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ABSTRACT .
Due to the increasing demand of fresh water in Bandung, the
capital city of the West Java Province, The Republic of
Indonesia, since 1980°'s, the municipal government and
private firms have started to use deep groundwater through

deep wells.

This project report investigates the impact of this develop-
ment on the pattern of deep groundwater flows and the envi-
ranment by means of a8 two dimensional computer model. A

computer program called AQBUIFEM-1 is used.

The conceptual model, consisting of a triangular finite
element grid with 1464 nodes and 289 elements, which repre-
sents the study area of about 325 km2. The results are shown
either on printing outputs or on graphs that show the

changes of the groundwater flow pattern.

It is concluded that, the total existing well discharge of
about 664 m3/day does change the groundwater flow pattern
significantly depleting the volume of the water in the
agquifer. This may cause the shallow wells located in  the
area to dry up, heavy constructions on shallow footings may
experience additional settlement, and subsidence over part

of the area might occur in time.
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Chapter 1

INTRODUCTION.
1.1 BACKGROUND .
Fresh water is truly needed for life - a motto says " NO
WATER, NO LIFE ",
Bandung, the cépital city of West Java Province - Indonesia,
needs more fresh water to fulfil the demand of its

population which increases ( with ) about 1.9 % per vyear,
and for industries which are also expanding in type, number

and size.

Since 1971, the local government of Bandung has tried to
solve the problem especially when it became apparent that
the amount of the existing water supply 1is decreasing
because :

a. Many springs vanished aor showed decreased

discharges,

b. Many river were polluted by splid and

chemical wastes from some industries.

in 1973 the local government investigated the possibility
of taking fresh water from Saguling and other water
reservoir and also from deep gorundwater. This investigation

was conducted by Nielsen and Raischenberger - Cowiconsult




Consulting Engineers ( Copenhagen ).

They concluded that the guantity of deep groundwater in  the
Bandung areas is significant and that its guality is also

good to use as the additional water supply.

In 1980 the local government started to use the deep
groundwater by building 19 deep well pumps with a total
discharge of 390 1/sec ( or 1775 m3/day of discharge per
well y. This discharge was increased up to 500 1l/sec in
total ( or 2275 m3/day per well, if the number of deep well

pumps is not added ).

Besides, the number of private firms using deep

groundwater is also increasing.

This development may change the pattern of deep groundwater
flow in the Bandung aquifer which may impact the (
surrounding ) environment by decreasing the volume of

groundwater and by the subsidence of the neighbouring areas.

1.2 THE OBJECTIVE OF THE STUDY.

The objective of this study is, first, to get knowledge of
how to predict the response of the aguifer system to various
hydrological stresses which may ocour naturally or due to
the work of human beings. Second, to support ( the work ) of
the official groundwater planning and management. By being

able to predict in advance the response of the agqulfer

i~




system to  any proposed work, the management Can limit
that work to avoid (or at lgast to decrease) the adverse

impacts which otherwise, may occur to the environment.

1.3 THE SCOPE OF THE STUDY.

The scope of the study has been limited to the analysis of
the deep groundwater flow only, while the quantitative
analysis of subsidence and other impacts has not been

undertaken.

I.4 THE LDCATION OF THE STUDY AREA.

The location of the study area covers Bandung city and its
surroundings for about 325 km2Z. This ( location ) is in West
Java Province, Indonesia, between &.83 and 7.04 South

Latitude and between 107.44 and 107.7& East longitude.

The city of Bandung is located approximately in the center

of this study area.
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Figure I-1 The location of the study area.
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Chapter 11

PHYSICAL CONDITIONS.

11.1 GENERAL .
I1.1.1 BANDUNG RAYA.

Bandung Rava, where the study area is located, consists of
the municipal city of Bandung which is surrounded by the
regency of Bandung, the administrative towns of Cimahi and
Lembang, and 22 smaller places.

Among these places, only Bandung city, Cimahi, Dayeuhkolot
and Ujungberung have deep wells. The study area has
therefore been concentrated érDund these places.

Baﬂdung is the capital of West Java Province and it is the
third largest city in Indaaesia. It is located 150 km South-
East of Jakarta and situsted on the Bandung plateau betwesn
the Citarum river on the South and the Tangkuban Pershu, a
semi active volcano, on the North. The elevation of the

center of the city is about 700 m above MSL.

The population of the Bandung city is approximately 1.8
million people. It has a growth rate of about 1.9 4 per

year.

Bandung is the capital city where the administrative bodies
af the provincial, the municipal, and the regency

governments are located. There are also many universities in




Bandung. This situation causes the socio-sconomic conditions

attract trade and industry.

The ity has good roadways leading to all points in Java and
railroads leading to Jakarta and the esastern part of Java
Island and also regular flights ( connmect Jto Jakarta and

other cities on Java ( see figure I-1 ).

I1.1.2 TOPOGRAPHY .

Bandung Raya is surroundsd by mguntézﬁ ranges. UOn the
North side thers are mountains namely G.Burangrang, G.
Tangkuban Perahu, §G. Bukit Tunggul, G. Cijambu ; on  the
East-West G. Bukit Carian, B. Mandalawangi i and on the
South side 6. Masigit, G.Rakutak, 5. Malabar, G. Tilu, sand
G. Patuha. The elevation of these mountain ranges reaches

2000 m to 2400 m above MSL.

The topography of Bandung Raya -has a shape of a nearly flat
elliptical bowl of &00 to 730 m elevation, with East-West
axes of 35 km and East-West and North-South axes of 15 km in
Fast-West and North-South directions respectively. Above 750

m elevation the ground surface has a steep slope.

Bandung plateasu lies in the Citarum watershed. This basin is

drained by the Citarum river which flows to the West through

an  apening in the hills West of Bandung, then it turns to

the North-West, and finally falls out in the Java sea on the




North coast of the Island ( see figure II-1 ).

There are many tributaries on the North side of the

river and some ( tributaries also § on

Citarum river.

During the year these rivers ( do not )} never dry up,

the flow in these decreases during the dry season.
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Figure II-1 The watershed of the Citarum river.
{ Source : Reference # 1 )




11.2 CLIMATE AND HYDROLOGY.

1I1.2.1 SEASON .

Indonesia is characterized by two seasons ornly, namely the

wet season and the dry season.

In Java Island, where Bandung Raya is located, the wet
cpason occurs from the month of November to April when the
prevailing wind blows from West and South-West from the
Indian Ocean ( known as the west monsoon ) 3 and  the dry
season lasts from May to October when the dominant wind 1is
the dry East Monsoon which originates in the Australian

continent.

11.2.2 PRECIPITATION.

From the investigation report written by NR-C in 1973, the

mean annual rainfall in the Bandung basin varies from 1700
‘mm in the center of the Bandung plateau ( South-West of the
city ) to more than 2500 mm on the watershed North of the

city, and about 3000 mm on the South of the basin.

These figures are apart from the isolated peaks which have
a precipitation over 4000 mm. The Isohyetal map has been
drawn in that report based on the data of more than 20 years

abservation period ( see figure I1-2 V.
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Few 1if any measurements of evapotranspiration have been

carried out within the Bandung area.

From a calculation which has been done by Bakker in 1952,
the evapotranspiration was determined for several watersheds
in Java based on the water balance method. The results are

shown in the graph on figure II- 3 below.

15004

(m)

10nn4

500¢

Elevation

Q

D 500 1000 1500 2000 (mm/year)
. ———=  Evapotranspiration

Figure 1I-3 Evapotranspiration vs Elevation
For Java Island.
{ Source : Reference # 12 )

Bakker indicates that the evapotranspiration decreases with
the elevation, which is mainly caused by the decrease in

temperature.

Calculations , which use the observation data during 1932 to
1970 made by NC-R, show that the evapotranspiration for the
upper part of the Cikapundung ( North of Bandung )} is within

?30 to 280 mm/year.
As an approximation, the value of 1000 mm/year may be taken

10




for any calculation.
I1.2.4 INFILTRATION AND RUNOFF.

The investigation made by Bakker in 1952, shows that the
area North of Bandung has a large infiltration capacity.
Between &0% and B85%4 of the rainfall will infiltrate into the

ground and recharge the groundwater reservoilr.

Bakker has divided the rainfall by percentage into surface
run— off, sub-surface flow and the basin recharge as related
to the draimnage area, the geological condition, the
condition of the forest, and the terrain modification by
terrassing. These relationships are drawn in a bar-—chart

type as shown in figure II-4 below.
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Figure II-4 The percentage of surface runoff, sub-surface
flow and basin recharge in Java Island.
(Source : Reference #12 }.

The NR-C observation in 1970's showed that the infiltration

of the same area is about 30 %4 of the total rainfall which

i1




is still large but smaller than the 1952 observation. There
is no information why this decrease of more than 10 %

occured.,

Throughout the vyear, river discharge consists of two
components, namely, groundwater discharge and surface
runoff.

In’ the dry season, especially within the period June to
September, the surface run—off decreases considerably but
it does not become zero. During these months, the
groundwater discharge is still high and the recharge of the

groundwater storage still occurs in the recharge areas.

I1.2.5 SURFACE WATER.

The Bandung basin is drained by the Citarum river. The river
originates in the South mountain range at 1600 m elevation
and 346 km distance from the Java sea. It flows north wards
for 27 km while dropping to 670 m (gradient 3.5 %) and then
turn to North-West and West, passing South of Bandung city
with only a dropping for about 20 m over the next 60 km (
gradient 0.035 % 3. The monthly mean discharge at

Dayeuhkolot is 48 m3/sec.

The main tributaries along thes Citarum river are

'Y

— 0On the North side of the Citarum river : 8. Cibadogol,
S.Cipamokolan, 5. Cikeruh, S. Cikapundung,

5. Cibeureum, 5. Cimahi, and 5. Cimeta.

iz




All of these tributaries originate from the North
mountains range.
-~ On the South side of Citarum river are 5. Cirosea,
5. Cisangkuy, 5. Ciwidey, and 5. Ciminvyak.
These tributaries originate in the South mountains
range.
The city of Bandung lies on the North side of the Citarum
river, where the West boundary of the city is coincide with
S.Cibeureum, while S.Cikapundung is passing through the
center of the city.
To analyse the groundwater flow in the unconfined anuifer,
the parameters of interest about a river are :
~ The minimum and the average elevation of the
surface water in the river,
—~  Whether the river is partly or fully penetrating
into the aguifer,

- Is there any leakage through the river bed,
- If s=so, the c¢ross section of the river, the

thickness and the hydraulic conductivity of any

alluvial deposits the river bed should be
measured .
The river system over this study area is

inadequately monitored. There are only few flow gauges
being operated at present and the data are very incomplete
and unreliable. A complete data set 1is for the periocod
between 1919 and 19233 which covers both wet  and dry

seasons. No measurement on the leakage problem exists.

i3




There is no possibility of any impounding reservoirs over
the study area due to the high infiltration capacity of the

ground.

I1.3 GEOLOGY .

I11.3.1 GEOMORPHOLOGY AND S5TRATIGRAPHY.

Based on R.W. Yan Bemmelen ( 1949 ), the West side of Java
Island consists of & physiographic zones namely the
Quaternary Volcanoes, the Alluvial plains of Northern Java,
the Bogor anticlinal zone, the Domes and ridges in  the
central zone, the Central depression zaone of Java, and the

Southern mountains ( see fTigure I1I-5 ).

Bandung Rava and its vicinities are situated in the
Quaternary Volcanoes and the Central Depression Zone of Java
in an area of geologically rather vyoung sediments. The
oldest of them is Mid-Tertiary. Only at a depth of some

kilometers a Pretertiary basement complex is encountered.

The Tertiary zone in the Bandung Raya is represented by

Miocene and Pliocene formations. The Miocene formations are
developed as a series of reef limestone and tuffaceous
marls. The Upper Miocene or Mio- Pliocene consists of

mainly volcanic deposits which are intercalated by lignite
bearing series and litoral sandstones. To the North of

Bandung the area of the hilly country, South of Cimahi

14
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The North-South cross section through Bandung could be seen
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ronsists of volcanic breccies and igneous rocks which are
believed to belong to the Pliocens.

The Quaternary, especially Middle and Upper Pleistocene, 1is
represented by the products of terrestrial volcanic
activity. It consists primarily of tufs, volcanic ashes,
agglomerates and water soaked mixtures of these products
which as nud-flows move down the volcano slopes. Lava
flows, both andesitic and basaltic also ococour.

It is believed that the mountain ranges, North and South of

Bandung, were been built up during this period.

The lower Pleistocene, North-East of Bandung, is developed

as a series of volcanic material with lignites.

Holocerne 1is represented by alluvial deposits ( the former
Bandung lake ) and subrecent volcanic material, mainly <“rom

originated the product of G. Tangkuban Perahu.

1I1.3.2 THE VOLCANIC MOUNTAIN RANGE.

The north side of Bandung is overlooked by a mountain range
in East-West direction consisting entirely of volcanic
products which can be divided into 0ld and Young Ouaternary
deposits.

The 0Old Quaternary volcanic deposit is represented by most
of the morphological units existing in this range of G.
Burangrang, B. Putri, and G. Tangkuban Ferahu.

Closer to Bandung, between Bandung and G.Tangkuban FPerahu,

ib6




lies in the East-West direction an extensive area of old
volcanic product "  the Pulusari fault block "y this
subsequent faulting activity reached the magma chamber
giving rise to a new volcanic activity, the Young Guaternary
volcanism.

This activity is mainly represented by the products of the
still active Tangkuban Perahu. Reproducts of its eruptions
cover the older volcanic deposits over great areas, which
fill the depression area near its summit Lembang area )
and extends down as two big flows of mud, conglomerates, and
tuffs. One of the two flows Southwards +o the Bandung

depression.

This form of a delta-like formation is of special interest
from a hydrogeological view, since most of the highest

vielding wells are situated in this area.

Similarly, the south side of Bandung ié also overlocked by a
mountain range in East-West direction, where the dominant
mountain is G. Malasbar. There a fault block is also
encountered. It lies between G. Malabar and Bandung on East-

West direction across Bunung Geulis hill.

The eruption products of G.Malabar consists of lava breccie
and tuffs, and or tuffaceous breccie and lavas of andesitic

to basaltic composition ( see figure II-7 J.
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Figure II-7 : Geologic Formation Of Bandung Raya.
( Source reference #12 and #21 ).
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I1.3.3 THE BANDUNG PLATEGU.

The flow of the volcanic material from G. Tangkuban Perahu
in the North and 6. Malabar in the South of Bandung created
the Handung platesu, which meEasures about 33 km in the East-
West and 15 km in the North-5outh directions respectively.
The 750 m elevation is taken as the upper limit of the

plateau, there the toe of the mountains range begins.

The plateau was originally inter mountainous lake created in

the Younger Quaternary. It drained again shortly afterwards.

The presence of the lake gave rise to &40 m to 100 m  thick
deposits consisting mainly of clays, silts, and very fTine
5§nd layers. The underlvying pre-lacustrine deposits which
are difficult to distinguish from the lake sediments . Only
at the boundaries of the lake basin it can be observed that

the lake deposits are resting on the volcanic products.




ii1.4 HYDROGEGLOGY .
I1.4.1 THE ABUIFER.

The groundwater in Bandung plateau is of abundant quantity
and also of good guality ( except in some areas the quality
of the groundwater 1s lightly ferrous, which 1s not hazard-

ous to health ). .1s2

From the cross  section along the drill logs across the
North-South and the East—-West directions on figures I1-8a
and II-8Bb, it can be seen that Bandung plateau has layered
aguifers which might be grouped into an unconfined aquifer

on the top , and a confined aguifer at the bottom.

The layer below this confined aguifer is not known since
the maximum depth of rock drillimg has not reached so far
to simplify the analysis this layer will be assumed as an

impermeable layer.

The thickness of the aguifers varies. The unconfined
aquifer has thickness between 45 m and 55 m where the rivers
partly penetrates into it ;3 the confined aquifer has a

total thickness between 735 m and 105 m.

A few parts of the boundary layer between these two aguifers

are leaky.

The lithological description of the phreatic aquifer

consists mainly of tuffaceous sand. It is mixed with silt of
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which the relative hydraulic conductivity is medium. The
confined aquifer, consists partly of tuffaceous sands mixed
with partly of tuffaceous sand and andesit brecie or with
andesit breccie and coarse tuffaceous. The relative
hydraulic conductivity of the confined aguifers range from

high to very high.

The boundary laver between these agquifers, which is an
aquiclude, consists of tuffaceous silt where some part of it
mixed with fine sands ;3 and it has very low relative

hydraulic conductivity.

The thickness and the the conductivity of the confined

aquifer vary. Valuess of the parameters are shown on table

II-1. These data are based on the result of rock drilling
made by the Berman Water Engineering ( G.W.E ) in the
1980 ' s.

I1.4.2 THE SPRINGS.

There are about 500 springs in the Bandung area and its
surroundings, especially in the North-West and in the East
of the city. All of these.springs are located above the 730
m elevation. The springs’ yields, in general, are varied.
Most of them have a small discharge and some are seasonal .

By far most of the springs originate at the intersection of
the contact between the voungest tuffs and the underlying

older volcanic product. In some cases springs have arisen
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Table II-1 : The Aguifer Paramsters .

; WELLS F 1 Kxx = KyyiThickness | Txx = Tyy,: Storativity |
! { bor ) ‘0 ( m/day ) {m ) ' {m2Z2/day) | { ) H
'East side : ‘
H aWw 1 - 1.71 : 70 : 120 Z2.0X10%X%(~3) |
: oW 2 I 1.44 ; 70 : 102 T 2LOX10%%k (-4} |}
: AW 3 HM 1.36 ' 80 : 108 ' B.0%10%%k(~4) |
H AW 4 - 1.10 H 80 ; 88 T Z3.0%10%kx (-4
H AW 5 - 2.70 : 80 : 2146 1 F.OXI0%%k(~3) |
: aT 1 Vo 0.30 : 80 : 40 1 2.0%10K% (-5 |
iCenter part : H
: ol & - 6.70 ; 100 : 670 P 1.O%10%%X(-3) |
: AW 7 - B.36 | 100 : 8346 P1.O%10%k(-2) !
; AW B HH 12.19 ; 70 ; 853 : - :
; AW 9 Vi 7.74 : 70 . 342 T1LOX10%%(-3) |
: AWLC i 8.846 H 80 : 693 V2. AR10XK (-4
‘ :
"West side :
: AWllL T 5.63 : 80 : 450 ; - )
: AWLZ - 3.75 ‘ 80 ; 4460 1 2.0%10%%(—&Y
: AWL3E H F.463 N 80 M 770 1. Z2%10%%k (-4
: AWil4 P 7.09 : 80 : 567 P3.0%10%%(—-4)
: AWLS B .74 : 80 : 779 V1.0%X10%%(~3) |
: aWlée - 8.08 : 80 . &46 L. EXIOXX(-4)
b AWL7 v 10.725 H 80 . 876 PL.BRI0X% (-4 |
H AW1S Ty 2.94 : 80 : 795 ! - :
: AWLY T 13.75 H 80 1100 T1.5%10%%(-3)
: AT 5 1T B.84 100 : 884 : - ;
‘North side @ :
; aT 2 P Z2.81 : 100 : 281 ; - J
: AT 3 M 1.36 : 110 : 150 : - H
: 1555 N 5.79 : 38 : 220 H - :
'South side @ :
H 131/P M 2.44 : 30 : 122 : - :
H 1365 - 1.60 : 55 : 88 : - :
: 133/P o 2.39 : 23 : 55 : - :
: 1329 i 4,40 : 40 ; 176 ; - ;

{ Source : Reference # 14 ) .
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where vyoung erosion activity has intersected an old buried
river valley. The vield of the springs tends to grow towards
5. Tangkubsasn Perahu due to the fact that the volcanic
products become both thicker and coarser towards the erup-
tion center.

These springs are used for the daily requirements of the

people and also for small irrigation.

I1.4.3 THE GROUND WATER LEVELS.

The ground water level for the unconfined aquifer varies
between 10 m and 30 m below the ground surface. It depends
on the topography. During the dry season this water level
decreases considerably because so many wells use this

shallow groundwater.

Measurements during the drilling of deep wells into the
confined aquifer, have shown that the piezometric level
rises with the depth of drilling. This means that upward
flow of deep groundwater does occur . The piezometric head

of the confined aquifer at' the Bandung plateau varies

hetween 2 m to 5 m below the surface of the ground. The
schematic of groundwater flow across the aquifer may be
seen  on figure I11-9.

From periodic measurements of piezometric level in selected
wells, rno indication that this deep groundwater was ever

overdrawn is found .
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0ld Dutch measurements shows that the seasonal variationm in

the water level of deep groundwater surrounding Bandung is

quite small. S N
G.Malabar Bandung Plateau G.Tk.Perahu

Figure I1I-%7 Schematic of groundwater flow across
Bandung agquifer.
{ Source : Reference # 12 )

ir1.4.4 THE EXISTING WELLS.
The existing wells may be divided into the shallow wells,
which are scattered all over Bandung Raya, and the deep

wells most of which occur in Bandung city.

Most of the deep wells in the Bandung Raya area have a
specific capacity between 1 to 10 l/sec/m’ drawdown (  or
84.4 to 864 m3/day /m’ drawdown ). If every day the drawdown
due to pumping out is up to 5 m ( the allowable limits being
suggested by Freeze and Cherry, referrence #8 ), then the
discharge of the well is between 432.0 m3/day to 4320
m3/day. Information on well losses was obtained during a
step-drawdown test which was carried out after completion of
some test wells. The results indicated that even at maximum
discharge ( 735 l/sec , or &4B0 m3/day ) the well loss or

turbulent loss was negligible. This shows that the wells

25




were properly designed and constructed.

At this moment, there are 19 government deep wells and more
than 20 private ones around Bandung Raya. Theilr discharge
varies between 2.90 l/sec and 50 l/sec ( or 2350 m3/day to

4320 m3/day ).

The government deep wells are situated in  the city of

o

Bandung to supply the demand of the city, while the
location of private deep wells are scattered; most of them
are outside the city. The location of these deep wells may

he seen on figure I1I1-10, and the list of the wells 1is

presented on table II-2.

In addition, the government has also built a number of deep
observation wells, but unfortunately, the date about which
have been collected have no information ( about the datum )
so that the actual drawdown cannot be calculated. However,
the conclusion could be drawn from these data. There 1is
continuing drawdown from year to year. This means that the

water recharge is actually smaller than the water discharge.
Three reports ( including reference #15 ) that deal with the
groundwater survey in Bandung were examined. None of these

discusses the water level in the observation wells.
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Chapter II1

THE GROUNDWATER FLOW MUODELING.

111.1 THE METHOD.

There are three methods of groundwater flow modeling, namely
the Physical 5 the Electric—-Analog-Simulator , and the

Digital Computer models.

In this project report, the third method is applied « The
use of this method has spread very fast since the computers
age began. The model is based on Darcy’s law, the continuity
law, and the bhoundary conditions of thev area under

investigation.

To solve the governing differential equation, either the
finite difference method or the finite element method may be

used. The finite element method is applied in this study.

The stages of doing the work consist of @

i) Choosing and analyzing the area, especially its
boundaries, its aquifer{s) including its
parameters, and its initial ground water condition
problem.

ii) Delineating the domain (or study area ) to obtain
a manageable problem that simulates real world
condition adeguately.

iii)y Deriving the conceptual model related to the real

o
O




world condition of the study ares.

iv) Compiling the computer code, follow as the
manual of the program.

v) Inserting the input data and running the program.

vi) Calibrating the result with the observed data.

viiy If the step # vi above is verified properly, then
prognoses may be made concerning possible
sCcenarios. If calibration is not possible 5 for

instance, for lack of data, then assumptions might
be taken where the prognoses were still bias until
™~

such real data were encountered.

II1.2 THE STUDY AREA.

The study area, the confined aquifer which would he
analysed, lies below the part of the Bandung Raya region.

The boundaries of the study area are the Pulusari fault of
North Mountain Range at the North side, the short fault at
the West side, the fault which passes G. Geulis at the South
side, and the turning fault of the Pulusari fault at the

Fast side.

This study area covers towns of Lembang, Cisarua, Cimahi,
Batujajar, Margaasih, Dayeuhkolot, Buahbatu, Cicadas,
Ujungberung5 and Bandung: where the city of Bandung, as

the main concern, lies in the center of the study area .

The aquifer to be analysed is the deep confined aquifer.




assumed to be not leaky. This may not be guite true but in
the absence of information on the exact location of anvy
leaks, it is a reasonable approximation. It follows then
that the existence of rivers which partly penetrate into

the phreatic aguifer would not affect the problem .

Also, the existence of springs locsted above 750 m eleva-
tion has to be disregarded because they are outside the

finite element grids .

The parameters of the confined aguifer are :
i) The thickness of the aquifer (B).

In reality, the thickness of the aguifer varies ;
but, since the computer code used assumes the
thickness of the agquifer to be uniform, so in  the
program application, the wvalue of the aguifer
thickness that would be counted is uniform in thick-
ness with the thickness of 75 m, 80 m, and %0 m.

ii) The elevation of bottom aquifer, Z, which is 523 m
above MBL is taken as zero =levation.
iii) The hydraulic conductivities, Kxx = Kyy, in the study

area are shown on table III-1 =
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Table III-1 : Values of Kxx = Kyy in the study area.

H Geological Formation ¢ Kux = Kyy ( m/day )i
T : as '
i Code ; Description T ot :
i Number | of the geologic formation [Normal dis!lognormal’
: : yEribution | dist. :

::::::::::::z:::::::::::::::::::::::::::::::::::::::::::::::
: Z i Tuffs and Ashes, G.Tk Pera! 3.18 i 2.40 :
; i bu eruption period C. H : ;
: & ¢ Tuffs, Tuff Breccies, : ? : 4 J
: v bLava Flows. : : H
i 4~ West, Tuffs and Mudflows, G. Tk | . :
: & | Perahu eruption period A. | 8.00 i B.03 X
: Center ) : H :
i 4 — East) Tuffs and Mudflows, G. Tk | 1.32 : 1.41 :
! i Perahu eruption period A. | : :
: 1 i Lake Deposit, recent. v 2.75 v 2.51 :
: 7 : o

Volcanic and Crystaline ¢ 0.00
Formation H

Note : The calculations of the figures in this table are
shown 1in appendix C.

{73 No data are available so that the conductivity
which may be fall must be estimated based on the

type of the geological formation, the gradation of
the soil material or the fisures of the rock.

The initial condition of the deep groundwater flow in the

study area, was assumed as follow :

— The groundwater is flowing from the recharge area in
the North and South of the mountain ranges to the
bottom of the Bandung plateauy, while in this flat
region of the Bandung plateau this groundwater is

flowing slowly from the East to the West side.




-~ At  the toe of the surrounding mountain ranges a
constant hydraulic head is assumed. This is caused
by a constant recharge from higher elevation ( note
: I+ is easier to investigate the height of the
hydraulic head than the value of the side fluxes on
the field ). However, in time, the declining envi-
ronmental conditions  in the mountain range areas
will cause the value of this constant head to
decrease.

~ There are also side fluxes which enter into the
finite element grids from the East side, which are
also dependent on what happens in the recharge area.
These assumptions must be checked praoperly with the

actual conditions.

The geological formation of the study area 1is shown on

figure III-1.
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I1I1.3 THE COMPUTER CODE.

I17.3.1 GENERAL .

The computer code that is used is the AQUIFEM~1, which
stands for Aguifer Finite Element Method — 1 layer aguifer.
The program was designed by John L. Wilson, Antonio Sa da
Costa, and Lloyd R. Townley in 1977 and developed again in

1980.

Seen  from its name, this code uses the fTinite element

method in solving the differential eguation of groundwater
flow. The slements have a triangular shape. The flow is two
dimensional and its aquifer 1is either unconfined or

confined.

The code can run on a personal computer with a large memory

in Fortran language.

I11.3.2 THE GOVERNING EQUATION.

The governing differential equsation, used by the code 1is

based on Darcy’'s law and the continuity law :

; .,
g oh a CT ah_ Y o+ 2 «CT dh Y o+ D+ K Ch'= h
at - Ox wx Ox ay yy Jdy B
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Where :

8§ = SBtorativity, ( dimensionless }.

h = Hydraulic head or piezometric head, ( m ).

t = Time, ( day ).

%, v = LCartesian Coordinate Axes.

Tux = Transmisivity on x plane along = direction,
{ m2Z/day ).

Tyy = Transmisivity on v plane along vy direction,
{ mZ2/day ).

@ = Net discharge of source or sink, { m3/day ).

K'= Hydraulic conductivity of the adjacent leaky
aquifer esither on top or bottom of the main
aguifer, ( m/day J.

B'= the thickness of the adjacent ieaky aquifer,
(£ m ).

h'= the hydraulic head of the adjacent aguifer,
{ m J).
The transmissivity, is the product of the conductivity and

the layer thickness.

The differential equation, does not include the terms of
Txy and Tyx. The reason for this is that in the solution
procedure of the main équation, the principal axes of the
aquifer are chosen colinear with the axes of the whole
system s that the terms Txy and Tyx are zero. This also
means that the code is valid for horizontal aquifers only.

Related to this reason, the area of the finite element
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grids is taken somewhat smaller than the study area,
because the steep slope of the hill adjacent above the 730

m elevation is eliminated.

I11.3.3 LIMITATIONS OF THE CODE.

The computer code of this program has certain limitations
that it can be used only for a roughly horizontal
aquifer. In other words, any steep reglon cannot be
included in the computation.
Otherwise the code is very flexible to allow the following
features :

i) The aquifer may be confined, or unconfined.

ii) The aguifer may be homogeneous, or heterogeneous
{ where Kxx = Kyy, or Kxx == Kyy respectively ).

iii) The aquifer may have leakage from its adjacent
aquifer, and/or from the bottom of the vriver bed.

iv) The flow of groundwater may be steady or transient.

v) The sources /or sinks may occur from twells on  each
node, and /or water ponds on each element.

vi) The wvalue of boundary conditions ( either the
specified head of the 1lst type boundary condition or
the side fluxes of the 2nd type boundary condition
aor sources /sinks, rising water level in a large
excavation y  may vary along the whole period of

calculation time.
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vii}) Changing of the aquifer type Ffrom confined to
unconfined.

viii} Problem of dewatering a large excavation.

I11.3.4 THE INPUT.

The input to be inserited into the program is

- The type of the aquifer which relates to linearity of
the problem to soclved.

- Are there any leakage from or into the adjacent
aguifer ?

— The type(s), the value(s), and the time steps of this
value of the boundary conditions.

~ { for the unconfined aguifer ) Is there any leakage from
or into the river bed which partly or fully penetrates
into this aquifer 7

- The type of the triangular finite element grids which
shall be represented in the form of nodes numbesr and
elements number, including their coordinates and scale.
These nodes should be set up in sequential numbers from
the left to the right and from the bottom to the top.
The bandwith type of numbers’ row should not intersect
sach others.

- The wvalues of aguifer parameters to be inserted may be
in the form of hydraulic conductivity (K) o
transmissivity (T),; and also may be put on every node or

every element of the grid.




- The location and the discharge of any sources /or sinks.
~ The initial condition of the hydraulic head of all nodes,
gither being generated by the computer or being supplied

by the user.

ITI1.3.5 THE OUTPUT.

The outputs consist of the echo of the input data, the
hydraulic head on each node, the drawdown, the discharge of
sources [ or sinks } and side fluxes, the mass water
balance, and a graphical plot of the finite element grids
in a chosen scale ) which shows the hydraulic head on  every

node .

All of these output are available for the chosen time
period. However, on the graph, the eguipotential lines and
the groundwater flows are not yet drawn. These should be

drawn by the user .




Chapter IV

PROGRAM APPLICATION.

iv.i THE CONCEPTUAL MODEL OF THE STUDY AREA.

The conceptual model of the study area is represented in the
form of triangular finite element grid where the coordinates
of every node are given relative to a selected coordinate

system.

The design of the finite element grid follows Tailored gtrid
method as being explained in reference #18. Due to the
incompleteness of data and the purpose of this work as a
study case, the finite element grid is not as dense as 1t

should be for more detailed work.

Figure IV-1 shows the finite elements, where the number of
nodes and elements are 164 and 289 respectively. These nodes

and elements cover the nearly flat region aof the study ares.

The grid covers an area of about 325 km2. The Northern side
is along the toe of the North mountain range, the Eastern
side is along the turning Pulusari fault and continues to
the farthest turning of the Citarum river, the Southern side
is along the Citarum river, and the Western side is along a

small impermeable rock formation where a short fault occurs.
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In this program application, the boundary conditions and the
initial condition of these finite elements consist of :
~ The specified head of the l1st type boundary
condition which occurs along the Northern side of
the grids.
- The specified fluxes of the 2nd type boundary
condition entering the gridé from the Eastern side.
- The sources consist of the results of pumping out
from wells, which are acting on certain nodes with
varied amount of discharge.
= The initial condition of hydraulic head on every
node which would be supplied related to the

assumption being taken ( see Scenarios ch. IV.2 ).

As the size of the study area decreases due to the
limitation of the computer code, the types of geological
formation of the aguifers being encountered in the finite
element grids would decrease, that consists of @
a) Tuffs and Mudflows, G.Tangkuban Perahu
eruption period A.

b) Lake deposit, recent.

The values of the hydraulic conductivity of these aguifers

could be seen on the table IV-1 below.
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Table IV-1 : Values of Kxx = Kyy for program application.

: Description i Location in i (m/day)
i of the geologic formation : :

|
|
|
I
i
|
|
|
|
|
|
|
i
|
|
i
|
|
|
|
i
|
|
|
|
i
|
i
|
|
!
I
|
!
|
1
i
|
|
{
|
|
|
i
!
!
|
|
|
|
|
!
|
|
|
1

i Tuffs and Mud Flows, :
H Eruption period 4 N part

80
O
O

! dito : East : ;

: X part v 1.32 :

: lL.ake Deposit, : South : :

: Recent : part i 2.75 ;
Note : The calculation of Kxx = Kyy could be seen in the

appendix C.

The chosen time for printing and plotting output are 3463,
730, 1095 ( days )}y or 1 year, 2 vyears and 3 vyears
respectively, which might portray the changes of the

groundwater flow pattern after some period of time.

Iv.2 THE SCENARIOS OF THE PROGRAM APPLICATION.

Frogram AQUIFEM-1 is demonstrated by analvzing the pattern
of the groundwater flows in the deep aquifer at Bandung
basin. The wuse of the table IV-2 presents hypothetical

scenarios which have been analysed by the program.
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condition of the aquifer that has different thicknesses, vyet
the computer code could be used for uniformity of thickness
of aquifer. Besides, the sensitivity of the computation for

errors in the aguifer’'s thickness could be assessed.

Subscript 1 and subscript 2 refer only to the well dis-
charges. Subscript 1 represents the existing discharge, and
subscript 2 is for the simulated discharge. In the existing
condition, the discharge from the government wells differs
considerably. Some wells have discharge more than recommend-
ed +that .is 10 l/sec/1 m drawdawn ( or 4320 m3/day/5 m
drawdown ). Some of these wells broke down in 198%9. In the
cimulated condition, the discharge of all government wells
are taken to be not more than 5 i/ssc/1 m drawdéwn ( or
2200 m3/day/5 m drawdown ) as being suggested by Freeze and

Cherry. The broken wells were assumed to be repaired.

The rase D is nearly the same as Case A, but 3 wells were
added at nodes &&, 91, and 110. These nodes are 1in an open

area that is being developed in the city of Bandung-.

The value of the 1lst type boundary condition ( the specified
hea&nat certain nodes ), and the value of Znd type boundary
condition ( fluxes through certain sides of elements ) are
dependent on the real conditions. However, due to lack of
data relating to these boundary conditions and the initial
condition, all of these values had to be assumed. These

assumptions would be corelated with the situation and the
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condition of the study area, are :

- The initial condition of the gragﬁdwater flow, which is
represented by the initial condition of the values of
hydraulic heads at all nodes, as being discussed in
chapter I11I-2 ( The Study Area ), is given on the basis

of:
- First, values of piezometric heads that were

observed when the wells were constructed.
~ Second, the configuration of the groundwater flow of
which pattern is assumed to have a direction from

the top to the toe of the hill. After passing this

toe, in the nearly flat region, the groundwater flow
must turn smoothly to the East due to thg flow from
the Fast to the West direction.
The schematic diagram of the initial condition of the
groundwater flow is shown on figure IV-2Z.

—~ It is assumed that the specified heads along the nodes
which are located at the toe of the hill will assume
to be decreasing after certain periods of time, from 155
m to 145 m and finally, 135 m. This assumption portravs
the changes in infiltration capacity at the recharge
area. It is due to environmental degradation as a conse-
éuence of, deforestration on the hills of the North
mountain range. This occurrence may affect and change
the values of the boundary condition.

The changes of this value can be expressed in a type of

histogram as seen on figure IV-3 ( top part ).
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- The values of the sides’ fluxes entering the grids from

the EFastern side, were assumed to be 0.22 mZ/day, 0.24
m2/day, ©0.27 mZ/day for the aguifer thickness of 7% m,
80 m and %0 m respectively. Environmental degradation is
s3leo assumed in the East side of the study area, because
more people will build deé@ well pumps to  obtain the
fresh wabter they need ). These values of sides’ fluxes
are assumed to decrease up to 70 % .

The histogram of this sides’' fluxes is drawn as figure

V-3 ( middle part ).

The sources are well discharged at certain nodes. The
discharge of each well, either for the existing
condition or the simulated, is shown on table II-2/page
27.

The histogram of the wells’ discharges, which is shown
on  figure IV-3 ( bottom part }, 1s constant for the

whole periocd of calculation time.
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Figure IV-2 The schematic diagram of the initial condition
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Figure IV-3 Histograms of the boundary conditions.




Iv.3 RESULT OF COMPUTER CALCULATION.

The results of computer caiculation for the different
scenarios, are given on a sample print out and a plot of the
outputs of the groundwater flow pattern which 1s shown in

appendix A.

The printed cutput presents the echo of the input data and
a table which shows the nodes and their coordinates, the
hydraulic head of sach node, the drawdown at each node, the
internal fluxes and the external fluxes at sach node, and
the mass water balance of the total external fluxes.

The meaning of a negative sign in a flux is that the flow of

the flux is going outwards of the finite elements.

Figures IV-4 and IV-3, as samples of plotted graphs,
represent the pattern of the groundwater flow at its initial
condition and the condition after one year operation for
case A.1 respectively. The computer’'s plotted graphs just to
express the frame of the coordinate axes 1including its
scales, and the values of the hydraulic head at every node
of the finite element grid {( where the location of the
rnodes are marked by the location of the decimal points of
these values ). All curves of the equipotential lines and

the flow lines are drawn by hand.
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Iv.4 ANALYSIS OF THE RESULTS.

The results of computations, in the form

printed outputs or the graph plottings, show
1}. The large number of deep wells and
huge amount of water change the pattern

water flows in the deep aquifer.

of either the

that =
the pumping of

of the ground-

The original East-West

direction before the wells were in operation is changed

to a mixed direction aor Tlows.

2).

concentrated on in Bandung city and

changes are mainly the following :
a).
of comes from the

Bandurng city

Range . After

af  turning in

initial condition, the flow turns
entering
raused

through deep wells.
b). For the same reason,
entering
eglement grid,

condition.

3). The hydraulic heads in case A/l are

case

23

The changed direction of the groundwater

Dayeuhkolot.

The main origin of the flows at the West

passing the toe of the hill,

an Easterly direction

Bandung city and Dayeuhkolot ).

by large amounts of water being pumped
there are also some

Dayeuhkolot from the South of the

which did mot occur in

B/1 which is lower than that in case

flow is

The

side

North Mountain

instead
the

is

as .
to the West (
This

is

out

flows
finite

the initial

lower than in

C/71. This




would be expected since the thickness of A/1 is less
than B/1 which is less than C/1, while the other
parameters are the same. Similar situations also occur
withinm the group of A/2, B/Z2, and C/2. &). Also the
hydraulic head in case A/l is lower than that in case
D/1, which is also logical since in case D/1 there are
more wells than in case Q/ig while the other parameters
in both cases are equal. The same condition exists for

the group of A/2, and D/2.

4y. When the result of print outputs are compiled and
expressed as shown in table IV-3 below, it can be
concluded, that even for the existing discharges of the
wells, the net flows into/or from the area of the
finite element grids show already a deficit for the
first year which increases on the second and the third
yvears ( this means that the amount of the discharge
through the wells is greater than the recharge from
the side fluxes through the toe of the hills plus the

far East side of the grid ).

5. In no cases are hydraulic heads are found which are
less than the thickness of the aguifer. This means that
during the chosen time of output, there would be no
subsidence over the concerned area due to the drawdown
in  the deep aguifer; however, within the next twenty

years, if the operation of pumping from deep ground-
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boundary condition, and different sides’ fluxes of 2nd type
boundary condition. In the analysis, the histograms of the
boundaries conditions would be taken more into

consideration. ‘

For group D, its agquifer has equal thickness, lst and 2Znd
type boundary conditions with group A. However, it has more

wells than group A.

Besides that, the method of grouping could be made based on
the type of wells’' discharges, namely group one ( A/1, B/1l,

£/1 and D/1 ) and group two ( A/2, B/Z, C/2 and D/2Z2 ).

From the plotted graphs,the printed outputs, and table IV-3,
it was observed that :
1}y. There is no significant difference in net flow
into the aquifer betwesen group one and group two.  The

range of the differsnce is between .2 7% to 12.6 %.

?y. There is significant difference in that net flow
into the aquifer between first year output and second
year output where the range is about 350 %4, but not
for that between second year output and third vyear
output with the range of about 10.7 41 .
The reasons for this are :
a). The histograms of the lst and 2Znd type of
boundary conditions have a sudden drop

from the first year to the second year,
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b). However, the drop on the histogram between
the second year and the third year is not
s emphasized, it happens in the middle of
the second year, hence the histogram from
the second year to the third vear is nearly

the same.

3} The difference in thickness (B} give different
result either on the values of the hydraulic heads or
on  the net flow into the aquifer. Thicker aguifer
gives less deficit of net flow into it. The. reduction
of the deficit due to the change of the thickness from
75 m to B0 m ( the difference is 5 m )} is about 40.8 %
3 and the reduction due to the change of thickness
from 80 m to 0 m ( the difference is 10 m, or twice
as much as before ) is about 150.9 % . However, these
results should not be taken as a criterion for making
any general rule for extrapolation of conditions for

greater agquifer thicknesses.

IV.& ENVIRONMENTAL IMPACT ASSESSMENT.

Environmental impacts, primary and secondary impacts, may
poccur due to the changes of groundwater flow patterns in the
deep aguifer over the study area as the result of large
water withdrawals through deep wells. Primary impacts are
firstly the depletion of volume of groundwater in storace ,

secondly additional settlement that may occur for some
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buildings, and thirdly the subsidence of the region may also
happen. Secondary impacts, are socio-economic effects which

will not be analyzed.

The first impact, depletion of the grmundw%ter reservoir  is
a definite possibility.

As the result of program application through AGUIFEM-1,
there are deficits in the net flows into or from +he
aguifer, the wells’ discharge are either in existing or in
simulated conditions, and eventhough the specified head of
the ist boundary condition was assumed to be at full level.
If withdrawals continues over a long period of time, one day
the groundwater in the study area may be depleted, or at

least significantly reduced.

Az far as the second impact is concerned, it is known that
in reality some small regions in the study area have leaky
aquifers ( which in the program were assumed to be not leaky
since such data about the exact location of the leakages are
available}. It the hydraulic heads of the main confined
agquifer in this leaky region drops, to the extent that they
become lower than the hydraulic heads of the unconfined
aquifer, then groundwater may lesk from the top aguifer to
the aguifer below. This means that, in the region of the
leakage, the phreatic water level may drop considerably. The
following sequence results may occur. First, the shallow

wells belonging to the people who lived on that region would
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dry up. Second, the buildings or constructions in this
region which have shallow footings may undergo additional

settlement. Figure IV-6 portrays this phenomenon more clear-—

ly.
- Q%0 52 b =0
=5 —— -.._.._i,_‘_--.
phreatic
aquifer X
i.itr..} —3 :{b_}»—g-l —e — —
Seirl:-parmesblesry, g ot Ul | AT
— e o e e e — T s - 7_'.4 .__{~.—-;.-s—..‘..‘l_ =
e ¢:%..L.3:L:L:h.;A
" ‘confined.’’ A ¢ Rl
.. ~dquifer - -~ ' o
IILLOIIL L2 L2007 07 ST AT ST T T ST
(a) V (b)

Figure IV-6 Sketch of the groundwater condition in
a leaky aguifer (a. without deep well, b. with deep wells)

If the government does not decrease withdrawal from the deep
wells to keep the water balance in the aqguifer in
equilibrium, a third environmental impact may occur, namely

subsidence on some reglion above the concerned aquifer.

To overcome these negative impacts, first, the government
should decrease the total withdrawals from the deep wells.
Second, the environment at the North mountain range and at
the East part of the study area should be kept in good

condition so that the infiltration is not reduced.

1+ is realized that these conclusions are based on a study
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in which many assumptions had to be made because of

inadequate data. To get more precise information, on the
situation, additional studies with more complete data are

still needed.
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Chapter V.

SUMMARY AND CONCLUSIONS.

The main points of this study and the conclusions are
summarized as follow @
1}. The problem is to analyze the groundwater flow in the

deep aquifer in a study area in the Bandung Basin.

2). The study area is lying within the Pulusari fault on
thg North and the South fault which is passing 6. beulis.
The study area has a nearly a flat region as well as a
steep regioni the boundary line between the two regilons

is at about 730 m slevation.

3). The computer code which has been used to represent

the groundwater system is ABUIFEM-1, which solves the
differential equation based on Darcy’'s law and the
rorntinuity law by means of a finite element method, where

the shape of each element is triangular.

4y, A limitation of the computer program, ARQUIFEM-1, is
that it can only represent nearly horizontal lavers. As a
result, the area to be studied had to be smaller than
what is mentioned under (2), because the steep region

could not be included.

5. The area of the region that is actually analyzed,

and which 1is covered by the finite element grid, is
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about 325 kmZ, represented by 164 nodes and 289 eslements.

=3 In this area, the government has 19 deep wells with
an existing total discharge of 500 m3/dav,. and the
private firms have 20 deep wells where the existing total

discharge is about 166 m3/day.

73. The confined aquifer being studied consists of 3
different formations, which thicknesses are assumed to be
uniform. In order to see the sensitivity of the results,
the thickness is varied in the program application from
75 to 90 m, which represents the smallest thickness to

the nearly thickest aguifer.

8).The boundary conditions consist of :

~ the specified heads of 1lst type boundary condition
which occur along the North side of the grids,

- Side fluwes of 2nd type boundary condition
entering the aguifer along the far Fast side of
the finite element grid, and

- the sources or water discharge through wells at

certain nodes within the grid.

The histogram of the values of the houndary conditions is
assumed to decrease representing declining environmental
conditions such as deforestation at some areas of the
North mountain range and many additional private pumping

wells at the East region of the grid.
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9). The initial condition is assumed so that the ground-
water Fflow occurs from the top of the North mountain
range. Flow moves down, in a southward direction, to its
toe. Then after passing the toe, in the nearly flat
region, the flow turns to  the East due to the ground-

water flows from the East to the West direction.

10). The chosen times for the program outputs are 365,
730, and 1095 ( in days ), or 1,2, and 3 vyears

respectively.

11). The conclusions drawn from the results of the study

application are:

-~ First, the operation of the wells cleariy affects the
pattern of the groundwater flows, from the initisl
East-West direction to mixed directions, so that some
flows now come from the South side of the grid and

move to thes wells situated at Dayesuhkolot.

~ Second, groundwater flows are concentrating on two
groups of wells. Those are located in Bandung city

and at Dayeuhkolot.

~ Third, the operation of the wells causes a depletion
of the water in  the aquifer, which 1is shown
quantitatively from the deficit in net flows into the

agquifer within the grid ( see table IV-3 ).
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—- Fourth, this withdrawals may result in the lowering

of the hydraulic heads of the aquifer .

— Fifth, if the hydraulic heads of this deep confined
agquifer become lower than those of the upper
unconfined aquifer, leakage between the two aguifers
would occur from the upper unconfined aquifer to the
lower confined aguifer. As a result, the water level
in  this upper aquifer will decrease which may cause
the shallow wells to dry up. Also settlements of
heavy constructions which have shallow footings may

OCOUr .

~ Sixth, the changed groundwater flow pattern will
have implications for the choice of waeste disposal
sites that may cause groundwater contamination.

- Seventh, a severe deplétion of groundwater may bring

subsidence over some parts of the study aresa.

~ Eighth, the sensitivity analysis shows that errors in
the assumed thickness of the aguifer do not affect
the conclusions  very much. rrors in the assumed

boundary conditions.are more serious.

1i2y. A detailed study -is needed to obtain better
information of the real conditions. These should cover a

iarger areae including the South mountain range.
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Appendix A
- A.1. Sample of an input of the program application.
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- A.3. Graphs of all cases.

Appendix B
- B;l. The pattern of the’finite element grid :
o é). Drawn by hand; |
b). Drawn by the computer,
c). Numbering of the finite elements.

- B.2. Variation of hydraulic conductivities in the F.E
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APPENDIX A.

‘ The input to the program applicaéion -
This appendix is related vith the input, especially for the case A.1.a, vhere the thickness of the aguifer is 73 », and
the output tise is one year, o - :

The explanation could be seen at the end of this appendix.

START ¢
¢t 1) A STUDY CASE OF GROUND WATER FLOW - BANDUNG AQUIFER (CASE § A/1,a)

ct 2) F F F T F T

ctd 289 164 F  F 1 1 289 184

ct 4) 2 0 F T o

ct 5 M o 0 o0 o0 0 7 3 3B 2

c¢tSH o0 o0 o0 F 0 0 T F T

ct 6) 0.0 10000.0 0.1 0 5 20 1.0 1.4 2
ct - -1 70 2 60000.0 60 t 0 |1

3
0
0
ct B) 1 21870 0.0
_ 2 3594.0  1250.0
3 48440 156.0
4 1250.0  500.0
5 17100  1562.0
6 2968.0 28120
7 4870.0  2656.0
8 63620  1250.0
9 0.0 2188.0
10 1250.0  3282.0
11 3750.0  3906.0
12 46088.0  4688.0
13 6250.0  4062.0
14 70310 2188.0
15 8750.0  1875.0
16 2500.0  4844.0
17 3282,0  5200.0
18 3910.0  5781.0
- 19 4688.0  6094.0
20 5750.0  5500.0 -
.21 7000.,0  5781.0
22 7931.0  3750.0
23 9218.0  3750.0
2430000  6094.0
25 3906.0  6875.0
26 5200.0  6750.0
21 5781.0  6875.0
28 6562,0  7050.0
29 7660.0  6875.0
30 8750.0  5000.0
31 10312.0  4688.0
32 11406.0  3594.0
33 3125.0  7968.0
34 4557.0  7825.0
35 5310.0  7340.0
3 6120.0  7500.0

70




50
51

673030
8978,0
75000
5073.0
100, T

121800

3240.4
4218.0
32120
£010.0
B692.0
7038.0
85%.0
107500
118500
13580.0
250
4030.0
4910.0
5680.0
6135.0
4000
5500.0
7500.0
8750.0

10457.0

12148.0
14062.0
PEIFRY
42124
44230
4825.0
3330.0
3910.0

6715.0.

7887.0
9137.0
{04126
11800.¢
12440.0
13123.0
2830.0
40756
4738.0
623,40
6230,
7035.4
G238.0
5218.0
10000,0
250,40
120250

126300

2300.0
33310

598500
4593,0
6o, 0
gzzad

- B1Z5.0

BZ85.0
BR75.0
9215.0
9515.0
7500,0
£250.0
11130.0
9150
5215.0
B750,0
3215,0
570.0
10165.0
10505.0
10725.0
11220,0
3102,0
B354, 0
11727.0
11875,0
11200.0
100000
9650,0
10350.0
11250,0
114600
11752.0
119250
114200

131750
12146.0
11250.0
11800,0
11870.5
12160,0
12952,0
13450.0
13125.0
11915.0
11800.0
157810
150000




144
142
143
144
143

146

3305.0
56250
£450.0
73000
7800.0
8450.0
700,40
11450.0
12300, ¢
13245.0

2800.0

3775.0
5750.0
5913.0
£250.0
6075.0
6760.0
7048.0
7937.0
8550,0

10775.0

12500.0

13750.0
3150,0
4525.0
5050.0
25,0
6325.0
8675.0

100000

11850.0

13200,0

15300.0
3900.0
5000,0
5550.0
7000.0
B550.0
9568.0

10525.0

12180.0

12210,

1437540

48750
33497.0
3745.0
7078.0
i932.0
8950.0
102000
114500
12650.0
14070,0
3R90,0
6732.0

13333.0
12288.0
123000
123000
13125.0
13750.0
14237.0
13330.0
130000
12630.0
18025.0
17035.0
15781.0
14865.0
13390.0
13100.0
13100,0
13750.0
145750
15000,0
14688.0
14175.0
13600,0
19213,0
18268.0
179120
17500,0
16038.0
162500
16250.0
16350.0
16637.0
15468,0
20781.0
195200
192500
177120
17712.0
17712.0
17825.0
18145.0
B335,
18336.0

22862,0

20437.0

19528.0

135370.0-
16230,0

18750.0

18750.0

188500

19000.0

18975.0

27340,0

21400,0




ct 9)

147
148
143
130
151
152

A3

154
155

156

- 157
158

159
160
161
162
163
164

Yo

£ - A SN

L e L
R - A R O 2 A B = =~ T i = o

s g
[ W v

20

6

]

6350,0
7200.4

5218.0 -
10770.40
_ 121830
134750
743,90
73250
VAR
7510:0
9548.0
10960,0
12290.0
B175:0
7968, 0
9350.0
10623:0
10633.0
t

Lo I RN BN F R R L 4 e

- i
R R R BRI

D I T
[ o o RS R T e = =}

ey
e

0
13
14
z
ib
17
7
18

£d
13

2720
157000
19700.0
20000.0
203000
207050
72960.0
21875.0
214000
20600.0
20798.0
215400
21850.0
2325.0
22500,0
200630
22887.0
24222.0

3

FECR =

13

20

LN IEE = S0 i 2 IO 5 N - o = T L S SRCI R

L BN

() R T PR - S )

ot e i —
Fost bt e

iz

ya]
]

R
77
rij
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4
@
4l
51
#
4
5
4
%
4
56

7
a7
58
a9

2

Vi
i

2
28

29
7
4

3
3

32

BYUBEREBRREE

37

3

40
3
4
42
42
oL
44
44
4
43
48

47
47
48
44
48
43

2d
23
H
30
30
3

b

al

EHEBELNEREMREER

40

a1
.
42
43
44
45

4
3
K
47
3
49

43
a

[
4




101
102
103

104

105
106

107

108
109
110
il
112
{13
114
3k
{16
17
118
113
120
21
122
123
124
123
126
127
126
129
13
1

132

133
134

Ax

136
137
138
133
140
141
142
143
144
143
146
147

TEE

HEYLUGOR Y DY

72

43
5
1
30
5
ol

Ji

sgoe

&2
76
B3
&3

1
67
ai

69
70
70
!

i

iz
7z
73
73
74

74

73
75
76
76
9
74

A S I U U

b1
61
b2
53
63

o4

"
&7
&7

]
8.
37

70
39
b

72
72
73
73
4
73

75

-

ZEREEEIROgOE

LEI AU eSS :

[ ¥ o]
=




g

143
150
13
152
5
154
153
s
157

158
159

160
© 161
{62
163
164
163
168
167
168
169
170
i
172
173
174
173
17
i)
17
179
180
181
18z
183
184
183
186
187
188
130
131
192
193
154
155

1

90

103

9
9
73

. R

.
£

3
107

108
103
109
103
110
110
il

g

-z

n
113
160
102
102
103
143

103

FE]
&l
93

BELIFFRSTRETETEIRBRE

E P ERNERERLES SR

iy
(%]

=
=

100
100
1ot
102
103
164
104
105
105
106
107
107
108
108

3
103

57
10

%

RI%

11z
112
113
113
14
ita
ita
116
7




203
204
205
206

27

208
2093
210
211
212
a3
14
215
246
27
218
219
2
pri|
iz
Y2
i
255
2%
227
28
229

=

41
23
]
234
235
236
237
23

240

.l

S 7R

w3

M4
M3
Hh

ur

248
243
0

251

a7

23
24
235
256
%

i3
113
120
i1
121
11z
172
113
123
{15
115
113
116
117
127

18

113

128

13
120

130

12i
13
122
132
133
123
123

18

126
126
177
127
128

V]

139
123

140
-
LI
o3
142
132
143
k!

135
136
13
136

37

137
138
133
148
140

13
153

110
i
1

1z

112
113
113
114
114
126
127
116
17
118
118
119
140
120
120
17
i

-1z

1z
123
123
123
124
13
178
137
127
138
18
135
123
{73
130

o130
S X1
i3
1

132

134
136

sar
150

147

137

148

138
139
140

141

141

i
120
21
121
122
122
Ve
12
124
15
12
127
127
127
128
128
128
129
130
130
)
131
132
133
124
134
13
13
13
137
137
138
138
139
140
140
141
t41
147
142
143
143
144
144
145
145
146
147

147
143
140
148
149
149




ct 1
ct i)
ct 12

ot 1
1

e h)]
o l4)
ct 15)

fowy
pouoy
S

FEHED .~

[
.
il

233

239

P
- 261

262
263
2
63
b
67
768
265
270
i
in
273

274

275
276
mn

-8

279
280
281
282
283
284

Exiaiy
i04

27

0 171

143
141
150
142
151
13l
143
143
146
146
146
147
148
136
149
157
150
158
151
133
133
- 1
16
133
135
162
162
163
163
161
160
160
0.0

_.
[ ]
oo

[= 1
[
=R

3
108

e e
W owT e
o g

Pt
-

123
149

[¥w) \‘;} 5

O G

197

Qo

0.0
50,0
155.0
135.0
155.0
155.0
155.0
135.0
153.0

141
142
142
143
143
144
154
14
133
136
147
148

143 .

149
150

150

151
15
132

161

154
133
133
156
137
137
158
158
153
162
162
163
730

B R

I A I ]
O A R -
~4
o &

31

1011

73,0
123 126
1ol 157
173 174
199 200

135.0
155.0
1550
153.0

53,0
155.0
135.0

150
150
151
151
144
152
153
154
154
155
156
155
156
157
157
158
158
159
159
160
161
161
162
157
162
158
163
159
164
160
163
164
2. T+

7
A
3 40
Y
%75
293
1z 13
2.0E400
127 132
133 1H
175 176
201 X2
1326400

145.0
145.0
145.0
143.0
145.0
145.0
143.0

2. JSEHN

5 10

5%
TR,

59
%7
% 9%
14 115
30640
133 134
155 1%
177 178
203 204
1, 2E400

82 63
B0 81
% 97
116 117
135 1%
o 13
179 180
248 219

5054

“n

13
3
46
&4
82

102

128 i

137
133
181

14
K3

e R

103

138
160
182

13
3
48
&b
B4
104

5 120

13
151
183

146
168
184




133.0
1850
133.0
153,40
13540
150
135.0
330.0
153
160
164
159
152
144
134

16000.0°

0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0,0
0.0
0.0
0.0
0.0
.0
0.0
0.0
4,0
0.0
0.0
IR
0.0
0.0
0.0
0.0
4,0

()10

0.0 -

0.

0

Ul

4,0

0.0

0.0
(:l N (:)
0,0
0,0
0.0

{72.0

155.0
155.0
155.0
1535.0
185,0
155.0
155.0

10000,0

022
0.22
0,22
0.22
0.22
0.2
0.22

6.0E2

-9,9E42
-1, ZE43
-1, 3643
-1, 7643
-1, 5643
-1 1843
<1, 5643
8. 4E42
-2, 7643
~7.4E43
-5 9EtZ
-3.0E43
-6, 7E+2
-3.6E43
-3.3643
-4, 143
~4, 3643
-1, 0E+3
-4, 8042

-3.5642
4 ZEH3

143.0
145.0
143.0
145.0
145.0
145,90
145.0

0.2¢
0.22
0.22
0.22
0.22
0.22
0.22

SRLEEH - L

LB
R
i

bR

CTEE
LB

0.13
0.13
.15
0.15
0.13
0.15
0.15




SO B IR e £ P

il

L

OLK LN LM en
HE e

124.0
15,0
120.0
234
127.0
128.0
125.3
1550
135.0
129.0
130.0
128.6
128.0
127.0
135,06
145,35
140.0
134,0
1310
131.3
123.3
128.8 -
155,40
146.4
135,0
134.0
133.0

130.5

1306
130.9
1553.0
145.5
137.0
133,60
13,0
134.0
135.3
135.0
132,06
13t.a

sz
ind

146.4
140.0
137.1
137.0

137.7

38,5
133.0
134.9
133.9
155,40
130.0
145.5
133.0




57
5
5
&0
Bl
62

ELERESED

89
70
71
12
.73
74
75
[
14
it
74

133.0
140.0
1400
1404
140.5
140.9
138.6
138.6
155.0
14,0

148.0

145.9
141.3
141.2
141.3
141.2
141.3
141.5
141,27
14,6
140.5
155.0
150,90
147.0
144.0
143.2
142.0
142.0
143.5
14,0
143.9
141.9
142.0
155.0
31,3
4.2
145,53
143.9
143.2
1438
144.8
1455
1443
14,0
143.8
153.0
153,40
145,0
146.4
145,53
145.0
144,40
1450
146,0
146.2




112 46,0

TRt
e 1450
s 150
6 1520
7 153
g 1500 _
TR TYAS
120 1470
2 W
7N A
1 180
24 WL
125 1550
1% 1530
127 150
1B 1436
135 1494
13 1434
B 47
1500

13 150.2
13 150.3

133 155.0
136 133.4
137 152.0
138 130.9
133 1500
140 150.3
141 150.3
142 130.6
143 130.7
144 150.8
145 1543
146 1#.0
147 153,40
148 131.7

149 i81.3
150 13,0

151 5.3
152 153.0
153 (54,5
154 1341
33 3.6
{56 133.0
157 152.9
153 1333
193 id.0
160 13,6

161 154.2
l6Z 134,40

163 1.4
. 164 1353.0
| e ony 3690

ot 3 0.0 350
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FINISH.
Explanation : . 7 - -
1). The input consists of sequent cardétypes,Vfrom ctl until
ct35; however, for every certain problem ﬁeed not the whole
card types.
2). For this prdgréﬁwapplication, oniy ctl, ct2, ct3, ct4,
ct5h, ¢t6, ct?, ct8; ct9,‘¢t10, ctll, ctlz2, cth, ctl2, ctlo;
ctl4, ctls, c£22, ct23, ct24, ct2b, ct31, ct32, ct33, ct34,
and ct35.
3). The input could be seperated into 5 main parts, there
are |
- Firét, that which consists of ctl until ct?,
- Second, that which‘consists of ct8 until ct31l, and
- Third, that which consist of’ct32‘until c£35.
4), Ctl until ct7 are related with thé problem to be
computed :
Ctl ) Title of the problem.
CtZ ) The problem parametexé‘Which consist of
-Is it for confinéd‘p?ﬁy@ﬂ}eaiic aquifer which
should be expresSed ;é§ linear',o£' not linear,
steady or tfansient fibQ}; should the initial
condition be guessed by‘fhé‘ébmputet or should be
. o supplied by the user; is the final solution to be
steady state or not,'is the céléulation'to be done
'jusﬁ until checking the input aaﬁa or until whole

computation are finished, and is table of




ct3 )

ct4 )

Ctba)

hydraulic heads of concerned nodes needed " to be
tabulated.

Put T for true, and F for false.

Geometric Parameters which consist of :

Number = of ‘elements and number of nodes in the
finite elémént grid, is the geometfic data need to
be ’printed out,4is the graph‘of grid'need‘ to . “be
plotted, scaling factor of’x and 'y coordinates,
the largest element identification,number, and the
largést node identification number.

Aquifer property parameters which conéist of
number of aquifer regions minus one ( .as the
default region ), number of nodes or elements for
which special aquifei properties are defined
individually ( different  from the default
properties and the regionally defined properties
as described before ), are the aquifer properties
given by nodes or by elements, are the hydraulic
conductivities supplied or tranSmissiyities.

Boundary - and initial condition parameters which

consist of

Number of specified heads of the 1lst type boundary
condition. ( NHNODE ), number of times when the
NHNODE are given, zero, zero, zero, Zzero, zero,
number of’element sides where sides' fluxes of the

2nd - type boundary 'condition occur ( NFLXS ),




Ct5b)

- Cté

numbef of times when NFLXS are given, number of
nbdes where point source/sink are prescribed (
NFLXN ), and number of times when NFLXN are given.
number of times

( Continuing of ct5a )

Zero,’ zero, zero, is there any leakage from the
adjacent'équifer,‘zero,zero, is the 1eaky adjacent
aquifer on top or bottom of the concerned aquifer,

are the hydraulic heads in the leaky adjacent

'~ aquifer vary in !spaCe or not, - and_ should the

)

initial condition of hydraulic head at every node
need to be read by the computer or not.

Time Iintegration and iteration parameters which
consist of

The starting time for computations, the ending
time for unsteady computations, tolerance (TOL)for
convergence criterion for iterative nonlinear
solutions, indicator'fo:’the Qorm:to7be’used for

checking convergence (40 if'thegiédt'mean square

error is compared'with TOL, dhd 1 if the maximum

absolute deviation between;itexétibns,is used ),
maximum number . of ifefatiqns’ f@t an iterative
solution ( default 5 ), initial time interval for
unsteady prpblems, time integration parameter for
unsteady problems, time interval parameter for

varying of .delta  time ( DT ), IDT which |is




ct7

)

indicator for the method of changing DT ( 0 if no
change occurs, 1 if DT = DT * DTPARM after NDT
time steps, and 2 fof*DT = DT + DTPARM after NDT

time steps ), number of constant length time stéps

“between changing DT according to IDT, and number

of iterations for nonlinear problems.
The output control paraméters which consist of :
First time step number when printed output is

required ( -1 is to reset to 106, and no output

will be printed uﬁleés NouT > O ), number of time

steps between printed outputs, number of special
printed output times when solutidn is specially
calculated, £first time step number when a printf
plot of piezometric‘héads is required, number of
time steps between print-plots, number of special
prinﬁ~plot times when solution is specially
calculated, scale of print-plot, increment for
labelling axes of print-plot ( 0 if the computer

should arrange the ‘suitable increment );f‘ is

rotation of the x-y axes needed to be done or not

( 1 if there is no need to rotate the x-y axes, O
if the plot is rotated so that the largest
dimension of the plet runs down the page, 2 if the

rotation 1is forced to occur and the y-axes is

printed across the page ), zero, number of digits

printed after the decimal point for print-plotted




heads.

5) Ct8 until ct3l relateﬁwith the real input data, that are:

cts8 )

ct9 )

Cct10)

Node points and their coordinates, which should be
set sequantially relating with the continuing
bandwith of its row ( there should be no Jjumping
nodes are’ allowed ). And every node should be
written in seperate,line; |

Elements' number and its cdnnectivitieé' nodes,
where the rule of writing might follow ct8 but, in
this case, it is allow to wrife jumping elements.
Default aquifer properties.

The aquifer might consist of such number of
different geologic formations. The properties of
the largest area of the geologic formation might be
taken as the default data.

The properties consist of :

t

Default bottom elevation Z above datum,

- Default thickness B,

- Default Kxx or. Txx, o B

- Default Kyy or Tyy

- Default aquifer storativity S ( for chfiﬁéd'
aguifers only ), | B

- Default specifiic yield 8y ( for phreatic
aquifer only ), none ip this»problem,

- Default  property K'/B'of semi—petmeable layer

between the main aguifer and an adjacent leaky

A




aquifer, none-in this problem.

Ctil)'Number of  nodes/or elements in each different
aquifer property region. * I

ct12) Set of 'node/or element;4numbers which rhave
different properties with the default properties.

Ctl4) Times for fixed Specified‘héad of .1st fype of

‘boundary condition, which should be related with
its histogram. o

Ctl5) Set  of nodes with their specified head, which

| ‘should be rélated with its histdgram.

Ct22) Times for prescribed sides' fluxes of the 2nd type
boundary < condition, which should be related with
its histogram.

Ct23) Set of side of elements with their fluxes' values,
which should be related with its histogram.

Ct24) Times for prescribed nodal fluxes ( or wells ),
which should be related with its histogram.

Ct25) Set of nodes where wells are existed with the
values of the discharge.

:Ct31)‘Set of initial  condition, the nodes and all of

hydraulic heads, which could be written randomly.

6) Ct32 wuntil ct35 relate with the choosing type of

“solution to be presented by the computer, that are

Ct32) Special times for printing output, such as first
time, seéond timeé, ~and so on.

Ct33) Special times for plotted output.




Ct34) Number of . nodes at which a hydrograph of
piezometric head is to be printed.
Ct35) Set o©f nodes that the hydrograph of piezometric

head' is to be printed which would be written in

téble form.

1) Aii of these input sﬁould be presented properly where :

a); All explanatioﬁs should be erased,4 4 |

b}. Ctl should be put at the first liﬁe and‘fhe word A
should be placed at the first column.

é);’Tﬁe pbéition’of all continding lines should’be set
és it is, because the format s are already being set.

d). There should be no empty lines in between until the
last line.

8) Program weditf from watfor77 could be used for editing.




A . 2
sAMPLE OF

A PRINTED OUTPUT
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A R R E R R R R E R R R R R E R R R R R R R R B R

AUIFER-1

R R R R S E R R EE R E R R E SRR R R R R R FE R R R E R B

Twl DIMENSIONAL FINITE ELEMENT MODEL
OF GROUNDWATER FLOW WITH
LINEAR TRIANGULAR ELEMENTS

i}E(‘mm;ni - valL E‘ie&i'b&kinu
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~ PROBLEM TESCRIPTION

TYPE C“%IFERIll'Il'lllIl.lll!lllll.’ll.llll'll’lllll‘l.. llllll l'llll; llllllll .lllLImm‘: lFt
LINEAR=,T, LINEAR (CONFINED) OR LINEARIZED ARUIFER '
LIEAR%F. NONLINEAR: (UNCONFINED (R HIXED) ABUIFER

‘ TYPEWFW&EH AR R A SRR R R N Y Y N N N N N N N RN RN AR SRR R2 R ] STEADY- I‘FQ
STEADY=, T, STEADY GTATE PROBLEN
STEADY=,F, UNSTEADY OR TRANSIENT PROBLEM

INITIAL CONDITIONS/GUESSES PARABETER. ssssssssseessrsseeersvsrsrennnnnernnsnnessesnns INITALE £
INITAL=T, COWPUTE LINEAR SOLUTION AS A FIRST GUESS FOR A NONLINEAR PROBLEM

AND/OR INITIAL STEADY STATE SOLUTION FOR AN UNSTEADY PROBLEM

_ INITAL=.F. READ INITIAL CONDITIONS OR GUESSES

FINAL STEADY STATE SOLUTION PARRRETER: . vvvserssesessessssness ceerreennenrennndFINE LT,
FINA=.T. COMPUTE FINAL STEADY STATE SOLUTION WITH BOUNDARY CONDITIONS AT TINE=ENDTIN
FINA=F, D0 NOT CONUTE FINAL STEADY STATE SOLUTION

MTAc}{cxPW\%TER..Ill'llllllllll!l'l‘lll'!'lll.l.llllll!llillll lllll ll'llllllll'lc}ﬁcx.: ‘ IFI
 CHeCK=.1. CHECK DATA THEN SToP
- CHECK=.F, EXECUTE PROGRAM NORMALLY

FINITE ELEMENT GRID PARAMETERS

==

‘MBERWELE&NTSIIOIOIII lllll l’ll'lllllilll.llllIllll'llllllltlnllllllll!llllllIllllml.: 289




 NUMBER OF NODE FOINTS. covernvannne correnriees R T Crerararsienees Voo U=

FLAG FOR FRINTING GEDMETRIC DATA:cvvsssunsssesssssrsnnsnnnnunnansessrnenssssnssnssnsPREEOHE
PRGEOM=.T. FRINT GEOMETRIC DATA
PRGEN=.F. DD NOT PRINT GEOMETRIC DATA

FLAG FOR PRINT-PLOTTING GEOMETRIC DATAusssvrunssrersssensissnnnnresnnsvssensnennasesPLGEONE
PLEEOM=.T. PLOT GEDHETRIC DATA ~

 PLGEON=.F, DO NOT PLOT GEDNETRIC DATA

SCALING Fme Fm x-mDImTESOll’!lllllllllllllltl!lll'l.lt‘,lllllllltllllllllll!lxm“:

S‘:N.Im Fme FUR YmDImTESIncllll|clllnun.volltn.cultcllnllc.lu:-lalltlnclll-st=

 LARGEST ELEMENT IDENTIFICATION MEER,vvvesrseaeseseseesssnssnsrnessaesssersseseslNELTE

LMGEST m IDENTIFICATIm m‘llllll'lllllll!!llll‘llll'lllltllt!l'll.ll"!llll.'l’mx’m:

Aﬁum FROPERTY FARANETERS

j NUNBER OF REGIONS WITH REGIONALLY DEFINED AGUIFER FROPERTIES.....essssssenssesnrnnnes HARRE
NUMBER OF INDIVIDUAL ELEMENTS OR NODES WITH SPECIALLY DEFINED ARUIFER PROPERTIES.....NSPEC=

KETHOD BY WHICH ABUIFER PROPERTIES ARE BIVEN. s vreseersneessnnnressesnrenssssnnnses BYNODES
- BYNODE=.T, BY NODES -
BYNODE=.F. BY-ELEMENTS

METHOD BY WHICH HYDRAULIC PROPERTIES ARE BIVEN..veesussrnnssserenvsensorsssnannensssesPERME
FERM=,T. PERMEABILITIES KXX,KYY ARE GIVEN ' '
PERM=.F. - TRANSMISSIVITIES TXX,TYY ARE GIVEN

l x
BOUNDARY CONDITION. PARAMETERS

NMBER DFkF,'R’ESCRIBE‘D mmmmhem NGDESNNODE
HEER F TIFES W PFE.—MIBEDMU BOUNDARY CONDLTIONS BRE SET.vovvvvoorssannsss s NTEHE
Nmssg OF NODES WHERE ammw&smsmm&om
MIBER OF TIHES WEN GROURD LEVELS BRE SET.cvvoncvssvsmnncssnannisssnnssseonenses NTGRDS
 NMBRR F FLUXELBENTSN‘LXE
MIBER OF TINES WHEN PRESCRIEED BOLNARY FLUIES MRE SET.vvvecnvvesnnrvesrasensnesss NTFLIES
MMGER OF REGIONS WITH REGIONAL ELENT FLUK11vescsvsnsssnsssssnsssnnssannssnnsenns NEFRE

MBER m'- FLUX SIESIII:llllltllllltll'llCIll!l‘:llllllll'lll'!ll!llll!llllll'nllll'lllmxs=

164

1,000

1,000

164

14




NUMEER OF TIMES WHEN PRESCRIBED SIDE FLUKES AFE SET......... BT RRRI 1125 (- 3
MUMBER OF FLUX MIDES: v vveerssverersssssreessssssessrssnesanseerarssnnscrnsreneenscNLINE B
MUMBER OF TIMES WHEN PRESCRIBED NODE FLUXES ARE SET.uveseversessersersessnssensnssoNTFLINE 2

m‘ERWm‘TYPE mv SIES.."‘!Il....l’.lll'll lllll llllI.;.I‘.lllllll..ylll.’.l.m: 0

'NBER OF TINES WHEN RD-TYPE BOLNDARY HEADS ARE SETu.ovurvevsesnnnssnrsennsssessn NTBCES 0

- NMBER OF NODES ON THE 3RD-TYPE BOLRIFRY STDESuuovunssnnsssssnsnnsnesnesnnsnnnnesss MBS 0

BRD—TYPE vaPmTER|I|QUQCICIII.IIIII.III.IIIII,'I!llll'.l."ll'll‘lqlllﬁ‘l"mm: 'Fl
BEDBC3=.T. USE RIVER BED LEVELS TO NODIFY ZRD-TYPE INFLOWS -

BEDEC3=.F. DO NOT USE RIVER BED LEVELS

NUMEER OF NODES WHERE HEADS IN ADJACENT ABUIFER ARE GIVEN:.vvvrssessrsessesersessessNHADIE 0

MUNEER OF TIMES WHEN HEADS TN ADJACENT AQUIFER ARE SET.vverssseresssnsessrsesssnne NTHADIZ 0

ADJACENT AQUIFER FARMHETER. v venssessrsrereesss rveeseersseesrersesssessserseneee TP LT,
ATTOP=.T. ADJACENT AQUIFER IS ABOVE AQUIFER UNDER STUDY
ATTOP=.F. ADIACENT AQUIFER IS NOT AT T0P ‘

HETHOD OF SUPPLYING ADJACENT HEADS...e.vvvesss O UPRURNE 11/ ~S
HAYARY=.T. ADJACENT HEADS VARY IN SPACE :
HAVARY=.F. ADIACENT HEADS ARE CONSTANT

- TYPE OF INITIAL CONDITIONS/GUESSES IF INITALEFuveverersnesssressssnrnsesensnneesc ICVIRYE LT,

ICVARY=.T. INITIAL CONDITIONS VARY IN SPACE
ICVARY=,F. INITIAL CONDITIONS ARE CONSTANT

t
SOLUTION STRATEGY

STMTTI&I..'.'..I.III..l...;lllI"I.l.".llll.‘..l..’.."‘yﬁylI'l..l'l-‘l.lll'llll'..‘lSTRTl# lmm
END THE. 1o v ee s sessiscrsssssesssbsssn s errneensenenenss s EXOTINEL0OOO. 0000
TOLERAHEE. FOR COMVERGENCE: v+ s evessessssossssssonssbsnbansensabsnsssanss Tl L1000
INﬁImeFmmmITERIml..lll...;'.ll.l.l|.".'.l'l..’.ll'l"'lll"l.'l...ITu—= O
11000 RODT HEAN SOUARE ERROK CRITERIOH

1T0L=1 HAXLFUA ABSOLUTE ERKOR CRITERION

mx‘lmmmITEPATImS"Ill’l'l.II.ll.."I'.."'l“.'.....ll"..'.ll‘l.l.ll.l".mxlT= 5

TIPE STEPIllllltlllllllllllll!lll‘ltlllllll'lllh!lllll'll!.'lllllllllllllltlllllll.l;'llDT= 2.00000

ALPHA PARAMETER FOR TIME INTEGRATIDN SCHEME....... frrnacnaen Cearhaersriassianes LWALPHA 10000

r_ 1:1




TIHE STEP PMTERDIOUOIIIIIIQlllllllllllllll‘lllIll!lC.l|tlt.l'lltllll‘l'llllll!l!DTPmﬂz

IDT=0 . NO CHANGE (F. TIME STEP
107=1. DT=DT#DTPARK AFTER NDT TIME STEPS
I07=2 DT=DT+DTPARH AFTER NDT TIME STEFS

NUMBER GF CONSTANT LENGTH TIME GTEPS BEFORE CHANGING ACCORDING T0 HT.......covaveivnn MDT=
NUMBER OF ITERATIONS WITH SAME LEFT HAND SIDE SYSH I‘ATRIX.............................NSYS-
NGY5=999 - REFORM 5YSM ONCE EACH TIKE STEP

1
- QTRUT CMTR(I.

FIRSTTIFE STEP HR FRINTED malclllollllll-anc-nsllnnan-lcluslull-llltllnllall:ISTPRT=

NUMEER OF TIME STEPS BETWEEN PRINTED QUTAUTS e snenvasnsnsnsensnisusasnninnnnnnns NOTFRT=

FIRST TIM STEP F(R H.OTTED‘mTPUTIIIllll.llllllllllll!llllllllll.'.!lllllllll'lll"ISmT=

NUMBER OF TIME STEPS BETWEEN PLOTTED QUTPUTS.sssissssasnsnensnnsuniissinneniarinss NDTPLTE

IWT Fm mBELLIm PLOT AxES.lll!Ill!lll'.'llll.llllllll.llll.llllll.lll'l...llPD&TA=

MRFLAG=0  ROTATION OF PLOT 1S ALLONED

NRFLAG=1 NO ROTATION IS ALLOWED, i-AXIS ACROSS THE PAGE

NFLAG=2. ROTATION IS FIRCED, Y-AXIS ALRISS THE PAGE

NUHBER OF ROWS/COLIPHS AROLND PLITT BOUNDARY. ..+ veevinsenssnsesensssensnos oo NEOUNDE

MBEP OF DECI”QL Mb IN PLGTTED VN.LES BF }ED -'l!"l--u;t"’"l'nn‘auu't;nnunn'ﬂ)lo:

5 1 ;
NUMEER OF ELEMENTS (NK) IN GYMMETRIC COMPACTED MATRIX 15 1842

BANDWIDTH OF MATRIA IN FULL FORM WOULD BE 31

30332 WORDS GF STORAGE HAVE BEEN USED OUT OF A TOTAL ALLOCATION OF 73000

INDICATOR FOR CHANGING TIME STEP.......... e .IDT=

N‘.“BER ﬁ. SPECI“. PRINTED MTPUT TIES'I.I!II.!II‘IIIIIIIl;llll..lll‘llllll!;llll.lvitlimvrr:’

WBE& m“ SPECIAL PLUTTED WTF'UT TIHESncu'-lll BESEEINSTRASERELERICERINSREABUEISESRANTSY ...N:'LT- :

RGTATIM FM‘MTER!.-L-.-U:-nl:lunn.lnla-n-lliluns-lllll'ln':lll.-llnlaulcuoll'n:ocmFLmz

1,4000
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1000000
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CALCULATIONS ARE IN DOUBLE PRECISION

f
AGUIFER CHARACTERISTICS

ELEHENT MO BOTTOW  AGUIFER KX KYY  STORATIVITY  SPECIFIC  CONF.LAVER
ELEVATION  THICKNESS YIELD K
1 00 75.00 B.000E400  B8,000E+00  5.000E-04  0.000E+00 0. 000E+00
2 00 75,00 B.O00EH00  8.000E+00  5.000E-04  0.00CE+00 0.000E+00
3 00 75,00 B.ODDEH00  B.000E+00  5.000E-04 ~ 0.000E+00  0,000E+00
4 L0 75,00 8.000E400  B.000E+00 5.000E-04  0.000E+00 0.000E+00
5 00 7500 B.000E400  B.000E+00 ~ 5.000E-04  0.000E400  0.000E+00
6 00 75,00 - 8.000E¢00  8,000E+00  5.000E-04  0.000E+00  0.000E+00
7 00 75.00  B.OOOEH00  8.000E+00 ° 5.000E-04  0.000E+00 - 0,000E+00
g L0 0 75,00 8,0008400  8,000E400  5.000E-04  0,000E400 0.000E+00
9 L0 75.00  B.OOOEH00 - B.000E+00 - 5.000E-04  0.000E#00  0.000E+00
10 00 75,00 B.000EH00 - 8.000E+00°  5.000E-04 ~ 0.000E+00 ~ 0.000E+00
11 00 75,00 B.000E400 - B,000E+400  5.000E-04 - 0.000E+00- ~ 0.000E+00
12 00 75,00 B.000E400  8.000E+00 - 5.000E-04 - 0.000E#00  0.000E+00
13 L0 75,00 B.ODOE00 - B.000E+00 - 5.000E-04  0.000E#00 - 0,000E+00
14 00 7500 B.O00EH00  B.00CEH00  5.000E-04. ~ 0.000E+00 ~ 0,000E+00
15 00 75.00 - B.000E400  B.000E+00  5.000E-04  0.000E400 0.000E+00
16 L0 75.00 - 8.000E400°  8,000E400  5.000E-04  0.000EH00 ~  0.000E+00
17 0 75,00 B.000E+00 - 8,000E+00 - 5.000E-04 ~ 0.000E+00 - 0.000E+00
18 L0 75,00 8.000E+00 ~ 8.000E400  5.000E-04  0.000E+00 ~ 0.000E+(0
13 00 0 75.00 0 B.000E400 - B.000E400 - 5.000E-04  0.G00E+00 0, 000E0
2 CL00 75,00 8.000E+00 - 8.000E+00 - 5.000E-04 - 0.000E#00 - 0.000E+00
2 00 75,00 B.000E+00  B,000E00  5:000E-04  0.000E+00 - 0.000E+00

G0 75,00 B.000EH00 -~ 8. 000E+00 - D.000E-04 - 0.000£+00 0.000E400
00 75,00 B.000E+00 - B.000EH0 - 5.000E-04  0.000E+00 0. 000E+00
200 75.00 - 8.000E400 - 8.000E+00 - 5.000E-04 0. 000E+00 0.000E+00
00 75,00 8.000E400 - B.OGIEH00 + 5.000E-04 - 0,000E+00 0. 000E+00
0 75,00 8,0006400 . 8, 000E+00 - 3.000E-04 - 0. 00CEH00 0. 000E+00
27 00 75.00 - B.000E+00 - B.OOOEH00 - 5.000E-04 - 0.000E+00 0. G00E+00
00 75,00 80006400 . 8,000E400 - 5. 000E-04 .~ 0.000E+00 0. 000E+00
0 75,00 - B.G00E+00 - B.OOOEHOG: - 3.000E-04 -0, 000EHD 0.000E+00
1] 75,00 8.000E+00  8.000E+00 - 5,000E-04 - 0,000E400  0,000E+00
00 75,00 8,000E400 - B,000E+00 - 5,000E-04 - 0.000E+00 0, 000E+00

3 A 75,00 - B.O0UEH00 - 8, 000EHHD. - 3,000E-04 . 0, (00E#(0 0,000E+00
33 W 75,00 - B.000E00. - B.000E+00 . 5,000E-04 . 0.000E+00 0. Q00E+00
H ® 75,00 8,000E400. 8.000E400" 5,0006-04  0.000E+00 0,000E+00
do- 0 75,00 B,000E400  B.000E+00  5,000E-04  0.000E+00 0. 000E+00
3 Ri ] 75,00 B.000E#00  B,000E+00 . .000E-04 0. 000E+00 0. 000EH00
37 iy 75,060 B.000E00 . B,000E+00 - 5,000E-04 0. 000E+00 0. 000E+00
) L0 0 75,00 B.000ER0 . B.0GEH0  5.000E-04  0.000EH0 0. 000E+00
39 00 75,00  B.000E+00 B.000EH00 . - 5.000E-04 . 0.000E+00 0. 000E+00
40 07 75,00 8.000E+00  8.000EH00  5,000E-04  0.000E+00 0.000E400
4 L0 75.00 B.000E+00  B.000E+00  5,000E-04  0.000EH00 0. 000E+00
42 (0 75,00 B.000EH00 . 8,000E+00 - 5.000E-04 0.000EH00 0. 600EH00
43 00 7500 BJO0OEH00  B,000E+00  5.000E-04  0.000E+00 0. 000E+00

44 R ] 75,00 2,750E600  ZJS0EH00  5.0006-04  0.000E+00 0.000£+00

LR
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73,00
7300
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75.00

73.00
73,00
75.00
75.00
75,00
73.00
73.00
7500
75,60

- Ta0

T30
75.00
75.00
75.00
7500
7500
75.00

8, 000E+00
8. 000E+00
3. 000E+00
8. 000E+00
3, COOE+0
. 000E+00
8. 000E+00
8. 000E+00
8. 000E+00
8.000E+00
8.000E+00
8, 000E+00
8. G00EH00
B, 000E+00
8. 000EH0

2, 7506400,

2. T30EH00
8, 000E+00
8. 000E+00
8. 000E+00
8,000E+00
8, 000E+00
8, 000E+00
B, 000EHH0
8, 000E+10
8. 000E+00
8,000 +H0
8, 000E+00
8. 000EHK
8. 000E+(0
8. 000E+H0
8. 000E+00
8. 000E+00
2. TH0EH00
2. THEH0
8. 000E+00
3. 000E400
B.000E400
8.000E+00
8. 000EH00
8, 000EH
&, O00E+00
3. 0005400
8.000£400
8, 000E+00
8. 000EH00
8,000£400
6. QO0E+00
8. 000E+00
8. 000E+00
8.000£+00
§.000E+00
8. 000EH
2, TH0ER00
2T

8. GO0E+00
B, (00E+00
3, GO0E+00
B, GO0E+00
3. (00E+00
B, 000E+00
8. 000E+00
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8, (00E+00
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8,000E400
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2, THE00
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&
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3. 000E-04
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5. 000E-04
5, 000E-04
54 000E-04
5, 000E-04
5, 000E-04
5. 000E-04
5. 000E-04
5. 000E-04
5, 000E-04
5 000E-04

5.0006-04 -

51 OOOE—O‘;
3.000E-04

5, 000E-04

5, 000E-04
3. 000E-04
5., 000E-04

5. 000E-04.

3. 000E-04
5. (00E-04
3. 000E-04
3. 000E-04
3 000E-04
5. 000E-04
3. 000E-04
3, 000E-04
5. 000E-04

0. 0006400
0. 000E+00
0.000E+00
0. 0E+00
0. 0006400
0, 000E400
0, 000E+00
0, 000E+00
0.000E+00
0, 000E400
0.000E400
0, 000E+00
0. 000E+00
0. 000E+00
0, 0006400
0. 000E+00
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0, 000E+00
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0, 000+00
0. 000E+00
0. 000E+00
0, 000E+00

0. 000E+00

0. 000E+00
0. 000E+00
0. 000E+00
0, 000E+00
0. 000E+00
0. D00E+00
0, 0006400
0. 000E+00
0. O00E+00
0. 000E+00

0, 000EH0
000060
0.0008K0

0, G00E+00

0, 0006400
0.000E400 -
00008400
00005400

0, 000E+00
0, 000E+00

* 0, 000E+00
0.000£400

0, 000E+00
0. 000E+00
0, 00GE+00
0. 000E+00
{1, 000E+00

0, 000E+00
0, 000E+00
0.000€+00
0. 000E+00
0. 000400
0. 000E+00
0.000€+00
0. 000E+00
0, 000E+00
0. 000E:+00
0.000E+00
0. 000E+00
0.000E+00
0. 000+00
0. 000E+00
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0.000€+00
0.000E+00
0.000E+00
0. 000E:+00
0. 000E+00
0. 000E:+00
0.000E+00
0. 000E+00

0, 0005400

0. 000E+00
0. 000E+00
0. 000E+00
0. 000EH00

- 0, 000EH0

0. 000E+00
0. 000E+00
0.000£+00
0. 000E+00
0.000E+00
0. 000E+00
0, 000EH0
0. 000E+00

0,000E40

0. 000E+00

* 0. 000E+00
0, 000EH00
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0. 000EH00

0. 000E+00
0., 000E+00
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107
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11
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113
14
115
513
117
118
119
120
121
122
123
{4
125
26
127
128
128
130
131
132
13
134
135
136
137
138
129
140
14
142
143
144
143
146
147
148
149
150
151
152
153
14

73.00
5.0
75,00
75.00
75.00
75,00
75.00
75.060
75.00
73.00
73.00
75.00
79.00
75.00
73.00
73.00
7500
75.00
75,80
75.00
75.00
73.00
75,00
T5.00
7300
73.00
75.00
75,00
73.00
75.00
75.00
75.00
75.00
75.00
73.00
75.00
75.00
75.00
73,00
75,00
75.00
75.00
75,00
7a.00
75,00
75.00
75.00
75.00

73,00

75.00

75.00 :

75.00

. 13,00

75.00
73.00

1 3208400
1, 320E400
8, 000E+00
8.000E+00
3, 000E 0
8, 000E+00
8,000E+00
8.000E+00
8.000E+00
B,000E+00

8, 000EHN -

8. 000E+00
8. 000E+00

8,000E400 -
8. 000E+00

8, 000E+00
8, 0006400
8,000E400
2. THEH0
2, 7506400
2, 7506400

275000

2, T30EH0
1, 320E+00
1. 3HEH0
1, 320E+00
1, 320E400
1, 320E+00
8. 000E+00
B.000E+00
8. 000E+00
8. 000E+00
1. 320E+00
1. 320E400
1. J20E+00
1, 3208400
1. 320E+00
1. 320E400
1, 320EH0
1. 320E400
2. THEHG
2.750E+00
2,750+
2, THEH0
2, TR0
2, 7S0E400
1, 320600
1. 3206400

L3

1L 32EH0
1L 3EH0

1. 320E400

1.326E400
1, 3206400
1,320E+00

L IHEHG  5,0006-04
1,320E+00 5. 000E-04
8,000E+00 5, 000E-04
B.O0JE+00 5. 000E-04
B.000EH00 5, 000E-04
B.000EH00 5. 000E-04
8,000E400  5.0006-04
B, 000EH00 5, 000E-04
8. 000E400 5, 000E-04
B.OGOE+00 5. 000E-04
8.000E400  5.000E-04
8:000E400  5.0006-04
8.000E400  5.0006-04
B.000E+00  5.000E~04
8,0006400  5.000E-04
8,000E400  5,000E-04
8,000E+00  5.0006-04
B.O00E+00  5.,000E-04
27506400 5,000E-04
2706400 5.000E-04
2JEH0  5.0006-04
27506400 5., 000E-04
LIHEAD  5.000E-04
1, 320E400  5.000E-04
13206400 5.000E-04
13206400 5.000E-04
13206400 - 5.000E-04
13206400 5.000E-04
B.OEH0 5. 000E-04
B.OOOE+00  5.000E-04
8.000E+00 5. 000E-04
B.000EH00 5., 000E-04
L32EH0 5.0006-04
13206400 5,000E-04
LINEH0  5.0006-04
13206400 5.000E-04
LIHEH)  5.0008-04
13206400 5.000E-04
13206400 5.0006-04
1, 3206400 5,0006-04
2IHEH0 5. 000E-04
27506400 5.000E-04
275%EH0 5, 000E-04
2,750 5,000E-04
2THEH0 5, 000604

2,750e400  5.000E-04

1, 3206400 5,000E-04
1, 320E+00. 5, 000E-04
1 32E+00 5, 00E-04
1.3206400 5.000E-04
13206400 5,000E-04
1. 3206400 5, 000E-04
1L 320EH00 5, 0006-04
1, 3205400 5, 000E-04
1320400 5,0006-04

0. 000E+00
0. 000E+00
0. 000E+00

0. 000EH00

0, 000E+00
0. 000E+00
0.000E+00
{0, (IOE+00
0. 0006400
0.000E+00
0. 000E+00
0, 000E+00
0.000E+00
0. 000E+00
0.000E+00
0. 000E+00
0.000E+00
0. 000E+00
0,000E+00
0, 000E+00
0, 000E+00

0.000E+00" -

0. 000E+00
0, 000E+00
0. 000E+00
0.000E+00
0,000E+00
0. 000E+00
0, 000E+00
0.000E+00
0, 000E+00
0, 000E+00
0, 000E+00
0. 000E+00
0.000E+00
0.000E+00
0, G00E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0,000E+00
0, G00E +00
0, G00E+00
0. 000E 400
0., 000E+00
0, 000E+00
0, 000E+00
0, GO0E+00
0. 000E+00
0, 000E+00
0, 000E+00
0, 000E+00
0, 000E+00
0., 000E+00

0.000E+00
0. 000E+00
0, 000E+00
0. 000E+00
0.000E400
0, 000E+00
0,000E400
0,000E+00
0.000£400
0. 000E+00
0.000E400
0.000E+00
0.000E400 -
0.000E+00
0.000£400
0.000E400
0.000E+00
0.000E+00
0.000E+00
0. 000E+00
0, 000E400
0., 000E+00-
0,000£+00
0,000E+00
0.000E+00
0,000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00.
0.000E+00
0.000E400
0.000E400
0. 000E+00
0, 000E+00
0, 000E+00
0.000E+00
0, 000E400
0.000E+00
0.000E+00
0.000E+00
0. 000E+00

0, 000E+00

0. 000E+00
0. 000E+00

0.000E400

0.000E+H00
0. 00CE+00
0, 000E+00
0. 000E+00
0.000E+00
0. 000E+00
0.000EH00
0. 000E+00
(. 000E+00




135

156
157
138
159
160
16t
162
163
164
163
166
187
168
169

170 .

17
172
173
174
A7

176
177
178
179
180
181
182
183
184
185
186
187
188

189 -

190
19
192
193
194
193

197

-

Eszskz288EE

zgzs88%

0
100
lw

sEzs=

75,60
75,00
75,00
75.00
75.00
72,00
75,00
75,00
75,00
75.00
75,00
75.00
73.00
73,00
75.00
73.00
75,00
75.00
75,00
73,00
75.00
75,60
75.00
75,00
73,00
75,00
75.00

. 1500

73.00
75.00
75.00
75.00
75.00
75.00
73.00
75.00
73,00
75,00
75.00
75.00
73.00
73.00
75.00
75,00
73.00
75.00
75.00
75.00
730
75.00
73,00
73.00
75.00
75.00
7300

1., 3206400
1, 320E400
1, 3206400
1, 320E+00
1L 320EH00
1. 320E+00
1. 320E+00
2, 750E+00
2. THE0
2. 750E400
2. T30EH0
2. THEH0
2. T30EH00
1, 3206400
1. 3206400
1. 320E+00
1, 3206400
1, 320E400
1. J0EH0
1. 320800
1. 3206400
1, 320E+00
1, 3206400
1, 3206400
1L JZ0EHN0
1, 320E+00
[, 320600
1. 3208400
1. 320E+00
1. 320E+HK
2 THEH0
2. 750E+00
2, TS0EH
2.THEH0
2, THEH0
2, 7506400
-2, THEH00
2, 750E400
2. 750E+00
2. 750E400
1. 3206400
1. 320E400
1. 320E+00
1,/320E400
1, 3206400
1, 3206400
1.320EH0
1, 320E+00
L 32+
1, 320E+00
2, T50EH00
2.750E400
2. THEHIK
2, TR0EH00
2, 75000

1, 3206400
13206400
1, 3206400
1, 320E400
1, 3206400
1. J20E400
1, J20E400
2, 7508400
2. T50E+00
2. 7506400
2.70E+00
2. THE+00
2. TH0E+00
1, 320E400
1, 3206400
1. 3205400
1, 3206400
1. 320E400
1. 3206400
1, 3206400

1320400 .

1. 320E+00

1L 320EH00

1, J20EH00
1. 3202400
1, 320E+00
1, 320E+00
1, 320E400
1, J2E+00
1. 3Z0E+00
2, 750E+00

2, T50EH00 <

2, TS0E+00
2. TS0E+00
27506400
2, THE0
2, THEHO
2. 750E+00
2, THEH0
2, TS0E00
1, J20E+00
1. 3206400
1 3200400
1. 320E400
1. 320EH00
1. 3206400
1, 3206400
1, 320E400
S PEroLLy
1. 3206400
2, THREH
2,750E400
2, TI0EH00
2.THEH)0
2,750E+00

g

3. 000E-04

5. 000E-04

5. 000 04
5, 00004
5, 00E-04
5, O00E-04
5. 000E-04
5. 000E-04
5. 000604
5. O0OE-04
5. 000604
5, O00E-04
5. 000604
5. 000E~04
5. 000E-04
5. 000E-04
5. 00E-04
5, 00004
5. 00E-04
5. 000E-04
5. 000E-04
5. 000E-04
5. 000E-04
5, 000E-04
5. (KGE-04
5, 000E-04
5. GO0
5. 00004
5. 000E-04
5. 000E-04
5. 00004
5, O00E-04
5. 000E-04
5, 000E-04

- 3.000E-04

5. 000E-04
5. 000E-04
5, 000E-04
5. 000E-04
5, 000E-04
5. 000204
5, G00E-04
5. 000604
5, 000E-04
5, 000E 04
5. 000E-04
5. 000E-04
5, 000E-04
5. 000E-04
5. 000E-04
5.000E-04
5. 000E-04
5. 000E 04
5. 000E04
5. 000E-04

0, 000E+00

0. G00EH00
0, 000E 00
0. 000E+00
0, 000EHK)
0. G00E+00
0. 000E+00
0, 000E+00
{1, 000EH00
0, 000E+00
0. 000EH00
0. 000E+00
0, 000E+00

0, 000E400

0.000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000400
0. 000E+00

0,000£+00

0. 000E+00
{1, 00GE+H00
0. 000E+00
(. 000EH)
0. 000E+00
0. 000EH00
0. 000E+00
0. 00CE+00
0. 000£+00
0, 000EH00
0. 000E+00
0.000E+00
0. 000E+00
0, 000E+00
0. 000E+00
0. 00CEH00
0. 00CE+00
0. 000E+00

0. 000E+00

0, 000E+00
0. 000E+00
0, 000E+00
0, 000E+00
0., 000E+00
0, 000E+00
0. 000E+00
0, 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E00
0. 000E+00
0.000E+00

0, 000EH0
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+H0
0.000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0.000E+00
0. 000E+00
0. 000E+00
0. 000E+00

- 0. 000E+)0

0. 000E+00
0, 600E+00
0.000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0, 000E+00
0. 000E+00
0.000E+00 -
0, 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0.000E+00
0.000E+00

0.000E400

0., 000E+00
0. 000E+00
0. 000E+00 -

00008400

0. 0006400 -
0. 000E+00
0.000E+00
0. 000E+00
0. 000E+00

0.000E400

0.000€+00
0, 000E+00-
0, 000E+00
0, 000E+00
0. 000E+00
0. 000E+00
0.000E400
0. 000E400
0, 000E400




210
il
212
213
24
215
216
2147
218
21

BHREEY

2EY

-

EEEEEE-R-F-

(!

75.00
73.00
753,00
15,50
75.00
75.00
75.00
73.00
73.00
73.00
75.00
75,00
75.00
7500
75.00

750

75.00
75.00
75.00
75.00
75.00
7500
75.00
75.00
75,00
7500
75w

. 75000

75.00
75.00
75.00
75,60
75.00
.00
75,00
7500
75,00
5.6
73,00
75.00
75,00
5
75.00
75,00
73.00
3.0
75.00
73,00
75.00
75.00

75,00

15,00
75.00
75.60
73.00

2. TH0EG)
2.750E+00
2. T30EHK
2. 750E+00
2, THE+(0
2. 730E+00
2, THEH0
2.750E400
1. 320E400
1. 3206400
2. TH0EH0
2. 750E+00
2. TSOEH00
2. THEH)0
2, TH0EHN
2. THEO0
2, THEHK)
2, THE+00
2. TH0EH0
2.T0EH00
2, T30EH00

2750400

2, 750E400

" 2.TH0EH00

2. THEH00
2. 750E+00
2. THEH00
2.750E400
2, THEH00
2.750E400
2. THEH0)
2. THE+00
2. THEHD
2. THEH0
2. 7H0EH0
2. THEH0
2, T0EH0
2, T50E+00
2. 7HEH
2, 7H0E+00
2. THEH00
2, 750E+00
2, THEH0D
2, THEHI0
2, TH0EH
2, TH0E+00
2, THEHD
2.T0E+00
2, THEH0
2. THE00
2, 750EH00
2. T0E+00
2. THEH
2, T50EH0
2, T0EH0

2, THEH00
2. T30E+00
2. THEHD
2. TI0EHD
2.75EH00
2. TH0EH0
2 THEHK
2, TS0E00
1. J20E+H0
1. 320E+00
2. THEH0

2. TSEH00

2, 730EH00

2. THEHN0

2, TS0EH00
2.T50E+00
2. TXEH00
2. T0EH00
2, 7506400
2.TS0EH00
2.THEH00
2, 750E400
2, T50E+00
2,T50E400
2, TH0E+00
2.T50E400
2.JH0EH00
2,750E+00
2, 75000
2,750E+00
2.T50E400
2.750E+00
2, 750E+00
2.750E+00
2,750E+00
2. TSOEH00
2.THEHO
2.T50EH00
2.J5EH0
2.TS0E400
2,T50EH0
2, 7506400
2,700
2. TH0EH00
2.7HEH0
2,750E400
2, TS0E4H00

2, 750E+00

2, T30E00
2. THEHD
2. 7506400
2. TS0E00
2, 70400
2, T50EH00

[Ex]

5., 00E-04
5, (00E-04
5, 000E-04
5. 000E-04
5000604
5, 000E-04
5,0006-04
5, 000E-04
5. 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5. 000604
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000604
5, (0E-04
5. 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5, 000E-04
5. G0E-04
5, 000E-04
5. (0E-04
5, 000E-04
5, 00E-04
5, (00E-04
5, 000604

© 3 O00E-04

5, 000E-04
5. (00E-04
5. 000E-04
5, 000E-04
3. 0004
3. 000E-04
3. 000E-04
5. 000E-04
9, 000E-04
3:000E-04
3, 000E-04

0,000E+)
0,000E+00
0. 000EH
0. 000E+00
0. 000EHK)
0, 000E+00
0. 000E+00
0, 000E+00

0.000EH0

0. 000E+00
0., 000E+00

0. 000E+00

0. 00CE+H00
0: 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0, 000E+00
(. 000EH0
0. 000E+00
0. 00EH)
0.000E+00
0, 000E+00
0, 000E+00
0. 000EH00
0, 600E+0
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00

0, 000EH0

0, 000E+00
0. O0CEH0)
0. 000E+00
0. 000E+00
0. 000E+00
0, 000EH0)
0. 000E+00
0. 000EH0
0, 00E+00
0. DOGEH)
0. 000E+00
0, D00E 400
0, O00E+)
0, (CEH0
0. 000E )
0. 0006400
0, 000E+00
0L 0EH0
0. 000E+00
0, O0GEH09
0. 000E+00
0. OG0 +00
0.000E400
0, 00GEHH

0.000E+00
0. 000E+00
0, 000E400
0,000E+00
0. 0006400
0. 000E+00
0,000E400
0.000E+00

0. 000EH00
0.000E+00
0, 000E+00
0.000E+00
0.000E+00
0.000E+00
0. 000E+00
0. 000E+00
0.000E+00
0.000E+00
0.000E+00
0, 000E+00
0.000E+00
0.000E400
0.000E+00
0.000E400
0. 000E+00
0,000E+00
0,000E+00
0.000E+00
0,000E400
0, 000E+00

0, 000E+00
0, 000E+00
0. 000E+00
0,000E+00
0.000E+00
0.000E+00
0, 000E+00
0.000E+00
0, 000E+00
0. 000E+00
0, 000E400
0, 000E+00
0, 000E+00
0. 000E+00
0, 000E+00
0. 000E+00
0.000E+00
0, 000E+00
0, 000E+00
0.000E400
0. 000E+00
0, 000E+00
0. 000E+00
0. 000E400
0,000E400




2765 075000 ZINEH0 ZTH0EK0  S.000E-04  0.000EH00 T 0,000EH00

266 00 7500 ZTSEH00  2.750E+00  5.000E-04  0.000E+00 0,000E+00
2%7 W0 75,00 2706400 ZTH0EHQO 5000604 0.G00EH00 - 0.000EH00
268 00 7500 276400 27506400 S.000E-04  O.000E400 - 0.000E+00
3] 00 T00 0 27HEH0 2 70EH0 - S.0006-04 0, 0EH0 - 0.000E+00
L 00 0 7500 ZTWEH0 Z.750E400  5.000E-04  O,O00E400 0.000E+00
1] W0 T5.00  27HEH0  ZTHEH0  5.000E-04  0.0ER00 0.000EH00
mn 00 75,00 ZTHEH00  2.7EH0  5.000E-04 0.000E400  0.000E400
m W00 TS.00 LTHEHO 2706400 5.000E-04  0.000EH0 - 0.000EH00
T 00 7500 ZTHEH0  2750E400  S.000E-04  0.000EH00  0.000E+00
a5 00 75,00 ZTHER0  2.7EH00  S.000E-04  0.000E400 - 0.000E+00
27 00 7500 2706400 2.750E+00  5.000E-04  0.000E+00  0,000E+00
m 00 75,00 2706400 270EH00  S.000E-04  0.000E400 0.000EH00
78 00 75000 2706400 270600 5.000E-04  0.000EH0 - 0.000EH00
m 00 75,00 27HEH00  2.70EH00  5.000E-04  0.000E400  0.000EH00
280 000 7500 27HEH00  2.70E400  S.000E-04 - 0.000E400  0.000E400
1 Q0 75,00 2.7HEH0 2706400 S.000E-04 - 0.000E400 0.000EH00
282 000 7500 Z7XEH0 2.730E400  5.000E-04 - 0,000E400  0.000E+00
m 00 75,00 2THEH0 2.7HEH0  S.000E-04  0.000EH00  0.000E00
284 00 7500 27506400 2.750E400  5.000E-04  0.000E400  0.000EH00

& 00 75,00 2J0EH00  2.7506H00  S.000E-04  OLGROER00 0.000EH00
s Cou00 0 TE00 2750E400  2.730E400  S.000E-04  0.000EH0  0.000EH00
287 W0 TR0 2THEH0  27HEH0  SOME-04 O.00EH00.000E400
288 00 7500 2706400 2.750E+00  5.000E-04  0,000E400  0.000E00 -
.3 00 7500 ZTWEH0  27HEH0  S.00E-4  0.000EH0  0.000EH0

ESCRIBED HEAD BIUNDARY DATA - SPECIFIED PIEZOMETRIC HEADS AND ASSUCIATED NODE NUMBERS

mmeommsesommmEsonnosTEnos

- TIES.ves
000 550,000 10000, 600
NIDE M0 HEADS UP T0 AND INCLUDING THE ABOVE TIEG......

9 155,000 155,000 145,000
10 155,000 155.000 145,000 -

16 155,000 155.000 145,000

4155000 155.000  145.000

3 155.000  155.000 145,000

43155000 155.000  143.000

53 155,000  135.000 145,000

B5 155,000 155.000 145,000

78 155,000 155,000 143,000

90 155,000 155.000 145,000

102 155,000 155.000 - 145,000

15 155,000 155,000 145,000

15 195,000 195,000 145,000

; 135 155,000 155,000  143.000

SCRIBED LATERAL FLUXES ALONG SIDES (Lz/T) - VOLUME FER UNIT TINE PER UNIT LENGTH OF ELENENT SIDE
REFRESENTING KNOWH LATERAL FLUXES INTO'OR OUT OF AQUIFER DOWAIN

TI"ESIIIII'




00 550,000 10000000

 NODES DEFINING SIDE  FLUYES UP TO ARD INCLUDING THE ABOVE TIMES ...... FLOW INC+),FLOW QUT(=)

143
153
160
104
159
132
144

PRESCRIBED FLUYES CONCENTRATED AT NOIES (L3/T) -

133
160
164
159
152
144

13

L200
2200
2200
2200
2200
2200
2200

L0
2200
2200
2200
2200
2200
2200

TINES. ...

~ 000 10000, 000

1300
1300
1360
1500
1300
1300
1300

VOLLME FER UNIT TIME
REPRESENTING LOCALIZED RECHARGE R PUMPING WELLS

NODE NO FLUXE;S UP TO AND INCLUDING THE ABOVE TIMES ...... FLOW IN(+),FLOW DUT(-)

4
3
13
17
18
13

’100‘
- lm

Q0
00
00
00
200
00
00
00
00
00
00

600,00

990,00
~1200.00
~1300.00
-1700.00
~1500,00
~1100,00
~1500,00

840,00
-2700.00
-2400.00

530,00
300,00

570,00
~3500,00
~3300,00
~4100.00

; -4300100

=1000.00
~480.00
=350, 00
=4200,00
2600, 00

~1600.00

590,00
“1100.00
530,00
-730.00

~1700.60

63600
=230, 00

320,00

~480.00

~470.00




1 122,00
1 129,00
2 131,30
31 130,80
41 132,00
51 149
6l 140,50
71 4L
81 144,00
91 I15L.%0
101 143.80
11 146,20
147,00
131 143,70
141 150,30
151 151,90
8l 154,50

10z
12
122
132
142
152
182

00 -1700,00
00 -840.00
00 280,00
00 -340.00

124.00
130.00
128,50
130.00
131.60
133.00
140.%0
141,20
143.20
146.20
133.00
146.00
147,50
150,00
150,60
153.00
134,00

103
113
123
133
143
133
163

175,00
128,60
128,80
155,00
155,00
155.00
138,60
141,30
142,00
145,50
153,00
145,50
148,00
150,20
150,70
154,50
154,40

.00 TO

14
A

44

&4
74
2

14
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PIEZOMETRIC HEAD INTERNAL FLUXES EXTERNAL FLUXES LOCATION OF NODE

(INSIDE THE ARUIFER) (THROUGH THE BOUNDARIES)
HEAD DRAWDOWN X O SORCE/SING LEAKAGE  INFLOWS AT 1D X Y
INLOWS  INFLOWS  BOUNDARIES
(L w (2/m LT wn  an wm W L

1 9181 ~27.181 597 -.249 000 000 000 0 2187.000 000
2 LS BH 916 - 143 000 .00 000 0 354,000 120,000
3 4637 21,376 92 144 2000 000 000 0 4844000 156,000
4 MIEES 29,665 JJE0 8% -600.000 000 000 0 120,000 500,000
5 150.52 ~27.52 G0 =T 990,00 000 .00 0 1710.000  1562.000
6 149.869 ~22.869 1.3% -522 000 000 000 0 2068000 2812000
7 Ms% -17.29% L3 .2 000 000 000 0 4B70.000  2656.000
8 178 17,253 1,080 367 000 000 000 0 £562.000  1250.000
155,000 000 L1%  -L1sl 000 000 1518918 1 000 2188,000
155,000 000 LSl LSt 000 000 MIAER 1 1250,000 322,000
148,591 -19.591 2,020 -.486 000 000 000 0 370,000 3906.000
144,763 4763 . 225 504 000,000 . L000 0 4688.000  4688.000
140,188 -11,588 1,488 91 - -1200.000 000 000 0 B250.000  4062.000
141,167 -13.167 1,08 18 000 000 000 0 7031000 2188000
139.124 -12,124 849 787 000 000 000 0 BTS00 1B75.000
155,000 T 250 -L169 000 000 6059408 1 2500.000  4844,000
150.8% 5.3% 2.208 300 ~1300.000 000 000 0 3282000 5200000
147.32% 36 AT -89 ~1700,000 000 000 0 3910000 5781000
14278 8739 3060 593 ~1500.000 000 000 0 4688.000  6094,000
133,743 8,745 2.064 113 000 000 000 0 5750.000 5500000
135,645 4,345 1,280 1.2 000 000 000 0 7000000 57B1.000
137.637 9,137 .93 G400 000 000 0 THT.00  3750.000
135,843 7,043 41 766 000 000 000 0 9218000 3750.000
155,000 000 4,542 - 783 000 000 BUB.ZT 1 3000.000 603,000
5 148.378 -L978 4.5% -.201 000 000 000 0 3906.000  6875.000
% 139,08 -4,058 3.647 06 ~1100,000 000 000 0 520,000 6750000
0 1598 1998 2151 L52 ~1500.000 000 000 0 S/BLO00  6B75.000
B 1360 30 1,645 2.069 000 000 000 0 £362.000  7050.000
B 13LBM4 LB S LA .00 000 000 0 TEEO.000 685,000
R RV 68 LTS LOB4 840,000 000 000 0 B750,000 - 500,000
3 134T 2,574 VB 49 .00 000 ,000 0 10312.000  4689,000
R 13245 245 #SAB 000 000 000 0 11406000 359,000
¥ I15.000 000 4918 -2 000 000 762445 1 B1Z5.000  7968.000
M wm 208 4769 .60 000 000 000 0 457,000 7825.000
3 13798 S8 388 9B .00 000 000 0 5310000 7340.000
% 133% 0 e .08 1886 ~2700,000 000 000 0 620,000 7500.000
7 18,93 6.097 1413 L716  -2400.000 000 000 0 670,00 7815.000
kR 75 3,425 23 2084 -5%0,000 000 000 0 675,000 7385.000
BB 6.343 -06 13T 000 000 000 0 7500000 B005.000
0 1BIA 5,76 41 984 00 000 000 0 075000 780,000
4 13165 344 2B .68l 000 000 000 0 10000000 5925.000
£ 13L.5% -.5% 432 19 000 000 000 0 12180,000 495,000
48 155000 00 5515 07 000 000 920978 1 340,000 %090.000

94 145,95 A4 5,263 L0800 000 000 0

4218.000  86%4.000
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11450.000
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£1200,000
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10350.000
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132%0.000
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11800.000
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LAt 16,789 - A0 SHI 500 000 000

0 12500.000 - 13000.000
127.623 16,177 - 244 -. 284 .000 000 000 0 13245.000  12630.000
155,000 L000 1,016 - 182 .000 000 1998529 1 2800.000 18025.000
148,467 4,513 .658 -.081 .000 000 000 0 3775.000  17035.000
135669 11,331 ,462 - 265 000 000 000 0 5750.000 15781.000
129,97 16,433 389 -394 -1100,000 .000 000 0 5913,000  14665.000
125,215 0,85 49 -.5% 000 000 000 0 6250.000  13590.000
122,458 22.542 .968 =466 90,000 .000 000 0 6075000 - 13100.000
118.082 25,918 A% - 767 =730.000 000 000 0 6760.000  13100.000
124,375 20,625 -, 006 ~.560 000 00 000 0 7048.000  13750.000
128,828 17.172 -.0%6 -410 000 000 000 0 7937.000  14575.000
130,850 15,350 -.004 -, 366 .000 000 000 0 350,000 15000.000
130,625 15.375 -033 =35 000 000 000 0 10775.000  14688.000
130,165 " 15,335 -.084 -352 000 000 000 0 12500.000  14175.000
130.22 4779 -0 -.303 000 000 000 0 13750.000  13600.000
155,000 000 1.095 -.553 000 000 1826.561 1 - 3150.000  19219.000
4.5 7,468 1,077 =373 ~1700,000 000 000 0 4525.000 18288000
142,594 8,706 638 -03 650,000 000 000 0 5050.000  17912.000
141,002 898 .38 - 187 000 .000 ©.000 0 5625.000  17500.000
134,765 12,835 123 -2% 000 000 L000 0 B925.000  16038.000
133.841 13,159 L0595 -0 2000 ,000 000 0 8675.000  16250.000
133,543 13,457 .003 -, 34 .000 000 000 0 10000,000  16250,000
133,758 o342 -.019 -331 000 000 000 0 11830.000  16350.000
134,385 13.615 -0% - -2 000 000 000 0 13200,000  16637.000
133,258 13.742 -.032 - 260 000 000 L000 0 15900,000  15468.000
155,000 000 1.010 -.4%0 .000 000 2264779 1 3900,000  20781.000
146,492 6,508 1,002 48 250,000 000 000 0 5000.000  19520,000
143,33 8,664 676 -.38 .000 000 000 0 5950.000  19290.000
138,070 11,530 a4 -0 L000 .000 000 0 7000.000  17712.000
136,236 13.164 3 - L0 000 L00 0 8550.000  17712.000
135,006 13.3% 0% -312 L000 .000 000 0 9568000 17712.000
136,120 13.580 -.002 -3 000 000 000 0 10925.000  17825.000
136,671 13.329 -012 -3 000 000 000 0 12180.000  18145.000
136, 9% 13,206 015 -3B 000 000 000 0 13210.000  18335.000
136,74 13.576 -.001 - 280 000 000 75.710 2 14375.000  18358.000
155,000 00 0 LOTB 0 -.455 000 000 1401.813 1 4B7S.000  22862.000
146.978 6.822 .588 -.441 ,000 .000 000 0 537,000  20437.000
143.137 8.863 JBT =385 -320.000 000 000 0 5745.000  19528.000
138,723 12,177 3% -101 000 000 000 0 7028000 18920.000
136,994 13,006 J74 =206 480,000 000 000 0 7942000 18290.000
137,464 1284 03 - =208 00 000 000 0 8930,000  18750.000
137.479 12,821 007 =2 000 000 000 0 10200,000  18750.000
137,700 12,300 =020 =303 000 ,000 000 0 11450.,000 18850000
138.046 12,654 -.02% -39 000 000 000 0 12650.000 19000000
138,276 12,524 -0 -u8 000 000 276,950 2 14070.000  18975.000
149.106 5.3% L0 =387 000 000 163,712 2 5%0.000  22340.000
142,634 11,366 688 =219 470,000 000 000 0 6732000 21400.000
142,272 10.728 708 -418 .00 000 000 0 6550.000  20472.000
138,093 13,601 25 - 269 -1700,000 000 000 0 7200.000  19700.000
138,721 12,579 -02t. -.303 000 000 000 0 921B.000  19700.000
133,262 12.33 -.030 -2 000 000 000 0 10770.000 20000000
139,91 1,939 °  -~.046 -.300 000 000 000 0 12163.000  20300.000
140,942 12,058 -0 -312 000 000 382493 2 13475.000  20705.000
143.480 1,020 .63 -.247 000 L0000 291598 2 7043.000  22960.000
141,211 12,883 587 - 00 840000 .00 000 0 735,000 21875.000
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1

18

155 140.7% 12,874 070 -.148 000 000 000 0 BIZ5.000
1% 140.253 12,147 140 -3 000 000 000 0 7510.000
157 140,09 12,802 -.003 - 28 000 000 000 0 9548.000
158 141,340 12160 - -.054 -, 266 000 000 000 0 10960,000
159 4214 11,871 -, 062 -,2%6 000 00 4994l 2 12290,000
60 141,507 12,693 - 06 -2 -280.000 000 419.886 2 B175.000
6l 141,349 12,851 085 - 18 -340.000 000 W00 0 7968,000
162 141.473 12,527 -, 066 - 205 000 000 000 0 950,000
163 142,93 143 — -3 -5 000 000 000 0 10625.000
B 14475 10,275 - 102 -2 000 000 BI0.2 2 10635000
A S7E0.000 000 55498934
T FLOW INTO AUIFER (L3/T)  -250.006
BeeE WARNING +eE NEXT TINE WILL EXCEED FRTINECNOUT) - LAST SPECIAL OUTPUT WILL BE AT TIME=ENDTIN
A STUDY CASE CF GROUND WATER FLDW - BANDUNG AGUIFER (CASE ¥ AV1,2)
TIE = 365,00000 '
THE AXIS PLOTTED ACROSS THE FAGE IS THE X AXIS
SCALE: 1/ 60000
1500 3000 4500 K00 70 W00 10500 12000 1500 15000
! :
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13,1 138.7 ' :

145.5143.1 +19500
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’ 138.7 137.7 1380 1383 |
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& NODES HAVE BEEN SPECIFIED FOR TABULATED DUTPUT

TIE 4% 5 N 86 % 1M
R R L E RS
2.0 135,76 136,61 139.46 140.44 138,27 14,05
3.4 131,44 130,50 136.74 140.42 137.05 148,14
10,2 132,08 131,30 133,48 133.64 122.05 146.98
16.4 133.31 131.24 132.51 129.72 120,10 145,74
24,0 133,38 131,07 132,06 127.58 119.03 144.40
33.0 133.38 130,89 131,72 126.23 118.21 143.13
43.4 133,33 130,72 131.45 125,30 117.60 142.04
55,2 133.23 130,55 131,23 124.60 117,16 144,13
£8.4 133,10 130,39 131,04 124,04 116,84 140,38
3.0 132.% 130.23 130.87 123.57 116.60 139.76
9.0 132,83 130,07 130.71 123,17 116.41 135,22
16,4 13270 128,93 130.57 122.82 116,25 138.77
135.2 132,58 129.80 130,45 122,51 116.09 138.37
155.4 132.48 129,69 130,33 122.24 115.95 138.03
1770113239 125,59 130,25 122,02 115,83 137.74
2000 132,32 123,51 130.17 121.82 115.73 137.43
24,4 132,26 129.44 130,11 121,67 115,65 137,28
50,2 132,20 175,39 130,05 121,55 115.60 137.14
277.4 132,17 129,35 130,01 121,45 115,57 136,97
306.0 132,13 129,31 129,99 121.38 115,55 136.85
336.0 132,11 125,28 129.96 121,33 115.% 136,76
365.0 132,10 129,28 129.9 121,39 115.65 135,67
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! a STUDY CASE OF GROUND WATER FLOW - BANDUNG AQUIFER (CasE » a/i 1 QS e . A.1-1
Ttre = 3es.oe00w Where: B : = 75 m
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Figure App.A-3.1 : Plotted graph as the output of
the application program.




A STUDY CASE OF GROUND wATER FLOW = BANDUMD AQUIFER (CASE # AJY,

TIME =

THE AX1S PLOTTED ACROSS THE PAGE 18 THE X AXIS

B .
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Plotted graph as the output of
the application program.
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Figure App.A-3.4 : Plotted graph as the output of
the application program.
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Figure App.A-3.6 : Plotted graph as the output of
the application program.
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Figure App.A-3.7 : Plotted graph as the output of
the application program.
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Figure App.A-3.9 : Plotted graph as the output of
the application program.
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Figure App.A-3.10 : Plotted graph as the output of
the application program.
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Figure App.A-3.11 : Plotted graph as the output of
the application program.
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Figure App.A-3.12 : Plotted graph as the output of
the application program. :
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Figure App.A-3.13 : Plotted graph as the output of
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Figure App.A-3.14 : Plotted graph as the output of
the application program.
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Figure App.A-3.16 : Plotted graph as the output of
the application program.
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Figure App.A-3.17 : Plotted graph as the output of
‘ the application program.
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Figure App.A-3.19 : Plotted graph as the output of
the application'p;ogram.
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"CALCULATION OF THE VALUE OF THE HYDRAULIC CONDUCTIVITY
OF EVERY GEDLDGIC_FDRMATIDN

OF THE ABUIFER

A. General.

The value of the hydraulic conductiv}ty of an aquifer COuid
be found. from pumping test from many wells 1in a éertain
field .investigation which might represent that aquifer, or
from permeability tests which could be done on samples in a
‘1éboratory. But, the fesult from labdfatbry is not as good
as from field tests. The reason is that the condition of the

sample for the laboratory test is disturbed.

There 1s more than one method for doing the pudping test,
such as ’pumping out test ( or Pecker test ), pumpiﬁg in
test; and also there is more than one formula to find the
value of the hydraulic conductivity which should be related
‘with thé type of the aquifer being tested ( wunconfined or
,COAfiﬁed,: i§§ky;§f not leaky ). These fofmulas consist of
Theis,, H;Bfgsh? Hantush and:--Jacob, walfon, and approximate

Theis.

fo knOw.tHé;;éiue of the hydfaulic conductivity for xx or yy
directions,' the observation wells éhohld be more than two
( four is better ) and the4systeh should be érranged as sucﬁ
so the test well 1is located on “"the center and the

observation wells arE'éurrounding it perpendicularly between
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each other. If the drawdown in:-all-observation wells 'are
equaly these mean that Kxx = Kyy, otherwise, Kxx =/= Kyy.

B. Hydraulic Conductivity for the program application.

It could be seenkthaf the aquifer ‘in the study area consists
of'five types of geologic}formatiéns,nnamely :
- Tuffs and Ashes on the North-West side,
- Tuffs, Tuffbreccias, Lava Flows on the North;East side,
- Tuffs and MudflowéVOn the center part,
- Volcanic and crystaline‘formation on the West side, and
= Lake deposits  on the East’side and turn to the South

side.

The data of the hydraulit conductivities for the study area
is presented on table App.B.1l below.

Table App.B.1 & The Aquifers' Parameters Of Each Hells.

Type of the aquifer

i BELLS - %iKxx = KyyiThicknessiTxx = Tyyi Storativity:! :
} HOm/day )1 . (Cm) i(a2/day) 3 - () 4 '
lz==zzzzsssss SR P RT3 S EE AT 4 {szzzzzess] F1 | ==z=sszsszzszzzssssss '
M LT 70 8 120002, 5%1088(-3) ,
AR 2 00 146 4 700 102 12,0810#8(-4) | The East side of
A3 40 1,360 80 1 108 1B,0%10%(-4) }
A4 o0 B0 b 88 13.0k10#R(=4) - Tuffs and-Nudflows
AWS 42,70 4 B0 i 216 i9.0%10%(-3) | eruption period A
AT 23 0,500 180 8 40 12,081088(-5) |

BB B TR NS ISR PR RS I I I E AN RSP NSRRI ANV SRR NSRS RSV ANRERS

Al 6 6.70 100 670 11,0810%%(-3) ! The Center part of

(B ] 1) ) i
A7 41 8.3 1 100 1 836 i11.081082(-2) |
A8 i 12,19 % 70 4 833 0 - i Tuffs and Mudflows,
MS 774 0 T0 ) 5420 11.0%10%%(-3) | G.Tk.Perahu eruption
AWIO i B.86 1 B0 i 693 i2,4%10%k(~4) | period A

'
]
i
i
I3
)
]
]
]
1
1
1
]
Isseansssrse
1
1
1
[}
¥
]
]
|1
]
]
]
¥

I N N N N R Y N N Y R Y Y]
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( Table App.B.1 continued )

PN E NN RR ARSI IR I S NN S AU DI RS AR E NI RS IR AN E NSNS IIREEINNRIEINIRIIINSIOTS

176

i ANl i 5.63 80 1 450 - | - :
POMMIZ 4 5751 B0t 460 12.0%10%%(-6) H
PoOANE . 0. 963 % B0 1 770 11,2%10RR({-4) | H
iOAWl4 1 7.09 4 B0 ) SB7 13.0#10#(-4) | The West side of H
POANIS b 974 1 T80 1 779 11.0%10%(-3) | ' 4
DAl MY B.0B % B0 i 646 i1,610¥e(-4) ) Tuffs and Mudflows, i
iAWY 10,99 4+ 80 .3 876 11.5¢10%E(~4) | G.Tk.Perahu eruption}
POANIB o 9.9 1 80 4795 = } period A :
iOANI9 3 13,75 0 80 ) 1100 . 11.5%10#R(-3) | i
i AT.S ...04 . B.B4.0. 100 .4 . BB4. -} - H H
i A2 312,81 % 100004 281 - i Tuffs and ashes, :
v AT3 v 136 4 0 130 - t 6.Tk.Perahu eruptioni
}o 1855 4 5,794 .38 % 220 ) - i period C }
] ]
Ve 4 2.44¢04 30 3 122 - H :
! 135 4 1,60 ¢ 55 1 88 | - i Lake deposits, 1
booA33P 4 2,39 002888 - i recent H
VOo1329 b 440 1 40 H - H H
: H :
5

ource 3 Refferénce 114, except for the type of the aquifer'vhicb is taken
froa refference §12 and refference #21.

Note -: 1). Base on the geohydraulogical map ( refference #21 ), the hydraulic conductivity
of the Volcanic and Crystaline formation is assumed to be zero, which means that
this type of aquifer is impermeable.
2), There is no data for the formation of Tuffs, Tuffbreccias, lava flovs. However,
since this formation lies on the outside of the finite element grids, so it is no
used to assume the hydraulic conductivity value for this formation.
The distribution of data would be assumed as normal or log-
normal distributioniﬂhen;e the representative value of the
hydraul ic cohductiv&tyf‘éfa each geologic. . formation .. is
calculated by taking the mean value of the data after that

data is drawn on the prQbabilistic paper as could be seen on

figures App.C.1 until figure App.C.4.
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A. Tuffs and Ashes aquifer on the North side.

A.1 If it is assumed as normal distribution .

i Plotting on prob. paper |

H Kex = Kyy | pG(m) H

i m/day i % :
________ o o e e s s e s e s s s e e | e e e o e e e e e
———————— R e e e bt |
i AT3 | 1.296 H 16.7 i
tCAT2 2.765 : 50.0 i
P oPWL 5.789 : 83.3 H

. s i e P o it s S . G S . o (B S S~ > W - . - — - —- o~ {— — . " ‘"> T—“" ——" o ——

Note : For the rule of plotting , Hazen method is used .

From the straight line , the mean of Kxx = Kyy = 3.18

and its standard deviation § = 2.02

A.2 If it is assumed as log-normal distribution .

-— -

H log Kxx P pm) :
H m/day : A H
________ B s st i st e i st s aowin. o s o ommts e v | anan gnn s i s st e e vt sy §
———————— S S S S S T T T T T D Ll L [ A S S i S S S o %
P AT3 0.113 ; 16.7 H
i ATZ2 0.442 H 50.0 :
i PUWl : 0.763 H 83.3 H
Note. : For the rule of plotting , Hazen method is used .

From the straight line , the mean of log Kxx = 0.23

or Kxx

Kyy = 2.40

and log S 0.23 ;3 or S = 1.70
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B)

L.ake Deposit. Aquifer -on the East which turn to the South.

.1 If it is assumed as normal distribution .

i Plotting on prob. paper |

o — e B, . w— o — — " —— " i P e o Sl Mt Y S S " S S

]

H Kxx = Kyy { p(m) :

i m/day : 7 :
113651 1.642 } 12.5 H
1133/7P 2.333 H 37.5 H
P131/P 2.419 i 62.5 H
i 1329 | 4.320 i 87.5 i

Note : For the rule of plotting , Hazen method is used .

From the straight line , the mean of Kxx = Kyy = 2.75

and its standard deviation 8§ = 1.50

2. 1If it is - -assumed as log—nbrmal distribution .

i Plotting on prob. paper

I — T o G, . s . T S e T S S —— —— — — —— f— o~ —

H log Kxx P pGm) !
' m/day ! % :
i 1365 | 0.215 ! 12.5
! 133/P 0.368 ! 37.5 !
! 131/P 0.384 A 62:.5 .14
i 1329 | 0.635 ] 87.5 ..}

Note : For the rule of)pldtting‘;’ Hazen method is used .

From the straight line , the mean of log Kxx = 0.40
or Kxx = Kyy = 2.512

and log S = 0.18 ; or S = 1.513
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C) Tuffs and Mudflows Aquifer.
The data representing this aquifer , after being plotted on
the probabilistic paper ( either as normal distribution s OFr

log-normal ) has three different groups of straight lines .

This could be expressed as one regféssion line, by doing
transformation using the polynomial regressioh equatibn.
However, in the geolbgic problem, that procedure could not
be %ollowed; because it relates with the differehce hystory
'Qf the process of the existence of the geplogit formation.
In this case, this’aquifer sﬁould be consisted of three
different densities relating with different type of its
sedimentation thch causés different values of hydraulic

conductivities.
Let’s say that these three groups are denoted as WEST SIDE ,

CENTER PART, and EAST SIDE .

C.WEST SIDE .

1. If 1t is assumed as normal distribution .

! Plotting on prob. paper |

] Kxx = Kyy { p(m) H

H m/day i 7 H
———————— § T TS T e Ten S S 0 S S S S i i f T S mS IS S et a—1
i AWLL 35.616 i 4.54 |
i AWLZ 5.702 H 13.64 |
i AWLl4 7.171 : 22.72 1
i AW 9 | 7.603 ; 31.82 |
i AWle 8.035 i 40.91 |
i AW1O | 8.640 i 50.00
I AWL3 9.3590 H 59.09 |
i AWLIS 9.763 } 68.18 |
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( table - continued )

i AWLIB | 9.763 i 7727 i
i AWLT7 10.627 ; 86.36 |
i AWL9 14.083 i 95.45 |

Note : For the rule of plotting , Hazen method is used .

From the straight line , the mean of Kxx = Kyy = 8.60

and its standard deviation S = 2.35

2. If 1t is assumed as log—hormal distribution .

Plotting on prob. paper H

: Log Kyy Popm) i

' m/day : % ]
H mmEmEsEsEm : po-g—g—3 g : T T T Ty S . o ;
i AWL1Y 0.749 i 4.54 |
P AWLZ2 0.736 i 13.64 |
i AWla 0.856 i 22.72 1
i AW9 : 0.881 i 31.82 |
i AWlGe 0.905 i 40.91 |
i AWLIO 0.937 i 350.00 |
i AWL3 0.982 H 59.09 |
i AWLIS - 0.990 H 68.18 |
i AW1B 0.990 i 77.27 |
P AWLT7 1.026 i 86.36 - |
I AW19 1.149 i 95.45 |

From the straight line , the mean. of iog ka:%iogélk'
or Kxx = Kyy = 8.13

and log S = kO.li 3 or § = 1.29
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i-

CENTER PART.

If it is assumed as normal distribution .
H i Plotting on prob. paper |
b e e :
i Wells | Kxx = Kyy {+ p(m) H
i : m/day i A i
massmsmmesl oomEme i ) =s=s======= H
i AWS H 2.6784 H 12.5 H
i AWB i 6.653 ; 37.5 i
iAWY : 8.294 : 62.5 H
I AWB : 12.096 H 87.5 H
,From the,straight line , the mean of Kxx = Kyy = 7.40

and its standard deviation § = 4,20

If it is assumed as log-normal distribution .

i Plotting on prob. paper |

- —— —7———f— . — " itk Yo Ul e o P o - P Y- I -

Wells | Log Kyy i pim) :

: m/day : P H
[y S o o BT S T R el S Sl i S S o § T o e S i i e S $ 1
i AWS : 0.428 : 12.5 !
i AW6G i 0.823 : 37.5 i
i AW7 : 0.881 } 62.5 :
i AWB H 0.919 H 87.5 !

From the straight line , the mean of log Kxx = 0.90
or Kxx = Kyy = 7.943

and log 8§ = 0.07 ; or § = 1.173
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C.EAST .GIDE .

1. If it is assumed as normal distribution .

i+ Plotting on prob. paper i

——— — — T 2O " T — i " GO T SO S B T S i W " —— " -

H Kxx = Kyy § p(m) i

H m/day i % i
SCSsSEEss | SRR ICRE | SREREEEESS H
i Al4d : 1.1232 i 12.5 H
1 AW3 ; 1.296 } 37.95 H
i AWZ2 i 1.3824 i 62.5 H
iAW1 : 1.95552 i 87.5 H

I o — " - - - — S o T T . S — " . T . o . W " -~ S T — -~ " o S — -

]

From the straight line , the mean of Kxx Kyy = 1.32

and its standard deviation 8§ = 0.14

2. If it is assumed as log-normal distribution .

:’Plotting on prob. paper |

Wells | Log Kxx Vooptm) :

: m/day } A |

HE R e e e L
i A4 : 0.050 : 12.5 H
1 AWS3 : 0.113 i 37.95 ;
i AW2 : O. 141 i 62.5 i
i AWl H 0.192 : 87.5 i

From the straight line , the mean of log Kxx = 0.15
or - Kxx = Kyy = 1.413

and log S = 0.12 ; or § = 1.318

Note . 1 The probabilistic line graphs are drawn on separate
papers . :
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- Code'’s number 4, East (. Tuffs and Mudflows ),

- Code’s number 1 ( Lake Deposits ).

And then, as the values between that which calculated base
on normal distribution and that calculated base on log-
nofmal;distribution are very close and in the same order of
magnitude, hen;e in the application pkogrém‘the value of the
hydraulic conductivity "~ of the geologic formétionsy in the
aquifér would only be taken és oné group of values, that is

from normal assumption .

The values of the hydraulic conductivity of the aquifer

could be seen on table App.B.3 below.

e s oo e . i S e L S S S > S . T Y o o Vo Y W —— S W . S Vot e M T T o WO b e S S P o e R o . S ot B, it 1

: Geologic Formation iKxx = Kyy |

i code’'s | Description of t (m/day) H

i number .1 the formation .~ H H
e R e e L e e ey e L
i 4 - WestiTuffs and Mudflows, G.Tk Pel H

H & irahu eruption period A. i 8.00 H
1 Center. H :
! 4 - East| dito b1.32 :

H 1 iL.ake Deposit, recent v 2.78 H

; i H

veee000,..
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D
CcCALCULATION OF S IDE FLUXES
RELATING 7TO0O

PRECIPITATION and INFILTRATION.
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CALCULATION OF SIDE FLUX
RELATING TO
THE INFILTRATION IN THE MOUNTAINOUS RIDGE
NORTHERN SIDE OF BANDUNG.

®

( Source : Ref erence 17, based on Maxey and Eaken, 1949 ).
Due to be not enough data, relating with the type and the

thickness of the aquifer which lies in the hill above the

toe, the North-South cross section from the toe up to the

summit of this study area might be assumed as seen on figure

App.D.1 below.

S; Citarum

- . . . 1
IV za s Za s S i RN .
: — : fault
. . . -

nearly flat region y mountain range

£l

Schematic of the occurance of the side
flux.

Figure App.D.1 :

It could be seen from the figure above that the water

recharge into the aquifer lies in the hill might come from

the infiltration, which might come from the precipitation on

the mountain range.

.

158



The formu

might be w

Then side
79 m
g0 m

90 m

la of the water recharge into the deep aquifer

ritten as :

= Il,b + Iz ¢ ( formula App.D.1 )
b = alpha; * 14 ( formula App.D.2 D
c = beta; ¥ 1, ( formula App.D.3 )

= alphap * Precipy ( formula App.D.4 )

= betap * Precipp ¢ formula App.D.5 )

Alpha and beta are coefficients which their

values depends on the condition of the hill, the

land?use, the type of the ground sur face, leaky

or not leaky between top and bottom aquifers, and

the thicknesskof the fisures on the fault.

In this case, these values would be assumed as :
-~ alphay = 0.40

- alphap = 0.50

- beta; = 0.50
- betap = 0.50
hence : S.F = 0.2 % Precipp + 0.25 ¥ Precipp

= 0.2 % 0.006 + 0.25 % 0.007 =
= 0.003 m/day

fluxes for aquifer’'s thickness of

eee——==> S.F =75 % 0.003 = 0.22 m2/day
veee——==> G.F = 80 % 0.003 = 0.24 m2/day
vev.——=—=> G.F = 90 * 0.003 = 0.27 m2/day
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S.F = Side flux(es) .

Il,b = Infiltration in region 1, seeping the b layer.

12,c = Infiitration in region 2,seeping the concern
aquifer which lying below the region 2 .

I; &« Ip = Infiltration in regionwl & 2 respectively.

TPrecipl &.Precipz = Precipitation in region 1 &

respectively.
Region 1 is located between the toe and the fault.

Region 2 is located above the fault until the summit.

CALCULATION OF PRECIPITATIDN 1 & 2 :

The value of precipitation is calculated on the basis of the
isohyetal map which is drawn alredy by other resource .

"A). Precipitation 1 :

t Tone i In + [{nt]) { Planimet.! Planimet.} Averadge ! Area | i
i i ( sn/year ) ! readingl ! reading2 i Reading i (A) 1 AR (lIn¢ I(ntl))
! ) 2600 + 2400 = 5000 + 0,55 i 0.52 1 0,935 1 7.87 | 39 350 i
12 ) 2400 + 2200 = 4600 ¢ 1,87 i 1,86 1 1.BOS 1 26.54 122 084 :
103 12200 ¢+ 2000 = 4200 % S5.00 & 5,00 1 S5.003 i 73.60 309 120 i
P4 12000 + 1800 = 3800 ¢ 1,60 1 163 1 L.6ID 1 23.75 i 90 250 H
: 113176 560 804 o
Note : The calibration of the planimeter is 0.425 = 6.25 kn2.
A ¥ C In + Icn+1)? 560804
Precipitation, P = —==——-—————————————e—— T e e e 22
2 % A 2 % 131.76

2128.13 mm/year

. 006 m/day
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B). Precipitation 2 :

P lone i [a ¢ [(n+]) 4 Planimet.} Planiset.! Averadge | Area | i
: i mn/year ) ! readingl | reading2 ! Reading ! (A) 1A% Cln+ Hnth))
! 1 ) 3400 + 3200 = 6600 ¢ 0.19 & 0.20 i 0,195 i 2.868 ! 18 928.80 :
! 2 13200 +3000=6200% 0.26 ! 0,23 1} 0.245 i 3.603: 22 338.60 i
{3 53000+ 2800=5800% 0.34 ! 034 1§ 0345 1 5.000: 29 000.00 i
!4 12800 + 2600 = 5400 ¢ 0,80 ! 0.79 & 0.795 i 11.691: 83 131.40 H
P05 12600 + 2400 = 5000 & 1,07 & 1,04 1 1.055 1 155154 77 975.00 H
P06 12400 + 2200 = 4600 & 2,84 1 2,71 1 2,775 1 40.809 187 721.40 :
{7 12600 + 2400 =5000 % 0,57 ¢ 0.98 | 0.575 i B.456 1 42 280.00
18 2400 + 2200 =4600 : 0,20 4 o0.22 1 021 ¢ 3.088 ¢ 14 204.80 }
! P90l 455 180.00 i

455180.0

P = ———————— = 2500.16 mm/year
2 ¥ 91.03
= 0,007 m/day

«» s 000...
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- PROCEDURE OF AR?ANGING THE CONCEPTUAL MODEL.
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PROCEDURE OF ARRANGING THE CONCEPTUAL MODEL.

The stages of how to derive the conceptual model which

should portray the domain of the concern area might be

explained as follows

1). Monitor garefully the existing condition of the
concerned area, especially the type and the geologic
formation of the aguifers ( the concern aquifer and ité
adjacent aquifers complete with its leaky area), the
boundary conditions of these aquifers, all rivers in the
concern area (completekdata as their cross sections with
it sizes, the type and the thickness of the river bed,
the wéter level in the river ), elevations of all vlayers
of the _.aquifers inciudihg the water and piezometric
levels which should Have the same datum, and the location

of all wells.

2).Draw a rough sketches of the area of concern, complete
with all informations relating to the study problem.

From th;s drawing, all boundary lines ( which seperate
the differentVtypes of might be the geologic formations
of the concern aquifer, the thickness of the concern
‘aquifer, the rivers, the leaky area, the location of the

wells ) should be sketched properly.

3). Set up the X and Y coordinate system including the

chosen scale. It might be better if the X direction is
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colinear with the shorter side of the concerned area. The
reason is that the computer time will be shorter due to
there need no rotation of the coordinate system and

shorter matrix multipliqation in the program.

4). Draw the mesh of the finite element grid , where

the node should be put on these boundary lines.

5). The pattern of the element should be :
- Each element should have a triangular shape,
-~ The type of one triangle and its neighbouring

element should follow the rule being picturized as:

yes. no.

S % S D

preferred. ' discouraged
but still accepted.

/\/\I\' \ %ok

a

- On the area which surrounding a well, the size of
the element should be small enough so the mesh as a
whole would be denser on this area and that would

be coarser for the area which has no wells. However,
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the variation in the element sizes shoula be
reasonably smooth and reguiar;

- The drawing of the finite element grid as a whole
should please the eye, which would not make ’any
difficulty in’ setting the number of nodes and

elements.

6). Set up the‘number of ‘all nodes ‘and elements. Nodes’
ndmbers should be arranged in sequence from the far left
to the right ( when it is finish for one row then the
continuing number should be started from the second far
left again ) and from the bottom to the top. For the
elements'r number, similar rule as for node might be
followed, but in this case, jumping number on the sequent

elements is allowed.
7). Set up the coordinate X,Y of every node.

8). Set up the parameter of the aquifer over the whole
‘elements. The parameter which cover the largest number of

elements might be taken as the default input.

9. Set wup all boundaries values problem ( >15t fype
boundary «condition, 2nd type bouhdary condition, 3rd typg
boundary condition, mixed 3rd type -‘boundary  condition,
rising water level boundary condition, source /- Sink
wells, ponding water which might evaporate or infiltrate
into the ground, leaky area ), which occurs on a certain

&
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number of elements or nodes.

All values of the boundary should have consistant units,

such as :
— Length ............. in meter,

- Area ............... iNn square meter,

Volume ...ieeenweaes in cubic meter,

- Time .....cc0vvveas. in day.

«sa000...
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