH.RST

GEOLDAT (Input data file)

( UNISSF2/G j

{Output data files)

GEOL.PRN ———® (Print output)

GEOL.FT21

FOROO8.DAT
(Graphic})

[ DISPLAY

FORD40.DAT

e
4 XYPLOT (Plotting)

(Processing for additional data)

Fig. 5 Geological Data Processing
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(1)

GEOLOGICAL DATA PROCESSING

Operation
UNISSF2/G
1) $ UNISSF [enter]
2) UNISSE2 <M>
' UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER ---> G [enter] (G’ for UNISSF2/G)
3) RESTART 7 (Y/N) N
4) FILENAME (?.dat) GEOL
5) RESTART FILENAME (?.dat) MESH
( proceésing )
FORTRAN STOP
4) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASEENTER ---> E [enter] (E' for end)
5)  $ED GEOL.PRN [enter] (print output to be checked)
6) Press PF4 function key (at the end of check)
D)) Command: QUIT [enter]

-13-



(2)

GEOLOGICAL DATA PROCESSING

Graphice
1) Press SET UP key
2) * CODE TEK [enter]
32) Press SET UP key, and [enter]
4) $ UNISSF [enter]
5) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
PLEASE ENTER ---> D {enter] ('D' for DISPLAY)
6) FILE NAME : FOR(040.DAT [enter]
7) Press CLEAR key
(Grai)hicl) (Press [enter] for next)
{Graphic2) {Press 'E' for end)
8) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER ---> E [enter] ('E' for end)
9 Press SET UP key
10) * CODE ANSI [enter]
11)  Press SET UP key, and [enter]

-14-



(3)

GEOLOGICAL DATA PROCESSING

Plotting

1) Plotter set up

2) Paper set

3) Press 'On-line' soft key

Note : Refer to PLOTTER OPERATION GUIDANCE

4)  $UNISSF [enter]

5) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>
PLEASE ENTER ----> X [enter] (X' for XYPLOT)

6) FILE NAME : FOR040.DAT [enter]

(Plotﬁng)

7 If there are more than 2 drawings, the plotting is stopped and the message
'HALT RECIEVED...' is shown in the plotter window when each
drawing is finished. Replace the paper. After sizing paper, press 'On-line’
soft key.

8) At the end of plotting, the message 'PLOT COMPLETE' is shown in the
plotter window.

9) UNISSF2 <M>

UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter]

-15-
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GEOLOGICAL DATA PROCESSING

5. Additional Geological Data

The generated geological data are stored in the data file 'GEOL.FT21'. But geological data at
some nodes are nor incorporated in the 'GEOL.FT21'. These nodes are located outside of the
regions enclosed by the key points so that the data are not generated by the auto generator of
"UNISSF2/G'. Nodes located outside of the regions are shown on Fig. 10, Geological data for
these nodes are added to the data file 'GEOL.FT21' by using the program 'GADD’. The
additional data are shown on Table 2.

(Processing by auto generator)

GEOL.FT21

GEOL.ADD (Input data file)

(o)

FOR021.TMP (Output data file)

(Processing for various symbols of layer)

Fig. 9 Processing for Additional Geological Data
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The data file 'GEOL.ADD' is prepared for the additional geological data (shown in
APPENDIX A). By the program 'GADD', the data on '‘GEOL.ADD' are combined with the
data on 'GEOL.FT21'. The combined data are entered into the data file 'FOR021.TMP'
which includes the geological data for the all nodes. Operation of the program 'GADD' is
described below,

1) $ GADD [enter]
2) Default File Name :
UNIT 1 : GEOL.FT21
UNIT 2 : GEOL.ADD
UNIT 3 : FOR021.TMP ( default only )
Use Default ? (Y/N) Y [enter]
3 UNIT 1 : GEOL.FT21
UNIT 2 : GEOL.ADD
UNIT 3 : FOR021.TMP

Press enter to continue [enter]
( processing )

FORTRAN STOP
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GEOLOGICAL DATA PROCESSING
Table 2 Additonal Geological Data

Elevation (EL m)

Node Bottom of Al-6 Topof Al-6 Ground Surface
Number (BASE) (AQUI) (SURF)

1 450 550 1000
13 650 750 1200
35 450 670 1000
39 1000 1100 1200
58 450 650 950
67 450 650 - 950
101 450 650 1200
124 900 1050 1450
168 1050 1200 1680
199 1220 1300 1680
200 1220 1350 1680
226 690 800 200
229 690 800 900
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GEOLOGICAL DATA PROCESSING

[alp{pi{E{N[D]

Blank (or Comma)

Alignment :

[(TTRI  EOII

| [ {3]3] | [3[3] |
| [2]3]2] 1 ]3]2] ]
(GK} (NO)

Fig. 11 Data Input Format for 'GEOL.ADD'
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AQUIFER CONSTANTS

CHAPTER III
AQUIFER CONSTANTS

1. Aquifer Symbols and Constants

'T}‘ae data file 'FOR021.TMP' includes the geological data which are composed of the top
glevation of the three layers symbolized 'BASE', 'AQUI' and 'SURF"'. The layer
symbolized 'AQUT is the Al-6 aquifer and the layer above the Al-6 is considered as less
permeable layer, which is symbolized 'SURF'.

Aquifer constants, coefficient of permeability (K) and coefficient of storage (S), are various in
the study area so that the various K and S are given as data for each node

For expression of this, several number of symbols are necessary for the A1-6 and the upper
layer, instead of the symbols AQUI and SURF included in the geological data respectively.

'FOR021.TMP'

AQUI

BASE -

—
GS05
~——L.GS04[ 'FOR02ZLDAT'
N\ 604 TN
—~——
—_] AQ04 \.. 1 Gso2
~—_|AQu4  ~_| Gso1

AQO3 0 T ——
\ AQD2 | AQo2 AQOL

BASE \

N

Fig. 12 Various Symbols
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AQUIFER CONSTANTS

2. Processing

The data of various symbols for each node are prepared in the data file 'NMAT.DAT". The
input format of 'NMAT.DAT' is illustrated in Fig. 14. By the program 'NMAT', the
symbols 'AQUI' and 'SURF' in the data file 'FOR021.TMP" are revised according to the
' va‘rious symbols in the 'NMAT.DAT and the revised geological data are stored in the data file
'FORO21.DAT'

(Processing for additonal geological data)

FOR021.TMP

NMAT.DAT (Input data file)

(o)

FOR021.DAT (Output data file)

(FEM Calculation)

Fig. 13 Processing for Various Symbols of Layer
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AQUIFER CONSTANTS

1]4

1]2

1)2
3|5 1]0
316 1/2
3|6 112
A|Q |E

Blank

Alignment :

[ | [3]3] 3]
[ [1]3]2] [1]3]2] |
(OK) (NO)

Fig. 14 Data Input Format for ' NMAT.DAT'
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Operation

1) 3 NMAT [enter]

2) Default File Name
UNIT1 : NMAT.DAT
UNIT2 : FOR021.TMP (default only)
UNIT3 : FOR021.DAT (default only)
Use Default ? (Y/N) Y

3) UNIT1 : NMAT.DAT

UNIT2 : FOR021.TMP
UNIT3 : FOR021.DAT

Press enter to continue [enter]
( processing )

FORTRAN STOP

28-
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AQUIFER CONSTANTS

4. Data Preparation of K and §

The aquifer constants K and S are prepared for each symbol of layer included in the data file
'FOR021.DAT", The 35 symbols are included in the 'FOR021.DAT, which require the 35
pair of the constants such as K and S are also prepared. Table 3 shows the symbols and
'aq‘uifer constants.

Table 3 Symbols and Aquifer Constants
Symbol K S
GRSF 0.00001 &1 . 0.00001 £2
AQO1 10.0 0.20 3
AQQ2 8.0 0.197
AQO3 6.0 0.193
A 4.0 0.187
AQO5 2.0 0.178
AQO6 1.5 0.174
AQO7 1.0 0.168
AQO8 0.80 0.165
AQDO 0.60 0.161
AQI0 0.40 0.156
AQl1 0.20 0.146
AQ12 0.10 0.137
AQI13 0.09 0.135
AQl4 0.08 0.134
AQl5 0.07 0.132
AQ16 0.06 0.130
AQL17 0.05 0.127
AQ18 0.04 0.124
AQI19 0.03 0.120
AQ20 0.02 0.115
AQ21 0.01 0.105
AQ22 0.009 0.104
AQ23 0.008 0.102
AQ24 0.007 0.100
AQ25 ' 0.006 0.098
AQ26 0.005 0.096
AQ27 0.004 0.092
AQ28 0.003 0.088
AQ29 0.002 0.083
AQ30 0.001 0.073
AQ31 0.0005 0.064
AQ32 0.0001 0.042
AQ33 0.00005 0.032
AQ34 0.00001 0.010

Note : Maximum number of symbols is 40,

{L Upper layer (symbol '"GRSF) is assumed to be impervious.
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AQUIFER CONSTANTS

{2 Coefficent of storage for 'AQUI in the case of the confined aquifer
This value is given to the upper layer 'GRSF".
Coefficient of Storage (S)

Confined Unconfined
AQUI  0.00001 (various)

Input Data of S for GRSF

{3 Coefficient of storage in the case of unconfined aquifer
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FEM CALCULATION BY UNISSF2

CHAPTER 1V
FEM CALCULATION BY UNISSF2

1 . Data Input

The mesh data and geological data are prepared in the data file 'FOR021.DAT' through the
pre-processing. The data of boundary condition, initial condition and aquifer constants are
stored in another data file which is used for FEM calculation by the program '"UNISSF2'
with the data file 'FORO21.DAT.

(1) Boundary Condition :

The boundary conditions are either of the specified-head or specified flow type.Nodes
along the western basin boundary, where average annual rainfall exceeds 150 mm in
the outcrop area, are of specified-head type of boundary condition. The specified-flow
of outflow type is given to the node along the eastern boundary of the model, where
ground water flows out to further east 10 northeast. The northern boundary is along the
edge of Al-6 aquifer and the southern boundary is along the edge of the saturated A1-6
aquifer. Both the northern and the southern boundary are considered as the boundary
of no inflow/outflow type. The condition of nodes along the boundary is shown in
Table 4 and Fig. 15.
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Table 4 Boundary Conditions

Western Boundary
(Specified Head Type) '

Node Specified Piezometric Node Specified Flow
Head (EL m) (m3/day)

7 9450 4 -600
13 950.0 6 -600
16 1000.0 12 -600
37 1030.0 29 -600
39 1000.0 30 -600
40 951.0 32 -400

102 951.0 33 -400
103 952.0 34 -600
121 965.0 35 -600
122 560.0 36 -600
124 975.0 58 -600
136 975.0 67 -600
139 1027.3 100 -2600
142 1171.2 101 -2600
150 1202.5 191 -880
151 1131.6 ' 192 -880
155 1052.5 230 -550
168 1154.0
169 1172.0
193 1102.5
199 12725
200 12725
202 1302.5

Note :

Minus (-) means outflow from the study area.
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(2)

FEM CALCULATION BY UNISSF2

Aquifer Constants

Aquifer constants of K and § with the symbol of layer ,which are shown on Table 3,
are stored in the data file for FEM calculation. Each pair of K and S is specified for
each node according to the symbol of layer which is also included in the data file
'FOR021.DAT!, |

The data including above items are stored in the data file 'MODEL2.NEW' shown
below;

SETTING, CHEC, 3600, 0

TITLE
WATER RESQURCES STUDY OF THE JAFR BASIN { LOWER AJLUN )

isT , 231, 229, 8, 231, 3

2ND 3, 0, 0, 0, 0

3RD , 0, 0, 0, 0, 0, 0

4TH , 0, 0

®

* -~= MESH DATA --- Mesh data are read from

* 'FOR021.DAT by GENE

GENE command.

UNIT, ME , DAY , 25, 5.0E-01
CONT, STEADY

*

* ~~=~ BOUNDARY CONDITION ---

*

* HF : SPECIFIED HEAD

* QF : SPECIFIED FLOW

*

* NODE CONDITION

*

NCON, 7, 1, 1, HF Western boundary
NCON, 13, 13, 1, HF (specified head)

NCON, 16, 16, 1, HF
NCON, 37, 37, 1, HF
NCON, 39, 39, 1, HF
NCON, 40, 40, 1, HF
NCON, 102, 102, 1, HF
NCON, 103, 103, 1, HF
NCON, 121, 121, 1, HF
NCON, 122, 122, 1, HF
NCON, 124, 124, 1, HF
NCON, 136, 136, 1, HF
NCON, 139, 139, 1, HF
NCON, 142, 142, 1, HF
NCON, 150, 150, 1, HF
NCON, 151, 151, 1, HF
NCON, 155, 155, 1, HF
NCON, 168, 168, 1, HF
NCON, 169, 169, 1, HF
NCON, 193, 193, 1, HF
NCON, 199, 199, 1, HF
NCON, 200, 200, 1, HF
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NCON,
*

NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,

*

A+ F F F

INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
*

INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,

202, 202,
4, 4,
5, 5,
6, 6,

12, 12,
29, 29,
30, 30,
32, 32,
33, 33,
34, 34,
35, 35,
36, 36,
58, 58,
67, 67,
100, 100,
101, 101,
191, 191,
192, 192,
230, 230,
-=-~ INITIAL
NODE
7! 7!
13, 13,
37, 37,
39, 39,
40, 40,
102, 102,
103, 103,
121, 121,
122, 122,
124, 124,
136, 136,
139, 139,
142, 142,
150, 150,
151, 151,
155, 155,
168, 168,
169, 169,
193, 193,
199, 199,
200, 200,
202, 202,
4, 4,
5, 5,
6, 6,
12, 12,
29, 29,
30, 30,
32, 32,
33, 33,
34, 34,
35, 35,
36, 136,
58, 58,
67, 67,

1, HF
1, QF
1, OF
1, QF
1, OF
1, QF
1, QF
i, ¢QF
1, QF
1, QF
1, QF
1, QF
1, QF
1, QF
1, QF
1, QF
l, Qr
l, QF
l, QF
CONDITION --—-
HEAD
1, 945.00
1, 8950.00
1, 1030.00
1, 1000.00
1, 951.00
i, 951.00
1, 852.00
1, 965.00
1, 960.00
1, 875.00
1, 875.00
1, 1027.30
1, 1171.20
1, 1202.50
1, 1131.60
1, 1052.50
1, 1154.00
1, 1072.00
1, 1102.50
-1, 1272.50
1, 1272.50
l, 1302.50
1] “600
1, -600
1, -600
1, =600
1, -600
1: -600
l, -400
1, -400
1, -600
l, =600
1, ~-600
1: ‘600
1: -600
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Eastern boundary
(specified flow)

Speciﬁed head along
the western boundary

Specified head along
the eastern bounday



FEM CALCULATION BY UNISSEF2

INIQ, 100, 100, 1, -2600
INIQ, 101, 101, 1, =2600
INIQ, 191, 191, 1, -880
INIQ, 192, 192, 1, =-880
INIQ, 230, 230, 1, =550

*

*

* --~ AQUIFER CONSTANTS —--

*

* K : COEFFICIENT OF INFILTRATION CAPACITY

* § : COEFFICIENT OF STORAGE

*

* SYMBOL OF K s

* AQUIFER

*

LAYE, 35
GRSF, 0.00001, 0.00001
AQO1, 10.0, 0.20
AQ02, 8.0, 0.197
AQ03, 6.0, 0.193
AQO4, 4.0, 0.187
AQOS, 2.0, 0.178
AQO6, 1.5, 0.174
AQO7, 1.0, 0.168
AQ08, 0.80, 0.165
RQO9, 0.60, 0.161
AQLO, 0.40, 0.156
AQ1l, 0.20, 0.146
AQ12, 0.10, 0.137
AQ13, 0.09, 0.135
AQL4, 0.08, 0.134
AQ1S, 0.07, 0.132
AQle, 0.08, 0.130
AQ17, 0.05, 0.127
aQ18, 0.04, 0.124
AQ19, 0.03, 0.120
RQ20, 0.02, 0.115
AQ21, 0.01, 0.105
AQ22, 0.009, 0.104
aQ23, 0.008, 0.102
AQ24, 0.007, 0.100
AQ25, 0.006, 0.098
AQ26, 0.005, 0.096
AQ27, 0.004, 0.092
nQ28, 0.003, 0.088
AQ29, 0.002, 0.083
aQ30, 0.001, 0.073
BQO31, 0.0005, 0.064
AQ32, 0.0001, 0.042
2033 0.00005, 0.032
aQ34, 0.00001, 0.010

*

*

* --- GEOLOGICAL DATA --- Geological data are read

* from 'FOR21.DAT"

* by GENE command.

GENE

*

k3

*

ENDD
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(3) Initial Condition
The initial condition of piezometric head is assumed at DH m above the elevation at
bottom of the A1-6 as shown below.

Assumed Initial Piezometric Surface

SURF

Q

AQUI DH m

BASE N

J

Fig. 16 Assumption of Initial Head

a7-



FEM CALCULATION BY UNISSF2

The data of initial condition for each node are prepared. The data file'MODEL2.DAT',
which ncludes all the data needed for FEM calculation, is created by the program
'INIP'. The operation of 'INIP' is described below:

1) $ INIP {enter]

2) 1. New Date File
2. Old Data File

Please Select (1/2)7 1
3) Default File Name
UNIT1 : FOR021.DAT (default only)
UNIT2 : MODEL2 NEW
UNIT3 : MODEL2.DAT
Use Default 2 (Y/N) Y
4) UNIT1: FOR021.DAT
UNIT2: MODEL2.NEW
UNIT3: MODEL2.DAT

Press enter to continue [enter]

5) Setting Initial Head
( Initial Head ) = ( top of BASE )} + DH

DH (m)?=55 Initial head is assumed at 55 m above the top
. elevation of layer symbolized BASE

( proces'sing )

FORTRAN STOP
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FEM CALCULATION BY UNISSF2

(Processing for additonal geological data)

FOR021.TMP

MODEL2.NEW (Input data file)

s

g TOH i t0 be given

MODEL2.DAT (Output data file)

(FEM Calculation)

Fig. 17 Processing for Assumption of Initial Head
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(1)

FEM CALCULATION BY UNISSF2

FEM Calculation by UNISSF2

Data Check

1)
2)

3
4)

)

6)
7

$ UNISSF [enter]

UNISSF2 <M>

UNISSF2/G <G>

UNISSF2/P <P>

DISPLAY <D»>

XYPLOT <X >

END <E>

PLEASE ENTER --->M [enter] ('M' for UNISSF2)
RESTART ? (Y/N) N [enter]

FILE NAME(?.dat) MODEL2 [enter]
( checking the data )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ---->E [enter] ('E' for end)
$ ED MODEL2.PRN [enter] (print output to be checked)

Press PF4 function key (at the end of check)
Command : QUIT [enter]
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-(2) FEM Calculation

1)

2)
3

4)
)

6)
7

8)

%)

10)
11)

$ ED MODEL2.DAT ([enter]
1st line of the data to be changed

SETTING, CHEC, 100

SETTING, RUN , 100

(RUN + one blank)

Press PF4 key
Command:EXIT [enter]

$ UNISSF [enter]

UNISSF2 <M>
UNISSF2/G <G>
UNISSE2/P <P>

DISPLAY <D>

XYPLOT <X>

PLEASE ENTER ---> M {enter]
RESTART ? (Y/N) N

FILENAME (?.dat) MODEL?2
( proces.sing )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G >
UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

PLEASE ENTER ---> E [eater]
$ ED MODEL2.PRN [enter]

Press PF4 function key
Command: QUIT ([enter]
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(at the end of edit)
(save the data)

('M' for UNISSF2)

It takes about 30 minutes
by VAX 8200



(Processing for various symbols of layer)

(Input data files)

FEM CALCULATION BY UNISSF2

(Processing for assumption of initial head)

FOR(021.DAT

MODEL2.DAT

( UNISSF2 )

(Output data files)

B

¥

(Post-processing)

MODEL2.PRN

—® (Print output)

MODEL2.FT10

MODEL2.FT11

MODEL2.FT12

MODEL2.RST

FOROO8.DAT

Fig. 18 FEM Calculation
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FEM CALCULATION BY UNISSF2

3. Post-processing by UNISSF2/P

(1) Creation of the data file for plot control

1) $ ED CONT.DAT
2) Input Data

START, 2, TP
SUBTITLE

NNUM, OFF
ENUM, OFF
DPIVI, OFF
DOWN, OFF
MESH, OFF
FPRI, ON
SCAL, A4
CONT, MANU
400, 450, 500, 550, 600, 50, 700, 750, 800, 850, 900, 950,
1000,1050,1100,1150,1200,1250,1300,1350,1400,1450,1500,1550,
1600,1650
VECT, 25
PLOT, ALL
END

4) Press PF4 function key
5) Command : EXIT [enter]
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FEM CALCULATION BY UNISSF2

Post-processing

1)
2)

3)
4)
3

5)

)

6)
7N

$ UNISSF [enter]

UNISSF2 <M>

UNISSF2/G <G>

UNISSEF2/P <P>

DISPLAY <D>

XYPLOT <X>

PLEASE ENTER --> P [enter] (‘M' for UNISSF2/P)
FILENAME (7.dat) CONT

FILENAME (FT10) MODEL2,FT10 [enter]

FILENAME (FT11) MODEL2.FT11 ({enter]
( proces:sing )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>

PLEASE ENTER ---> E [enter]
$ ED CONT.PRN [enter] (print output to be checked)

Press PF4 function key (at the end of check)
Command: QUIT [enter]



FEM CALCULATION BY UNISSF2

4, Graphic and Plotting

(1)  Graphic on TEXTRONIX Terminal

1) Press SET UP key
\ 2) * CODE TEK [enter]
3 Press SET UP key, and [enter]

4) $ UNISSF [enter]

5) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ---->D [enter] (D’ for DISPLAY)
6) FILE NAME : FOR040.DAT ({enter]
7 press CLEAR key

( graphic 1) (Press [enter] to show the next graphic)
( graphic 2 ) (Press 'E' for end of graphic)

8) At the end of graphic (no graphic on display), Press CLEAR key

9) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >
END <E>

PLEASE ENTER ----> E [enter] ('E' for end)
10) Press SET UP key

1) * CODE ANSI [enter]
12) Press SET UP key, and [enter]
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FEM CALCULATION BY UNISSF2

Plotting

1) Plotter set up

2) Paper set

3) Press 'On-line' soft key

4) $ UNISSF [enter}

5) UNISSF2 <M> )

UNISSF2/G <G>

UNISSF2/P <P>

DISFLAY <D>

XYPLOT <X >

END <E>

PLEASE ENTER ----> X [enter] (X' for XYPLOT)

6) FILE NAME : FOR040.DAT [enter]

( plottin‘g )

7 If there are more than 2 drawings, the plotting is stopped and the message
'HALT RECIEVED...' is shown in the plotter window when each
drawing is finished. Replace the paper. After sizing paper, press 'On.line’
soft key.

8) At the end of plotting, the message 'PLOT COMPLETE' is shown in the
plotter window.

9 UNISSF2 <M>

UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER -->E [enter]
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(FEM Calculation)

(Input data files)

MODEL2.FT10

MODEL2.FT11

CONT.DAT

( UNISSF2/P J

{Output data files)

CONT.PRN —— (Print output)

FOROO8.DAT

FOR020.DAT
( DISPLAY ) (Graphic)

FOR040.DAT —
( XYPLOT ) (Plotting)

Fig. 19 Post-processing
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STEADY STATE MODEL CALIBRATION

CHAPTER V
STEADY STATE MODEL CALIBRATION

1. Calibration for Al-6 Aquifer

The model which includes the FOR021.DAT and 'MODEL2.DAT' is needed to be calibrated
by comparing the calculated results with the actual groundwater condition in the A1-6 aquifer.
However, hydrogeological data for the A1-6 aquifer is very limited to simulate the model. The
model calibration of A1-6 aquifer is considered as one of the examination level.

2. Items to be Calibrated

f 1}  Piezometric Level in the JT-3 Groundwater Monitoring Well

The calculated head is needed to be calibrated by comparing with the piezometric head in the
groundwater monitoring well. The JT-3 monitoring well is specified at the node in the FEM
mesh (Fig. 20). At this node (node 89), the calculated head is needed to be reasonably adjusied
to the piezometric head (EL 870 m) in the monitoring well.

(2) Piezometric Surface

Prior to the groundwater model analysis, the piezometric surface was preliminary estimated by
using the field data (Fig. 21). The contour diagram of piezometric surface which was drawn
by the model simulation is approximately needed to coincide with the measured one.

(3) Groundwater Flow Path

The direction of groundwater flow in the A1-6 aquifer was estimated as follows;

Tafila — East Hasa
(4) Water Balance

Water Balance through the boundaries in the A1-6 aquifer was preliminary estimated from +/-
4 to 6 MCM/y. The calculated result of total recharge (+) / disbharge (-) is needed to match
with the range above,
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Fig. 20 Location of the JT-3 monitoring well

-89
Monitoring well
Node Well No. Piezometric Level
(EL m)
89 JT-3 870 m
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STEADY STATE MODEL CALIBRATION

2. Convergence of Solution

Unknown piezometric head is calculated by numerical analysis. Solution of the dominant
equation for groundwater flow condition is obtained by iterative calculation. The calculation of
unknown head is started from the initial condition. The value of head is fluctuating during
iterative calculation. After several times of the iteration, the fluctuation is gradually decreasing.
Finally, the value of head is almost stable and the range of fluctuation is nearly equal to zero. It
is the convergence of solution and the calculation is successfully finished at this case. But in
some case, the fluctuation is not decreased by the iteration and the stable solutions is not
obtained. The convergence of solution is depend on the model which is made up with the input
data,

The data for calculation control such as the maximum times of iteration and the error, which is
a criterion for the convergence, are prepared for numerical analysis. These data are
incorporated in the data file MODEL2.DAT' in the case of UNISSF.

(1) Maximum Times of Iteration and Error
Given by "UNIT' command in ' MODEL2.DAT

UNIT, ME, DAY, 25, 5.0E-01
« Max. times of iteration : 25 times
- Error for the criterion of convergence :05m

(2) Output in the case of successful results

erns= FIX HEAD TO BOTTOM  ITER= 17 MCDE= 223 P= £,}090E+02 TO PNEW= 6,9000E+02
srerr FIX HEAD TO BOTTCHM  ITER= 17 HODEw 225 P~ 6,1859E402 O PHEW~ 6.2621E+02
tessr FI¥ HEAD TQ BOTTOM  ITEA= 17 NODE- 228 P= §,.0700E402 TO PNEW= 6.2451E402

TIME = 0,030 TIME STEP = 0 MAXIMUM CHANGE IN PRESSURE HEAD DUREMG ITERATION 17 WAS 1,20096E+02 AT NODE
TIME = . 0.000 TIME STER = @ HAXTMIM CHANGE IN PRESSURE HEAD DURING 1TERATION 18 WAS 1,14323E+02 AT HODE
TIME = 0.000 TIME STEF = @ MAXINUM CHANGE, IN PRESSURE HEAD DURING ITERATION 19 WAS 9.253179£40l AT RODE
TIME = 0.000 TIME STEP = 0 MAXIMUM CHANGE IN PRESSURE HEAD DURING ITERATION 20 WAS 7.08476E+0) AT HODE
TIHE = €.000 TIME STEP = O HAXIMIM cHAMGE IM PRESSURE HEAD DURIAG ITERATION 21 WAS 2.246E3E+00 AT HODEZ
TIME = 0.000 TIME STEP - 0 MAXTHUM CHANGE IN PRESSURE HEAD DVAING ITERATION 22 WAS 4.22900E¢D0 AT NODE
TIME - 0.000 TIME STER - @ HAXTMUM CHANGE IN PRESSURE HEAD DURING ITERATION 23 #AS 2.T76511E»00 AT NODE
TIME = 0.000 TIHE 5TEP = 0 MAXIMUM CHANGE IN PRESSURE HEAD DURING ITERATION 24 WAS 9.5D%11E-01 AT NoDZ
TIME = 0.000 TIME STEP « O HAXIMUM CHANGE IN PRESSURE HEAD DURING ITERATION 25 WAS 4.509)12-01 AT HODE
FLUX INFO TIME = ©O.0DOCE+JD INFLOW = 1.3869E+04 OUTELOW = -1.3062%+00 FLUX = 1,0742E-01 TOTAL FLUYX = 1.0742E-01

a6
101
228

208
209

208
06

The last line " ... MAXIMUM CHANGE IN PRESSURE HEAD DURING
ITERATION 25 WAS 4.50933E-01 AT NODE 206" shows the maximum
fluctuation of calculated head is less than the error which is given by 0.5 m so that the

calculation is successfully finished at the 25th of iteration.
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(3) Output in the case of unsuccessful results

seser PFIX HEAD TO POTTOM  ITER= 19 NODE~ 212 P~ 7.2620E402 TOQ PNEW-+ 7.53412+02
sases FIX HEAD 7O BOTTOM  ITER= 19 NODE= 214 P= 7,1242E+02 TO PNEW= 7,1727E+02
seres FIX !t!’.n\n TQ BOTTOM  ITER= 19 HODE~ ‘ll. P= 6€.7510E+02 TO PHEW- €,.8577E402

TIME = 090 TIME STEP = 0 MAXIMUM CHAMGE IN PRESSURE HEAD DUAING ITERATION 13 HWAS
ssrsr FIX HPAD TO BOTTOM  ITER+ 20 HODE= 228 P= &,23EBE+02 TO PHEW= 6.2451E+02

TIHE = 0.000 TIME STEP - 0 HAXIMUM CHAMGE, IN PRESSURE HEAD DURING ITERATION 20 was
TIME = 0,000 TIME STEP - O HAXIMUM CHANGE IN PRESSURE HEAD DURING ITERATION 21 WAS
arsae PIX I{FAD TO BOTTOM  ITEA= 22 NODE= 218 P~ 6,8531E+02 TO PHEW~ &.8577E+02

TIME = a0 TIME STZR = O MAXIHMUM CHANGE IN PRESSURE HEAD DURING ITERATION 22 WAS
TIKE = Q.GNI TIME STER = O HAXIHUM CHANGE 1IN PRESSURE HEAD DURIHGC ITERATION 23 wWas
senes FIX HEAD TO BOTTOM  ITER= 24 HODE~ 209 P~ 0.51358402 TO PNEW~ 8,5017E+02 .
sasuss PIX HEAD TO BOTTOM  ITER~ 24 NODE= 210 P= &.0440E+02 TO PNEW= 6. 0577E402

TIME = 0.000 TIME STEP - 0 MAXIKUH CHANGE IN PRESSURE HEAD DURING ITERATION 24 WAS
TIHE ~ 0.000 TIME STEP = 0 HAXIMUM CHANGE IN PRESSURE HEAD DURING ITERATION 25 WA3
FLUX INFO TIHE = 0.0000E+00 INFLOW = 1,7i09e+04 OUTFLOW = -1.7109E+04 FLUX = 3.J203E-02

«65589E402 AT NCDE

A4T762E402 AT MCDE
+17047E+402 AT NCDE

Na NN R

«19054E+01 AT NCDE
-L42%3E+01 AT NODE

21543SE4Q0L AT NODE
TIGS5E+00 AT NODE

N

TOTAL FLUX =~ 3.320)E-02

The last line " ... MAXIMUM CHANGE IN PRESSURE HEAD DURING
ITERATION 25 WAS 2.71655E+00 AT NODE 204" shows the maximum
fluctuation of calculated head is over the error which is given by 0.5 m so that the

€

kT
35

too
oo

208
204

calculation is unsuccessfully finished in accordance with the maximum times of

iteration.

For such case, the model constructed by the data is needed to be modified. Check

items are described bélow;

- Maximum times of iteration is not enough

- Ermror of criterion for convergence is too small.
- Boundary condition is not appropriate.

- Initial condition is not appropriate.

- Model is too complicated.

3. Data Modification for Calibration

The model calibration is carried out by Trial and Error, After FEM calculation by "UNISSF2'
and post-processing by 'UNISSF2/P', the calculated results are delivered by print output and
graphics and plotting. These outputs are compared with the estimated actual groundwater
condition. If the calculated results do not coincide reasonably, the data in 'FOR021.DAT and
'MODELZ2.DAT" are needed to be modified and the next trial of calculation is to be performed.
The data modification and the trial of calculation are to be repeated until the reasonable results
are obtained. Procedures from modification of data for the next trial are described below.
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(1)

Mesh Data

STEADY STATE MODEL CALIBRATION

Case : - Mesh data is incorrect.
- Add or delete the nodes

1
2)
3
5)
6)
7
8)

9)

$ ED MESH.DAT [enter]

(Data modification)

Press PF4 function key

Command : EXIT

Mesh Data Processing —
Geological Data Processing —
Additonal Geological Data —
Aquifer Symbols —

Assumption of Initial Head

1-
.

3.

(at the end of modification)

Refer to Page 4

Refer to Page 12
Refer to Page 21
Refer to Page 26

$ RENAME MODEL2.DAT MODEL2.0OLD [enter]

$ INIP {enter]

1. New Date File
2. Old Data File

Please Select (1/2)7 2

Default File Name

UNIT1 : FOR021.DAT (default only)
UNIT2 : MODEL2.OLD

UNIT3 : MODEL2.DAT

Use Default 7 (Y/N) Y

UNIT1: FOR021.DAT

UNIT2: MODEL2.NEW

UNIT3: MODEL2.DAT

Press enter to continue [enter]

Setting Initial Head
( Initial Head ) = ( top of BASE ) + DH

DH (m) 7 = (INPUT)
( proces.sing )

FORTRAN STOP
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(2)

10)
11}
12)

STEADY STATE MODEL CALIBRATION

FEM Calculation — Refer to Page 41
Post-processing — Refer to Page 44
Graphic or Plotting ——— Refer to Page 45 or 46

Geological Data

Case : - Geological data is incorrect.

1)
2)

3
4)

3)
7)
8)

- Geological contour diagram is not preferable.

$ ED GEOL.DAT [enter]

(Data modification)

Press PF4 function key (at the end of modification)
Command : EXIT '

Geological Data Processing — Refer to Page 12
Additional Geological Data — Refer to Page 21
Aquifer Symbols — Refer to Page 26

Assumption of Initial Head

1- $ RENAME MODEL2.DAT MODEL2.OLD [enter]
2- 3 INIP [enter]

3- 1. New Date File
2. Old Data File

Please Select (1/2) 7 2
4- Default File Name
UNIT1 : FOR021.DAT (default only)
UNIT2 : MODEL2.OLD
UNIT3 : MODEL2.DAT
Use Default ? (Y/N) Y
53- UNIT1: FOR021.DAT
UNIT2: MODEL2.NEW
UNIT3: MODEL2.DAT

Press enter to continue [enter]

6- Setting Initial Head
( Initial Head ) = ( top of BASE ) + DH

DH (m) ? = (INPUT)

( proces'sing' )
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(3)

FORTRAN STOP
9) FEM Calculaton

10)  Post-processing
11)  Graphic or Plotting

Additional Geological Data

STEADY STATE MODEL CALIBRATION

— Refer to Page 41
— Refer to Page 44
— Refer to Page 45 or 46

Case : - Nodes needed to give the additional data are changed due to the modification of
the geological data for key points and regions.

1) S ED GEOL.ADD [enter]
2) (Data modification)

3 Press PF4 function key
4) Command : EXIT

b)) Additional Geological Data
6) Aquifer Symbols

7 Assumption of Initial Head

(at the end of modification)

_._'—
__.’-

Refer to Page 21
Refer to Page 26

1- $ RENAME MODEL2.DAT MODEL2.OLD ({enter]

2- $ INIP [enter]

3- 1. New Date File
2. Old Data File

Please Select (1/2) 7 2
4- Default File Name

UNIT1 : FOR021.DAT (default only)

UNIT2 : MODEL2.0OLD
UNIT3 : MODEL2.DAT

Use Default 7 (Y/N) Y
5- UNIT1: FOR021.DAT

UNIT2: MODEL2.NEW
UNIT3: MODEL2.DAT

Press enter to continue [enter]

6- Setting Initial Head

( Initial Head ) = ( top of BASE ) + DH

DH (m) ? = (INPUT)
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(4)

- STEADY STATE MODEL CALIBRATION

( proces.sin g)
FORTRAN STOP
8) FEM Calculation — Refer to Page 41
9) Post-processing - Refer to Page 44
10)  Graphic or Plotting - — Refer to Page 45 or 46

Symbol of Layer ( Aquifer Constants )

Case: - Calculated contour diagram of groundwater piezometric head is not
preferable.

Aquifer constants K and S are changed in accordance with the modification of symbol
of layer.

Example:

1- Modification of Symbols in 'NMAT.DAT'

Node Symbol Modified Symbol
1 AQOL — AQO4
2 AQQ2 — AQO05
3 AQO3 — AQ06

2- Maodification of Symbols in 'FOR0ZLDAT'
After modifying the 'NMAT.DAT, the program '"NMAT" is processed and the
data stored in 'FOR021.DAT' are modified in accordance with the modified
data in the ' NMAT.DAT

(Previous)

GEOL, 1, 1, 1, 2
BASE, AQO1, GRSF
Hip (H12) (H13)

GEQL, 2, 2, 1, 2
BASE, AQO2, GRSF
(H21) (Fp2) (H23)

GEOL, 3, 3, 1, 2
BASE, AQO3, GRSF
(H31) (H32) (H33)
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(Modified)

GEOL, 1, 1, 1, 2
BASE, AQO4, GRSF
(Hip) (H12) (Hi3)

GEOL, 2, 2, 1, 2
BASE, AQO5, GRSF
(H21) (Ha2) (H23)

GEOL, 3, 3, 1, 2
BASE, AQO6, GRSF
(H31) (H32) (H33)

Modification of K and S
K and S are automatically selected from the table of symbols, K and S in
'MODEL2.DAT'.

(Table of Symbols, K and S in 'MODEL2.DAT")

Symbol K S
GRSF K1 S1
AQO1 K'1 S'y
AQO2 K'a S'2
AQD3 K'3 S'3
AQX4 K'4 S'4
AQO5 K's S's
AQO6 K's S'6

(Modified 'FOR021.DAT")

GEOL, 1, 1, 1, 2

BASE, AQO4, GRSF
(H11) (H12) (H13)
GEOL, 2, 2, 1, 2
BASE, AQOS5, GRSF
(Hz21) (Hp2) (H23)
GEOL, 3, 3, 1, 2
BASE, AQO6, GRSF
(H31) (H32) (H33)

(K and S selected during FEM calculation)

Node 1 Upperlayer K =Ki, S=51
Aquifer K = K4, S =54

Node 2 Upperlayer K=K]j, S=81
Aquifer K=K, S=38%
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(5)

(6)

1)
2)

)
4)

5)

6)
1)
8)

STEADY STATE MODEL CALIBRATION

Node 3 Upper layer K=Kj, S=8
Aquifer K=K, S =38'g

$ ED NMAT.DAT [enter)

(Data modification)

Press PF4 function key (at the end of modification)
Command : EXIT
Aquifer Symbols — Refer to Page 26
(Modification of symbols

in 'FOR0Z1.DAT")
FEM Calculation — Refer to Page 41
Post-processing — Refer to Page 44
Graphic or Plotting —— Refer to Page 45 or 46

Boundary Conditions

Case: - Calculated contour diagram of groundwater piezometric head is not

preferable.
- Calculated water balance in the study area is not reasonable.
- Solution is not converged.

$ ED MODEL2.DAT [enter]

(Data modification)

Press PF4 function key (at the end of modification)
Command : EXIT

FEM Calculation - Refer to Page 41
Post-processing — Refer to Page 44
Graphic or Plotting — Refer to Page 45 or 46

Initial Condition

Case: - Calculated contour diagram of groundwater piezometric head is not

1y

preferable.

- Solution is not converged,
Assumption of Initial Head

1- $ RENAME MODEL2.DAT MODEL2.OLD {enter]
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2- $ INIP {enter]

3- 1. New Date File
2. Old Data File

Please Select (1/2)? 2
4- Default File Name
UNIT1 : FOR021.DAT (default only)
UNIT2 : MODEL2.OLD
UNIT3 : MODEL2.DAT
Use Default 2 (Y/N) Y
5- UNIT1: FOR021.DAT
UNIT2: MODEL2.NEW
UNIT3: MODEL2.DAT
Press enter to continue [enter]

6- Setting Initial Head
( Initial Head ) = ( top of BASE ) + DH

DH (m) ? = (INPUT) {another DH to examine)

( proces.sing )

FORTRAN STOP
2) FEM Calculation — Refer to Page 41
3 Post-processing — Refer to Page 44
4) Graphic or Plotting — - Refer to Page 45 or 46
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MODEL SIMULATION

CHAPTER VI
MODEL SIMULATION

1. Model Simulation in Al1-6 Aquifer

Coefficient of storage (S) in the A1-6 aquifer is not calibrated by non-steady analysis because
there are no monitoring records such as the record of the monitoring well of S-121 in B2/A7
aquifer. For this, coefficiet of storage in the A1-6 aquifer is simply assmued. The model of the
A1-6is considered as an examination level. The simulation model of A1-6 aquifer is desired to
be improved after the adding hydrogeological data in the A1-6 aquifer.

2. Experimental Wellfield

The simulation mode! predicts the influences of future groundwater exploitation such as 'East
Hasa' on the regional groundwater flows. This expermental wellfield assumes prodution wells
of 10 in number with a unit pumping rate at 1.0 MCM/y which are located at a distance from
each other of 2 km.,

3. Data Input

Production wells of 10 in number are located in the East Hasa wellfield, assuming a unit
pumping rate of 1.0 MCM/y. The calibrated model is composed of 'FOR021.DAT' and
‘MODEL2.DAT'. In addtion to the data in 'MODEL2.DAT, the following data are given to the
model.

- Time stage and step after 60 years
- Pumping rate for each production well in East Hasa wellfield
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Abstraction in the
Proposed Wellfield

A

Time : day

3650

7300

10950

14600

18250

21900

MODEL SIMULATION

et —— Assumed Initial Condition

+-1——-—- Calibratied Steady State

Output :

1825 (after 3 years pumping)
3650 (after 10 years pumping)
7300 (after 20 years pumping)
18250 (after 50 years pumping)

(60 years)

-‘-——.—.—_-—-.—-._.——-—_-—-_-.._._--

~—— Final Steady State

Fig. 22 Procedure of Calculation in Model Simlation
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1)  COPY MODEL2.DAT MODELADAT [enter]
2)  ED MODELADAT [enter]

SETTING, RUN , 3600, O
TITLE :
WATER RESOURCES STUDY OF THE JAFR BASIN ( LOWER AJLUN )

isT , 231, 229, 8, 231, 3

2ND 3, o, 0, 0, 0

3RD , 0, 0, 0, 0, 0, 0

4TH , 0, 0

*

* ~--— MESH DATA -—-— Mesh data are read from
* 'FOR021.DAT by GENE
GENE command

*

TIME, 8 Time stage and step
STEP, 1, 9.125, 365 - (Non-steady)

STEP, 2, 18.25 , 17130
STEP, 3, 36.5 , 1095

STEP, 4, 73.0 , 1460
STEP, 5, 81.25 , 1825
STEP, 6, 182.5 , 5475
STEP, 7, 365.0 , 10950

0 , 21900

STEP, 8, 730.
*

UNIT, ME . DAY , 25, 5.0E-01
CONT, STUN

*

*

* ~-~ BOUNDARY CONDITION ---

*

* HF : SPECIFIED HEAD

* QF : SPECIFIED FLOW

*

* NODE CONDITION

*

NCON, 7, 1, 1, HF Western boun
NCON, 13, 13, 1, HF (specified head)

NCON, 16, 16, 1, HF
NCON, 37, 37, 1, HF
NCON, 39, 39, 1, HF
NCON, 40, 40, 1, HF
NCON, 102, 102, 1, HF
NCON, 103, 103, 1, HF
NCON, 121, 121, 1, HF
NCON, 122, 122, 1, HF
NCON, 124, 124, 1, HF
NCON, 136, 136, 1, HF
NCON, 139, 139, 1, HF
NCON, 142, 142, 1, HF
NCON, 150, 150, 1, HF
NCON, 151, 151, 1, HF
NCON, 155, 155, 1, HF
NCON, 168, 168, 1, HF
NCON, 169, 169, 1, HF
NCON, 193, 193, 1, HF
NCON, 199, 199, 1, HF
NCON, 200, 200, 1, 'HF
NCON, 202, 202, 1, HF
*
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NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,

* % ok *

INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,

INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
*

INIE,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INTP,
INIP,
INIP,

4, 1,
3, 3,
6, 6,
12, 12,
29, 29,
3¢, 30,
32, 32,
33, 33,
34, 34,
35, 35,
36, 36,
58, 58,
67, 67,
100, 100,
101, 101,
191, 181,
192, 192,
230, 230,

—=-=- INITIAL

NODE

223,
224,
225,
2286,
227,
228,
229,
230,
231,

13, 13,
16, 16,
37, 37,
39, 39,
40, 40,

102, 102,

103, 103,

121, 121,

122, 122,

124, 124,

136, 136,

139, 139,

142, 142,

1, OF
1, QF
1, QF
1, QF
1, QF
1, QF
1, QF
1, QF
1, OQF
1, QF
1, QF
1, QF
1, OQF
1, QF
1, OQF
1, OQF
1, OQF
1, OQF

CONDITION -—=--

223,
224,
225,
226,
2217,
228,
229,
230,

1, 945.
1, 950.
1, 1000.
1, 1030.
1, 1000.
1, 851.
1, 951.
1, 952.
1, 965.
1, 960.
1, 915.
1, 975.
1, 1027.
1, 1171.

HEAD

1, 505.00
1, 505.00
1, 504.55
i, 505.00
1, 517.83
1, 525.00
1, 555.00
1, 537.06
1, 502.74
1, 511.65

1, 745.00
1, 587.91
1, 681,21
1, 745.00
1, 589.20
1, 679,51
1, 745.00
1, 555.00
1, 735.00
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Eastern boundary
(specified flow)

Specified head along
the western boundary



1, 1202.
1, 1131.
1, 1052,
1, 1154.
1, 1072,
1, 1102,
1, 1272,
1, 1272,
1, 1302.
1, -600
1, -600
1, =600
1: '600
l, -600
1: "600
i, -400
1, -400
1: -600
1: _600
1: —600
l, -600
1, -600
1,. 2600
1, -2600
1, -880
1; “880
1: —550

—-- AQUIFER CONSTANTS ---

MODEL SIMULATION

Specified flow along
the eastern booundary

COEFFICIENT OF INFILTRATION CARPACITY

INIP, 150, 150,
INIP, 151, 151,
INIP, 135, 135,
INIP, 168, 168,
INIP, 168, 169,
INIP, 193, 193,
INIP, 19%, 199,
INIP, 200, 200,
INIP, 202, 202,
*

INIQ, 4, 4,
INIQ, 5, 5,
INIQ, [ 6,
INIQ, 12, 12,
INIQ, 29, 29,
iNIQ, 30, 30,
INIQ, 32, 32,
INIQ, 33, 33,
INIQ, 34, 34,
INIQ, 35, 35,
INIQ, 36, 38,
INIQ, 58, 58,
INIQ, 67, 67,
INIQ, 100, 100,
INIQ, 101, 101,
INIQ, 191, 191,
INIQ, 192, 152,
INIQ, 230, 230,
*

*

*

*

* K :

* s

*

*

*

*

LAYE, 35

SYMBOL OF
AQUIFER

GRSF,
AQO1,
AQ02,
AQO3,
AQO4,
AQOS,
AQOE,
AQ07,
AQO8,
aAQO9,
2010,
nQL1,
AQ12,
AQ13,
AQ14,
AQ15,
AQ16,
AQ17,
RQ18,
nQ19,
AQ20,
AQ21,
AQ22,
AQ23,

: COEFFICIENT OF STORAGE

K

0.00001,
10.0,
8.0,
6.0,
4.0,
2.0,
1.5,
1.0,
0.80,
0.60,
0.40,
0.20,
0.10,
0.09,
0.08,
0,07,
0.06,
0.05,
0.04,
0.03,
0.02,
0.01,
0.009,
0.008,

-&7-

COO0O0O0OCOODOO0O0O0O0OQO0DO0O0O

.00001
.20
.197
.193
.187
.178
.174
.168
-165
.161
.156
.146
.137
.135
.134
.132
.130
.127
.124
.120
.115
.105
.104
.102



ENE

* G * ¥ * *

PRTIME,
PLTIME,

*

NBTIME,

*

*

*
ENDD
NEWB
16,
79,
8o,
81,
82,
83,
B4,
B8,
89,
80,

3)
4)

. 10
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,
QF,

GEQLOGICAL DATA ---

1825,
1825,

!

0.0

ss,
ss,
ss,
ss,
S8,
ss,
8s,
ss,
38,
8s,

AQ24,
AQ25,
2026,
AQ27,
AQ28,
AQ29,
AQ30,
AQ31,
AQ32,
AQ33

AQ34,

3650, 7300,
3650, 7300,

CG, =-2740
CG, ~2740
CG, -2740
cG, -2740
CG, -2740
CG, -2740
CG, -2740
CG] -2740
CG, -2740
CG, -2740

Press PF4 function key
Command : EXIT

.007,
.006,
.005,
.004,
.003,
.002,
.001,
.000s5,
.0001,
.00005,

OO0 OOoOOoO0O

18250, 21900
18250 21900

coocoocooococooO

.00001,

MODEL SIMULATION

.100
.098
.096
.092
.088
.083
.073
.064
.042
.032
.010

Geological data are read
from 'FOR021.DAT' By GENE
command. ’

Outputs are to be obtained
at specified times.

Boundary conditions are to
be changed at specified
times.

Boundary conditions are
to be changed
at time = 0 day

East Hasa :

Node 76, 79, 80, 81,
82, 83, 84, 88,
89, 90

(at the end of edit)
(save the data)

-H3-



MODEL SIMULATION

4, Operation

(1) Data Check
1) $ ED 10MCM.DAT [enter]
\ 1st line of the data to be changed

SETTING, RUN , 100

i

SETTING, CHEC, 100

2) $ UNISSF [enter]

3) UNISSEF2 <M>
UNISSF2/G <G>
UNISSF2/P <P >
DISPLAY <D>

XYPLOT <X>
END <E>

PLEASE ENTER —--->M [enter] (M’ for UNISSF2)
4)  RESTART?(Y/N) N [enter]
5)  FILE NAME(?.dat) MODEL4 [enter]

( checking the data )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter] ('E' for end)
6) $ ED MODEL4.PRN [enter] (print output to be checked)

7 Press PIF4 function key (at the end of check)
8) Command : QUIT [enter]
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(2)

FEM Calculation

1)

2)
3)

4)
3)

6)
7

8)

9)
10)

11)

$ ED MODEL4.DAT [enter]
1st line of the data to be changed

SETTING, CHEC, 100

'

SETTING, RUN , 100

(RUN + one blank)

Press PF4 function key
Command : EXIT [enter]

$ UNISSF [enter]

UNISSF2 <M>
UNISSF2/G <G>
UNISSE2/P <P>

DISPLAY <D>

XYPLOT <X>

PLEASE ENTER ---> M [enter]
RESTART 7 (Y/N) N

FILENAME (7.dat) MODEL4
( proces;sin g)

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X>

PLEASE ENTER ---> E [enter]
$ ED MODEL4.PRN [enter]

Press PF4 key
Command: QUIT [enter]

MODEL SIMULATION

(at the end of edit)
(save the data)

(‘M' for UNISSF2)

It takes about 8 hours
by VAX 8200



MODEL SIMULATION

(3) Post-processing to deliver the contour diagram

1) $ ED CONT.DAT [enter]
2) Input data

\ START, 2, TP \
PLTIME, 97300, 18250 Contour diagrams after 20 years
SUBTITLE and 50 years are to be shown

MNUM, OFF

ENUM, OFF

DIVI, OFF

DOWN, OFF

MESH, OFF

FPRI, ON

SCAL, Al

CONT, MANU :

400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950,
1000,1050,1100,1150,1200,1250,1300,1350,1400,1450,1500,1550,
1600,1650
VECT, 25
PLOT, ALL
END

3 $ UNISSF [enter]
4) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
PLEASE ENTER ---> P [enter] (M' for UNISSF2/P)
5) FILENAME (7.dat) CONT
6) FILENAME (FT10) MODELA4.FT10 [enter]

7)  FILENAME (FT11) MODEL4.FT1l [enter]
(proces.sing)

FORTRAN STOP

8) UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>

PLEASE ENTER ---> E [enter]
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MODEL SIMULATION
9 $ ED CONT.PRN [enter} (print output to be checked)

10)  Press PF4 function key (at the end of check)
11)  Command: QUIT [enter]
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MODEL SIMULATION

(5) Post-processing to deliver the drawdown contour diagram

1)
2)

3
4)

3)
6)
7

8)

$ ED DOWN.DAT [enter]
Input data

START, 2, TP
PLTIME, 0, 7300, 18250 Drawdown contour diagrams
SUBTITLE after 20 years and 50 years
are to be shown. {1
NNUM, OFF
ENUM, OFF
DIVI, OFF
DOWN, OFF
MESH, OFF
FPRI, ON
SCAL, Al
CONT, MANU
400, 450, 500, 550, 600, 650, 700, 750, 800, B850, 900, 950,
1000,1050,1100,1150,1200,1250,1300,1350,1400,1450,1500, 1550,
1600,1650
VECT, 25
PLOT, ALL
END

$ UNISSF [enter]

UNISSF2 . <M>

UNISSF2/G <G>

UNISSF2/P <P>

DISPLAY <D>

XYPLQT <X>

PLEASEENTER ---> P {enter] ('M' for UNISSF2/P)
FILENAME (2.dat) CONT

FILENAME (FT10) MODEL4.FT10 [enter)

FILENAME (FT11) MODEL4.FT11 [enter]
( procgs'sing )

FORTRAN STOP

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>

PLEASE ENTER ---> E {enter]

13-



MODEL SIMULATION

9) $ ED CONT.PRN [enter] (print output to be checked)
10)  Press PF4 function key (at the end of check)
11)  Command: QUIT [enter]

Note ; Drawdown is calculated as follows;
(Drawdown at time = 7300)
= (Piezometric level at time = 7300) - (Piezometric level at time = ()
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(6)

MODEL SIMULATION

Graphic on TEXTRONIX Terminal

1
2)
3)
4)

5)

6)
D

&)
9)

10)
11)
12))

Press SET UP key
* CODE TEK [enter]
Press SET UP key, and [enter]

$ UNISSF [enter]

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X >

END <E>

PLEASE ENTER ----> D [enter] (D' for DISPLAY)
FILE NAME : FOR040.DAT [enter}

press CLEAR key

( graphic 1) (Press [enter] to show the next graphic)

( graphic2) (Press 'E' for end of graphic)

At the end of graphic (no graphic on display), Press CLEAR key

UNISSF2 <M>
UNISSF2/G <G>
UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter] ('E' for end)
Press SET UP key

* CODE ANSI [enter]
Press SET UP key, and [enter]
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(5)

MODEL SIMULATION

Plotting

1) Plotter set up

2) Paper set

3 Press 'On-line' soft key

4) $ UNISSF [enter]

5) UNISSF2 <M>
UNISSF2/G <G>
UNISSE2/P <P>
DISPLAY <D>
XYPLOT <X>
END <E>
PLEASE ENTER ----> X [enter] (‘X' for XYPLOT)

6) FILE NAME : FOR040.DAT {enter)

(plotting)

7 If there are more than 2 drawings, the plotteing is stopped and the message
'HALT RECIEVED...' is shown in the plotter window when each drawing
is finished. Replace the paper. After sizing paper, press 'On-line' soft key.

8) At the end of plotting, the message 'PLOT COMPLETE' is shown in the
plotter window.

)] UNISSF2 <M>

UNISSF2/G <G>
UNISSE2/P <P>
DISPFLAY <D>
XYPLOT <X>
END <E>

PLEASE ENTER ----> E [enter]
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PART 5 DATE FILES FOR THE CALIBRATED

10,

MODELS
CONTENTS
'MESH DAT' FOR THE B2/A7 AQUIFER —---omomoemmmeeeeoe o 1
‘GEOL DAT' FOR THE B2/A7 AQUIFER --------seeneeesmmmeenao 13
'GEOL.ADD' FOR THE B2/A7 AQUIFER - 17
'NMAT DAT FOR THE B2/A7 AQUIFER —-----moormeomeceevee 19
'MODEL2 DAT' FOR THE B2/A7 AQUIFER -------msxasme- 25
'MESH DAT' FOR THE A1-6 AQUIFER ----ss-moromommmm oo 35
'GEOL DAT FOR THE A1-6 AQUIFER ------snemsmrarmneommmeaans 43
'GEOL.ADD' FOR THE A1-6 AQUIFER ---erer-ommoonmeoeeecevee 47
'NMAT DAT' FOR THE A1-6 AQUIFER --s---mreseorommmmeeeoaeee 49

'MODEL2 DAT' FOR THE A1-6 AQUIFER ---~esscemrenemenannaes 53



MESH.DAT (B2/A7)

1. 'MESH.DAT' FOR THE B2/A7 AQUIFER

TITLE
AMMAN / WADI SIR ( B2/A7 )
SUBT
FEM MESH

*

* NODE NO. X Y
£

NODE, 1, 215798, 1028537
NODE, 2, 218141, 1031942
NODE, 3. 221729, 1031BB7
NODE, 4, 225838, 1033736
NODE, 5, 232518, 1034191
NODE, 6, 236925, 1037498
NQDE, 7. 244448, 1034359
NODE, 8, 249940, 1032510
NODE, 9, 252792, 1033484
NODE, 10, 218544, 1025026
NODE, 11, 219625, 1025396
NODE, 12, 224408, 1022225
NODE, 13, 230376, 1028196
NODE, 14, 236336, 1028050
NODE, 15, 241780, 1026883
NODE, 16, 248242, 1027162
NODE, 17, 248796, 1028752
NODE, 18, 251150, 1029630
NODE, 19, 249309, 1027191
NODE, 20, 248319, 1026118
NODE, 21, 249315, 1026172
NODE, 22, 249%64, 1026706
NODE, 23, 252383, 1028581
NODE, 24, 253114, 1027290
NODE, 25, 254260, 1026018
NOBE, 26, 255510, 1029100
NODE, 27, 215771, 1020673
NODE, 28, 218839, 1021821
NODE, 29, 220934, 1020188
NODE, 30, 224325, 1020278
NODE, 31, 229648, 1020168
NODE, 32, 236343, 1021390
NODE, 33, 214500, 1015194
NODE, 34, 217641, 1016470
NODE, 35, 221953, 1015906
NODE, 36, 225872, 1015822
NODE, 37, 230400, 1016777
NODE, 38, 236190, 1016327
NODE, 39, 241952, 1018865
NODE, 40, 246132, 1022258
NODE, 41, 248972, 1022055
NODE, 42, 249936, 1021647
NODE, 43, 250882, 1020825
NODE, 44, 251287, 1025095
NODE, 45, 255418, 1023540
NODE, 46, 262710, 1023853
NODE, 47, 266157, 1023140
NODE, 48, 267915, 1023048
NODE, 49, 272966, 1022258
NODE, S0, 276528, 1022688
NODE, S1, 277345, 1025991
NODE, 52, 285217, 1024463
NODE, 53, 210125, 1010410
NODE, 54, 216139, 1012518
NODE, 55,  219221,. 1013158
NODE, 56, 222851, 1014012
NODE, 57, 228354, 1014701
NODE, 58, 233208, 1015367
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NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NCDE,
NODE,
NODE,
NOBE,
NODE,
NODE,
NODE,
HODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,

59,
60,
61,
8z,
3,
64,
65,
66,
61,
68,
69,
70,
71,
72,
73,
74,
15,
18,
1.
78,
19,
80,
Bl1,
82,
83,
g4,
BS,
86,

88,
89,
20,
91,
9z,
93,
94,
95,
a6,
97,
98,
99,

100,

101,

102,

103,

104,

105,

1086,

107,

108,

109,

110,

111,

112,

113,

114,

115,

116,

117,

118,

119,

120,

121,

122,

123,

124,

125,

126,

1217,

212521,

216346,
220267,
224305,
230004,
233743,
236294,
238265,
240201,
242173,
244240,
244893,
248950,
252528,
254873,

250140, -

254078,
236198,
238229,
240189,
242150,
2442186,
248196,
252233,
260117,
271139,
272792,
279901,
283562,
287485,
251414,
215987,
220350,
223469,
226218,
227972,
228437,
230338,
232429,
234368,
236278,
238228,
240164,
242182,
244120,
210894,
216478,
219829,
224202,
228996,
229139,
228693,
229171,
231768,
234901,
233851,
236219,
242251,
246519,
252212,
269109,
279795,
281780,
234525,
240060,
246171,
252055,
257982,
263858,

1003658
1005205
1006480
1008388
1010703
1012369
1014306
10142486
1014198
1014209
1014206
1017583
1020100
1020062
1020220
1016564
1018109
1012300
1012321
1012285
1012320
1012281
1012337
1012215
1010097
1014805
1014786
1016083
1010347
1011113
1011607
1002378
1000809
1000881
1000735
1002356
1005146
1008311
1010280
1010279
1010244
1010208
1010290
1010229
1010287

999650

998365

996874

996439

297708

993040
1001103
1002051
1003939
1000279
1006699
1008356
1006295
1005295
1002202
1000826
1003981
1004083

997240

985791

894201

993089

991762

990578
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NOUE,
NODE,
HODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NGDE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
HODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NQOE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
HODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,

128,
128,
130,
13),
13z,
133,
134,
135,
136,
137,
138,
139,
140,
141,
la2,
143,
144,
145,
146,
147,
148,
149,
150,
151,
152,
153,
154,
155,
158,
157,
158,
159,
160,
161,
162,
163,
le4,
165,
166,
157,
168,
169,
170,
171,
172,
173,
174,
175,
176,
177,
178,
179,
180,
181,
182,
183,
184,
185,
186,
187,
188,
1889,
190,
191,
192,
193,
194,
195,
194,

270257,
284531,
286501,
292948,
298208,
271882,
276169,
282459,
290392,
291613,
296751,
300268,
228947,
234228,
240022,
246089,
2520863,
257917,
763889,
271803,
279583,
199973,
202097,
199534,
200820,
204024,
207133,
209873,
214745,
219471,
224204,
228216,
232546,
200024,
2061542,
203532,
204027,
208314,
210629,
214453,
219113,
224248,
228209,
233241,
199203,
200794,
202433,
203789,
206286,
209898,
212691,
198257,
200352,
202653,
204108,
206368,
209440,
211832,
214107,
218156,
224513,
228866,
233637,
197604,
159933,
202579,

204462,

208321,
207223,

993318
296407
996925

1000715
1004171

987382
984848
280811
984490
986026
991162
984793
986351
995852
994363
9929349
981577
990181
9688713
985023
880155
996617
996530
592350
592586
993436
994276
994566
992103
993173
994030
993212
992387
891077
991415
991756
990153
290440
990479
989712
989495
989282
988394
587214
988164
588619
988318
987784
985506
886088
987052
9817349
982640
982562
983362
980993
981751
982120
981901
982463
983278
982407

982436

977082
976602
216624
976602
975302
977423
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NOGDE,
NODE,
NGDE,
NODE,
NODE,
NODE,
NODE,
NQDE,
NODE,
NODE,
NODE,
NODE,
NOBE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
HODE,
NODE,
NCDE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NCDE,
NGODE,
NODE,
NODE,
NODE,
NCDE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NOBE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NOOE,
NODE,
NODE,
NCDE,
NODE,
NODE,
NODE,
NODE,
NCDE,
NODE,
NODE,

181,
198,
199,
200,
201,
202,
203,
204,
205,
206,
207,
208,
209,
210,
211,
212,
213,
214,
215,
2186,
217,
218,
2189,
220,
221,
222,
223,
224,
225,
226,
2217,
228,
229,
230,
231,
232,
233,
234,
235,
238,
237,
238,
239,
240,
241,
24z,
243,
244,
245,
246,
247,
248,
249,
250,
251,
252,
253,
254,
255,
256,
251,
258,
259,
260,
261,
262,
263,
264,
265,

210221,
213421,
216715,
221662,
226900,
232887,
245817,
251925,
257820,
262528,
255003,
199728,
203215,
205042,
206193,
207031,
208613,
206232,
207673,
206732,
208221,
2102174,
213416,
216628,
220838,
225209,
226950,
208169,
210142,
213311,
216582,
219685,
222054,
233535,
237818,
240959,
245411,
256649,
267851,
205329,
206973,
209573,
2117589,
212674,
2148685,
199514,
202262,
204180,
207832,
209628,
211681,
214309,
217346,
221992,
225730,
230020,
231944,
233975,
235901,
237838,
238797,
243696,
249888,
261357,
269799,
229973,
231967,
233811,
235864,

977391
9771391
977342
977308
877672
977619
880156
982251
584267
930897
976289
970642
967293
970650
971573
973482
973465
969872
971156
968800
969505
971970
971345
971356
871715
973075
974002
965408
965501
965714
965701
967450
967878
969307
968448
970386
970397
972728
980149
961942
960788
961544
961586
8963959
962284
366749
962719
8959188
958719
958780
958671
959035
961058
962613
863571
964436
89644900
964386
954410
964433
964408
964501
962840
968708
976215
962512
962416
962533
962438

MESH.DAT (B2/A7)



NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
HODE,
NODE,
NGDE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,

266,
267,
268,
269,
270,
271,
272,
273,
214,
275,
276,
277,
218,
279,
280,
281,
282,
283,
284,
285,
286,
281,
288,
289,
290,
291,
292,
293,
294,
295,
2986,
297,
298,
299,
100,
301,
302,
303,
304,
305,
3086,
307,
o8,
309,
1o,
311,
a2,
313,
214,
315,
3.,
a1,
318,
319,
120,
a1,
azz,
23,
324,
325,
126,
327,
328,
329,
330,
331,
332,
333,
334,

237906,
239715,
243690,
225458,
229924,
232858,
235838,
237821,
239794,
196508,
196078,
198973,
201505,
202807,
208679,
211620,
214364,
217913,
222648,
225261,
230088,
233876,
2135014,
2378571,
2397170,
243734,
248933,
260114,
271704,
279481,
784733,
291533,
209311,
302228,
307131,
192735,
193738,
197329,
199085,
204573,
208480,
192003,
193754,
195305,
196938,
204414,
208409,
192042,
196412,
203858,
208418,
212488,
215107,
220492,
225489,
233365,
238575,
194436,
197638,
202311,
207960,
211943,
215155,
220560,
224565,
231868,

. 242531,

247749,
259242,

9623177
962509
960368
958486
960541
860073
960372
260359
960429
961822
957862
856037
955636
850788
954700
8954728
954335
955993
956602
954239
958542
958413
958483
584933
938481
9563649
957165
961516
970099
974867
874144
977986
983875
987128
992457
9534956
952025
952076
951095
949381
951645
949494
949663
947343
946923
946324
948458
943318
940816
941150
944349
946812
947921
947927
950609
955033
954512
938066
934322
934165
938890
942854
944779
942706
942821
947136
950057
951271
955262
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NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
HODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
NODE,
*NODE,
NODE,
NODE,

x*

ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM

335,
336,
337,
338,
339,
340,
341,
342,
343,
344,
345,
348,
347,
348,
349,
aso,
351,
152,
353,
354,
355,
356,
357,
158,
359,
380,
360,
351,

ELEMENT NO.

Do = in s o N

o) Lo o L L L L Lt LR AR R R RS A MRS R b e B R e
WO -AOtnaoLN OO POD-ols WAl OoO@-dTOWUa Wwho = o

273496,
2471678,
261563,
27787s,
284730,
291482,
303423,
304578,
314845,
247574,
257108,
257243,
266650,
272267,
255421,
262778,
274565,
284248,
295332,
291491,
308444,
310075,
310974,
324433,
311954,
313180,
314218,
329849,

964220
948722
951157
955909
965087
970027
975888
976409
986268
939265
943977
941701
940813
948266
935176
934543
935281
944159
949657
962895
965190
965916
966619
885028
958335
960143
960143
972623

J
10
11
12
13
14
21
27
28
29
0
31
32
15
15
17
17
19
20
21
44
44
22
18
23
23
33
34
34
35
36
37
37
38
39
39
40
40
41
42

K

1l
12
13
14

10
28
29
30
31
32
15

15

18
18
21
22
22
24
23
23
26
24
34
28
35
36
37
32
g
38
15
40
20
41
42
13
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ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM

40
q1
42
43
44
45
46
17
48
19
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
12
3
4
15
16
7
8
79
80
g1
82
83
84
85
B6
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

44
44
44

25
a
33
34
35
36
37
53
54
55
56
57
58
67
k1)
39
40
4l
43
43
45
43
69
70
14
12
73
46
47
18
49
51
51
50
52
52
59
60
61
62
62
63
64
&4
65
65

66

67
68
16

18
79
103
69
74
5
59
90
91
92
92
g5
94
93

43
72
45
25
45
53
54
55
56
a7
58
59
60
61
62
63
64
k1
67
70
71
71
71
74
72
13
70
69
15
15

83
84
85
86
48
50
88
1
:1:)
80
90
9l
892
a5
98
a7
28
64
76
7
18
79
93
100
101
102
81
81
81
82
104
105
105
106
107
a2
93
i08

72
45
25
24
46
54
55
56
57
58
38
60
61
62
63
64
65
65
70
71
41
43
74
12
73
a6
67
74
72
13
83
84
85
86
50
49
52
52
88
89
60
31
92
95
96
97
98
99
76
77
18
79
80

100

101

102

103
69
74
82
83

105
91

106

107

108
93

110

109

72
45
25
24
26
54
34
35
36
37
kY:
54
55
56
57
58
g
66
ag
10
41
42
74
72
73
46
68
71
12
73
46
31
18
49
50
50
52
52
88
BY
50
6l
62
55
63
64
98
76
76
66
67
68
69
77
18
79
80
80
74
15
83
50
91
92

107
93
94

111

110
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ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEY
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM

109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
138
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
le6
167
168
169
170
171
172
173
174
175
176
177

112
95
86

a8

98
109
112
114
115
100
101
143

81

82

83

84

85

86
113
116
117
118
119
119
120

87

87

89
104
104
105
106
107
108
108
140
141
122
123
124
1258
126
127
128
128
133
134
134
128
129
129
130
131
149
150
150
152
151
le6l
162
lel
153
154
154
135
156
157
158

111
94
93

97
115
108
109
112
114
115
1l6
116
117
118
119
120
121

87
122
123
124
125
128
128
129
121
131
131
154
155
156
157
158
107
140
159
160
141
142
143
144
145
l46
127
133
147
147
148
134
134
136
137
138
151
152
153
162
16l
172
173
174
163
184
165
le6
167
168
169

110
111
112
114
114
100
122
113
113
113
116
103
117
118
119
120
121

B7

88
123
124
125
126
127
129
130
130

89
132
155
156
157
158
159
140
141
le0
171
142
143
144
145
146
147
133
134
134
148
135
129
135
1317
138
139
152
153
154
163
162
173
174
175
164
185
l66
167
158
le9
170

108
112
114
114
115

99
113
113
113
116
101
102

a1

az

83

84

85

B6

88
116
117
118
119
128
120
121
131

8B
132
155
105
1086
107
140
140
122
141
142
123
124
125
126
127
133
133
134
134
148
135
129
136
130
131
132
1590
153
154
153
152
162
163
164
154
165
155
156
157
158
159
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ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM

178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
138
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
231
238
239
240
24
242
243
244
245
246

158
172
173
174
175
164
165
176
177
166
178
167
168
169
170
142
179
180
18l
182
183
183
184
185
igs
187
188
189
190
142
144
145
146
192
1983
194
194
185
212
211
210
214
213
136
197
198
198
200
200
201
201
208
209
209
21e
216
2117
218
219
220
221
221
222
223
223
254
230
256
231

170
179
180
181
182
175
176
183
184
177
185
186
187
8:]:
189
171
191
192
193
194
194
196
197
198
198
199
200
201
202
203
204
205
208
208
209
210
211
212
211
210
209
216
215
213
218
218
220
220
221
221
222
242
243
236
236
224
224
225
226
2217
227
228
229
251
252
230
254
231
256

171
180
181
182
183
1786
1M
184
185
178
186
187
188
189
190
190
182
193
194
183
195
197
198
199
187
200
201
202
203
204
205
206
147
209
210
211
212
213
215
214
216
217
217
218
219
220
200
221
201
222
223
243
244
2186
224
217
225
226
2217
221
228
229
251
252
230
252
231
254
251

160
173
174
175
176
165
166
177
178
167
167
168
169
170
171
143
180
181
182
183
196
184
185
186
187
lag
189
190
143
144
145
146
147
193
194
211
185
196
213
215
214
215
218
197
198
185
200
221

1201

222
202
209
236
216
224
217
218
219
2290
221
228
222
223
252
202
253
231
235
232

MESH.DAT (B2/A7)



ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM

247
248
249
250
251
252
253
254
2355
256
257
258
259
260
261
262
263
264
265
266
267
268
269
279
21
272
273
274
215
278
271
278
279
280
281
282
283
284
285
286
287
288
289
2%0
291
292
293
294
295
296
287
298
299
300
301
o2
303
304
305
306
307
Jos
309
310
311
312
3123
314
315

202
202
203
204
233
206
147
232
233
233
234
235
261
261
148
135
136
137
138
242
242
243
244
244
224
224
225
225
226
240
237
238
239
239
2217
221
228
245
246
241
248
249
250
251
252
252
253
254
255
256
257
258
269
269
270
262
263
264
265
266
271
272
213
290
268
268
289
260
278

230
232
233
2a7
234
234
235
257
258
259
260
261
260
294
295
2986
297
298
299
215
276
217
278
245
236
237
238
240
240
239
245
246
241
248
211
249
250
279
280
28l
282
283
284
269
251
262
263
264
265
266
267
268
284
285
286
270
271
21
272
273
287
288
289
268
290
291
292
293
3ol

231
233
207
206
2086
235
148
258
259
260
261
148
294
295
296
297
293
298
300
276
271
278
279
237
237
238
239
2286
241
241
246
247
248
241
248
230
251
280
281
282
283
284
269
270
270
263
264
265
266
267
268
259
285
286
287
271
264
2172
273
274
288
289
290
267
291
292
293
294
302

-10-

232
203
204
205
207
147
148
233
259
234
235
148
294
148
135
136
137
138
139
276
243
244
245
236
237
225
240
226
221
241
238
238
248
241
249
228
228
248
247
248
249
250
251
270
262
253
254
255
256
251
258
259
285
270
271
263
264
265
288
261
272
273
274
274
291
259
2690
294
02
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ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEY
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM

316
KRl
k)Y
319
320
a2l
322
323
321
3Jas
326
a7
3Jze
329
330
i
33z
333
3
335
338
337
s
339
40
341
342
343
344
345
346
347
348
3489
350
351
352
353
354
355
356
357
358
359
360
36l
262
363
364
365
66
367
Jes
369
370
371
an
31N
3N
3175
376
kY]
378
379
380
sl
382
383
384

276
271
10
278
279
305
2B0
281
282
283
284
285
286
288
289
301
302
303
307
309
3l
K3 D]
ile
313
al4
314
315
316
317
le
319
320
321
32l
322
291
292
293
294
KKl
333
333
336
344
346
345
3as
334
324
335
335
296
297
298
299
233
343
350
348
338
339
340
340
241
342
342
354
355
356

o2
302
279
310
305
311
306
17
iis
ais
319
320
321
k3!
322
ao7
308
209
313
313
314
315
317
323
323
324
325
326
327
328
329
330
331
332
332
333
333
334
335
344
33z
336
344
348
349
346
Y
Ky
338
338
38
339
40
341
298
342
342
351
351
52
338
339
359
55
356
357
353
359
360

303
309
278
311
306
312
17
KNy
283
19
320
321
288
322
291
308
09
310
309
314
315
3le
306
314
24
325
326
327
k¥3:]
3289
330
33
33z
322
33
292
334
335
2496
336
336
337
345
3496
350
347
347
338
335
339
296
340
341
342
342
343
3ase
348
352
353
354
354
355
356
357
KET:]
359
360
357

-11-

271
278
304
305
280
306
281
282
283
284
285
286
287
289
290
302
303
304
308
310
31
312
312
314
324
315
316
317
318
319
320
321
332
322
291
292
293
294
295
332
336
334
337
345
347
337
348
338
135
339
296
297
298
342
342
300
358
347
338
154
354
354
aqn
342
57
isg
355
356
357
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MESH.DAT (B2/A7)

ELEM 385 357 36l 358 358
ELEM ky:1 357 380 361 36l

SAVE
NOWR

PLOT

STAR, O,ME
SCAL, A4
NNUM, OFF
ENUM, OFF
MESH, ON
MPLO

PEND

JENWD

-12-
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TITL
SUBT
RESU

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

'GEOL.DAT' FOR THE B2/A7 AQUIFER

GENERATION OF GEOLOGICAL DATA

1
BASE,
1100,

4
BASE,
a00,

&
BASE,
780,

9
BASE,
670,

' 217
BASE,
1090,

37
BASE,
800,

40
BASE,
650,

84
BASE,
640,

26
BASE,
630,

51
BASE,
660,

59
BASE,
1000,

114
BASE,
560,

83
BASE,
640,

87
BASE,
630,

117
BASE,
640,

48
BASE,
610,

52
BASE,
660,

149
BASE,
1350,

154
BASE,
500,

157
BASE,

AQUI
1250

AQUI
950

AQUI,
880,

AQUI,
770,

AQUI
1290

AQUY
950

AQUI,
750

AQUI,
740

AQUI,
730,

AQUT,
810,

AQUI
1400

AQUI,
70,

AQUI,
740,

AQUY,
80O,

AQUI,
740,

AQUT,
160,

AQUT,
810,

AQUI
1620

AQUI
1350

AQUT,

SURF
1000

SURF
500

SURF
e80

SURF
200

SURF
880

SURF
840

SURF
1000

SURF
BBO

SURF
1000

SURF
890

SURF
880

SURF
1660

SURF

-13-
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GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPFOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

GPOI,

3so,

160
BASE,
400,

144
BASE,
560,

128
BASE,
680,

a9
BASE,
600,

139
BASE,
640

191
BASE,
1420,

197
BASE,
1100,

201
BASE,
440,

203
BASE,
500,

206
BASE,
610,

135
BASE,
670,

208
BASE,
1350,

226
BASE,
1000,

229
BASE,
130,

233
BASE,
460,

260
BASE,
490,

340
BASE,
670,

358
BASE,
680,

301
BASE,
1430,

282
BASE,
1000,

286
BASE,
640,

201
BASE,
610,

334
BASE,

580,

AQUI,
600,

AQUI,
660,

AQUI,
80O,

AQUDI,
700

AQUI,
740

AQUI
1670

AQUI
1300

AQUI,
600,

AQUI,
600,

AQUI,
660,

AQULI,
720,

AQUI
1600

AQUI
1200

AQUI,
800,

AQUI,
560,

agur,
560,

AQUT,
120,

AQUI,
130,

AQUI
1600

AQuUI
1200

AQUI,
720,

AQUI,
630,

AQUI,

1200

SURF
1080

SURF
970

SURF
210

SURF
1050

SURF
910

SURF
1i0¢

SURF
930

SURF
870

SURF
870

SURFE
1180

SURF
3900

SURF
870

SURF
870

SURF
920

SURF
1120

SURF
200

SURF

-14-
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GEOL.DAT (B2/A7)

580 660, 870

Gpol, 338

BASE, AQUT, SURF

630, 680, 870
GPOI, 360

BASE, SURF

670, B60
GPOI, 361

BASE, SURF

670 920
GPOI, 313

BASE, AQUI
. 1450, 1600
GPOI, 3zs

BASE, AQUI
1000 1150
GPOI, 331
BASE, AQUI, SURF
7150 850, 1080
GPOI, 324

BASE, AQUI
1470, 1600

GPOI, . 325
BASE, AQUI
1230, 1500
GPOI, 344
BASE, AQUI, SURF
130, 880, 950
GPOI, 349
BASE, AQUI, SURF
730, 880, 900
GPOI, 351
BASE, AQUI, SURF
110, 160, 870

GREG, 1, 27, 37, 4
GREG, 4, 37, 40, 6
GREG, 6, 40, 26, 9
GREG, 58,114, 37, 27
GREG, 37,114,117, 40
GREG, 26, 83, 84, 48
GREG, 40,117, 83, 26
GREG, 48, 84, 87, 51
GREG, 51, B7, 89, 52
GREG, 59,154,157,114
GREG, 157,160,117,114
GREG, 117, 160,203,144
GREG, 117,144,128, B3
GREG, 83,128, 87, 84
GREG, B89, B7,128,139
GREG,149,191,197,154
GREG, 154,197,201,157
GREG, 157,201, 203, 160
GREG, 144,203, 206, 128
GREG, 128,206, 135,139
GREG, 181,208, 226,197
GREG, 197,226,229, 201
GREG, 201,229,233,203
GREG, 203,233, 260, 206
GREG, 206, 260, 340, 135
GREG, 135,340, 358,139
GREG, 208,301, 282,226
GREG, 226,282, 286,229
GREG, 229,286,291,233
GREG, 233,291, 334, 260
GREG, 260,334, 338, 340
GREG, 301, 313,328, 282
GREG, 282,328, 331, 286
GREG, 286,331, 344,291
GREG, 291, 344, 349, 334

-15-



GREG, 313,324,325, 328
GREG, 334,349, 351,338
GREG, 338, 351, 360, 340
GREG, 340, 360, 361, 358
PLOT

STAR, 0, ME

FPRI, ON

CONT, MANU

400,450,500, 550,600, 650,700,750, 800, 850, 900, 950, 1000,
1050,1100,1150,1200,1250, 1300, 1350,1400,1450, 1500, 1550, 1600

SCAL, A3
GPLO, BASE
GPLO, AQUI
GPLO, SURF
PEND

JEND

-16-
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3. 'GEOL.ADD' FOR THE B2/A7 AQUIFER

GEOL , z, 2,
BASE  AQUI
900.00,1100.00
GEOL , a, 3,
BASE  AQUI
800.00,1050,00
GEOL , i, 33,
BASE  AQUI
1080.00,1300.00
GEOL , 53 , 83 ,
BASE  AQUI
1080,00,1300,00
GEOL , 132 , 132,
BASE AQUT SURF
650,00, 700,00,1000.00
GEOL , 150 , 150 ,
BASE AQUL
1350.00,1520.00
GEOL , 300 , 300,
BASE AQUI SURF
620.00, 740.00, 920.00
GEOL , 275, 215,
BASE  AQUI
1430.00,1650.00
GEOL , 307, 307,
BASE  AQUI
1450.00,1670,00
GEOL , 323, 323,
BASE  AQUI
1450.00,1650,00
GEoL , 329, 329,
BASE AQUI, SURF
860,00, 960,00,1200.00
GEOL , 330 , 330,
BASE SURF
810,00, 910.00 1100.00
GEOL , 350 , 350 ,
BASE AQUI, SURF
730.00, 780,00, 889,00
GEOL , 359, 359,
BASE SURF
680.00, 880.00
ADDEND
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NMAT.DAT (B2/A7)

4. 'NMAT.DAT' FOR THE B2/A7 AQUIFER

1 AD14
2 NOAQ
3 NOAQ
4 NOAQ
5 NOAQ
6 NOAQ
7 AQL4
8 AQL4
9 AQl4

10 AQL4

11 AQ14

12 AQ14

137 AQl4

14 AQOS

15 AQO9

16 AQOD9

17 AQ09

18 AQO9

19 AQO9

20 AQO9

21 AQO9

22 AQOS

23 AQO9

24 AQOY

25 AQO9

26 AQO9

27 AQ14

28 AQ14

29 AQld

30 AQ14

31 AD14

32 AQ14

33 AD14

34 AO14

a5 hro14

36 ADid

a7 AQ14

ag AQ14
a9 AQ13

40 AQOS

11 AQo8

42 Agoe

43 AQOS

44 AQ08

45 AQ1D

46 AQlO

47 AQ12

48 AQl2

49 AQL0

50 AQLO

51 AQ10

52 AQlO

53 AQl3

54 AQ13

55 AQL3

56 AQ13

57 AQ13

58 AQ13

59 AQ13

60 AQ12

61 AQ12

62 AQ10

63 AQ10

64 AQOS

65 hQo9

-19-



66
67
68
6%
70
71
72
73
74
5
76
77
78
79
80
81
B2
a3
84
85
86
87
88
89

91

92

93

949

95

96

97

98

a9
100
101
102
103
104
105
106
107
los
109
110
11
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

AQO9
AQOS
AQO9
AQOS
AQOS
AQOY
AQOS
AQOS
AQl0
AQ10
AQO9
AQOS
AQOS
AQOS
AQODY
AQO®
AQOY
AQl0
AQ12
AQ12
AQO%
AQO9
AQOS
AQO9
AQO9
AQO9
AQl3
AQ12
AQl3
AQlse
AQl0
AQlO
AQOS
AQO9
AQOS
AQO9
AQOS
AQO9
AQ12
AQl2
AQ12
AQl9
AQl%
AQle
AQls
AQle
AQl4
AQlO
AQO9
AQO%
AQOY
AQOY
AQO8
AQOB
AQO%
AQOS
AQle
AQls
AQle
AQlE
AQl6
AQLlS
AQO9
AQ14
AQl4
AQ10
AQl0
AQl9
AQ19
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135
136
137
138
139
140
141
142
143
144
145
146
147
148
148
150
151
152
153
154
155
156
157

158°

159
160
161
162
163
164
165
168
167
168
169
170
in
172
1373
174
175
178
177
178
17g
lgo
181
182
183
184
185
lg6
187
lss
189
190
151
192
193
194
195
198
197
198
199
200
201
202
203

AQUS
AQOB
AQOG
AQOD&
AQOG
AQ1S9
AQL18
AQlY9
AQLY
AQ19
AQl9
AQLlS
AQlY
AQOG
AQ1l4
2014
AQl4
AQ13
AQl4
AQ13
AQ13
AQ13
AQL9
AQl9
AQ19
AQOS
AQ13
rQOS
AQl2
AQl2
AQ12
AQ13
Q15
AQ17
AQL7
AQ17
ACO9
AQli6
AQ15
AQ15
AQ1S
AQLS
AQl7
AQL17
AQlé
AQ1S
AQlL5
AQ15
AQ15
AQl5
AQlS
AQ14
hQ14
AQLS
AQ15
AQLS
AQle
AQ1S
AQ15
AQ15
AQ13
AQ13
AQl4
AQ13
AQL3
AQL3
AQL4
AQlo
AQLO
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204
205
206
207
208
209
210
211
212
213
214
215
216
2117
218
219
220
221
222
223
224
225
226
221
228
228
230
231
232
233
234

235
236
237

238

239
240
241

242

243
244

245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
287
268
269
270
271
212

AQl0
AQLO
AQO9
AQOS
AQ16
AQ13
AQl5
AQlS
AQ15
AQ15
AQl4
AQl4
AQL4
AQ13
AQ13
AQ13
AQ13
AD14
AQl6
AQ14
AQ13
AQL3
AQ13
aQl3
AQ13
aQ16
AQO5
AQOS
AQO5
AQOS
AQOS
AQOS
AQL3
AQL3
AQ12
AQOS9
aQ12
AQl3
AQle
AQl6
AQlE
AQLS5
AQ15
AQlS
AQl5
AQ13
AQL3
AQ13
AQ13
AQll
AQOS
AQOS
AQOS5
AQOS
AQOS
AQOS
AQO5S
AQOS
AQ13
AQll
AQOS
AQ05
AQOS
AQOS5
AQO5
AQL3
AQ13
AQl1
AQOS
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273
274
275
276
271
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
01
3o2
303
304
305
306
307
kDJ:]
309
310
311
312
313
34
315
316
317
3is
319
3z
21
322
323
324
325
326
321
328
329
330
Kkl
332
333
334
335
336
337
33s
339
340
341

AQOS
AQO5
AQLS5
AQ15
AQ15
AQL5
AQl5
AQ14
AQl4
AQ14
AQL4
AQ14
AQl4
AQ13
AQl1
AQOS5
AQO5
AQOS
AQOS
AQO5
AQOS
AQOS
AQO5
AQOS
2Q03
AQOS
AQOS
AQOS5
AQL6
AQ15
AQ15
AQl5
AQl4
AQl4
AQl5
AQL5
AQ12
AQ14
hQ14
AQl4
AQLS5
AQ14
AQl4
AQ14
AQl2
AQl2
AQ1Z
AQ12
AQlLO
AQl0O
AQl8
AQle
NOAQ
NOAQ
NOAQ
NOAQ
NOAQ
NOAQ
NOAQ
AQO5
AQOS5
AQOS
AQOS
AQO5
AQOS
AQOS5
AQO35
AQO5
AQOS5
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342
343
349
345
346
347
348
349
350
35
352
353
354
55
356
357
358
359
360
361
AQEND

AQOS
AQO5
NOAQ
AQO6
AQOG
AQO6
AQOS
NOAQ
NOAQ
NOAQ
NOAQ
NOAQ
AQU6
AQOS
AQOG
AQDSE
AQOS6
NOAQ
NOAQ
NOAQ

NMAT.DAT (B2/A7)



MODEL2.DAT (B2/A7)

~

5. 'MODEL2.DAT' FOR THE B2/A7 AQUIFER

SETTING, RUN , 3600, 0
TITLE
WATER RESOURCES STUDY OF THE JAFR BASIN ( B2 / A7)

isT , 361, 386, 8, 361, 3

a0, 2, 0, O, o, 0

3D, O, e, o, o, 0 O
AT, o, 0

*

*  --- MESH ---

*

GENE

UNIT, ME , DAY , 25, 1,0E-01
CONT, STEADY, SURF

*

*

* ~—— BOUNDARY CONDITION ---
L4

* HE : CONSTANT HEAD
* QF : CONSTANT FLOW
*

* NODE CONDITION
4

NCON, 1, i, 1, HF
NCow, 27, 27, 1, HF
NCcoM, 33, 33, 1, HF
NCON, 53, 53, 1, HF
NCON, 58, 59, 1, HF
NCON, 104, 104, 1, HF
NCON, 149, 149, 1, HF
NCON, 150, 150, 1, HF
NCoN, 151, 151, 1, HF
NCON, 154, 154, 1, HF
Ncow, 161, 161, 1, HF
NCON, 172, 172, 1, HF
NCON, 178, 179, 1, &F
NCON, 191, 191, 1, HF
NCON, 192, 192, 1, HF
NCON, 208, 208, 1, HF
NCON, 242, 242, 1, HF
NCON, 275, 275, 1, MF
NCON, 278, 276, 1, MF

NCON, 301, 301, 1, HF
NCON, 307, 207, 1, HF
NCON, 313, 313, 1, HF
NCON, 323, 323, 1, HF
NCON, 324, 324, 1, HF
*

NCON, 7, 1, 1, QF
NCON, 8, 8 1, QF
NCON, g, 9, 1, QF
NCON, 26, 26, 1, OQF
NCON, 46, 46, 1, OQF
NcoN, 47, 47, 1, OF
NCON, 48, 48, 1, OQF

NCON, 51, S1, 1, QF
NCON, s2, 52, 1, GQF
NCON, 89, @89, 1, QF
NCow, 132, 132, 1, QF
NCON, 13%, 139, 1, QF
NCON, 300, 300, 1, QF
NCON, 343, 343, 1, CF
NCON, 358, 358, 1, OQF
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NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCOW,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,
NCON,

LI I 3

INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INie,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,

162,
163,
164,
173,
174,
180,
181,
182,
193,
194,
185,
196,
209,
210,
211,
212,
215,
216,
217,
218,
236,
237,
243,
244,
245,
271,
278,
279,
102,
303,
304,
305,
308,
309,
310,
311,
31z,
314,

~-- INITIAL CONDITION ---

162,
163,
164,
173,
174,
180,
181,
182,
193,
134,
195,
198,
209,
210,
211,
212,
215,
2186,
211,
218,
236,
231,
243,
244,
245,
271,
218,
279,
302,
303,
304,
305,
308,
308,
310,
a1,
J12,
314,

NODE

[ - U A
.~ % o ow o

-

-1
-

8,

10,
11,
12,
13,
14,
15,
16,
17,
18,
19,
20,
21,
22,
23,

QF
QF
QF
QF
QF
QF
QF
QF
QF
QF
QF
QF
QF
QF
QF
Qr
QF
QF
QF
QF
QF
QrF
QF
QF
QF
QF
QF
QF
oF
QF
QFr
QF
QF
QF
QF
QF
QF
QF

23,

HEAD (EL M)

1,1250.00
1,1050.00
1, 550,00
, 850.00
, 926.76
, 930,00
, B12.,21
, 831.12
1, 820.00
1,117¢6,88
1,1149.67
1,1043,17
923.43
873.96
845,53
812.74
817.84
80B.63
806.51
806,78
801.06
799,99
795.71

-

et
- w o

R e e
. v oo~

« % 0w
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INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INTP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INTP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
InNIp,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,

24,
25,
26,
27,
28,
29,
30,
31,
32,
33,

35,
36,
31,
a8,
a9,
10,
11,
42,
43,
44,
45,

- 46,

11,
18,
49,
50,
51,
52,
53,
84,
55,
56,
517,
58,
59,
60,
61,
62,
63,
64,
63,
66,
61,
68,
69,
70,
71,
72,
73,
14,
15,
16,
1,
18,
79,
8o,
81,
B2,
83,
84,
85,
as,
87,
8g,
89,
90,
91,
92,

24,
25,
26,
21,
28,
29,

31,

11’
1,
1,

785.16
784.59
780.00

1,1240.00
1,1171.69
1,1127.30
1,1053.34

1,
1,

948,60
887.37

1,1230.00
1,1166.69
1,1084.70
1,1014.39

1,
1,
1,
1,
1,
ll
1,
1,
1,
1,
1'
1,
11’
1,
1,
1,

950,00
B885.75
852.31
800.00
795.9¢6
794.89
794.21
789,83
785.07
177.54
766,87
760.00
785,27
801.69
810,00
810.00Q

1,1230,.00
1,1153.,74
1,1101.88
1,1044.38

1,
1,

953,24
892,22

1,1159.00
1,1076.85
1,1003,79

941,11
B5B.61
826,31
B51.,34
839,00
B27 .38
816.28
804,50
810,09
797,73
782,44
788.82
795,84
791.87
818,41
813.38
807,72
802,84
797.25
793. 17
792,87
790,00
790.00
791,31
800.25
780,00
764,67
750,00

1004,50

809,47
714,17

27-

MODEL2.DAT (B2/A7)



INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
IN1P,
INIP,
INip,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
Inip,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INiP,
INIP,
INIP,
INIE,
INIP,
INIR,
INiP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INiIP,
INIP,
INIP,
INIP,
INIP,

93,
94,
95,
96,
97,
98,
g9,

100,

101,

102,

103,

104,

105,

106,

107,

108,

109,

110,

111,

112,

113,

114,

115,

116,

117,

118,

119,

120,

121,

122,

123,

124,

125,

126,

127,

128,

129,

130,

131,

132,

133,

134,

135,

1386,

137,

138,

139,

140,

141,

142,

143,

144,

145,

148,

141,

148,

149,

150,

151,

152,

153,

154,

155,

1586,

157,

158,

159,

160,

161,

93,
94,
g5,
a6,
97,
o8,
99,

100,

101,

102,

103,

104,

105,

106,

107,

108,

109,

110,

111,

112,

113,

11d,

115,

116,

117,

118,

119,

120,

121,

122,

123,

124,

125,

126,

127,

128,

129,

130,

131,

132,

133,

134,

135,

138,

137,

138,

139,

140,

141,

142,

143,

144,

145,

146,

147,

148,

1484,

150,

151,

152,

153,

154,

155,

158,

157,

158,

159,

160,

161,

620.64
644.94
769,81
812.90
802.84
783.5¢6
784,09
784.91
187,18
187.91
789.44

1,1072.06

1,

841.23
666.20
562.18
590.72
603.20
619.07
630.26
665.15
644.84
710.00
752.63
760,41
790.00
770.23
B10.75
794,07
786,47
608.48
660,58
721,15
718,50
748,45
784.57
830.00
803.80
799,91
780.89
800.00
80%.13
808.32
B20.00
813.80
810.12
798.37
790.00
578.51
591.78
652.65
720.14
710.00
745.41
781,55
801,38
807.15

1,1500.00
1,1500.00
1,1522.50
1,1452.08
1,1254,06
1,1050.00

1,
1,
1,
1,
1,
1,

949.28
760.12
530.00
545,96
549.18
550,00

1,1500.39
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INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INie,
INIP,
INIP,
INIB,
NIP,
mwie,
INIP,
INIP,
INIP,
INIE,
INIP,
INIB,
1wie,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INIP,
INIP,
INTE,
INIP,
INIP,
INIP,
INIP,
INIP,
NP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INIP,
NP,
INIP,
INIE,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INTP,
INIP,
INTP,
INIP,
INID,
INIP,
INTP,

162,
153,
1864,
165,
166,
167,
168,
169,
110,
171,
112,
173,
174,
178,
178,
171,
178,
179,
180,
181,
182,
183,
184,
185,
186,
187,
188,
189,
190,
191,
192,
193,
194,
195,
198,
197,
198,
199,
200,
201,
202,
203,
204,
205,
2086,
207,
208,
209,
210,
211,
212,
213,
214,
215,
216,
217,
218,
219,
220,
221,
222,
223,
224,
225,
226,
227,
228,
229,
230,

162,
163,
164,
165,
186,
167,
168,
169,
170,
171,
172,
173,
174,
175,
116,
177,
178,
119,
180,
181,
182,
183,
184,
185,
186,
187,
188,
189,
190,
191,
19z,
193,
194,
185,
198,
197,
198,
199,
200,
201,
202,
203,
204,
205,
206,
207,
208,
209,
210,
211,
212,
213,
214,
215,
218,
217,
218,
219,
220,
221,
222,
223,
224,
225,
226,
221,
228,
229,
230,

1,
11
1,
1:
1,
1,
1,
1-1
1,
1,
1,
1,
i,
1,
1,
1,
1'
1,
1,
1'
1,
1,
1,
1.r
1,

11’
1,
1,
J'l
1,
1,
1,
1,
1,
1,

1,
1,
1,
1,
i,
11
L
1,
1,
1,
ll
1-
11
1,
1,
1,
i,
11
1,
1,
11
ll
1,
1,
i,

1414.13
1298.41
1285,319
1072.10

971.75

823.45

628.90

546.92

557,83

573.72
1543.00
1463.19
1381.16
1319.72
1231.63
1090.24

953.79
1568.91
1494.00
1409.00
1347.34
1294.88
11%4.74
1090.47
1002,83

1444,30
1396.27
1349.07
1325.94
1250.00
1124.17
994.88
800.81
590,00
605.38
650.00
693.31
734,86
760.00
679.16
1530.,00
1435,13
1384,93
1353.3¢0
1330.67
1288.81
1352.64
1313.22
133B.96
1297.75
1243.40
1136.11
1027.,91
882,81
706.03
668.16
1299,67
1242.,31
11590.00
1056.72
855.44
880,00
722,84
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INIE,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INie,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INiIp,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INIP,
INID,
INIP,
INIP,
INIF,
INIP,
INIP,
INIP,
INID,
INIP,
INIP,

231,
232,
233,
234,
235,
236,
237,
238,
238,
240,
241,
242,
243,
244,
245,
246,
2417,
248,
249,
250,
251,
252,
253,
254,
255,
256,
257,
258,
259,
260,
261,
262,
263,
264,
265,
266,
261,
268,
268,
270,
271,
272,
273,
274,
215,
216,
271,
2178,
219,
280,
281,
282,
283,
284,
285,
28e,
287,
288,
289,
290,
291,
292,
293,
2384,
295,
296,
2917,
298,
299,

231,
232,
233,
234,
235,
2386,
231,
238,
239,
240,
241,
242,
243,
244,
245,
246,
247,
248,
249,
250,
251,
252,
253,
254,
253,
256,
257,
258,
259,
260,
261,
262,
263,
2864,
265,
266,
267,
268,
2689,
270,
271,
2172,
2173,
274,
2175,
21s,
271,
218,
213,
280,
281,
282,
283,
284,
285,
286,
287,
288,
289,
290,
291,

292,

293,
294,
295,
296,
291,
288,
299,

i,
1,
1,
1,
1

1,1
1,1
1,1
1,1
1,1
1,1
1,1
1,1
1,1
1,1

712.72
646.66
610.00
659,95
770.10

1,1371.36

32,32
269,38
205.99
173.14
116.25
513,35
436.80
378,51
304,04
268,49

1,1216.05
1,1138.86

1,1
i,
1,
1,
i,

1,
1,1

059.45
931.41
825.20
794,47
779,22
763.19
747,84
732.41
716.98
685.28
685,30
640.00
746.94
193.238
780.41
768.22
155.08
742.13
129.64
723.31
893.45
792,17
717.78
162,50
152 .66
742.38
580.00

1,1534.22

1,1
1,1
1,1
1,1

466,58
113,85
383.46
265,52

1,1206,92

1,1
1,1
1,
1,
1,

150,00
074,94
974.47
942,32
780,00
176.38
769,20
161,73
154.88
760,00
739,84
686.45
710.59
179,20
799.45
821,48
820.18
B12.55
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INIP,
INIP,
INIP,
INTP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INID,
INTE,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIE,
INIP,
INIP,
INIP,
INIP,
INIP,
nie,
INIP,
INIP,
INIE,
INIP,
INIP,
INie,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIB,
INIP,
INIP,
INIP,
INIP,
INIP,
INIB,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
NIP,
INIP,

INIP,
INIP,
INIE,
INIP,
INIP,
INIP,

300,
301,
302,
303,
304,
305,
306,
307,
aoe,
309,
310,
311,
312,
313,
314,
315,
ils,
17,
als,
318,
320,
3z1,

322,

az3,
324,
325,
a2s,
321,
328,
329,
130,
331,
332,
333,
334,
1as,
336,
337,
33s,
339,
340,
341,
142,
343,
344,
345,
348,
347,
148,
349,
3150,
351,
352,
353,
354,
ass,
356,
as7,
358,
359,
160,
351,

104,

3on,
301,
3oz,
303,
o4,
305,
08,
307,
ios,
309,
alo,
311,
2,
313,
314,
315,
3ls,
i,
318,
319,
320,
321,
322,
323,
324,
325,
326,
3217,
328,

- 329,

330,
331,
33z,
333,
334,
335,
i3s,
337,
3.,
339,
340,
341,
342,
343,
344,
345,
348,
347,
348,
349,
350,
351,
3as2,
353,
a54,
3853,
358,
357,
358,
3s9,
3eo,
3el,

27,
33,

. 53,

58,
104,

1, 770.00
1,1580.00
1,1561.37
1,1490.35
1,1456.54
1,1342.44
1,1270.52
1,1600.00
1,1562.63
1,1533.85
1,1502.26
1,1356,94
1,1276.18
1,18600,00
1,1509,23
1,1363.98
1,1281.20
1,1198.73
1,1145.89
1,1071.30
1, 974.94
1, B16.61
1, 799.14
1,1600.00
1,1620,00
1,1380,00
1,1278.96
1,1209.01
1,1150,00
1,1010.00
1, 960.00
800.00
821.63
788.76
730,00
731.68
808,20
764.56
780.00
785,48
820.00
823.70
824.05
821.53

R . T R

810.67
828.14
835,49
800.13
880.00
880.00
860.00
838.63
B33.45
805.77
822.486
B820.94
820.04
830.00
830.00
820.00
B20.00

D

O T Tl 0 N I =l o e Sy
-

L T Y

1,1120.00
1,1120.00
1,1120.00
1,1140.00
1,1160,00
1,1190.00

880.00
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INIP,
INIF,
NP,
INIP,
INIE,
inIP,
INIP,
INIP,
INIP,
INIP,
INTP,
INTE,
INIP,
INIE,
INIP,
INIP,
INIP,
INIE,
*

INIQ,
INIOQ,
INIQ,
INTQ,
INIOQ,
INTIOQ,
INIQ,
INIQ,
INIOQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
»

INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INTIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIOQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,

51,

13z,
1349,
300,
343,
3ss,

le2,
183,
164,
173,
174,
180,
181,
laz,
193,
194,
195,
19s,
209,
214q,
211,
212,
215,
216,
211,
214,
236,
231,
243,
244,
245,
217,
278,
279,
3oz,
303,
304,
3os,
aos,

132,
139,
300,
343,
358,

162,
163,
164,
173,
174,
180,
181,
182,
193,
194,
145,
196,
209,
210,
211,
212,
215,
218,
217,
218,
236,
237,
243,
244,
245,
271,
278,
279,
302,
303,
304,
ags,
308,

149,
150,
151,
154,
161,
172,
179,
141,
192,
208,
242,
215,
276,
301,
307,
313,
323,
324,

1, -1800

1, -2400

1, -2400

1, -2400

1, -2400

1, -1400

1, =1400

1, -2800

i, -2800

1, =4000

1, -4800

1, =56Q0

1, -5600

1, -4800

1, -4800

1, 1918

1, 274

1, 274

1, 274

1, 548

1, 274

l' qu

1, 822

1, 137

1, 137

1, 137

1, 1233

1, 1781

1, 274

1, 274

1, 214

1, 214

1, 274

1, 274

1, 274

1, 411

1, 411

i, 274

1, 274

1, 548

1, 274

1, 411

1, 411

1, 137

1, 274

1, 411

1, 411

1, 137

1,1450.00
1,1420.00
1,1440.00
1,1310.00
1,1440.00
1,1440.00
1,1460.00
1,150G.00
1,1420.00
1,1480.00
1,1480.60
1,1500.00
1,1470,00
1,1500.060
1,1500.00
1,1500.00
1,1500.G0
1,1500.00
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INIQ,
INIQ,
INIQ,
INIQ,
INIQ,

* % % % ¥ ¥ ¥ * #

LAYE,

* & % £ * * * #
r
=
1

ENDD

1.00E-07
1.00E-03
9.,03E-04
8.03E-04
6.75E-04
5.02E-04
3,73E-04
3.30E-04
2.77E-D4
2,06E-04
1.39E-04
1.23E-04
1,03E-04
7.67E-05
5.1BE-05
3.85E~D5
1.93E-05
7.20E-086
2.68E-06
1,.00E~-06
1.00E-07
0.25
0.2391
0.2258
0.2082
0.1813
0.1578
0.1490
0.1374
0.1197
0.0997
0.0941
0.0868B
0.0756
0.0629
0.0548
0.0397
0.0251
0.0158

309, 309, 1, 137

310, 310, 1, 274

a1, 311, i, 137

312, 312, 1, 137

314, 314, 1, 685

--- AQUIFER CONSTANTS ---

K : COEFFICIENT OF INFILTRATION CAPACITY

5 : COEFFICIENT OF STORAGE
SYMBOL OF K
AQUIFER

a0
_GS00, 1.0E~08,
Gs01, 1.0E-08,
Gs02, 1.0E-08,
Gs03, 1.0E-08,
G504, 1.0E-08,
6505, 1.0E-08,
GS06, 1.0E-08,
GS07, 1.0E-08,
G508, 1.0E-08,
GS09, 1.0E-08,
Gs10, 1.0E-08,
Gs11, 1.0E-08,
6512, 1.0E-08,
GS13, 1.0E-08,
Gs14, 1.0E-08,
Gs15, 1.0E-08,
G516, 1.0E-08,
Gs17, 1.0E-08,
G518, 1.0E-08,
Gs19, 1.0E-08,
AQ00, 1.0E-08,
AQO1, 100.0,
AQO2, 80.0,
AQO3, 60.0,
AQO4, 40.0,
AQOS5, 20.0,
AQOS, 10.0,
AQO7, 7.5,
AQOSB, 5.0,
AQO9, 2.5,
“AQ10, 1.0,
aQll, 0.75,
AQ12, 0.50,
AQ13, 0.25
AQ14, 0.10,
AQ15, 0.05,
AQLE, 0.01,
AQ17, 6.col,
AQ1B, 0.0001,
AQ19, 0.00001,

--=  GECLOGICAL DATA

-

0,0100
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MESH.DAT (A1-6)

6. 'MESH.DAT' FOR THE Al-6 AQUIFER

TITLE
LOWER AJLUN { Al-6 )
SUBT
FEM MESH
*
* NODE NO, X Y
*
NODE 1 220289 1032499
NODE 2 229599 1037482
NODE 3 238302 1035662
NODE 4 242963 1037206
NODE 5 249898 1033584
NODE 6 252635 1034788
NODE 7 217487 1032678
NODE 8 229751 1029144
NODE 9 238331 1028667
NODE 10 24775% 1030851
NODE .11 251233 1030801
NODE 12 255365 1030425
NODE 13 215427 1029185
NODE 14 217849 1025901
NODE 15 222969 1025545
NODE 16 215407 1021309
NODE 17 221773 1021203
NODE 18 230406 1022845
NODE 19 237851 1023202
NODE 20 244183 1026736
NODE 21 217423 1017069
NODE 22 222599 1014442
NODE 23 232779 1016062
NODE 24 239558 1018804
NODE 25 245165 1019703
NODE 26 252315 1020949
NODE 27 254314 1027131
NODE 28 258312 1020900
NODE 29 258240 1028370
" NODE 30 262390 1024900
NODE 31 262004 1020471
NODE 32 266057 1024567
NODE 33 267676 1024452
NODE 34 273157 1023636
NODE 35 277535 1027354
NODE 36 285217 1024463
NODE 37 214341 1015897
NODE 38 216033 1013118
NODE 39 209795 1011071
NODE 40 212229 1004075
NODE 41 220278 1007115
NODE 42 226723 1005896
NODE 43 233497 1013154
NODE 44 234741 1010061
NODE 45 2403862 1015624
NODE 46 241594 1010020
NODE 47 250280 1013577
NODE 48 258770 1012862
NODE 49 261161 1012825
NODE 50 271123 1016168
NODE 51 272749 1018565
NODE 52 262218 1006627
NODE 53 266373 1008973
NODE 54 268277 1009003
NODE 55 275577 1010655
NODE 56 ° 277187 1011516
NODE 57 287517 1012483
NODE 58 291926 1012918

-35.



NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NCDE
NCDE
NODE
NODE
NODE
NODE
NODE
NCDE
NODE
NODE
NODE
NCDE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NGDE
NODE

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
15
76
1
78
19
80
81
82
83
84
85
B6
87
88

90
91
92
a3
94
95
96
87
88
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

266345
268308
266341
2608196
270338
273489
279912
282101
298718
266348
268335
270250
272297
252314
264298
268295
270259
272245
276289
264265
268327
270253
272335
268275
270332
272283
277589
284733
286846
268257
270652
273131
272370
274228
278876
269437
272317
275903
2716274
282378
292054
300796
307608
210500
209901
217474
2237117
229072
234345
240305
247889
255900
264291
272258
276682
228883
234213
240165
247474
255487
264274
272352
199818
201817
203855
198417
201445
203411
209363

1006962
1006945
1004963
1005005
1004966
1006436
1005272
1005340
1005631
1002964
1002888
1002942
1002950
1004912
1000886
1000842
1000849
1000838
1001014
996865
998855
998981
998977
996820
396888
996906
996945
997632
998057
994833
994559
895296
992814
992975
992960
992204
990822
991635
988890
988818
987233
996157
984152
1001000
995035
995619
997083
398276
98006
996778
994900
993251
991654
988388
986110
996847
996791
995290
993599
991629
989715
985997
996889
996813
8954049
994054
993502
991939
990342
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NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NGDE
NODE
NODE
NODE
NQODE
NODE
NODE
NODE
NCDE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
RODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
RODE
NODE
NODE

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
182
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196

214268
222858
228257
240353
253433
264275
272388
280391
199977
201455
203441
198983
201510
2037889
198169
201536
204238
209364
214233
217838
221561
227149
197509
195939
202200
204699
210283
199690
202276
205072
209850
213424
216728
219920
236401
251857
261982
212282
286321
299877
196357
196278
199059
202248
201559
204289
205291
208871
209911
212738
215114
218297
218197
225614
248304
262057
278342
289842
294349
303906
309158
305291
310903
315486
325254
182735
198302
201297
208586

988724
988687
988905
986713
981330
980935
980989
981351
991525
991170
988774
988422
987935
285018
982799
9827172
9827186
982811
980050
979966
977539
9718009
977213
976796
976806
976770
976300
966824
967658
967637
968075
9668824
871687
968826
9708864
967262
969432
970994
875852
985238
962045
957797
861976
962102
855528
954835
962107
954872
961687
954814
962570
954487
962445
954450
949230
951682
956919
970872
964972
977056
966482
977136
967011
981732
986481
953956
951570
950647
948528
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NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NQDE
NODE
NODE
HODE
NODE
NODE
NCDE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEY
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM

197
198
189
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

10

12
13
14
15
16
17
i8
19
20
21
22
23
24
25
26
27
28
29
30
31
3z
33
34

O @~ oy N

212481
215607
152412
194771
196415
200706
199401
207945
208227
210427
21119¢
213968
214676
222423
222450
232368

" 234500

240411
246546
256494
256030
274387
267557
286340
290344
301897
301216
312973
318151
321911
314265
320008
324692
330942
344641

-
[T JT= .- T R P R T S U N ]

WA A R R N A A RS A R LD 4 b bt o
O OVH TN ABEWRRNMAYDYOhsWRO O

946876
947132
943007
837724
8944902
931642
944854
933581
938876
9340867
940011
8934470
940021
934860
940750
934956
940925
934902
938994
931356
535112
932646
941420
942945
950524
940941
933760
959476
950591
941835
961285
851715
8943349
873972
955873
7

8

9

3

10

13

14

17

18

19

20

20

10

11

27

16

16

37

21

22

23

29

39

37

12

13

45

45

47

26

48

28

18

3l

10
10
11
14
15
bR
19
20
10
25
26
27
28
14
17
21
22
23
24
25
k}:|
38
43
45
25
46
48
28
28
31
19
3z
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ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM

35
36
a7
8
39
40
41
42
13
44
45
46
47
48
19
50
51
52
33
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
22
13
74
75
76
7
18
79
80
81
82
a3
B4
85
86
87
88
8%
20
gl
92
93
94
95
96
87
98
99
100

101 .

102
103

32
33
33
35
36
36
kl:}
38
43
43
47
48
49
50
51
53
53
32
59
62
61
62
54
63
55
56
56
57
48
68
69
70
8l
71
65
66
73
74
75
81
93
79
19
a0
82
83
78
88
89
92
92
111
91
91
95
97
86
93
31
87
a7
98
a9
40
40
11
12
14
46

3l
az
21
34
51
57
38
11
42
44
16
52
53
53
50

59
73
61
63
68
69
63
70
64
85
66
66
12
13
74
75
77
17
13
87
78
75
80
84
86
78
82
83
88
B9
11
94
91
85
96
112
94
a5
112
i12
97
98
a9
99
113
135
167
102
104
105
106
107
108

49
50
34
51
56
58
40
q2
44
46
72
53
50
54
93
61
60
6B
62
54
69
70
64
n
71
65
57
67
73
74
75
16
71
86
87
67
79
BO
81
B5
7
a8
83
84
Bg
90
94
91
92
84
93
94
112
96
97
113
98
99
817
100

- 135

99
101
103
105
106
107
108
109

-30.

S0
Sl
34
36
37
58
41
22
14
43
48
49
50
55
56
59
54
61
60
60
62
63
55
64
65
66
57
58

.52

69
70
71
76
65
66
67
74
15
16
11
85
a2
80
81
83
g4
88
g
80
89
85
94
95
82
96
113
93
86
87
67
98
99
ig0
109
q1
42
14
46
12
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ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELZM
ELZM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM

104
105
106
107
108
108

© 110

111
112
113
114
115
lile
117
118
119
120
121
122
123
129
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
14¢
131
142
143
144
145
146
147
148
149
150
151
152
133
154
155
156
157
158
139
160
16l
162
163
164
165
166
167
168
169
170
171
172

72

73
105
106
107
108
108
110
111
112
120
135
167
121
122
122
123
103
103
104
105
114
115
117
118
119
120
124
125
136
137
126
139
140
141
127
127
128
128
129
1390
131
132
133
134
142
143
143
144
145
146
147
148
149
151
152
153
176
155
155
156
157
158
159
159
160
161
16l
162

108
110
114
114
115
1le¢
117
118
119
120
135
166
188
124
125
123
126
127
128
128
129
130
131
131
132
133

134

136
137
139
140
138
142
142
144
145
146
1l4s
197
148
148
162
163
164
165
150
151
152
1513
154
159
160
160
161
155
156
157
159
l68
170
171
174
157
1786
178
180
180
181
181

110
111
106
115
ils
117
118
119
120
113
113
167
191
125
126
103
127
128
104
129
130
131
117
132
133
134
135
137
138
1490
141
141
143
144
145
146
128
147
148
149
162
163
164
165
166
151
152
153
154
159
160
148
161
i62
156
157
158
134
169
171
174
176
178
178
180
151
179
162
182

-40-

73

78
106
107
108
109
110
111
112
113
113

99
101
122
123
103

© 103

128
104
105
114
115
116
118
118
120
135
125
126
137
138
127
140
141
127
146
128
147
129
130
131
132
133
134
135
143
152
144
145
148
147
148
149
162
152
153
154
158
170
1586
157
1786
176
178
160
161
181
la2
163
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ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM

SAVE
NOWR
PLOT
STAR,
SCAL,
NNUM,
ENUM,
MESH,
MPLO
PEND
/END

0, ME
A4
OFF
[s133
ON

173
174
175
176
177
178
178
180
181
182
183
184
185
186
187
188
1e9
190
181
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
208
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
221
228
229

163
164
165
166
167
170
m
174
174
176
176
178
169
172
173
175
1717
179
198
181
182
182
182
183
185
185
187
189
184
l8e
188
190
193
194
195
156
187
198
199
201
203
205
207
209
211
213
215
217
219
220
221
221
224
221
222
225
228

182
183
184
185
187
169
172
i
173
174
175
177
193
194
195
196
197
198
209
211
213
215
219
219
184
hY:1
188
150
220
221
224
227
199
201
203
205
196
197
200
200
202
2014
206
208
210
212
214
216
218
218
220
222
225
228
223
226
229

183
184
185
187
189
172
173
173
175
175
177
179
194
195
195
197
198
181
211
213
215

- 217

183
220
186
1838
180
192
221
224
221
230
201
203
205
207
207
209
201
202
204
206
208
210
212
214
216
218
220
223
222
225
228
231
226
229
231

41-

164
165
166
167
189
171
173
173
175
175
178
180
172
173
175
177
179
181
18]
iB2
215
219
183
184
186
187
189
191
186
las
130
192
194
185
196
207
209
209
201
203
205
207
209
211
213
215
217
219
220
222
222
224
227
230
225
228
231
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GEOL.DAT (A1-6)

7. 'GEOL.DAT' FOR THE Al-6 AQUIFER

TITL

LOWER AJLUN ( Ar/6 )
SUBT

GENERATION OF GEOLOGICAL DATA
RESU
*
GPOI, 2
BASE, AQUI, SURF
450.0, 550.0 1000,0
GPOI, 4
BASE, AQUI, SURF
450.0, 600.0 1000.0
GroI, 6
BASE, AQUI, SURF
470.0, 620.0 950,90
GpoI, 1 .
BASE, AQUT, SURF
500.0, 600.0 1000.0
GpoI, 17
BASE, AQUI, SURF
1000.0 1100.8,  1200,0
GPOI, 23
BASE, AQUI, SURF
140.0, 540,0, 1000.0
GPOI, 25
BASE, AQUI, SURF
450.0, 550.0, 880.0
GPOI, 30
BASE, AQUI, SURF
450.0, 650.0, 880.0
GPOI, 36
BASE, AQUI, SURF
450.0, §70.0, 1000,0
GPOI, 121
BASE, AQUI, SURF
850.0, 1000.0 1450.0
GPOI, 102
BASE, AQUI, SURF
300.0, 500.0, 1200.0
GPOI, 103
BASE, AQUI, SURF
300.0, 500.0, 1200.0
GPOI, 105
BASE, AQUI, SURF
160.0, 4B0.0, 1100.0
GPOI, B9 )
BASE, AQUI, SURF
420.0, 680.0, 910,0
GPOI, 100
BASE, AQUI, SURF
450.0 670.0 920.0
GPOI, 150
BASE, AQUI, SURF
1150.0,  1250.0, 1650.0
GPCI, 149
BASE, AQUI, SURF
3130.0, 500.0, 1100.0
GPOI, 132
BASE, AQUI, SURF
160.0, 480.0, 910.0
GPOI, 185
BASE, AQUI,  SURF
1000.0, 1100.0, 1650,0
GPOI, 161
BASE, AQUT, SURF
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500,0, 630,0, 1100.0

GPOI, 163

BASE, AQUI, SURE
280,0, 480,0, 880.0
GPOI, 185

BASE, AQUI, SURF
420.0, 600.0, 880.0
GPOI, 192

BASE, AQUI, SURF
450.0, £70.0 920.0
GPOI, 193

BASE, AQUI, SURF
1050,0, 1250.0, 1700.0
GPOI, 179

BASE, AQUT, SURF
600.0, 750.0, 1100.0
GPOI, 182

BASE, AQUI, SURF
500.0, 650.0, 900.0
GPOI, 221

BASE, AQUI, SURF
$50.0, 700.0, BB0.0
GPOI, 230

BASE, aQuI, SURF
500,0, §70.0, 930.0
GPOI, 202

BASE, AQUI, SURF
1200.0, 1350.0, 1650.0
GROI, 210

BASE, AQUI, SURF
800.0, 200.0, 1100.0
GPOI, 216

BASE, AQUI, SURF
690.0, 800.0, 890,0
GPOI, 223

BASE, AQUI, SURF
£90,0, 800.0, 890.0
GPOI, 231

BASE, AQUI, SURF
680.0, 750.0 920.0

GREG, 7, 37, 23, 2
GREG, 2, 23, 25, 4
GREG, 25,109, 89, 30
GREG, 4, 25, 30, 6
GREG, 37,102,105, 23
GREG, 23,105,132, 25
GREG, 25,132, 89, 30
GREG, 30, 89,100, 36
GREG, 102,121, 103,105
GREG, 121,150,149, 103
GREG, 103,149,132, 105
GREG, 150,155, 161,149
GREG, 149,161,163, 132
GREG, 132,163,185, 89
GREG, 89,185,192,100
GREG, 155,193,179, 161
GREG, 161,179,182,163
GREG, 163,182, 221, 185
GREG, 185,221,230, 192
GREG, 193,202,210, 179
GREG, 179,210,216, 182
GREG, 182,216, 223, 221
GREG, 221,223,231, 230
*

PLOT

STAR, 0, ME

FPRI, ON

CONT, MANU

200, 250, 300, 350,
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400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000,
1050, 1100,1150, 1200, 1250,1300, 1350, 1400, 1450, 1500, 1550, 1600
SCAL, A3

GPLO, BASE

GPLO, AQUI

GPLO, SURF

PEND

/END
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8. 'GEOL.ADD' FOR THE Al-6 AQUIFER

GECL , 1, 1, 1, 2
BASE AQUI SURF
450,00, 550.00,1000,00
GEOL , 13, 13, 1., 2
BASE AQUI SURF
650,00, 750.00,1200,00
GEOL . s, 5, 1, 2
BASE AQUI SURF
450,00, 670.00,1000,00
GEOL , 39, 39, 1., 2
BASE AQUI, SURF
1000.00,1100,.00,1200.00
GEOL , 58 , 58 , 1, 2
BASE AQUI SURF
450.00, 650.00, 950.00
GEOL , 67 , 67 , 1, 2
BASE AQUI SURF
450.00, 650.00, 950.00
GEOL , . 101, 101 , 1, 2
BASE AQUI SURF
450,00, 650,00,1200,00
GEOL , 124 , 124 , 1, 2
BASE AQUI SURF
500,00, 1050,00,1450.00
GEOL , 168 , 168 , 1, 2
BASE AQUI SURF
1050,00,1200,00,1680,00
GEOL , 199 , 189 , 1, 2
BASE AQUI SURF
1220.00,1300,00,1680.00
GEOL , 200 , 200 , 1, 2
BASE AQUI SURF
1220.00,1350,.00, 1680,00
GEOL , 226 , 226 , 1, 2
BASE AQUI SURF
690.00, 800.00, 900.00
GEOL , 229 , 229 , 1, 2
BASE AQUI SURF
690,00, 800.00, 900,00
ADDEND

-
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9. 'NMAT.DAT' FOR THE Al-6 AQUIFER

1 AQ12
2 AQl2
3 AQl2
4 AQll
5 AQll
6 AQl1
7 AQl1
8 AQ11
8 AQlLl
10 AQll
11 AQll
12 AQL1
13 AQL1
14 AQl1
15 AQLl
le AQlL1
17 AQ11
18 AQLll
19 AQl1
20 AQ11
21 AQ11
22 AQlO
23 AQL0
24 AQ10
25 AQ10
26 AQl2
27 AQ10
28 AQl2
29 AQl0O
a0 AQL0
3l AQl2
32 AQ10
a3 AQ10
34 AQ10
as AQLO
36 AQ10
37 AQ10
a8 AQ10
39 AQLO
40 AQ10
11 AQO6
42 AQOB
43 AQO7
44 AQOS
15 AQO7
46 AQOS
47 hQO7
18 AQO?
49 AQLO
50 AQL7
51 AQL17
52 AQOS
53 AQOS
54 AQOS
55 AQ22
56 AQ22
57 AQCB
58 AQOB
S9 hQO5
60 AQOS5
61 AQO5
62 AQOS
63 AQDS
64 AQO5
65 AQ20
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66
67
68
69
70
71
12
13
74
15
16
7
18
19
80
Bl
a2
a3
B4
85
86
B7
ae
B9
90
91
92
93
94
95
96
a3
28
99
io0
101
102
102
104
105
106
107
108
108
110
111
112
113
114
115
1186
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

AQ20
AQOB
AQOS
AQO5
AQO5
AQOS5
AQOS
AQOS
AQOS
AQOS
AQOS5
AQOS5
AQOS
AQO5
AQO5
AQOS5
AQO5S
AQOS5
AQO5
AQ12
AQ22
AQ22
AQOS
AQOS
AQOS
AQl0
AQ10
AQ12
AQl0
AQ12
AQ12
AQ12
AQ15
AQ12
AQOB
AQoB
AQl0
AQO6
AQUe
AQ34
AQ34
AQ34
AQ34
AQ34
AQ34
AQ34
AQ34
AQ34
AQ34
AQ34
AQ34
AQ34
AQ34
AQ34
AQ34
AQ10
AQ10
AQl0
AQl2
AQl0
AQLO
AQOB
AQO8
AQ34
AQ34
AQL7
hQ17
AQL7
AQL7
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204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
2217
228
229
230
23]
AQEND

hQ22
AQl2
AQ22
AQ12
hQ22
AQl12
AQl8
AQ12
AQl2
AQlLO
AQ12
AQ10
AQ12
AQLO
AQ12
AQLO
AQ10
AQ10
AQlO
AQ11
AQll
AQll
AQl11
AQlD
AQ10
AQLO
AQLO
AQlOQ
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135
136
137
138
139
140
141
142
143
144
145
148
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
le8
169
170
171
172
173
174
175
176
1M
178
179
180
181
ig2
183
184
185
186
187
188
189
180
191
192
183
194
195
196
197
198
199
200
201
202
203

AQa4
AQ12
AQ11
AQlt
aQi2
AQl2
aQ12
AQ12
AQ12
AQ12
aQ12
AQ12
AQ15
AQ17
AQ30
AQ18
AQ1B
AQ18
AQl5
AQ1S
AQ22
AQ22
AQ18
AQ18
AQ18
AQ30
AQ30
AQLO
AQLO
AQ10
AQLO
AQl0O
AQ10
AQ22
AQ21
AQ21
AQL8
AQL5
AQ18
AQ1B
AQ18
AQ18
AQ30
AQ30
AQ30
AQ30
AQ10
AQ09
AQDB
AQO7
AQ07
AQ07
AQ11
AQ11
AQll
AQll
AQ10
AQ10
AQ22
AQ1E
AQ1B
AQ20
AQ20
AQ20
AQle
AQ18
AQ18
AQ17
AQ15
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NCON,

* ¥ * * %

INIF,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
InIe,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIe,
INIP,
INIE,
INIe,
INTP,
INIP,
INIP,
INIP,
InIe,
INTP,
INIP,
INIP,
INTP,
INIP,
INIB,
INIP,
INIP,
INIR,
INIP,
INTP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INID,

230, 230,

-~ INITIAL CONDITION ---

NODE

1,

QF

21,

3o,
a1,
az,
33,
34,
as,
36,
37,
e,
39,
40,
a1,
42,
43,
a4,
45,
48,
47,
48,
49,
s0,
51,
52,
53,
54,
55,
58,
57,
5@,
59,

* 60,

61,
62,

[y
..~

[
M

[y

-

P T

-

e T S e . ]

]

T e o = T o e e e e e I e e e e o el o ol o

-

[
F A A

HEAD (EL M)

505.
505,
504,
505,
517.
525.
555,
537.
502.
511.
515.
519.
705,
713.
648.
873,
739.
548,
501.
504.
93z,
157.
485,
501,
505,
504.
510,
502,
516.
505.
501,
504,
504.
503,
505.
505,
, 10585.00
8e0,
,1055.00
510.
557.
537,
454,
416,

475
414

455
494
496
197
488

g
Qo
85
09
83
a0
oo
Oe
74
55
68
57
oo
31
086
44
03
38
07
62
94
22
00
05
00
17
89
47
27
00
06
66
57
26
00
00

q1

186
13
63
37
56

.55
.99
488,

86

.00
.31
.56
.41
.53
189,
488,
493,
494,
499,
505,
487,
485,
485,
4B3.

35
07
29
72
73
Qo
52
89
69
75
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10. 'MODEL2.DAT' FOR THE A1l-6 AQUIFER

SETTING, RUN , 3600, O
TITLE
WATER RESOURCES STUDY OF THE JAFR BASIN { LOWER AJLUN )
1sT , 231, =229, 8, 231, 3
2ND 3, 0, 0, 0, 0
3RD , 0, 0, 0, o, 0, 0
4TH , 0, 0
*

* -~-— MESH DATA ---

UNIT, ME . DAY , 25, 5.0E-01
CONT, STEADY

*

* -—— BOUNDARY COCNDITION ---
*

* HF : CONSTANT HEAD

* QF : CONSTANT FLOW

x*

* NCDE CONDITION

NCON, 7, 17, 1, HF
NCCN, 13, 13, 1, HF
NCON, 16, 16, 1, HF
NCON, 31, 37, 1, HF
NCON, 39, 39, 1, HF
NCON, 40, 40, 1, HF
NCON, 102, 102, 1, HF
NCON, 103, 103, 1, HF
NCON, 121, 121, 1, A&F
NCON, 122, 122, 1, HF
NCON, 124, 124, 1, HF
WCON, 136, 136, 1, HF
NCON, 139, 139, 1, HF
NCON, 142, 142, 1, HF
NCOW, 150, 150, 1, HF
NCON, 151, 151, 1, HF
NCON, 155, 155, 1, HF
NCON, 168, 168, 1, HF
NCON, 169, 169, 1, HF
NCON, 193, 193, 1, #F
NCON, 199, 188, 1, HP
NCON, 200, 200, 1, HF
NCONW, 202, 202, 1, HF

NCON, 4, , 1, QF
NCON, 5, 5, 1, QF
NCON, 6, 6, 1, QF
NCON, 12, 12, 1, qF
NCON, 28, 29, i, QF
NCON, jo, 30, 1, qF
NCON, 32, 32, 1, QF
NCON, 33, 33, 1, qoF
NCON, 34, 34, 1, ¢F
NCON, 35, 35, 1, gF
NCON, ds, 36, 1, qF
NCON, 58, 58, 1, QF
NCON, 67, 67, 1, QF
NCON, 100, 100, 1, QF
NCON, 101, 101, 1, QF
NCON, 191, 191, 1, QF
NCON, 192, 192, 1, OF
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INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INTP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INie,
INIP,
INIP,
INIP,
INIP,
INIP,
INTP,
INIP,
INIP,
iNie,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INTP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
InIp,
INIP,
INTP,
INIP,
INIP,
INIE,
INIB,

132,
133,
134,
135,
136,
137,
138,
139,
140,
141,
142,
143,
144,
145,
148,
147,
148,
149,
150,
151,
152,
153,
154,
155,
158,
157,
158,
159,
160,
161,
162,
163,
164,
165,
168,
187,
168,
169,
170,
172,
172,
173,
174,
175,
176,
177,
178,
179,
180,
181,
182,
183,
184,
185,
1e6,
187,
1es,
189,
130,
191,
192,
193,
194,
195,
196,
197,
198,
199,
200,

132,
133,
134,
115,
136,
137,
138,
139,
140,
141,
142,
143,
144,
145,
146,
147,
148,
149,
150,
151,
152,
153,
154,
158,
158,
157,
158,
159,
160,
161,
162,
163,
164,
165,
168,
167,
168,
169,
170,
17,
172,
173,
174,
175,
178,
171,
178,
174,
180,
181,
182,
183,
184,
185,
186,
187,
188,
189,
190,
19,
192,
193,
194,
195,
196,
197,

198,

199,
200,

1,
1,
1.r
1.
1,
11
1,
1,1
1:
1,
1,1
1.1
11
1,
1,
1:
1,
1,
1,1
1,1
1,1
1,1
11
1,1

1,
1,1
1,1
1,1
1,
1,
1,

1,
1,
1.1
1,1

1,1
1,1

215.00
312.75
388.55
465.64
965,22
929.09
803,63
028.76
866.53
927.29
119.7L
027.97
953.98
B813.47
713.58
616.02
539,55
385,00
205,00
134.10
Q71.77
002.52
845.65
055.00
996.85
926.03
307.96
721.09
648.84
355.00
411.77
335.00
362.53
395.04
478.75
490.31
105.00
071.20
041,64
973.02
957.68
905.72
906.77
823.07
806,09
153.55
691.81
655.00
624,47
616,93
555.00
545.03
529.867
475.00
519.80
474,64
535.90
475,10
536.58
502.51
505.00
105.00
039,13
899,50
902.35
857,94
801.28
275.00
275.00
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INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INTP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
IwLp,
INIP,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIE,
INIE,
INIP,
INIE,
INIP,
INIP,
INIP,
INIE,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
inie,
INIP,
INIP,
INIP,
INIP,

63,
64,
65,
66,

&8,
69,
70,
11,
72,
73,
14,
s,
786,
17,

79,
80,
81,
8z,
83,
a4,
85,
886,
87,
88,
89,
aq,
91,
92,
93,
94,
95,
96,

o8,

99,
100,
101,
102,
103,
104,
105,
108,
107,
108,
109,
110,
111,
112,
113,
114,
115,
118,
117,
118,
119,
120,
121,
122,
123,
124,
125,
126,
127,
128,
129,
130,
131,

63,
64,
65,
66,
67,
68,
g9,
70,
71,
12,
73,
74,
75,
76,
1,
78,
79,
80,
81,
82,
83,
B4,
B3,
86,
87,
g8,
8g,
ag,
a1,
92,
93,
94,
as,
96,
97,
o8,
99,

100,

101,

102,

103,

104,

105,

108,

107,

108,

109,

110,

111,

112,

113,

114,

115,

116,

1117,

118,

119,

120,

121,

122,

123,

124,

125,

126,

127,

128,

129,

130,

131,

P b e b b e e
A 8% % o4 moaoaomoaon

[y
-

-

- e w w oW om

il e

485,11
488.50
491.61
493.07
505.00
483.87
481,58
483.02
484.51
424,81
482.53
481.39
480,93
482.58
485.83
445.46
479.57
479,05
480.81
417.02
4717.02
478.83
483.723
490,65
482.74
459.00
475.00
478,14
476,82
478.37
482.30
445,91
462.98
478,72
479.83
483.70
488,48
505.00
505,00
355.00
355.00
286.53
215.00
251.26
265.34
272.39
284.80
345.24
397,34
443.21
467.16
230.38
299.60
255.70
271.172
326.90
379.12
426,07
905.00
797.53
828.81
955.00
201.29
866,35
720.13
502.76
330.05
298.58
237.37
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INIQ, 100, 100, 1, =-2600
INIQ, 101, 101, 1, -2600
IN1Q, 191, 191, 1, =880
INIQ, 192, 1%2, 1, ~880
INID, 230, 230, 1, =550

*

*

* - -

*

w K :
b 5 :
*

L 4

¥

*

LAYE, 35

* & R LY % N ¥ % %
™
=z
m

m
=
o
o

AQUIFER CONSTANTS ---

COEFFICIENT OF INFILTRATION CAPACITY
COEFFICIENT OF STORAGE

SYMBOL OF
AQUIFER

GRSF,
AQO1,
AQO2,
AQO3,
AQO4,
AQOS,
AQOS,
AQO7,
aQ08,
AQO9,
AQl0,
AQ13,
AQ12,
AQL3,
AQ1L4,
AQ15,
AQ16,
AQ17,
AQ18,
AQ19,
AQ20,
AQ21,
AQ22,
AQ23,
AQ24,
AQ25,
nQ2E,
AQ27,
AQ28,
AQ29,
AQ30,
AQ31,
AQ32,
AQ33

AQ34,

GEOLOGICAL DATA ---

K

0.00001,
lo0.0,
8.0,
6.0,
4.0,
2.0,
1.5,
1.0,
¢.80,
0.80,
0.40,
0.20,
0.10,
0.08,
0.08,
0.07,
0.08,
0.05,
0,04,
0.03,
0.02,
0.01,
0.009,
0.008,
0.007,
0.006,
0,005,
0.004,
0.003,
0,002,
0,001,
0.,00035,
¢.0001,
0.00005,
0.,00001,

0.00001
0.20
0,197
0,193
0.187

-0.178

0.174
G.168
0.165
0.161
0.156
D.14¢6
0.137%
0.135
0.134
0.132
0.130
0.127
0.124
0.120
0.115
0.105
0.104
0.102
0.100
0,088
0.096
0.092
0.088
0.083
0.073
0.064
0.042
0.032
0.010
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INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
Inie,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,

INIP,
INIP,
INIP.,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
INIP,
Ivie,
INIP,
INIP,
INIP,

INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,
INIQ,

201,
202,
203,
204,
208,
206,
207,
208,
209,
210,
211,
212,
213,
214,
215,
218,
217,
218,
214,
220,
221,
222,
223,
224,
225,
226,
2217,
228,
220,
230,
231,

30, 30,

a3, 33,

58, 58,

201,
202,
203,
204,
205,
206,
201,
208,
209,
210,
211,
212,
213,
214,
215,
216,
211,
218,
219,
220,
221,
222,
223,
224,
225,
226,
227,
228,
228,
230,
231,

1,
1,

945,00
950.00

1, 1o000.00
1, 1030.00
1, 1000.00

[
.- oo

]
-~

-

o b b e R

L . T R T

951,00
951,00
952.00
965,00
960.00
975.00
975.00

1027.30
1171.20
1202.50
1131.60
1052.50
1154.00
1072.00
1102.50
1272.50
1272.50
1302.50

1, -e00
1, =600
1, =500
1, -600
1, =600
1, =600
1, -400
1, =400
1, =-eDD
1, -600
1, -600
1, -6D0
1, -800

1,1156.,49
1,1255.00
1,1105,25
1,1110.75
1,1036,18
1,1063,57

1,
1,
1,
1,

971.61

999,81

913.17
855.00
787,98
808,41
727.28
772,27
692,82
745.00
706,96
740,77
653,76
657.41
605.00
694,76
745,00
597.91
681,21
745,00
589,20
679,51
745,00
555.00
735.00

-57-

MODEL2.DAT (Al-6)



PART 6 PLOTTER OPERATION
GUIDANCE



PART 5 PLOTTER OPERATION GUIDANCE

-

CONTENTS
PAGE
1. CONFIDENCE PLOT ---reeenm- - S
2.  PLOT THE DRAWING -eeemr S — 3
3. PLOTTER SETTING ----- . - 11

4. CABLE CONNECTION m-ene - - 19




CONFIDENCE PLOT

(1)
)
3
(4)
(5)
(6)
M
(8

&)

(10)
(11)
(12)
(13)

(14)
(15)
(16)
(17)
(18)

Procedure

Insert the pens into the pen turret
Load the pen turret

Power on

Raise the plotter cover

Pinch roller up

Set the paper

Pinch roller down

Lower the plotter cover

Press the " Manual " soft key
( Sizing media }

Press " NEXT " key

Press " NEXT " key

Press " Test " soft key
Press " Conf Plot " soft key

( Plotting )

( Plot finished )

Raise the cover
Pinch roller up
Remove the paper
Pinch roller down
Lower the cover

CONFIDENCE PLOT



PLOT THE DRAWING ( UNISSF2 )

(D
@

&)
(4)
&)
®
)
®

9

Procedure

Insert the pens into the pen turret
Load the pen turret

Power on

Raise the ploiter cover
Pinch roller up

Set the paper

Pinch roller down
Lower the plotter cover

Press the " Manual " soft key

( Sizing media )

( Sizing finished )

PLOT THE DRAWING

*¥*  Plot origin can be moved by using arrow key at this step

(10) Press " Online " soft key

**%  If the message " Plot Complete " is shown in the display of the

plotter, go to step (11) of 4)

(11) Send the plot data from the VAX

*xk  Check the drawing size to be fit to the paper size



1

2)

3

4)

PLOT THE DRAWING

$ UNISSF [enter]

UNISSF <M>
UNISSF2/G <G>
UNISSF2/P <P>

DISPLAY <D>

XYPLOT <X>

PLEASE ENTER ---> X [enter]

FILENAME : FOR040.DAT

( Plotting )

#%%  If there are more than 2 drawings, the plotting is stopped and the
message '"HALT RECIEVED...' is shown in the plotter
window when each drawing is finished. Replace the paper.
After sizing paper, press 'On-line’ soft key.

[ Repeat the procedure (4) to (10) ]

( Sizing media and plot restarted )

UNISSF <M>
UNISSF2/G <G>



UNISSF2/P <P>
DISPLAY <D>
XYPLOT <X>

PLEASE ENTER ---> E [enter]

(11) Raise the cover
(12) Pinch roller up
(13) Remove the paper

(14) Pinch roller down
(15) Lower the cover

PLOT THE DRAWING






PLOTTER SETTING

3. PLOTTER SETTING
( CONNECTING WITH VAX 8200 )

(1) Plotter Side

Format PCI

' Baud Rate 9600
Byte Length 8 bit
Stop Bits 1
Parity None
Handshake Ack/Nak
Sync Character 2
No. of Sync Character 1
End Message Character 3
Checksum disabled
Plot Manager disabled

Note : The Setting above is already fixed in the data setof " User 1 ".

(2) VAX Side ( Connection though DEC server )
A. DEC Server Port Setting

Note : The port setting is already fixed for the DEC Server placed in the 7th floor of
WAI.

1) Port setting

Local > set priv
Password > system

.( Server Name : WATER7)

Local > define port 2 access remote

Local > define port 2 autobaud disable break disable
Local > define port 2 speed 9600

Local > define port 2 name port_2

Local > define port 2 type soft

Local > define port 2 autoconnect disable

Local > define port 2 autoprompt disable

Local > define port 2 broadcast disable

-7-



2)
3)

Local > set
Local > set
Local > set
Local > set
Local > set
Local > set
Local > set
Local > set

PLOTTER SETTING

port 2 access remoie

port 2 autobaud disable break disable
port 2 speed 9600

port 2 name port_2

port 2 type soft

port 2 autoconnect disable

port 2 autoprompt disable

port 2 broadcast disable

Local > logout port 2

DEC server power off

DEC server power on and confirm the setting

Local > show port 2

Port 2 : (Remote)

Character Size : 8 Input Speed :
Flow Control : XON QOutput Speed :
Parity : None

Access : Remote Local Switch :
Backwards Switch: None Name ;

Break : Disabled Session Limit:
Forwards Switch:  None Type :

Preferred Service : None

Authorized Groups : 0
(Current Groups) : 0

Enable Characteristics :

Input Flow Control, Loss Notification, Message Codes,
Output Flow Control, Verification

9600
9600

None
Port_2

Soft



PLOTTER SETTING

B. Device Setting ( LTAS: )

Note : If VAX 8200 is stopped and restarted again, the command procedure of "
CALCOMP7F.COM " is also to be executed again,

) File " CALCOMP7F.COM " is already prepared in the following directory.
. DUAQ:[JICA]
1) Create command procedure " CALCOMP7F.COM "
FILE : CALCOMP7E.COM

3 run sys$system:latcp

create port LTAS: /nolog

set port LTAS: /application /node=WATER?7 /port=PORT_2
exit

3 set terminal/perm/speed=9600/width=128/page=24/interactive-
/nohostsync/wrap/eightbit/fulldup/nohangup/noecho-
futsyac/scope/nobroadeast/nomodem/nobrdestmbx/noansi-
/noedit/typeahead/lowercase/noreadsync/nolocal_echo-
/nodma/noregis/nodec_crt/noescape/notab/noholdscreen-
/noform/noautobaud/noblock_mode/device_type=unknown-
LTAS:

$ set protect=w:rwlp/dev LTAS:

2) Execute the command procedure " CALCOMP7F.COM " by System Manager

$ SET DEF [JICA]
$ @CALCOMPT7F

3 Confirm the setting of LTAS:

% show term LTAS:

Terminal ; _LTAS: Device_Type : Unknown Owner : No Owner
Input : 9600 " LFfill: 0 Width : 128 Parity : None
Output: 9600 CRfill : 0 Page : 24

0.



Terminal Characteristics :

Interactive

No Hostsync
Wrap

No Broadcast

No Modem

No Brdstmbx

No Line Editing
No Secure Server
No SIXEL Graphics
No ANSI_CRT
No Edit_mode

No Echo

TTsync

Scope

No Readsync

No Local_echo
No Dma
Overstrike Editing
No Disconnect
No Soft Characters
No Regis

No DEC_CRT

Type_ahead
Lowercase
No Remote
No Form

No Autobaud

No Altypeahead -

No Faliback

No Pasthru

No Printer Port
No Block_mode
No DEC_CRT2

PLOTTER SETTING

No Escape

No Tab

Eightbit

Fulldup

No Hangup
Set_speed

No Dialup

No Syspassword
Mumeric Keyboard
No Advanced_video
No DEC_CRT3



Cable Connection

Plotter Side Cable

(pintopin)
25 pin <--- 25pin ------- 25pin ---->
female male female

-11-

CABLE CONNECTION

VAX Side
( DEC Server)

25 pin
male
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