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Abstract: Mosul Dam is an earth fill dam located on the River Tigris northern part of Iraq. The capacity of its reservoir is 11.11 billion 
cubic meters which makes it the fourth biggest dam in the Middle East. From geological perspective, the dam is located on double 
plunging anticlines. The rocks of the site are mainly composed of highly jointed and karistified alternating beds of limestones, gysum 
and marls, since the impoundment of the reservoir seepage of water was recognized under the foundation of the dam. To stop or 
minimize the seepage, intensive grouting operations were conducted. Recent investigations and evaluation of the conditions of the dam 
indicate that it is in a critical situation. In this paper, consequences of the dam failure are discussed and possible solutions are given.  
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1. Introduction 

Mosul Dam, the largest dam in Iraq, is also one of 

the large dams in the world and the fourth largest 

reservoir in the Middle East. It is located on the Tigris 

river in northern Iraq approximately 50 kilometers 

north west of Mosul city and 80 kilometers from the 

Syrian and Turkish borders. 

Although the dam is about 500 km on a straight line 

distance to the north from Baghdad a flood wave study 

showed that such wave resulting from the dam collapse 

could reach Baghdad within 48 hours causing 

devastating results for the whole reach and its 

population. 

The maps in Figs. 1 and 2 show the location of this 

dam. 

2. History 

Mosul dam site was first investigated in 1952 by an 

American firm, after which four investigation 

campaigns were conducted in the sixties and seventies. 

The first three reports prepared by American, Finish 

and Soviet consultants agreed on the difficulties 
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involved in the site for the construction of a high dam 

based on the conditions of foundations due to the 

presence of gypsum, gypsum anhydride and gypsum 

breccias. The fourth study report prepared by Swiss 

consultants concluded that the dam can be built and 

that the foundation can be sealed by intensive blanket 

grouting together with a deep grout curtain. A 

conclusion which proved later on to be very short 

sighted. The construction of the dam was initiated in 

1980 and completed in 1985. The first sign of trouble 

appeared at the first filling in the spring of 1986 [1]. 

Maintenance foundation treatment by continuous 

massive grouting program was envisaged as a solution, 

but the problem persisted and mass grouting continued 

ever since as a maintenance measure with no signs of 

an end in the future. Moreover sinkholes which had 

started to form since the filling of reservoir evolved 

into common phenomena [2, 3]. 

3. Dams Features  

Mosul Dam scheme consists of three parts: 

(1) Mosul 1, which is the main embankment dam 

and main power station.  

(2) Mosul 2, the re-regulating dam and power station 

located 9.1 km downstream of the main dam; distance 
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Fig. 6  Karst
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occurs until seepage water reaches a calcium sulfate 

saturation of 2,000 ppm. Hence the dissolution zone 

moves downstream as greater quantities of unsaturated 

water attack a gypsum vein [10, 11]. 

From this it seems that it is most difficult to seal a 

cracked or fissured gypsum formation permanently, 

especially in the presence of other formations    

which are also jointed, cracked and highly conductive 

to flow as in the case of Mosul dam foundations 

especially in view of the very high heads created by the 

reservoir.  

Nevertheless, the designers of the dam considered 

that grouting should be used as the anti-seepage 

element for the deep cutoff under the dam, while 

construction of positive cutoff in the form of concrete 

diaphragm could have been used instead. A better 

choice of anti-seepage measure should have been the 

construction of concrete diaphragm especially that 

hydro-fraise machines which could go to a depth of 140 

m for the construction of such diaphragm were 

available and the work could have been done from river 

bed level. 

7. The Grouting Works Program  

An extensive grouting works program was 

anticipated by the designers in view of the soluble 

nature of the foundation and its configuration. One 

report in 1991 estimated that dissolution intensity at 

Mosul dam foundations ranged from 42 to 80 tons per 

day. This process coupled with the presence of karstic 

limestone and calcareous marls as well as anhydrite 

presented a very problematic and difficult foundation, 

which was anticipated by everybody since the 

beginning, and the consultants and the IBOE 

(International Board of Expert) which had been 

appointed to follow the design and construction of the 

dam agreed the design outlines of the grouting works 

and their acceptance criteria only after extensive 

discussions and lengthy meetings. 

The first element of grouting works is the contact 

blanket grouting covering the contact area of the clay 

core with the foundation surface to close all 

preferential seepage paths by filling all fissures and 

joints and protect from concentrated seepage flows 

directly under the core. The second is the deep three 

rows curtain which extends down to the karst line. 

A concrete grouting gallery was constructed at the 

bottom of the cutoff trench so as to continue the grout 

curtain works without interfering with the embankment 

construction. It was also meant to be used for 

continuous observation of the curtain performance 

during operation. Pairs of open pipe piezometers were 

installed upstream and downstream of the curtain, one 

pair at each section of the gallery in order to be able to 

measure the efficiency of the curtain. The gallery 

proved to be of immense usefulness to carry out 

maintenance grouting of the curtain in what was to be 

defined as massive grouting, a process which has 

continued from the first filling of the reservoir up to 

now. The required efficiency of the grout works was to 

reduce the seepage flow to safe limits to allow the 

water upstream the curtain to be saturated with calcium 

sulfate and therefore stopping any further dissolution 

of gypsum or t hydration of anhydrites. In the 

limestone beds grouting was to plug and seal all 

anticipated cracks and joints and hinder the free flow of 

seepage. The criteria were expressed in terms of 

Lugeon units of rock mass permeability values which 

were defined specifically for each of the blanket 

grouting, and the various depth and parts of the grout 

curtain. During the progress of the work it was evident 

that while cracks and cavities in limestone could be 

reasonably filled, the criteria could not be achieved 

over many locations in the GB beds in the deep curtain 

at depth which remained open to seepage and were 

described at the time as windows. These windows 

remained open in many locations under the central part 

of the dam even after the full scale impounding of the 

reservoir had started in the spring of 1985 when the 

grouting problem was not yet settled; a thing which 

could not be stopped due to the early closure of the 

river in October 1984.  
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Bulgarian Specialists. They judged that the dam 

condition was generally acceptable, but they 

recommended taking the actions which are 

summarized in Table 3.  

10.3 Evaluation of the Dam Safety Conditions in 

2004-2005 

After the 2003 war, and the occupation of Iraq by the 

United State and Britain, the US army corps of 

engineers performed a quick survey and a safety of Iraq 

dams and concluded that Mosul Dam was in a 

precarious state and formed severe threats on the 

occupation forces stationed in the Tigris River Valley. 

A complete safety assessment study was then initiated 

in which Washington group International & Black and 

Veatch (JV) were contracted in 2004 to do. Their report 

was submitted in August 2005 and included the results 

of thorough investigation of the dam conditions; it even 

included the assessment the dam safety conditions that 

was carried out by a PoE (panel of experts) which was 

formed especially to carry out this task. The panel 

assessment was based on potential FMA (failure mode 

analysis) and recognizing the usefulness of Badush 

Dam.  

The PoE summary of the findings included the 

following main points: 

(1) Construction of Badush Dam between Mosul 

Dam and the City of Mosul would address downstream 

loss-of-life risks for all possible positional failure 

modes. 

(2) Construction of a diaphragm wall from the crest 

of the dam using current technology is an unproven 

alternative that could not, therefore, be relied upon to 

reduce loss-of-life risk sufficiently, considering the 

very large downstream population-at-risk. In addition, 

this alternative would be more costly than building 

Badush Dam. 

(3) Construction of an upstream diaphragm cutoff 

wall and upstream impermeable face might reduce 

loss-of-life risk sufficiently, however, it would require 

an extended reservoir lowering and it would be more 

costly than building Badush Dam. 

(4) Foundation grouting does not provide acceptable 

long term loss-of-life risk reduction, considering the 

very large downstream population at risk. 

(5) Continued and improved foundation grouting 

and careful monitoring and visual inspection would be 

reasonable risk reduction measures to extend the 

economic benefits of the Mosul Dam (power 

generation and irrigation) as long as practical 

From the above it is clear that the PoE recommends 

the necessity for continuing the maintenance grouting 

works, the usefulness of Badush dam, but it rules out 

the use of diaphragm wall as a replacement of the grout 

curtain. It is worth mentioning that the diaphragm 

alternative was proposed in 1987 by two consultants 

during construction and that it was rejected by the 

International Board of Experts of the Dam. 
 

Table 3  Summary of recommended actions.  

 Item examined Recommended action  

1 State of gypsum dissolution 
Continue the grouting programs as before as maintenance work for the whole life of the dam and 
never atop 

2 Deep grout curtain 
Breadth of curtain is not sufficient according to Soviet and Bulgarian standards. Add two more 
grouting rows, one at each of the U/s and D/S of existing curtain  

3 Instrumentation  Readings were judged acceptable, no action is required except routine maintenance 

4 
Seepage and dissolved salts 
quantities  

The quantities of these seem to increase with rising water level of reservoir, so it is 
recommended not to accumulate water above Maximum Operation Water Level (EL. 330 masl). 
If such event occurs in the event of very high floods, then the reservoir is to be drawn down 
immediately below this level. WL should not be kept for appreciable length of time at this level 
in any event  

5 
Ground water measurement at 
downstream 

Many more open pipe piezometers should be installed at the near vicinity of the dam at the 
downstream. I is most important to observe ground water movement there and relate this to 
reservoir water level fluctuation  
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10.4 Evaluation of the Dam Safety Conditions in 

2006-2007 

A new PoE was formed by the Ministry of Water 

Resources in 2006 to follow up the dam safety question. 

This PoE was formed mainly from Engineers from 

Harza Engineering (USA) and one member from Italy; 

but it shall be referred to as the (Harza PoE). The PoE 

had a series of meeting extending over 2006 and 2007. 

The main worries of this PoE were about the seepage 

under the dam and the possibility of the formation of 

new sinkholes; this was highlighted by the formation of 

the sinkhole on the left bank very close to the dam in 

2002 (Fig. 22). During these meetings the following 

conclusions and recommendations were forwarded:  

(1) The dam safety was questionable even with the 

continuation of the maintenance grouting program. 

(2) There was g a very high possibility of the 

occurrence of sinkholes on the left bank close to the 

dam body. 

(3) The need for intensive new geophysical 

investigation to be carried out using Geo-Radar in 

addition to the other conventional investigation that 

was ongoing at the time. 

(4) Install many more open pipe piezometers at this 

bank to observe ground water movement and give early 

warning of the formation of new sinkholes and take 

action by emptying the reservoir. 

(5) Limit the maximum operation level of the 

reservoir to (319 masl) instead of the maximum 

designed operation water level of 330 masl. 

(6) Construct a positive cut-off in the form of 

concrete diaphragm as a permanent solution as the 

protracted grouting had not been sufficient to stabilize 

the situation. Admitting that such a cut-off would have 

unprecedented depth, therefore its implementation 

should be studied by uniquely specialized contractors 

and equipment manufacturers. 

(7) The PoE went further to cast doubts on the 

usefulness of Badush Dam stating that the current 

design of the clay core may not be sufficient to sustain 

the Mosul Dam flood wave and that the bottom outlets 

may get clogged by debris leading to overtopping of 

the dam. 

While the limitation of the reservoir water level was 

enforced during the subsequent years the question of 

the diaphragm was not settled and maintenance 

grouting work was continuous by the site crew as 

previously done until June 2014 when the Mosul City 

fell to ISIS terrorists. Even the dam site was captured 

by them but only for 20 days before they were repelled 

back by government and coalition forces. However the 

grouting works activities as the crew left and did not go 

back to site again.  

10.5 Evaluation of the Dam Safety Conditions in 

2015-2016 

The repercussions of the halting of the grouting 

maintenance work was visualized and sensed sharply 

by USACE who were very much aware of the fragile 

situation of the dam foundation and their reaction to 

this was prompt. An interagency team from many 

United States agencies was formed in the beginning of 

2015 which was lead by the USACE to carry out 

measurements, surveys and observations to follow 

developments that might lead to the dam failure. The 

following was done: (1) An early warning system 

consisting of remote sensing instruments was installed 

to check for movement and settlement in important 

locations on the embankment and structures; (2) 

Installing observation cameras on the dam crest and 

downstream berms for the same purpose; (3) A 

bathymetric survey upstream and downstream of the 

dam was conducted by socialized divers.  

The findings of the US interagency team were 

alarming and may be summarized in the following:  

(1) There were signs of increased formation of 

caverns and sinkholes under the dam. The 

discontinuation of grouting works from August 2014 

until beginning of 2016 has resulted in an increased 

loss of gypsum and formation of new cavities of about 
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