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ABSTRACT 
The Iraqi government planned to complete the building of 

partially constructed Badush dam to protect against the collapse 

of Mosul Dam on Tigris River northwest of Mosul. The study 

aimed to derive the ge1ometric parameters that compatible with 

the levels ranged 226.5-312 m (a.s.l.) such as reservoir volume, 

reservoir area, reservoir submerged area, perimeter, and average 

depth of the water column, which values ranges are 68039-

12354976139 m3, 130074-407943574 m2, 130078-410538707 

m2, 2.32-594.27 km, and 0.52-30.29 m respectively. These 

parameters were analyzed against the raising of the level, the 

spatial analysis of the geometric criteria and its relations with 

the levels of Badush reservoir showed that the relations between 

the volume of the positive bodies (islands), the undulated areas 

above water level which indicate the islands, and the planer 

areas (projections) of the islands with the level, fluctuates 

between increase and decrease with an increase in the level, as 

for the volume of reservoir, the submerged undulated area, the 

exposed planer area of the water pond, and the average water 

column depth they increased with the level increasing, unlike 

the thickness of the islands with the level, which fluctuates in 

increase and decrease with the level, the geometric analysis of 

the reservoir showed that Badush Dam is able to absorb the 

flood wave resulting from the collapse of Mosul Dam, at a level 

much lower than the level suggested in the preliminary studies 

that were adopted in the designs, because a large part of the 

water of Mosul Dam reservoir will remain in the same reservoir 

when the level is balanced after the collapse. between the two 

reservoirs, and that the results of this analysis represent a 

database that will be used in subsequent modifications in the 

designs. 
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 الموصل، شمال العراق ، التحليل المكاني للعناصر الجيومترية لخزان سد بادوش
 محمد راشد عبود 3، الله صالح صبار عبد2، مها شاهر بدوي  1

  علوم الارض التطبيقية، كلية العلوم، جامعة تكريت، تكريت، العراق قسم  1،2،3
 الملخص 

المافذ جزئيلً للحملية من انهيلر ستب المولتل ىلن نهر شجلة اتمل   رل المولتلد تهبد البراستة   تعمل الحكومة العراقية لاستككمل  نال  ستب نلش  

مكرد  من هذه العاللتر بم  اللازا،د  0.5م  نفللتلة    312   226.5إلن استكلاص  العاللتر المومكرية المالةرل للمالستيل الكر ترا بي نين 

  12354976139-  68039حيط د  مكوستط ىم  العموش الملئر  الكر ترا بي قيمهل نين   مستلبة اللازا،د  مستلبة المارمراف  ر اللازا،د  الم

ترتتلير هتتذه   30.29-0.52ك د      594.27-2.32مد    410538707-130078د    2م  407943574-130074د  3م ت  تحليتتل  الكوالر.  م ىلن 

قكهل نمالستيل ززا، نلش   ا، تذنذل العصقلف نين بم  اججستلم  العاللتر مالنل ارتفل  الماستولد  نين الكحليل المكلنر للعاللتر الميومكرية  ىص

ن الموجبة )المزر(د  مستتلبلتهل المكموجة  وم مستتكوم المل   مستتلقمهل المستتكويةد  معب  ستتملكلتهلد نين ايلشل  نافتتل، من ارتفل  الماستتولد ىل

لمستكوية(د  المستلبة المستكوية المكةتو ة لللازا،د  مكوستط ىم  العكس ماه نللاستبة للعاللتر الستللبة كحم  اللازا،د  المستلبة المرمورل ) ير ا

لموجة ىموش المل   الكر تزشاش ايلشل طرشية مستكمرل من ايلشل الماستولد كمل اةهر الكحليل الميومكرل لللازا، ا،  ستب نلش   قلشر ىلن استكيعلل ا

الماكرح  ر البراستلف الا لية الكر اىكمبف  ر الكفتلمي د لا، جز    الفيضتلنية الالتمة ىن انهيلر ستب المولتلد ىاب ماستول اقل نكمير من الماستول

نيلنلف    كبير من ميله ززا، ستتب المولتتل ستتكبان  ر نفس اللازا، نعب تواا، الماستتول نعب الانهيلر نين اللازانيند  ا، نكلئت هذا الكحليل تممل قلىبل

 تعكمب  ر الكعبيصف الصباة  ر الكفلمي .

 

1. Introduction: 
Within the management plan for Tigris River basin, Badush dam was proposed to construct (currently partially 

constructed) as a protection dam against the collapse of Mosul dam due to engineering or structural problems. and 

to reduce its destructive effects on residential areas as well as damage to agricultural lands, and to utilize them in 

dry seasons, generate electric power, tourism, ward off flood risks, fish farming, and irrigation purposes.  

Spatial analysis of geometric characteristics for the reservoir is very significant to know the relations between the 

geometric parameters and level of water in the reservoir, moreover to analyze the geometric criteria such as 

negative volume (storage volume) m3, positive planer area (area of island projection) m2, negative planer areas 

(area of water body) m2, undulated surface areas of positive bodies (islands) m2, and negative surface area 

(submerged areas) m2, of dam reservoir [1]. Badush dam located in northern Iraq, within Nineveh Governorate, 

on Tigris River about 40 kilometers south of Mosul Dam and about 16 kilometers northwest of Mosul, between 

the UTM coordinates 280000 – 327000 East, and 4030000 – 4060000 North, while the regulation dam located 

between the two mentioned dams, figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Location of the three dams in the study area. 
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The outcropped geological formations in the area periods from Paleocene to Recent ages. The lithostratigraphic 

sequence of the bedrock layers is composed of Mukdadiya Formation of Lower Pliocene, Injana Formation of 

Upper Miocene, the Fat'ha formation (Middle Miocene), Euphrates Formation of Lower Miocene, Jeribe 

Formation of Middle Miocene, Jaddala Formation of Early Eocene-Late Eocene and Sinjar Formation of 

Paleocene-Early Eocene distributed between the reservoir and watershed.  

The Euphrates Formation (Lower Miocene) was first described by [2]. The formation is composed of dolomitic, 

fossiliferous, and oolitic limestone with green marls at the top [3]. The thickness of the formation is from (26-50) 

m. It is exposed at the core of the Alan anticline; with highly karstified rocks [4]. Recent alluvial deposits (river 

terrace deposits and alluvial deposits silt, silty clay, sand, gravel pebbles and cobbles) cover the major portion of 

the reservoir area, thickness of these sediments vary from several centimeters to more than ten meters [5]. 

Fat'ha Formation outcrops on the surface on both sides along Tigris River between the dam site and the reservoir, 

the formation is divided into Lower and Upper Members and forms the majority of the Alan anticline and 

surrounding areas [4].  

Lower Fat'ha: It consists of marl, marly limestone, limestone, and gypsum, usually these rocks have variable 

thicknesses in sedimentary cycles [6]. 

Upper Fat'ha: It consists of successions of limestone, mudstone, silt stone, and thin layered gypsum [6]. These 

rocks have high hazard on the reservoir and dam. 

Injana Formation is a series of interbedding of sandstone, siltstone, sand (the sandstones and sands are medium to 

fine grained) and claaystone. These sediments fill the synclinal foredeep which lies close to Sinjar, Bashiqa, and 

Ain Alsafra anticlines. Injana outcrops appear in the ultimate northwest and northeast parts of the reservoir in the 

lower synclinal parts of the structure [5]. 

Tectonically and structurally, Badush Dam and reservoir areas represent a part of the Unstable Shelf, Foothill 

Zone, and Mosul Butmah subzone. Allan anticline is the most outstanding structure in the reservoir area. It is an 

asymmetric double-plunge anticline. Its southern limb is inclined by 22° and the northern limb is inclined by 10°, 

and the length of the anticline is about 26 km and the width is approximately 4 km [7]. The dam site is located at 

the eastern end of the anticline, which refer to the left shoulder of Badush Dam. 

There are several indications that Badush Dam site is not suitable for long-term storage, all of these indications 

are based on the geological background of the site, however, the site is suitable as a protection dam with low 

storage at low levels.  

The geometry of Badush reservoir may affects the behavior of flash flood's discharge resulting from Mosul dam 

breakdown. The section of Badush reservoir also effects the flood peak discharge, this conclusion was also 

indicated by [8], who studied the reservoir's geometry impact on the peak discharge of dam-failure flash flood. 

The results showed that shape factor and failure ratio have a significant impact on the out-flow hydrograph. [9], 

studied the geological and geometric study of the proposed Fat'ha dam reservoir as a blocking dam for the proposed 

Makhoul dam in Al-Fat'ha area north of Baiji. The study included determining the geological outcrops that 

submerge at each level and the extent of their impact on the dam and reservoir facilities; the geometrical parameters 

such as reservoir volume, reservoir surface area, perimeter, submersed area and depth of water column; derived 

and then analyzing their relations with the levels and with each other and the changing of the reservoir shape; in 

addition to determining the optimum level of the dam when Makhoul dam collapse, and identifying the affected 

areas.  

The present study aimed to derive the reservoir volume, reservoir area, perimeter, reservoir submerged area, and 

depth of the water column, as geometric parameters and analyzing their relations with the levels and with each 

other and the changes of reservoir shape with the changes of level, The geometric parameters corresponding to the 

levels were derived from the lowest level 226.5 m (a.s.l.) to the highest emergency flood level 312 m (a.s.l.), with 

an interval of 0.5 meters. 

2. Methodology 
Several geospatial software were used to extract the geometric relations of the reservoir of the study area, and 

calculate the geometric parameters that can be summarized by the following: 

1. The software Arc.GIS 10.3, Global Mapper.18, and Surfer.16. used for processing the (DEM) and then extract 

and export the data, then mapping the reservoir extensions. 

2. The Global Mapper.18 used to select and deduct the study area within the borders of Badush reservoir at level 

of (312) m (a.s.l). that the highest peak flood of the reservoir when Mosul dam breakdown, and export the 

deducted area as a (Global Mapper Package File). 

3. The digital elevation model (10*10 m) used to extract the geometric element for majority of the studied area, 

except for small parts in the southeast of the area where (30*30 m DEM used. The model of the reservoir was 

extracted at (172) selected levels, from (226.5) to (312) m (a.s.l) by an interval (0.5) m, then it was exported 

as Global mapper package file and re-exported as maps in JPG format at one scale for the visual comparison 

between the extent of the reservoir at each level. it was noted that the extensions in the area of the reservoir 

increase with the increase in the level, showing a change in the shape of the reservoir at each level. 

https://doi.org/10.25130/tjps.v28i6.1391
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4. Generate contour lines for the heights of the earth's surface to determine the predicted geometric parameters 

for the selected levels using the command (Generate Contour) in the Global Mapper.18, with contour interval 

(0.5) m, from the lowest level (226.5) m at the dam site, to the level of (312) m above sea level), that represents 

the highest level of peak flood of the dam reservoir when the breakdown of Mosul dam. 

5. The deducted data was exported by the Global Mapper.18 as (SURFER Grid File) format and by the SURFER 

(Grid-Volume), to generate a Grid Volume Report, then enter the file name in Upper Surface field and the 

reservoir's hypothetical water surface in the Lower Surface field. 

6. Extracting the volumetric and areal geometric parameters using (SURFER.16) program, where the positive 

volume, negative volume, positive surface area, negative surface area, positive planer area and negative planer 

area were calculated for 172 different levels, so the table of the derived geometric elements is too large and 

cannot be presented in this paper, but it can be replaced by graphic figures that show the relationship of the 

geometric elements to the level.  

7. The relations of the various geometric parameters and the hypothetical levels of water in the reservoir are 

plotted by (Excel). 

 

3.Result and Discussion 

3.1. The extensions of the reservoir. 
The studies of spatial analyses of geometric parameters are locally and globally very few, but there are few recent 

studies that are use this methodology, such as the study of [9], which included the  spatial analyses of geometric 

parameters for  dam reservoir, as well as the blocking dam, and other local studies, such as the studies of [10]; 

[11]; [12]; and [13]; on Makhoul Dam reservoir, Al-Wind dam reservoir, and Bekhma Dam reservoirs respectively, 

as hydro-geometric studies to select the optimal level, routing of these dams reservoirs, or analysis of immersed 

geological formations.  

The model of the studied reservoir was extracted at (172) selected levels, from (226.5 m) to (312 m) above sea 

level with an interval of (0.5) m. As for the extensions of the reservoir, they increase with the increase of the level. 

Through a visual comparison of the hypothetical levels chosen at a specific unified scale. As for the growth of the 

reservoir from the lowest level to the flood level (312) m (a.s.l), downstream to Mosul Dam as in figures (2), (3), 

(4), (5), (6), (7), (8), (9), (10), (11), (12) and (13). it was concluded that the growth of Badush reservoir at the 

highest operational level (245.5) m (a.s.l) reaches the downstream of Mosul Reregulation Dam.  
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3.2. The relation between water level in the reservoir and the volume of islands (positive). 
The relation between the water level in the reservoir on the X-axis and the volumetric geometrical parameters on 

the Y-axis was drawn. Through the first of these relations, a variation occurred between the positive volume and 

the water level. Which showed this relation vibrate between increasing and decreasing positive volume with an 

increased water level. From the level of 226.5 m to the level of 246.5 m, the increase will fluctuate. Then a high 

increase happens at the level of 247 m, where the positive volume is about (3711497 m3). The reason for this is 

that the reservoir begins to progressively approaching to the level of 262 m, where the positive volume is about 

(962374 m3), and then the highest increase is obtained at the level of 268 m, the positive volume to be about 

24098446 m3as a result of adding new islands. The addition of new land to the reservoir body is an important 

determinant factor in the future land uses, especially the areas of islands that will appear at these levels as shown 

in figure 14.  

 
Fig. 14. Relation between water level and positive volume (island Volume) of reservoir. 

3.3. The relation of water level in the reservoir with capacity of reservoir (negative 

volume).  
The relation between the selected water level in the reservoir was plotted on the x-axis, against the negative volume 

on the y-axis, it was noticed an increase in the negative volume with the increase in the water level, The increasing 

curve behavior affected by the extension of the reservoir from the initial riverbed  to the strip of flood plain surround 

the river channel and then the extension of the reservoirs from surround flood plain to the area of river terraces in 

the latest period, as in figure 15, this relation represent the main requirement to derive the mathematical models 

needed for the scenarios of Badush reservoir filling, Mosul dam breakdown and the response of Badush dam and 

reservoir, and the behavior of groundwater in reservoir banks. 

 
Fig. 15. The relation between the negative Volume (storage Volume) and the water level of reservoir. 

3.4. The relation between water level in the reservoir with undulated surface areas of 

islands.  
The positive surface area, which indicates the non-planar area of the exposed islands within the borders of the 

reservoir, begins with an increase where the level (232.5- 233 m) and a second increase where the level (246.5- 
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247 m) and a third increase where the level (267.5- 268 m) due to the extension of the reservoir from the initial 

reach of the river, it increases directly at this level and then begins to progressively decreases, as in figure 16. 

 
Fig. 16. The relation between the positive surface areas with the water level of reservoir. 

 

3.5. The relation of water level in the reservoir with undulated reservoir area (negative). 
The negative surface area, which indicates the uneven immersed area in figure 17, increased continuously and with 

the increase in the level. 

 
Fig. 17. The relation between the negative surface areas and the water level of reservoir. 

 

3.6. The relation of water level in the reservoir with planar areas of islands (positive). 
The positive planar area, which indicates the (the projection of the island), behaves similarly to the positive surface 

area, as it is relatively three stages the first in level (232.5-233 m), while the second in the level (267.5-268 m) and 

in the third stage of the level (299.5-300 m), as the borders of Badush reservoir are remain within the initial studied 

reach of Tigris river within the area, but the area extended directly due to the appearance of new islands, which 

makes the islands appear and disappear with the increase in the level due to the joining of new lands to the reservoir 

body, as in figure 18, these results can be used as data base to build the programs and scenarios of reservoir filling 

and its response against the breakdown of Mosul dam. 
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Fig. 18. The relation between the positive planar areas and the water level of reservoir. 

3.7. The relation of the water level in the reservoir with water body planar areas 

(negative).  
The negative planer area, which indicates the exposed area of water body, it is behaves identically to the negative 

surface area, it is notice that the planer area of water body (negative) continuously increases, and does not fluctuate 

when the increase of the level as in figure 19. 

 

 
Fig. 19. The relation between the negative planar areas and the water level of reservoir. 

3.8. Relation of the level in the reservoir with the average reservoir depth.  
The average depths at selected levels were calculated by dividing the reservoir volume on the planer area of the 

reservoir at each of the selected levels, according to the relation between water level in the reservoir against the 

average reservoir depth, it was concluded that the depth increased when the increase of extension and level of the 

curve is semi-linear, where (0.523 m) at the level 226.5 m and continues to increase with the increase in the level 

to reach (9.877 m) at the operational level and (30.285 m) at the flood level as in figure 20. 
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Fig. 20. The relation between the reservoir average depth and the water level of reservoir. 

 

3.9. Relation of the level in the reservoir with the average islands thickness.  
Regarding to the relations of the level and the average thickness of islands, it is concluded that the average height 

above the water level is fluctuated with the thickness of islands. It is equal to (0.58 m) at the level (226.5m) above 

sea level, and then increases to reach (10.38) m at the level (273) m, which indicates the largest average height of 

the islands within the borders of Badush Dam reservoir, which is partially appears, then progressively decreases 

to reach (2.395) at the level (292) to continue to fluctuate to the level of (312) as shown in figure 21. 

 
Fig. 21. The relation between the average islands thickness and the water level of reservoir. 

4. Conclusions: 
The current study is the first attempt to analyze Badush Dam reservoir, using digital elevation model data, which 

were not present during the traditional preliminary surveys conducted four decades ago. It was found that the 

results of the analysis could be a solid database that could be used to develop the designs of the dam, as it gave a 

visualization of the growth of the volume of reservoirs and immersion areas, and a vision of the status of the islands 

and their extensions and their appearance and disappearance at different levels. This database will be essential for 

suggest scenarios of filling the reservoir and the behavior of the reservoir towards a possible failure of the Mosul 

Dam upstream of the Badush Dam. 

Spatial distribution analysis and the relations of geometric parameters with the level of Badush Dam reservoir 

reflect proportional relationship between volume of the positive bodies above water levels (islands), the undulated 

area of the islands, and the planer area (projections) of the islands with the level, fluctuates between increase and 

decrease with an increase in the level, as for the volume of reservoir, the submerged undulated area, the exposed 

planer area of the water body, and the average depth they increased with the increase of the level, unlike the 

thickness of the islands with the level, which fluctuates in increase and decrease with the level, the geometric 

analysis of the reservoir showed that Badush Dam is able to absorb the flood wave resulting from the collapse of 
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Mosul Dam, at a level much lower than the level suggested in the preliminary studies that were adopted in the 

designs, because a large part of the water of Mosul Dam reservoir will remain in the same reservoir when the level 

is balanced between the two reservoirs after the collapse, and that the results of this analysis represent a database 

that will be used in subsequent modifications in the designs. 

The spatial analysis of the level showed that when the reservoir reaches the highest operational level, the storage 

effect reaches near the regulatory dam gates, which requires caution, and lowering the normal operational level of 

the Badush reservoir. 
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