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ABSTRACT

Badush Dam is uncompleted combined earthfill and concrete dam, it is located on the Tigris River. The
dam is planned and designed to be a protection dam downstream of the already existing Mosul Dam to
protect population and infrastructure downstream of Mosul Dam. Thisa is attributed to the safety
concerns of Mosul Dam which suffers from severe karstification in its foundation due to the presence of
thick gypsum beds. The safety of Mosul Dam is a matter of debate since its construction and
commissioning in 1986. The construction of Badush Dam started in 1988 and suspended in 1991, although
(30 —40) % of the dam was already built. The geological setting of Badush Dam is almost similar to that of
Mosul Dam. Therefore, the foundation of Badush Dam will suffer from the same problem which is
karstification because they are located on gypsum beds which are the same rocks under the foundations of
Mosul Dam. The thin inclined clay core and foundation treatment works indicate clearly that Badush
Dam is designed to have temporary nature which is to contain the volume of Mosul Dam wave (11 x 11

km?) in case of collapse of Mosul Dam and to pass the wave downstream without flooding.
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1. INTRODUCTION

Badush Dam is uncompleted earthfill dam
planned, designed and constructed on
the Tigris River as a protection dam to keep the
safety of the community living downstream of
the river and the present infrastructures if Mosul
Dam collapses. Mosul Dam is constructed on the
Tigris River northwest of Badush Dam by about
40 km, and Badush Dam itself is located 16 km
northwest of Mosul city (Fig. 1). Mosul Dam is
the largest dam in Irag with capacity of
11.11km?3, whose commissioning begun in 1986.
Since then and even before that, the foundations
of the dam were suffering from active
dissolution of karsts due to the presence of
gypsum rocks of the Fatha Formation which are
the same rocks at the foundations of Badush
Dam (Sissakian et al., 2018 a and b, and 2019).
Grouting was performed in  Mosul Dam
foundation and was planned for the foundations
of Badush Dam. Grouting generally is one of the
treatment methods of foundations of dams
constructed in karst areas, which is performed to
protect these foundations as an anti-seepage

measure, and in these two cases from the
dissolution of the karstified rocks (Thuro et al.,
2000; Johnson, 2008; Bonaci et al., 2009;
Milanovi¢, 2011; Bonaci and Bonaci, 2013;
Sissakian et al., 2014; Adamo et al., 2015 and
U.S. Army Corps of Engineers, 2017).

The aim of this article is to elucidate the
status of Badush Dam (although not completed)
and to discuss whether it can perform as a
protection dam in the case of failure of Mosul
Dam. Moreover, to suggest what should be done
to validate the aim of Badush Dam (in case it is
decided to continue its construction) to fulfill its
function as a protection dam.

2. MATERIALS AND METHODS

For the purpose of the current study, we have
used the available geological and topographical
maps of different scales, satellite images of high
resolution and tens of published articles as the
subject of the study has required. All these
materials were studied thoroughly and
interpreted as an integrated study to achieve the
aim of the current study.
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3. GEOLOGICAL SETTING on field reports of Hagopian and Valupec
(1977); Muhi Adeen et al. (1977); Yacoub et al.

The geological setting of Badush Dam site  (2012); Fouad (2012); Fouad et al. (2003) and
and surroundings is briefed using available data, ~ Sissakian et al. (2013). The geologic map of
including: Geomorphology, Tectonics and Badush Dam site and near surrounding is
Structural Geology, and Stratigraphy depending  presented in Fig. (2).
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Fig. (2): Geological map of Badush and Mosul dams’ sites (After Sissakian et al. 2013).
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3.1. Geomorphology

The main geomorphological units at the dam
site and near surrounding are briefed hereinafter.
- Units of Alluvial Origin: Flood plain and river
terraces are well developed at the dam site and
along both banks of the Tigris River. The
sediments of both wunits are used in the
construction of different parts of the dam.
Units of Structural — Denudational Origin:
The depositional and erosional glacis are rich in
gypsiferous cement. Also, anticlinal ridges and
flat irons are well developed in the Fatha
Formation.

- Solution Units: Sinkholes of different shapes,
sizes and activities are well developed in both
the Euphrates and Fatha formations. The gypsum
and limestone beds of the Fatha Formation on
which the foundations of the dam are located
suffer from very active karstification, which has
dissolved the beds of the Fatha Formation.
According to Sissakian and Abdul Jab’bar
(2005) these karstified beds exhibit false dipping
towards the karst forms; due to collapse of the
beds towards the existing caves and fractures
beneath them (Fig. 3).

S IRT s

Fig. (3): Left) False dipping of limestone and gypsum beds due to underneath karstification, Right) An open
site showing the karstified gypsum and limestone beds, note the sinkholes in the floor of the site which is
about 20 km south of Badush Dam and within the same geological formation on which Badush Dam
was planned to be constructed.

3.2. Tectonics and Structural Geology

Badush Dam is located on Allan anticline
which is located in the Low Folded Zone of the
Outer Platform, which belongs to the Arabian
Plate (Fouad, 2012). Allan anticline is a double

plunging anticline with almost E — W trend; the
axis of the dam is located along the axis of the
anticline (Fig. 4). The southern limb is steeper,
and the eastern plunge is east of the Tigris River,
ie. east of Badush Dam (Fig. 2).
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Fig. (4): Satellite image showing Allan anticline and the constructed part of Badush Dam
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3.3. Stratigraphy

The exposed geological formations at Badush
Dam site and the reservoir area with the main
Quaternary sediments are briefly mentioned
hereinafter and presented in Figure (2).
- Euphrates Formation (Lower Miocene): The
formation is exposed at the core of Allan
anticline; it consists of well bedded, hard
limestone and marly limestone. The rocks are
highly Karstified. The thickness of the formation
ranges from (26 — 50) m.
- Fatha Formation (Middle Miocene): The
formation is widely exposed at Allan anticline
and surrounding areas; it is divided into Lower
and Upper Members. Both members consist of
cyclic sediments of green marl, limestone and
gypsum. The gypsum and limestone beds are
highly karstified (Fig. 3). The thickness of the
formation ranges from 117 m at the left bank to
300 m at the right bank.
- River Terraces (Pleistocene): The terraces are
accumulated at different parts, along the Tigris
River. Three levels are developed. The pebbles
of the terraces are cemented by gypsiferous and
sandy cement which cause severe problems
when they are used in concrete if they are used
without proper washing. The thickness ranges
between (5—8) m.
- Slope sediments (Late Pleistocene —
Holocene): These are well developed along the
foothills of Allan Mountain (anticline) as a
narrow belt surrounding the mountain. They
consist of rock fragments mixed with
gypsiferous soil; partly cemented. The thickness
ranges from (1 — 12) m.
- Residual Soil (Holocene): The residual soil
covers large parts of the surroundings of Badush
Dam (Fig. 2). It is reddish brown clayey soil
with rock fragments. In areas covered by the
Fatha Formation, the residual soil is gypsiferous.
The thickness ranges from (1 — 3) m.
- Flood Plain Sediments (Holocene): The flood
plain sediments are developed along both banks
of the Tigris River. The sediments consist of
sand, silt and clay, locally are gypsiferous. Large

guantities of the flood plain sediments were used
as construction material (aggregate) in different
parts of Badush Dam. The thickness ranges from
(2-5)m.

4. BADUSH DAM
4.1. General

Badush Dam is an earthfill- buttress concrete
dam located on the Tigris River. Construction of
this dam was proposed as a protection dam to
contain Mosul Dam flood wave if this dam
would fail. The decision to build the dam was
taken in 1987 after having problems in
completing the grout curtain of Mosul dam. A
previous study in 1984 and many others have
shown the great dimensions of catastrophe if
Mosul Dam  failed (Swiss Consultant
Consortium, 1985; Al-Ansari et al., 2015;
Adamo et al., 2015 a and 2017). Construction of
the dam was abandoned in 1991 due to the
economic embargo on lraq after the first Gulf
War and was not resumed ever since. This dam
would act as flood retaining structure to protect
from the resulting flood wave of 11 x 11 km? of
water in case of Mosul Dam failure which will
form a maximum probable flood (Mosul Dam)
2700 m¥ sec. Layout of the dam is shown in
Figure (5), and design parameter in Table (1).
However, the already completed parts of Badush
Dam ranges from (30 — 40) % (Fig. 6) of the
total dam works.

The design of Badush Dam indicates clearly
the temporary nature of its use from elevation
260 m (a.s.l.) upward; which is reflected in the
thin inclined clay core and other embankment
details. Moreover, the designer
(ENERGPROJECT, 1988) had assumed that the
part of the dam above elevation 260 m (a.s.l.)
will function for few months only which is the
duration needed to pass the flood wave of
collapsed Mosul Dam. It is also the time needed
to empty the reservoir quickly. The same thing
was also very clear in the design of the
foundation treatment works.
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Fig. (5): Layout of Badush Dam (ENERGPROJECT, 1988)

Table (1): General data of the proposed Badush Dam

No. General data of Badush Dam Units
1 Reserwoir capacity 1.0 x 10 m?
2 Annual average discharge 667 m3/ sec
3 Maximum probable flood (Mosul Dam) 2700 m3/ sec
4 Flood with 0.01% probability at Mosul Dam 12000 m?/ sec
5 Design flood during operation (Routed through Mosul Dam to be passed through Badush 8000 m3/ sec
Dam)
6 Maximum reservoir level (in case of Mosul Dam failure) 307 m (a.s.l)
7 Design flood level for the normal case 250 m (a.s.l.)
8 Minimum reservoir level for the normal case 243.8 m (a.s.l.)
9 Spillway capacity 4000 m?¥/ sec
10 Number of bottom outlets 8
11 Total bottom outlets capacity 8000 m3/ sec
12 Dam crest level 312 m (a.s.l)
13 Maximum height of the earthfill dam 92 m (as.l.)
14 Length of the dam crest 3.370 km
15 Crest level of the concrete dam 294.7m (a.s.l)
16 Maximum height of the concrete dam 102 m
17 Length of the concrete dam 248 m
18 Installed capacity of the power station 170 Mw
4.2. Problems Facing Badush Dam the foundations of the dam suffer from

Badush Dam is located within an area where  Karstification, which is the same case of Mosul
the Fatha Formation is exposed which includes Dam.
karstified gypsum and limestone beds; therefore,
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Fig. (6): Badush Dam, A) The concrete part during construction,

B) Abandoned concrete part of the dam

The problems of Mosul Dam are well studied
and presented in many published papers (Al-
Ansari et al., 2015; Sissakian et al., 2014, 2015
and 2016; Adamo et al., 2015 b). Therefore, the
same problems which Mosul Dam suffer from
will be present at Badush Dam; if the
construction of the dam will be restarted. This is
because the exposed geological formations and
even in subsurface are the same at both dam sites
(Fig. 2). The problems will appear in Badush
Dam unless the suggestions given by Sissakian
et al. (2017) are considered.

4.3. Badush Dam as a Protection Dam

The concept of Badush Dam performance in
case of Mosul Dam failure is shown in (Fig. 7)).
During period from 2006 to 2013 various
suggestions and revisions were carried out on the
validity of Badush Dam purpose and its design.
The outcome was conflicting opinions, between
changing the dam into run of river low power
generation dam and stripping it from the

huge diaphragm wall in Mosul Dam, or keeping
the dam as it was formulated but perform major
changes of design to ensure its safety (MWH
Global, 2007; EPE, 2009 a and b; EDR, 2014).

It is clear from Fig. (7) that Badush Dam in
its first phase with height at elevation of 260 m
(a.s.l.) cannot perform as a protection dam in
case of the failure of Mosul Dam (Fig. 7 B).
However, to perform as a protection dam, the
height should be raised to elevation 312 m
(a.s.l.) (Fig. 7 C). Moreover, the following
actions should be performed: 1) The grout
curtain prescribed in Badush Dam design would
not work and a diaphragm wall would be needed
if this dam is to be completed; 2) Other major
modifications on the design should also be done,
especially the thickness of the core, and 3) In
order to avoid any further surprises as were
faced in Mosul Dam, a complete new and very
extensive geological investigation of the
foundation and reservoir sites has to be done
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Fig. (7): Conceptual diagrams showing Badush Dam performance at different three phases
(After Adamo et al., 2019)

5. RESULTS

Due to the Karstification problems, which
Mosul Dam  suffers from, since its
commissioning in 1986, in spite of the extensive
grouting work being performed so far, it was
suggested to construct a protection dam (Badush
Dam) to protect the community and existing
infrastructure downstream from Mosul Dam
failure; if the dam would collapse. Accordingly,
the Ministry of Water Resources, Baghdad, has
asked ENERGPROJECT- Belgrade, to design a
downstream protection dam. The location of the
dam was chosen very quickly as the design of
the dam and the construction of the dam started
in 1988 but was abandoned in 1991 due to the
First Gulf War and its consequences.

6. DISCUSSION

Badush Dam is planned and designed to be a
protection dam and was under construction from
1988 — 1991. Whether the dam can function as a
protection dam or otherwise, if it is decided to be
completed, is discussed here. The geological
conditions of Badush Dam site are the same as

those of Mosul Dam (Fig. 2) which means
Badush Dam will suffer from the same
karstification dissolution problems as those
present in Mosul Dam (Sissakian et al., 2014,
2018 a and b; Adamo et al., 2015 a and b; Al-
Ansari et al, 2015). This means that, extensive
grouting may have to be done to the foundations
in Badush Dam as it is the case in Mosul dam
(Bonacci et al, 2009; Bonacci and Bonnaci,
2013; Adamo, et al., 2015). But it does not mean
necessarily, however, that such grouting will
stop the dissolution of the karstification at its
foundations as the bed rock is also gypsum and
the karst problems are well known to be very
active  (Sissakian and  Abdul Jab’bar,
2005Johnson, 2008; Milanovic, 2011, Sissakian
et al., 2014 and 2016; Al-Ansari et al., 2015 a).
Accordingly, Badush Dam will not be in a safe
condition, as designed, and will not be able to
perform as a protection dam unless replacing the
foundation grouting by a positive cutoff in the
form of diaphragm. The dam embankment
design should be revised also as the clay core
and filters may prove to be very thin and not
safe. (ENERGOPROJEKT, 1988).
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Therefore, to have a safe dam and to perform
successfully as a protection dam in its chosen
location, the following recommendations should
be taken in consideration:

1- To conduct detailed geological investigation
at the dam site including, drilling and
geophysical studies,

2- These studies should be carried out by well
experienced staff with different specializations
in order not to have misinterpreted data as it is
the case in Mosul Dam (Sissakian et al, 2019),
and

3- To change the design of the dam, especially
that of the core and foundation treatment works,
in order to be able to hold the flood wave in case
of the collapse of Mosul Dam.

From the presented data, the best solution is
to construct Badush Dam as a protection dam as
it is planned and designed after performing the
recommended changes, and not to think of it at
any time as a multi-purpose dam functioning as
normal dam. Moreover, to pass the trapped water
from the collapsed Mosul Dam safely to down-
stream course of the Tigris River in a well-
studied and planned time duration.

7. CONCLUSIONS

From this study, the following can be
concluded:

Badush Dam is planned and designed to be a
protection dam in case of Mosul Dam collapse.
As the site of Badush Dam is located on gypsum
and limestone rocks of the Fatha Formation,
which suffer from high degree of karstification,
so the foundations will be impacted by the
dissolution of this Kkarstification creating
unstable conditions for the dam. Grouting will
not be effective as it has been proved so far in
Mosul Dam. Therefore, the best decision for
Badush Dam (if it is decided to be completed) is
to continue the construction after performing the
suggested modification to be able only to pass
the flood wave from the collapsed Mosul Dam,
which should be done in a planned time
duration.
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