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OZET

LiWA AKIFERI’NIN BOLGESEL YERALTI SUYU AKIS MODELININ
GELISTIiRILMESI (SEMA A), BAE

Gonca AVSAR

Yiiksek Lisans Tezi
Fen Bilimleri Enstitiisii
Jeoloji Miihendisligi Bolimii
Danisman: Yrd. Dog. Dr. Bedri KURTULUS
Eyliil 2017, 67 sayfa

Tatl su kurak ortamlarda sinirli yagis ve sicak iklim nedeniyle degerli bir kaynaktir.
Arap Yarimadasi’nda bulunan Birlesik Arap Emirlikleri (BAE) kurak bir iklime
sahiptir ve su kaynaklart siirlidir. Bu bolgede ana su kaynagi yeralti sularidir.
Bununla birlikte son yillardaki niifus, tarim ve endiistriyel faaliyetlerdeki artis su
talebinin artmasina neden olmustur. Bu artan su talebini karsilamak adina, 6zellikle
giivenli igme suyu i¢in, BAE deniz suyunu, ¢ogunlukla Abu Dabi kiyilarinda, tatli suya
doniistiiren deniz suyu aritma tesisleri kurdu. Bu aritma tesisleriyle biiyiik o6lgiilerde
tatl su iiretimi gergeklestirilmesine ragmen depolama olanaklarinin acil durumlar i¢in
yetersiz kaldig1 sonucuna varilmistir. Bu sebeple, tatli su depolamak tizere giivenilir
bir yeralt: rezervuar olusturmak icin Liwa Akiferi Depolama ve lyilestirme (ADI)
Projesi, 2008 yi1linda Abu Dhabi’nin Liwa bolgesinde gelistirildi. Bu proje kapsaminda
Liwa Vahasi’nin kuzeyinde birgok pompalama ve gozlem kuyusu insa edildi. Proje
boyunca birgok pompa testi yapildi. Bu testlerden elde edilen verilerle, Liwa
Akiferi’nin hidrolik 6zelliklerini belirlemek adina birgok analiz ve ¢alisma
gerceklestirildi. Bu tezin amaci, hidrolik 6zelliklerin tahmin edilmesi i¢in bu proje
kapsamindaki A Semasi’ndaki pompalama testlerinden elde edilen verileri kullanarak
Liwa Akiferi’nin 2 boyutlu gegici bir yeralti suyu akist modelini gelistirmektir.

Anahtar Kelimeler: Yeralt: Suyu Akis Modeli, Liwa Akiferi, Liwa ADI Projesi,
MODFLOW



ABSTRACT

DEVELOPMENT OF A LOCAL GROUNDWATER FLOW MODEL FOR
THE LiIWA AQUIFER (SCHEME A), UAE

Gonca AVSAR

Master of Science (M.Sc.)

Graduate School of Natural and Applied Sciences
Department of Geological Engineering
Supervisor: Asst. Prof. Dr. Bedri KURTULUS
September 2017, 67 pages

In arid environments, fresh water is a precious resource because of the limited rainfall
and hot climate. The United Arab Emirates (UAE) has an arid environment, and so
suffers from a lack of water sources on the Arabian Peninsula. The main source of
water in the UAE is groundwater. However, an increase in population, agriculture and
industrial activities in recent years has resulted in an increasing demand for water. In
order to meet this increased demand for water, especially for safe drinking water, the
UAE has constructed several desalination plants to convert seawater into fresh water,
mostly along the coast of Abu Dhabi. Despite the huge volume of fresh water which
can be produced by these plants, storage facilities would be inadequate in an
emergency situation. Thus, the Liwa Aquifer Storage and Recovery (ASR) Project was
developed in order to establish a reliable underground reservoir to store and recharge
fresh water in the Liwa area, Abu Dhabi in 2008. Within the scope of the project,
several pumping and observation wells were constructed in the North of the Liwa
Oasis. During the project, pumping tests were conducted and many analysis and
studies were performed in order to determine the hydraulic characteristics of the Liwa
aquifer. The purpose of the current study is to develop a 2-D transient groundwater
flow model of the Liwa Aquifer using data obtained from pumping tests in Scheme A
to predict hydraulic properties with code MODFLOW in Groundwater Vistas.

Keywords: Groundwater Flow Model, Liwa Aquifer, Liwa ASR Project, MODFLOW
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1. INTRODUCTION

The aim of this study is to estimate hydraulic characteristics of the Liwa Aquifer such
as horizontal hydraulic conductivity and specific yield by constructing a 2-D transient
groundwater flow model using MODFLOW in Groundwater Vistas. In this study, the
data, which was used in the transient groundwater flow model, was obtained from the
Liwa Aquifer Storage and Recovery (ASR) Project. Drawdown measurements from
observation wells during the pumping periods were used in order to calibrate the

model.

In this report, firstly, geographical, climatological, geological, hydrogeological
characteristics and water resources of the study area are mentioned. Afterwards, the
Liwa (ASR) Project, methods used in the study, the model and the results are covered.
At the end, results are evaluated and discussed in order to understand how the model
is realistic and what can be done to develop it. Furthermore, hydraulic conductivity
and specific yield results obtained from the model are compared with the results

obtained from the reports of the project.



2. STUDY AREA

2.1.Geography

The United Arab Emirates (UAE) is located in the southeastern part of the Arabian
Peninsula. It is bordered by Oman to the east, the Kingdom of Saudi Arabia to the
South and West, and the Persian Gulf to the North. In the east, the Al-Hajar Mountains

fall within the borders of Dubai Emirate in the north and in Oman. It is the highest

mountain range in the Eastern Arabian Peninsula. The Liwa area is situated in the
Emirate of Abu Dhabi covering about 80% of the total area of the UAE. It is a part of
Rub ’al Khali Desert and about 145 km southwest of the city of Abu Dhabi (Figure
2.1).

- Riyadh
lA ir
’

el A el Desert

B3NT7

Figure 2.1. Location map of the study area. (Yellow lines represent the country boundaries.)

Liwa has a crescent-shaped oasis, which is an isolated area of vegetation in a desert. It

stretches about 110 km in an east-westerly direction. Several villages and agricultural



areas exist throughout the oasis. The project area with Scheme A, B and C, where all
tests were conducted, is located to the North of the Liwa Oasis. In this study, Scheme
A was the focus and only the data obtained from Scheme A was used for the
groundwater flow modeling. The center of Scheme A is represented by a red point,
whose coordinates are 763204.31 E and 2580103.04 N (Figure 2.2).

Abu Dhabi
Ajman

Project area . | |Fujairah
| Neutral Zone
| Ras Al Khaimah | |
| Sharjah S
| Umm Al-Quwain§*|

s 98, WSO 1SS, A el ls) JelN)

Figure 2.2. Emirates of the UAE and location of the project area. Scheme A, B and C represents
well sites of the project.

2.2.Climatology

The Emirate of Abu Dhabi has an arid and hot climate, with less than 100 mm/year
average rainfall and a very high rate of evaporation (2-3 m/year) (Brook et al., 2006).
Most of the rainfall occurs during winter between October and March. Besides, the
spatial and temporal distribution of the rainfall is highly variable. For instance, in

2003, the mean rainfall per month was about 2.9 mm in January, 0.2 mm in February,



3.9 mm in March, and 44.7 mm in April, while there was no precipitation in the
remaining months (Al-Katheeri et al., 2009). It can be said that heavy and short

rainfalls provide the best opportunities for aquifer recharge.

2.3.Geology

In the Abu Dhabi, desert environment is dominant. The coastal region consists of tidal
flats and sabkha deposits. Towards the inland area, most of the Emirate is covered by
aeolian sand dunes, which have resulted from wind patterns in the desert (Symonds et
al, 2005). Large barchan sand dunes, especially, are characteristic structures in the

South of the Liwa Oasis. Interdunal sabkha deposits can also be observed in this area.

The Liwa area/aquifer has two main stratigraphic units which are Tertiary (older) and
Quaternary (younger) units. The Tertiary unit (a thickness of over 350 m) is composed
of mudstones, evaporites and clastics of Miocene age, whereas the Quaternary unit (a
thickness between 100 and 150 m) consists of fine to medium sands and interdunal
sandstone deposits (Al-Katheeri et al., 2009).

In addition, according to the well composite logs obtained from the ASR project area
in Liwa, there are three main lithological units. Sand unit at the top, sandstone
deposites (with intercalation of siltstone, mudstone, marl, thin sand lenses) and
carbonates-evaporites at the bottom of the site, observed through the vertical section
(Figure 2.3).
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Figure 2.3. Composite log belonging to the well located in the center of the scheme A (Zetas/GIZ
Report, 2015).
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2.4 \Water resources

Water sources are deficient due to the arid and hot climate in the Emirate of Abu Dhabi.
They can be classified into conventional and non-conventional sources. Conventional
water sources are natural, depending on the amount of rainfall in the environment
resulting in surface water and groundwater. However, non-conventional water sources
are generated by human using technology. Desalinated water and treated wastewater

are examples of the non-conventional water sources used in Abu Dhabi.

2.4.1.Surface water

Surface water is limited and temporary, because of low rainfall, high evaporation rates,
the flat nature of the land and high porosity-permeability of dune-forming sands (Rizk
and Alsharhan, 2003). Therefore, perennial rivers and lakes cannot be observed in the
Emirate of Abu Dhabi. However, both onshore and offshore fresh water springs are

found along the coastal belt of the Emirate (Brook and Dawoud, 2005).

2.4.2. Groundwater

Groundwater is the main water source in Abu Dhabi (Figure 2.4). Shallow sand
aquifers are classified as renewable water sources, whereas deep aquifers are non-
renewable (Al-Rashed and Sherif, 2000). Because of the increasing population,
agricultural and industrial activities in recent years, water demand has increased and

over pumping occurs.



Recycled water
7%

Figure 2.4. Percentages of water resources in the Abu Dhabi Emirate in 2012 (International
Water Management Institute (IWMI), 2016).

2.4.2.1. Groundwater salinity

The salinity of the groundwater can be examined and classified using TDS (total
dissolved solids) values (Table 2.1). In the Emirate of Abu Dhabi, high salinity can be
observed throughout the coastal region because of salt-water intrusion from the sea
and coastal sabkha deposits. Further inland, groundwater is becoming brackish and
then fresh in the middle of the Emirate where the Liwa aquifer is located (Figure 2.5).
Fresh water can be also observed in the north-east, near mountainous areas. However,

south of the Liwa Oasis it is highly saline due to inland sabkha deposits.

Table 2.1. Groundwater classification schemes used in the Abu Dhabi Emirate (Brook et al,

2006).
Source TDS Range (mg/l) Classification
0-1500 Fresh
1500-8000 Low Brackish
ERWDA (2003) 8000-15000 High Brackish
15000-35000 Saline
>35000 Hypersaline
0-1500 Fresh
1500-4000 Slightly Brackish
4000-7000 Medium Brackish
7000-10000 Strongly Brackish
GTZ et al (2005)-German Standards 10000-25000 Sligthly Saline
25000-50000 Medium Saline
50000-100000 Strongly Saline
>100000 Brine
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Figure 2.5. Groundwater salinity in the shallow aquifers in the Abu Dhabi Emirate

2.4.3. Desalinated water

As previously mentioned, water demand has been increasing in recent years. In order
to meet this increased demand, especially for drinking water, the UAE has constructed
several desalination plants, and has one of the most developed desalination production
and distribution systems in the world. The first desalination plant was installed in Abu
Dhabi in 1960 with a total capacity of 250 m*/day (Brook et al, 2006).

2.4.4. Treated wastewater

As a substitute for fresh water in agriculture and industry, treated wastewater also has
a significant role in water resource management. However, it is critical to make

periodical analyses and field studies to promote the safe use of treated sewage water.



2.5. Hydrogeology

Heavy and short-term rainfalls over Al-Hajar Mountains, located in the east of the
UAE, are the main groundwater source for the aquifers of the UAE. After rain falls
over the mountains, water flows down through wadis, which are impermanent streams
in the desert environments, and dry most of the time expect after rain. Water gathers
in the piedmont plains, quickly infiltrates and recharges into the shallow alluvial gravel
aquifers. Thereafter, groundwater flows from the east (Al-Hajar Mountains) towards

the west, northwest and southwest (Figure 2.6 & 2.7).
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Figure 2.6. Hydraulic head map and flow directions in the UAE (Rizk and Alsharhan, 2003).
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Figure 2.7. Recharge and discharge areas in the Abu Dhabi Emirate (ElImahdy and Mohamed,
2015).

2.5.1. Aquifer types

Different types of aquifers occur within the borders of the UAE (Figure 2.8). Sand
dune aquifer in the middle, gravel aquifer located throughout the piedmont plains of
Al-Hajar Mountains in the east, coastal sabkha aquifer which is uneconomic, and
carbonate aquifer in the north-east are observed and classified as shallow and
unconsolidated aquifers. Deep aquifers also occur throughout Abu Dhabi, and are
largely carbonate deposits. However, shallow aquifers are more productive (Brook et
al., 2006). Moreover, Brook and Dawoud (2005) categorize groundwater formations
in the UAE into two types, which are the Tertiary sediments consisting of loosely
cemented, calcareous sandstones, sandy limestone, silty chalk, and gypsum layers, and
the Quaternary unconsolidated clastic sediments covering most of the country. Liwa

aquifer is formed by sand dune deposits belonging to the Quaternary period.
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3. LIWA AQUIFER STORAGE AND RECOVERY PROJECT
(ASR)

As mentioned previously, desalinated water makes up a significant percentage of
available water in the arid environment of the UAE. Although there are plenty of
desalination plants along the coast of the UAE, which produce huge volumes of
drinking water, a secure water supply is not guaranteed due to a lack of storage
facilities for the desalinated/fresh water in a case of emergency, and demand for
drinking water can only be met for a short period. In this case, the UAE needs to
increase the storage facilities for fresh water. Therefore, the Liwa ASR Project was
developed in order to establish a reliable and sustainable underground reservoir to store
and recharge fresh water in the Liwa area. The project was conducted between 2008
and 2015 with the consultants Zetas-GIZ.

Within the scope of the project, 315 wells were constructed as 3 schemes: scheme A,

B and C (Figure 3.1), in order to determine the hydraulic properties of the Liwa aquifer.
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In this study, only data belonging to Scheme A was used.

Figure 3.1. Scheme A, B and C each constituting 105 wells.
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4. METHODS

The study began with a literature survey in order to understand climatological,
geological and hydrogeological characteristics of the study area. After data analysis,
the modelling phase was started.

4.1.Data Analysis

Dataset of scheme A was gathered, analyzed and regulated to import Groundwater
Vistas. Firstly, static groundwater levels were examined in order to construct a steady
state groundwater flow of the area. Secondly, drawdown data, obtained during
pumping phases, was assessed to construct a transient groundwater flow of the area.

Furthermore, horizontal hydraulic conductivity and specific yield values, which were
determined by experts in this branch, were gathered from the project reports written
by Zetas (consultant firm in Turkey) and confirmed by GIZ (consultant firm in
Germany).

4.1.1. Static groundwater levels

When static groundwater levels were mapped by Surfer 8, depressions were observed
on the contour map (Figure 4.1 and 4.2). A piezometric map, which exhibits the flow
pattern of the area, could not be obtained. The reason may be that the aquifer has been
pumped for a long time in different periods during the project. Therefore, it was
concluded that the aquifer is not in a steady state and it was not possible to construct a
steady state groundwater flow model. After this conclusion, it was decided that a
transient groundwater flow model would be constructed using drawdown data for

calibration.
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Figure 4.1. Contour map of static groundwater levels which were measured from 31 observation
wells in Scheme A during December in 2013.
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Figure 4.2. Contour map of static groundwater levels which were measured from 11 observation
wells in Scheme A during October in 2013.
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4.1.2.Pumping tests

During the project, pumping tests were conducted. This study is dealing with four
pumping wells RW078, RW103, RW008 and RW033 which are pumped in different
times. Each pumping well has its own observation wells where drawdown data was
measured (Table 4.1).

Table 4.1. Pumping and observation wells used in the transient groundwater flow model.

Pumping Wells | RWO078 | RW103 | RWO008 | RWO033
RW003 | RWO056 | RWO007 | RWOO1

RWO06 | RWO068 | RWO009 | RWO002

RW012 | RWO69 | RWO022 | RWO15

RW035 | RWO70 | RWO023 | RWO16

RWO36 | RWO71 | RWO024 | RWO18

RW051 | RWO080 | RWO38 | RWO19

. P RWO66 | RWO08L | RWO054 | RWO024
Wells RW077 | RWO089 | RWO8L | RWO30
RWO79 | RWO90 - RW044

RWO087 | RWO094 - RW048

RWO088 | RWO095 - RW049

RWO095 | RWO096 - RW063

RW101 | RWO097 - RW064

- - - RW074

- - - RW077

Pumping tests are composed of 4 phases (Figure 4.3) as following for each pumping

well:

Phase I. A 5-step drawdown test (SDT) at incremental pumping rates of 30, 60,
90, 120, 150 m®/h during 15 hours (3 hours for each pumping rate).

Phase 1. A SDT recovery phase during 48 hours.

Phase I1I. A constant discharge test (CDT) at a pumping rate of 150 m%/h during

72 hours.

Phase IV. A CDT recovery phase during 72 hours.
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Start-finish dates and times of the phases for each pumping wells and phases are shown
in the Table 4.2.

Besides, locations of each pumping well with its observation wells are demonstrated
in Figure 4.4, 4.6, 4.8 and 4.10 whereas graphs of drawdowns, measured in the
observation wells with time during the phases for each pumping period, are illustrated
in Figure 4.5, 4.7, 4.9 and 4.11.
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Figure 4.3. Pumping rates during SDT and CDT phases.
Table 4.2. Start-finish dates and times of the phases.
SDT Recovery CDT Recovery
P i .
L\J/:/nerl)::g Start Finish Start Finish Start Finish Start Finish
11.10.2013°17:3 . . . . . . .
1. RW078 0 12.10.2013°08:30 | 12.10.2013°08:30 | 14.10.2013°08:30 | 14.10.2013°08:30 | 17.10.2013°08:30 | 17.10.2013°08:30 | 20.10.2013°08:30
24.10.2013°17:0 °
2. RW103 0 25.10.2013°08:00 | 25.10.2013°08:00 | 27.10.2013°08:00 | 27.10.2013°08:00 | 30.10.2013°08:00 | 30.10.2013°08:00 | 02.11.2013°08:00
3. RW008 03'”'2313 17:0 04.11.2013°08:00 | 04.11.2013°08:00 | 06.11.2013°08:00 | 06.11.2013°08:00 | 09.11.2013°08:00 | 09.11.2013°08:00 | 12.11.2013°08:00
4. RW033 23.11.2013°17: 24.11.2013°08:00 | 24.11.2013°08:00 | 26.11.2013°08:00 | 26.11.2013°08:00 | 29.11.2013°08:00 | 29.11.2013°08:00 | 02.12.2013°08:00

00
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Figure 4.4. Locations of the pumping well RWO078 and its observation wells (Zetas/GIZ Reports,
2015).

Drawdown vs Time
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Figure 4.5. Drawdowns measured in the observation wells of the pumping well RW078 with
time during the phases.
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Figure 4.6. Locations of the pumping well RW103 and its observation wells (Zetas/GIZ Reports,
2015).
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Figure 4.7. Drawdowns measured in the observation wells of the pumping well RW103 with
time during the phases.
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Figure 4.8. Locations of the pumping well RW008 and its observation wells (Zetas/GIZ Reports,
2015).
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Figure 4.9. Drawdowns measured in the observation wells of the pumping well RW008 with
time during the phases.
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Figure 4.10. Locations of the pumping well RW033 and its observation wells (Zetas/GIZ
Reports, 2015).
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Figure 4.11. Drawdowns measured in the observation wells of the pumping well RW033 with
time during the phases.
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4.2.Modelling

In order to construct 2-D transient groundwater flow model of the Liwa Aquifer,
Groundwater Vistas-MODFLOW was selected.

4.2.1. Grid design, initial and boundary conditions

The 2-D flow model is composed of 40 rows and 36 columns (Figure 4.12).
Dimensions are 1500 m in height and 1500 m in width. Grid spacing ranges from 25
m to 100 m in X and Y directions. Rows and columns are denser in the center, where
the study area is located, to have more and smaller cells. This means more computation
in the area where the targets are denser. At the center of the model grid, cells are square

in shape and 25 m in dimension.

The model consists of 1 sand layer with a thickness of 70 m. The bottom elevation is
65 m and the top elevation is 135 m. The bottom elevation corresponds to the bottom
of the sand unit, and the bottom of the well screen which is illustrated in Figure 2.3 in

the Geology section.

Boundaries were placed as far as possible away from the area of interest in order to
minimize the effect of these artificial boundary conditions. Therefore, the distances
between boundaries and the outermost targets in the north, south, east and west were
determined as 500 m. In the north and south, constant head boundaries are located.
The constant heads are 105 m in both north and south boundaries. In the east and west,

no flow boundary conditions exist.

Initial conditions such as hydraulic conductivity, specific yield and initial heads were
determined and assumed constant and homogenous through the whole model grid
according to the data obtained from project reports. Initial head was assumed to be 105
m, since static groundwater levels, which were measured during the project, range
between 104 m and 106 m.
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Figure 4.12. Grid design, boundary conditions and locations of 4 pumping wells. Blue columns
at the north and south represent the constant head boundaries.

4.2.2. Targets and stress periods

In total, 49 observation well data were imported as targets into the model and target
type is drawdown (Table 4.3) (Figure 4.13). 4 observation wells are common and used

twice in two pumping wells. Thus, the number of observation wells in total is 45.

Table 4.3. Total number of observation times in the model.

PUMDIN Number of Number of Observation Number of | Total Number of
WeFI)Is g Observation Times for each Observation Observation
Wells Observation Well Times Times
RWO078 13 48 13*48 = 624
RW103 13 48 13*48 = 624
2337
RWO008 8 48 8*48 = 384
RW033 15 47 15*47 = 705
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Figure 4.13. Pumping wells (RW078, RW103, RW008 and RW033) and their observation wells
as targets.
There are 35 stress periods and total length of stress periods is 1238.5 hours. Hourly
drawdown data was used during SDT phase, whereas the drawdown data measured
every 6 hours were used during CDT and recovery phases. Time steps were determined
according to this criterion. In addition, after the last recovery phases (72 hours), there
are time intervals with no drawdown measurement between each pumping well. For
instance, the time interval between pumping of RW078 and RW103 is 104.5 hours,
between that of RW103 and RW008 is 33 hours and finally, between that of RW008
and RWO033 is 273 hours. These time intervals were assigned to one stress periods as
steady state type. 1-time step, which represents the last drawdown measurement at the

end of the last recovery period, was used for these steady state periods (Table 4.4).
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Table 4.4. Stress periods of each pumping well.

P‘\’,[',"e‘fl':g Stress Periods | Length(h) | Q(m3/h) gt'gg)‘: Phases
1 3 30 3
2 3 60 3
3 3 90 3 SDT
4 3 120 3

RW078 5 3 150 3
6 48 0 8 Recovery
7 72 150 12 CcDT
8 2 0 12 Recovery
9 104.5 0 1
10 3 30 3
11 3 60 3
12 3 90 3 SDT
13 3 120 3

RW103 14 3 150 3
15 48 0 8 Recovery
16 72 150 12 cDT
17 72 0 12 Recovery
18 33 0 1
19 3 30 3
20 3 60 3
21 3 90 3 SDT
22 3 120 3

RW008 23 3 150 3
24 48 0 8 Recovery
25 72 150 12 CDT
26 72 0 12 Recovery
27 273 0 1
28 3 30 3
29 3 60 3
30 3 90 3 SDT

RW033 31 3 120 3
32 3 150 3
33 48 0 8 Recovery
34 72 150 12 CDT
35 72 0 12 Recovery
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4.2.3.Parameter estimation

Parameter estimation was performed using pilot-points technique and Pest (Figure
4.14). In addition to hydraulic conductivity, specific yield estimation by pilot-points
was also performed to achieve a better calibration results. Thus, parameters to be
estimated were determined as horizontal hydraulic conductivity and specific yield.
Pilot-points for horizontal hydraulic conductivity were located with intervals of 100 m
around the whole area whereas pilot-points for specific yield were distributed with
intervals of 300m through the whole area. The number of pilot-points for horizontal

hydraulic conductivity is 225 and for specific yield is 25.
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Figure 4.14. Locations of pilot points.
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5. RESULTS

After several Pest runs, done in order to decrease the difference between observed and
computed drawdown values, the following plot of observed vs computed values was

obtained (Figure 5.1). In addition, statistics from the model calibration are illustrated

in the Table 5.1.

Cbserved vs. Computed Target Values

o o Layeri

Model Value

0 0.4 Uk} 12 18 20
Observed Value

Figure 5.1. Calibration plot representing observed and computed drawdown values.
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Table 5.1. Statistics of the model calibration.

Residual Mean 0.00
Residual Standard Dev. 0.11
Absolute Residual Mean 0.08
Residual Sum of Squares 30.30

RMS Error 0.11
Minimum Residual -0.60
Maximum Residual 0.65

Number of Observations 2337

Observed vs computed drawdown plot from one of the 49 observations well data is

illustrated (Figure 5.2).
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Figure 5.2. Observed vs Computed drawdown plot from one of the 49 observations well data.
This observation well belongs to the first pumping period when RWO078 is pumped. Each green
rectangle in the plot indicates the pumping wells.

Drawdown contour map can be illustrated as following (Figure 5.3).
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Figure 5.3. Drawdown contours after the calibration.

Horizontal hydraulic conductivity (m/h) distribution after the calibration is shown

(Figure 5.4).
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Figure 5.4. Horizontal hydraulic conductivity (m/h) distribution after the calibration.

In Table 5.2 and 5.3, horizontal hydraulic conductivity (Kx) and Specific yield (Sy)
estimations in the model and the project are shown. Moreover, these estimations are
compared and represented by graphs in Figures 5.5 and 5.6.
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Table 5.2. Horizontal hydraulic conductivity (Kx) estimations in the locations where targets are
located in the model and estimations obtained from project reports.

Kx (m/h) Kx (m/h)

Targets Model Project Targets Model Project
RW003 0.707 0.354 RW007 0.701 0.521
RW006 0.710 0.567 RW009 0.777 0.633
RW012 3.211 0.983 RW022 0.123 0.425
RW035 0.628 0.313 RW023 0.131 0.421
RW036 0.168 0.371 RW024 0.272 0.450
RW051 0.698 0.604 RW038 0.106 0.438
RW066 0.804 0.038 RW054 0.086 0.679
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Figure 5.5. Comparison of Kx estimations obtained from the model and the project reports.
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Table 5.3. Specific yield (Sy) estimations in the locations where targets are located in the model
and estimations obtained from project reports.

Sy S
Targets Model Project Targets Model Project
RW003 0.044 0.110 RW007 0.035 0.052
RW006 0.036 0.081 RW009 0.034 0.029
RW012 0.060 0.031 RW022 0.031 0.089
RW035 0.039 0.200 RW023 0.028 0.830
RW036 0.032 0.097 RW024 0.030 0.100
RW051 0.039 0.037 RW038 0.027 0.130
RW066 0.032 0.081 RW054 0.023 0.027
RW079 0.031 0.100 RW081 0.021 0.100
RW087 0.032 0.084 RW001 0.057 0.130
RW088 0.033 0.100 RW002 0.050 0.094
RW101 0.038 0.094 RW015 0.064 0.024
RW056 0.047 0.037 RW016 0.085 0.022
RW068 0.039 0.065 RW018 0.045 0.037
RW069 0.026 0.075 RW019 0.043 0.037
RW070 0.040 0.078 RW030 0.090 0.077
RW071 0.068 0.096 RW044 0.097 0.039
RW080 0.025 0.100 RW048 0.046 0.047
RW089 0.029 0.080 RW049 0.048 0.041
RW090 0.020 0.074 RW063 0.051 0.260
RW094 0.103 0.047 RW064 0.048 0.090
RW095 0.041 0.098 RW074 0.143 0.120
RW096 0.026 0.088 RW077 0.053 0.120
RW097 0.026 0.062 - - -
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Figure 5.6. Comparison of Sy estimations obtained from the model and the project reports.
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6. DISCUSSION

First of all, in the context of this study, the aim was to construct a steady state
groundwater flow model of the Liwa aquifer using static groundwater level data of the
aquifer at the beginning. However, flow pattern of the study area cannot be found out
properly due to some depression observed in the piezometric map according to the
available static groundwater level data. This may result from the pumping of the
aquifer for a long time in different periods during the project. Thus, it was concluded
that the aquifer may not be in a steady state and it may not be possible to construct a
steady state groundwater flow model with the available data. In this case, developing
a transient groundwater flow model of the aquifer was decided by using drawdown
data for the calibration. Thereafter, the transient flow model was tried to be designed
as simple and basic as possible at the start of the modelling. The aim was to start and

proceed from the simplest model by developing in time.

Moreover, for the parameter estimation and calibration process, pilot-points technique
was used with the intention of assigning different and interpolated horizontal hydraulic
conductivity and specific yield values and have a better calibration through the whole
area rather than zone-based calibration. In addition, the significance of the pilot-points
number was understood in calibration and parameter estimation for this model. It was
observed that after increase in the pilot-points number of horizontal hydraulic
conductivity, calibration became better and the huge differences between hydraulic
conductivity estimations in relatively short distances was reduced. Besides, in the
beginning, specific yield was assigned as constant through the grid using one pilot-
point. In order to understand how specific yield is effective in the calibration, pilot-
points numbers of specific yield were increased gradually. Finally, it was observed
that it was not necessary to increase as many as that of the horizontal hydraulic
conductivity. It may be concluded that the horizontal hydraulic conductivity is more

variable with the horizontal distance than the specific yield.
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In the model, horizontal hydraulic conductivity values are relatively high in north-west
and south-east of the target area (red color in the horizontal hydraulic conductivity
map). In these areas, grain size may be relatively larger causing higher Ky estimations.
For instance, gravel lenses may occur. However, even if this is the case, these Ky
estimations seem so high. Another possibility may be fractures or faults which are
striking in these areas. On the other hand, in the middle of the target area, Kx
estimations seem more realistic. In addition, when Ky estimations of the model and the
project are compared as illustrated with graphs in the results section, it is observed that
they are not so far each other, except some high values. Besides, specific yield
estimations in the model are underestimated with respect to the values obtained from
the project reports. It may be originated from the methods used for estimations in the

project reports.
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7. CONCLUSION

The objective was to predict hydraulic characteristics of the Liwa Aquifer which are
horizontal hydraulic conductivity and specific yield by constructing 2-D transient
groundwater flow model using MODFLOW in Groundwater Vistas. Scheme A,
including four pumping wells with 45 observation wells in total, was focused within
the scope of the study. Drawdown data obtained from observation wells during the
pumping periods were used in order to calibrate the model. In the report, geographical,
climatological, geological, hydrogeological characteristics and water resources of the
study area, Liwa (ASR) Project, methods of the study, the model and the results were
covered. At the end of the study, results were evaluated and discussed. Furthermore,
hydraulic conductivity and specific yield results obtained from the model were

compared with the results obtained from the reports of the project. In brief,

- The horizontal hydraulic conductivity is more variable with the horizontal distance
than the specific yield

-The reason of the high horizontal hydraulic conductivity values in north-west and
south-east of the target area may be relatively higher grain size such as gravel lenses

or fractures or faults in these areas.

- According to comparison of Ky estimations of the model and the project, it is

observed that they are not so far each other, except some high values.

-The Sy estimations in the model are underestimated with respect to the values

obtained from the project reports. It may be originated from the methods used for

estimations in the project reports.

To conclude, it can be said that modelling is an infinite process. In other words, it is
possible to develop a model in time in order to approximate it to the real conditions.
Thus, as our future perspective, the model in the current study can be developed in
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time to have better results by increasing number of cells and pilot points or by
additional parameters to be estimated or by changing and trying different boundary
conditions or additional field data can be obtained. On the other hand, the other

Schemes, which are B and C, may be used for constructing another model.
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APPENDICES

Appendix A. Observation Wells of RW078
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Figure 0.2. Observed vs Computed drawdown plot of RW088.
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Figure 0.4. Observed vs Computed drawdown plot of RW087.
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Figure 0.10. Observed vs Computed drawdown plot of RWO077.
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Figure 0.11. Observed vs Computed drawdown plot of RWQ006.
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Appendix B. Observation Wells of RW103

W0a9

0.45

0.40

0.35

0.20

Drrawdown

"
s
[
! e
!
“'m T
~ ?
£ o
=Ly

I | I | I | I
750 875 1000 1125 1250

I
25

r
r

1 —
o
%]
r,11 —

Time

Chserved

Computed

Figure 0.14. Observed vs Computed drawdown plot of RW089.
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Figure 0.17. Observed vs Computed drawdown plot of RW081.
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Figure 0.20. Observed vs Computed drawdown plot of RWQ096.
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Figure 0.24. Observed vs Computed drawdown plot of RW095.
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Figure 0.25. Observed vs Computed drawdown plot of RW071.
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Figure 0.26. Observed vs Computed drawdown plot of RW094.
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Appendix C. Observation Wells of RW008
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Figure 0.28. Observed vs Computed drawdown plot of RW023.
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Figure 0.29. Observed vs Computed drawdown plot of RW038.
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Figure 0.30. Observed vs Computed drawdown plot of RW054.
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Figure 0.31. Observed vs Computed drawdown plot of RW007.
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Figure 0.34. Observed vs Computed drawdown plot of RW081.
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Appendix D. Observation Wells of RW033
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Figure 0.35. Observed vs Computed drawdown plot of RW064.
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58




Appendix D. @)

Orawd oven

154

132

1.10

RwWo19

125 250 75 500 E25 750 g5 1000 1125 1230

Oltrserwed

Computed
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Figure 0.38. Observed vs Computed drawdown plot of RW063.
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Figure 0.39. Observed vs Computed drawdown plot of RW018.
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Figure 0.40. Observed vs Computed drawdown plot of RW002.
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Figure 0.41. Observed vs Computed drawdown plot of RW048.
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Figure 0.42. Observed vs Computed drawdown plot of RW001.
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Figure 0.44. Observed vs Computed drawdown plot of RW015.

62




Appendix D. @)

Diravwd owen

RwWa1e

Oitrmasrwesd

- Cormputed

Hr5 1000 1125 1250

Figure 0.45. Observed vs Computed drawdown plot of RW016.
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Figure 0.46. Observed vs Computed drawdown plot of RW030.
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Figure 0.47. Observed vs Computed drawdown plot of RwW044.
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Figure 0.48. Observed vs Computed drawdown plot of RW074.
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Figure 0.49. Observed vs Computed drawdown plot of RW024.
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