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Forecasting of Lesser Zab Discharges In Northern Iraq
Using Generalized Regression Neural Networks (GRNN)
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Dams & Water Res. Eng. Dept./College of Engineering/ University of Mosul/IRAQ
Email: awchi2002@yahoo.co.in

Abstract

The Lower Zab River is one of the main and most important tributaries of Tigris
River in Northern lIraq region. It supplies Tigris River with more than 15.5% of its
yield. The river is approximately 400 kilometers long and drains an area of 22,000
square kilometers. The forecasting of this river flows is very important in operation of
existing Dokan Dam for flood mitigation and also in drought periods. The Generalized
Regression Artificial Neural Network (GRNN) is investigated and evaluated for flow
forecasting. The results of GRNN are compared to the results of the well-known
Feedforward Neural Networks (FFNN). The performances of the networks are varied
with different cases involved in the study, but generally, the FFNN was almost better
than other networks. The effect of including a time index within the inputs of the
networks is investigated. In addition, the performances of the ANNSs are investigated in
forecasting the maximum and minimum peaks of the river flow.
Key Words: Forecasting, ANNSs, River flow, Peak flow, Zab River
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Statistics Whole Training | Validation
data set data set data set
Minimum 29 29 66
Maximum 4135 4135 2403
Mean 527.5 537 500.4
Median 319 315 334
Range 4106 4106 2337
S. deviation 534.7 558.3 462
Skewness 2.499 2.66 1.52
Lagl 0.693 0.683 0.73
Lag2 0.341 0.336 0.352
Lag3 0.052 0.066 -0.019
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Evaluation of Local Scour Downstream Compound-Crested Weirs

Inaam Ali Al-juma Noor Adrees Khattab
University of Mosul
Collage of Engineering
Dams and Water Resources Engineering Department

Abstract

Local scour in bed material downstream weirs is considered the most unfavorable
process which endangers the overall stability of the weir. In this study, local scour D/S a
compound-crested weirs which consists of both quarter round and sharp crest
configuration is performed and compared to the one for sharp-crested weir. Forty eight
experiments were conducted in a horizontal rectangular laboratory channel for a wide
range of discharges. Two sizes of gravel with D,=1.58 and 2.22 cms were tested and
three heights of weirs, P=18, 24 and 30 cm. Experimental results showed that the
percentage of reduction in maximum depth of scour in compound-crested weirs as
compared with sharp-crested weirs was between 6% and 13%.The results showed a
good agreement between the relative depth of scour, DJ/Dy, and the relative length of
scour, L¢/Dn, with densimetric Froude number, Frs. In addition, for specific Frsand by
increasing weir height, the maximum depth of scour increases. On the other hand, an
empirical relations were obtained for weirs to estimate the Ds/D,, and Ls/Dp, in terms of
Frs and relative water surface fall, AH,/P with high determination coefficients.
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(4) sleall (R?) ypanill Jalaas cDlabaall a8 (1) Jsaa

(Al el 53 lagll)
Case Dn=2.22cm Dn,=1.58cm
P(Cm) dp bl R2 di b1 R2
18 0.501 1.261 0.998 | 0.526 1.268 0.999
24 0.534 1.413 0.993 | 0.803 1.157 0.994
30 0.636 1.375 0.975 | 0.875 1.201 0.975
(aladl dalall 53 lagl)
18 0.607 1.239 0.996 | 0.648 1.198 0.997
24 0.597 1.395 0.987 0.89 1.144 0.991
30 0.715 1.347 0.967 | 1.026 1.142 0.972
(5) Uslasll (R?) apasill Jalaag cdlebaall o 2(2) Jsan
(ASyall Al g3 lagll)
Case Dm=2.22cm D,=1.58cm
P(cm) s b, RZ dy b, RZ
18 -3.211 5.463 0.974 | -1.38 475 | 0.980
24 -0.953 5.630 0.934 2.99 432 | 0.958
30 - 0.966 5.635 0.948 7.45 3.79 | 0.962
(3aladl d8lal) 53 lagl))
18 - 2.462 5.490 0.989 | -1.725 | 4.96 | 0.964
24 -0.902 5.581 0952 | 4874 | 4.206 | 0.921
30 -0.155 5.744 0.975 7.64 4127 | 0.973
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(6) Asleall (R?) ypaxill Jalaay cDlabaall o :(3) Jsaa

(ASyall Ladll 53 lagll)
Case D=2.22cm D,=1.58cm
P(Cm) dz b3 R2 ds b3 R2
18 -25.2 | 29.553 0.965 -40.69 | 48.77 | 0.822
24 -34 39.48 0.928 -57.18 | 67.35 | 0.95
30 -36.31 42.36 0.932 -72.39 | 84.48 | 0.894
(saladl dilall 53 lagll)
18 -48.25 54.71 0.88 -84.9 | 97.22 | 0.889
24 -38.03 43.44 0.968 -72.23 | 68.4 | 0.978
30 -14.62 18.08 0.873 -61.3 | 71.32 | 0.923
(7) Wslasll (R?) apasill Jalaag cDlebaall o 2(4) Jsan
(RS el Aadl) 53 lagll)
Case Dn=2.22cm D,=1.58cm
Picm) | a4 by R° a by R°
18 -150.4 | 178.78 0.89 -205.13 | 248.03 | 0.895
24 -169.3 | 197.84 | 0.929 | -192.33 | 235.44 | 0.953
30 -163.6 | 193.82 | 0.927 | -209.02 | 251.91 | 0.922
(32lad) Aaladl 53 lagll)
18 -84.8 | 105.1 0.88 -202.06 | 242.57 0.89
24 -214.1 | 245.8 0.958 -118.3 150.39 | 0.908
30 -170.5 | 198.27 0.88 -248.6 29453 | 0.926
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Abstract

In this study, a lab scale the sequencing anoxic/anaerobic membrane bioreactor
(SAM) system was studied to treat a hospital wastewater to remove organic matter as
well as nitrogen and phosphorus under different internal recycling time mode. During
the operation period, the BOD5 and COD removal efficiency was higher than 98 and
90%, respectively regardless of change of operational conditions. In addition, the results
showed excellent removal of pathogen and turbidity with average of 98.33 and 99.5%,
respectively. The change of anoxic/anaerobic (Ax/An) ratio representing internal
recycling time mode significantly affected on nitrogen and phosphorus removal. As
increasing Ax/An ratio nitrogen removal efficiency increased but phosphorus removal
efficiency decreased. The Ax/An ratio of 2/2, achieving optimal nitrogen and phosphorus
removal efficiency of 93% and 83%o, respectively. In addition, the SAM system produces
high quality effluent which can achieve the Iragi limits for irrigation purpose for all
measured parameters.
Keywords: SAM, MBR, Nitrogen removal, Phosphorus removal
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1. Introduction

The membrane bioreactor (MBR) has been gaining great attention in wastewater
treatment as membrane filtration promises a complete solid-liquid separation, prevents failure
of biological system due to biomass loss and/or bulking and maintains high mixed liquor
suspended solids (MLSS) in the reactor [1]. For this reason, MBR has widely applied to
remove organic pollutants as well as nutrient in wastewater [2]. Recent studies on wastewater
treatment using MBRs have focused on nutrient removal [3]. Some reported aerobic MBR
system with separate anoxic tank for denitrification, while the modified Ludzack—Ettinger
(MLE)-type MBR was developed for continuous operation [4]. In addition, alternating anoxic
and oxic conditions were adopted in a submerged MBR by intermittent aeration for
simultaneous removal of organics and nutrients [5]. These MBRs have shown improved
nitrogen removal, but phosphorous removal was unstable.

A novel MBR process that remove nitrogen and phosphorus simultaneously, so called,
sequencing anoxic/anaerobic membrane bioreactor (SAM) was introduced and showed its
superior abilities on phosphorus removal over the MLE (modified Luzack-Ettinger) type
MBR system [6]. The track study for SAM verified that the phosphorus release and
denitrification happened only by the intermittent recycling of the mixed liquor. Several
bench-scale studies on the effects of parameters affecting on nitrogen and phosphorus
removal, such as hydraulic retention time (HRT), recycling time, recycling rate, solids
retention time (SRT) and different carbon sources was conducted and reported that the
parameters influenced over nitrogen and phosphorus removal, directly or indirectly [7].

Nowadays, nutrient removal has attracted great attention in wastewater treatment for
reuse. [8]. Wastewater reuse can both reduce the demand on fresh water supplies and
minimize the discharge of treated water to the environment [9]. Iraq area is characterized by
arid to semi arid climate with low rainfall. As the population has grown against a background
of decreasing freshwater resources, so the water available to individuals has fallen
dramatically. Wastewater reuse is an important approach to help overcome the water scarcity
problem of the Irag. Moreover, since current local wastewater treatment unite in various
hospital is not capable to meet Iragi standards (especially in terms of nutrient and pathogen
removal), this study was designed to evaluate the performance of the SAM process for
nutrient removal in hospital wastewater under different internal recycling time mode to
achieve best nutrient removal. Moreover, to produce recycled water that is suitable for
irrigation purposes.

2. Materials and methods
2.1 Laboratory-scale experiment

The lab-scale SAM system was composed of sequencing an anoxic/anaerobic zone and
aerobic zone where the flat-sheet UF membrane module was immersed, as shown in Fig. 1.
The PVDF (Polyvinylidene fluoride) membrane module has an effective filtration area of 0.8
m? and its nominal pore size is 0.08 um. The membrane module was fully immersed and
symmetrically placed in the system. An airlift was installed underneath the membrane module
at a rate to maintained DO concentration of approximately 4.2 + 0.3 mg/L as adopted by [10].
The constant flux of 13 L.m?%h' was maintained and the transmembrane pressure was
monitored. The membrane was operated intermittently to minimize membrane fouling; 12
min suction and 3 min rest (according to the membrane manual). The hospital wastewater was
continuously fed into the sequencing zone with flow rate of 312 L/d. In the aerobic zone
through membrane filtration, the effluent could be generated continuously regardless of the
sequencing zone condition.
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The sequencing anoxic/anaerobic conditions are controlled by the intermittent recycle
of the mixed liquor directly from the aerobic zone to sequencing zone. In time of recycling,
the anoxic conditions could be induced and nitrate is reduced to nitrogen gas by
denitrification process. No recycling caused oxygen and nitrate deficiency in the sequencing
reactor to create the anaerobic condition for phosphorus release then the released
orthophosphate is synthesized into the cell in the aerobic reactor under aerobic condition.
Finally, the phosphorus is removed from the system by withdrawing the excess sludge
directly from the aerobic reactor. Table 1 shows the characteristics of influent.

2.2 Operation condition

The operation condition of the lab-scale experiment is listed in Table 2. Temperature,
pH, HRT and MLSS ranges were 18-27 °C, 6.8-8, 8.3 h and 7700-8300 mg/L, respectively
(according to the membrane manual). The internal recycle is maintained at the rate of 300%
of the influent flow rate as adopted by [11]. To investigate the effect of internal recycling time
mode on nutrient removal, runs 1, 2 and 3 are operated at different internal recycling time
mode. Internal recycling time mode determines Ax/An ratio, which represents relative time
length of anoxic period to anaerobic period.

2.3 Analytical method

Biochemical oxygen demand (BOD) was measured using the WTW OxiTop control
system, Germany. Chemical oxygen demand (COD) was measured using CSB/COD-Reactor
(AL32 AQUALYT- IC, Germany). Ammonium, nitrate, nitrite and ortho-P were measured
using the spectrophotometer (WTW Photo Flex, Germany). Dissolved oxygen concentration
and pH were measured using the Do meter (YSI, Model 556, USA). Measurement of mass
liquor suspended solids (MLSS) and total suspended solids (TSS) followed standard [12].
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Table (1): Composition of the influent wastewater

Parameters Unites Range Average
BODs mg/I 440 — 840 620
COD mg/I 558 — 980 750

Orthophosphate mg/l 9.05-48 18.5
PO4-P
Ammonium NH4-N mg/I 76.3—-232.8 154.74
Nitrate NO3-N mg/l 0-16.4 4.68
Nitrite NO2-N mg/I 0.1-0.58 0.331
TSS mg/I 100 - 254 170
Oil and Grease mg/l 120 - 210 164.3
pH 7.2 —-7.68 7.4+ 0.29
Fecal Coliforms MPN/100 ml | 460 - 1100 780

Table (2): The operation conditions of the SAM experiment

Parameters Unites Average value
Runl |Run2 | Run3
Flux Lm2h* | 1512 1512 @ 15.12
SRT day 58.5 66 116
COD/P 38.65 | 29.3 27
Operation time day 13 15 14
Internal recycle rate L/h 39 39 39
Ax/An h 4/2 212 2/4

3. Results and Discussion

3.1 Organic Matter Removal

All the results presented in this study were obtained from the laboratory-scale reactor at
steady-state conditions. Fig. 2 and Fig. 3 presents the variation of influent and effluent of
BODs and COD and there removal efficiency, respectively. Despite the fluctuations in the
influent quality, the SAM was very stable and effective in achieving approximately 98.5%
BODs and more than 90% COD removal for all runs, corresponding to the average 9.2 and 67
mg/L in the effluent, respectively. This improved performance of the SAM would be
explained by the higher MLSS of the MBR system and the enhanced removal by membrane
separation. These results were in a good agreement with previous study [13], who reported
that the removal of organic matter was varied between 90% and 99%.
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Fig. (2): The influent and effluent BODs concentrations and removal
efficiency of the SAM system. (*) means rainy day
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Fig. (3): The influent and effluent COD concentrations and removal
efficiency of the SAM system. (*) means rainy day

3.2 Nitrogen And Phosphorus Removal

In order to determine the optimal time mode in lab-scale SAM, R-1, 2, 3 were operated
at different internal recycling time mode. Internal recycling time mode determines Ax/An
ratio, which represents relative time length of anoxic period to anaerobic period of sequencing
anoxic/anaerobic reactor. As shown in the Fig. 4(a), despite the fluctuations in the influent
quality, the NH4-N is almost completely (100%) eliminated within the SAM system, indicated
that complete nitrification occurred in the aerobic zone and all the influent NH4-N entered in
to aerobic bioreactor was completely oxidized into nitrate and nitrite.

Run-1 of highest Ax/An ratio (4/2) shows high level of denitrification process
developed in the anoxic bioreactor with the effluent nitrogen compounds accounted for less
than 9% of its in the influent as evident in Fig.'s 4(a, b, c), achieving 91% removal efficiency
of nitrogen as evident in Fig. 4(d). While limiting phosphorus removal efficiency was
achieved (61% as evident in Fig. 5(b)). This mean that nitrogen and phosphorus removal
efficiency were dependent on Ax/An ratio. The same observation was also reported by [14,
15]. R-3 compared to R-1, operated at lowest Ax/An ratio (2/4) showed the highest
phosphorus removal efficiency of 80% while worst in nitrogen (only 55%). This result is in a
good agreement with previous study [10].
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R-2 was operated at Ax/An ratio of (2/2), shows a more stable effluent concentration of
nitrogen compounds accounting for 7% of its concentration in the influent as evident in Fig.'s
4(a, b, c), indicating high level of denitrification process developed in the anoxic bioreactor
achieving high nitrogen removal efficiency of 93% as evident in Fig. 4(d). The relatively
higher nitrogen removal efficiency of the SAM system for this run (93%) with the lower
anoxic period of 2 h compared to 91% for run 1 with the higher anoxic period of 4 h was not
agreed with the previous study [10]. This may be explained by that the denitrifying
phosphorus accumulating organisms (PAOs) are known as being able to reduce nitrate
together with the absorption of phosphorus, while utilizing the accumulated substrate as an
electron donor. This process is reported to perform slower than ‘‘conventional’’ heterotrophic
denitrification [16] and need more time to accumulate.

As shown in Fig.'s 5(a, b), despite the fluctuations in the influent quality, the SAM
system had showed excellent performance on phosphorus removal, achieving approximate
83% averagely, corresponding to the average 3.66 mg /L in the effluent. The relatively higher
phosphorus removal efficiency of the SAM system for R-2 (83%) with the lower anaerobic
period of 2 h compared to 80% for R-3 with the higher anaerobic period of 4 h was not agreed
with the previous study [10]. This unexpected results, which may be attributed to two reasons:
first, relatively low COD/P ratio of R-3 (27) compared to (29.3) for R-2. COD/P ratio is
critical for PAOs to grow, function, and take up phosphorus from solution. Phosphorus
removal efficiencies exhibited an increase trend with the increasing of influent COD/P and a
linear positive relationship was found between COD/P and phosphorus removal, [17]. Second,
long SRT of R-3 compared to R-2 (116 versus 66 day) resulted secondary release of
phosphorus through endogenous decay of PAOs and release it into solution. [10], reported
that is a strong link between SRT and phosphorus removal in enhanced biological phosphorus
removal process. As SRT increased, the percent phosphorus in MLVSS increased because the
decay rate of PAOs was relatively lower than that of normal heterotrophic organisms, while
the sludge wasting rate decreased.

3.3 The Best Time Mode

As shown in Fig. 6, R-2 represents the best phase of SAM system ,which was operated
under internal recycling time mode of 2 h anoxic followed by 2 h anaerobic, corresponding to
the Ax/An ratio of 2/2, achieving best simultaneous nitrogen and phosphorus removal
efficiency of 93% and 83%, respectively.

To find out the suitability of effluent water from SAM system with the irrigation limits,
the measured parameters were compared with the Iraqi limitations for wastewater reuse for
agricultural irrigation No. 3, 2012 [18]. The SAM system shows a good performance to meet
the requirements of the (INLWRA No. 3, 2012) for all measured parameters.

3.4 Pathogen Removal And Turbidity

The membranes serve as microbial barriers that can capture most of the biomass inside
the bioreactor. Therefore, the MBR system produces excellent removal efficiency of pathogen
(in terms of coliforms and fecal coliforms) with 98.33%, corresponding to the average
effluent of 13 cell/100 ml. This result is slightly less than that presented by a previous study
[19] who reported that the rate of fecal coliforms removal has been reported 99.96% in
Hamadan (west of Iran) hospital. This result is probably due to pollution of the system or due
to mistake in sampling, where the ultrafiltration membrane which has a pore diameter smaller
than the size of bacteria and parasitic microorganisms.

It is generally accepted that MBR provides excellent treated water turbidity [20]. In this
study, the turbidity removal efficiency of SAM system was between 99% and 100% for all
runs. Furthermore, despite the TSS value of the influent fluctuated between 100 mg/L and 254
mg/L, the effluent turbidity remains less than 0.3 NTU and all recorded data were below 0.5
NTU as shown in Fig. 7. The excellent removal efficiency of turbidity illustrates the
effectiveness of the membrane. The same observation was also reported by [21].
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4. Conclusions

1. Nitrogen and phosphorus removal is strongly depended on Ax/An ratio controlled by
internal recycling time mode. Highest Ax/An ratio, revealed the best nitrogen removal
efficiency but worst phosphorus removal efficiency, while lowest Ax/An ratio showed
the highest phosphorus removal efficiency.

2. Compromising between nitrogen percentage removal and PO4-P percent removals,
suggests that the Ax/An ratio that gave best nitrogen and phosphorus removal were
2-h anoxic and 2-h anaerobic.

3. The SAM system provides appropriate treatment technology that is available to
produce high quality effluent for reuse for irrigation purpose (unrestricted agriculture)
which can significantly reduce the demand for fresh water. Furthermore, it's has
superior feature compared with Anaerobic-Anoxic-Oxic (A20) system by adopting
two basins instead of three basins in A20 system.
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Effect of Nitrogen and Phosphorus Loading and
Remrculatln? Ratio on the Nutrient Removal Efficiency
Plastic Media Trickling Filters

Kossay K. Al-Ahmady Enas Samir Mahmoud AL-Dabag
University of Mosul University of Mosul
College of Engineering, Environmental Eng. Dept. College of Engineering, Civil Dept
Abstract

In this research, an experimental laboratory plant was constructed in order to
evaluate the effect of nitrogen and phosphorus loadings and recirculation ratio on the
nutrient removal efficiency of trickling filter. The plant consisted of four biological
trickling filter similar in shape, each with a volume of (35 liters). Synthetic wastewater
was used to operate the plant. To study the impact of recirculation ratio on the system,
three of these plants (first, second and third) were operated on recirculation ratio of
(100%, 200% and 300%) respectively, whereas the fourth operate without recirculation.
The study program was divided into nine stages, in the flrst three stages the nltrogen
loading was (0.12 kg/m®.day) then mcreased to (0.17 kg/m*.day) and (0.21 kg/m®.day)
and the phosphor loading was (0.02 kg/m .day) then in the fourth, flfth and sixth stages
the phosphor loading was (0.03 kg/m®.day) increased to (0.04 kg/m .day) in the seventh,
eighth and ninth stages respectively while the nitrogen loading still increased in the same
ratio rate. The results of the study revealed that; the removal efficiency of the biological
trickling filter increase when the recirculation was applied, and the efficiency increased
with recirculation ratio increase. The result also showed that; increasing each of the
nitrogen and phosphorus load leads to an increase of the effluent concentration of
ammonia and phosphorus for all of the applied recirculation ratio at the research .
Keywords: Trickling filter, Organic loading, Nitrogen loading, Plastic media
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Abstract

The sedimentation process is the most important problems that affect directly the
performance of reservoirs due to the reduction of the storage capacity and possible
problems effecting the operation. Thus periodic assessment of the storage capacity and
determining sediment deposition patterns is an important issue for operation and
management of reservoirs. In this study, bathymetric survey results had been used to
assess the characteristics of sedimentation of Mosul Reservoir. It is located on the Tigris
River in the north of Irag. The water surface area of its reservoir is 380 km? with a
designed storage capacity of 11.11 km?® at a maximum operating level (330 m a.s.l).The
dam started operating in 1986. No detailed study was yet carried out to assess its
reservoir. The present study indicated that the annual sediment deposited in the
reservoir is 45.72 x 10° myear™ which is divided into 23.2 x 10° and 22.52 x 10° m*year™
for dead and live zones respectively. This implies the annual reduction rate in the dead
and live storage capacities of the reservoir is 0.786% and 0.276% respectively.
Furthermore, the stage-storage capacity curves for the future periods (prediction
curves) were assessed using 2011 bathymetric survey data.

Keywords. Bathymetric survey, capacity curve, Mosul dam, reservoir sedimentation
rate.
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Introduction

The decrease and scarcity of water resources in the Middle East due to increased
demand have negative effects on the economic development and prosperity and thus affects
political stability in the region[1, 2, 3, 4, and 5].Until 1970, Irag was excluded from the
neighboring countries that suffer from water scarcity due to the presence of the Tigris and
Euphrates rivers [4]. The idea of construction of irrigation and flood control systems in Iraq
were started in the first half of the twentieth century by the Board of Development created by
the Kingdom of Iraq[4]. Primarily, it was to protect Baghdad, the capital, and other major
cities from flooding. The 1970 to 1990 was the best period of development of Iraq’s water
systems. The process stopped in the 1990 due to the first Gulf War and UN sanctions. In
1977, the Turkish Government started to utilize the water of the Tigris and Euphrates Rivers
through the South-eastern Anatolia Project (GAP). The project includes 22 multipurpose
dams and 19 hydraulic power plants which are to irrigate 17103 km? of land with a total
storage capacity of 100 km® which is three times more than the overall capacity of Iraq and
Syrian reservoirs[4 and 5]. The irrigation projects in GAP will consume about 22.5 Km?® of
water per year after completion [3, 4 and 5]. The total irrigated area in Iraq is estimated before
the Irag—Iran war and the second Gulf War to be around 40000 km? which decreased to
27800km? after second Gulf War for the Euphrates—Tigris basin [3]. The reduction of flow in
the Tigris and Euphrates Rivers in Iraq is considered to be a national crisis and will have
severe negative consequences on health and on environmental, industrial and economic
development [4 and 5].

In view of the above, the Iragi Government should work to adopt effective procedures
to overcome the water shortages. Among these procedures is the assessment the
sedimentation rate in the reservoirs to determine actual storage capacities [4].Mosul Dam is
one of the most important and strategic projects in Irag. It is a multipurpose project. One of its
functions is to provide water at a rate of 48 m®s™ for a huge irrigation project known as
“North Al-Jazira Irrigation project” that covers an area of 625 km?[6 and 7]. This station is
located in the upper zone of Mosul reservoir dam. In 1991 and 2005, the station stopped for
several days due to sediment accumulated at the inlets[6 and 7]. Furthermore, the reservoir
was operated in 1986 and no detailed studies had yet been carried out to know the
characteristics of sedimentation and evaluate the stage-storage capacity curves.

In the present study, the two topographic maps of Mosul reservoir dated 1983 and 2011
in Triangular Irregular Network “TIN” format were used for the assessment of sedimentation
rate and determining the reduction in the storage capacity for the live and dead storages as
well as the whole Mosul reservoir during its operational period. In addition, the 2011 TIN
map was used to evaluate the adopted stage-storage capacity curves that were proposed by
Imatran VVoima Osakeyhtio (IVO),Consulting Engineers, Finland[8].

Mosul Reservoir

Mosul dam is one of the most important hydraulic structures in Iraq which has been
built on the Tigris River, north of Irag, located 60 km north west Mosul city at latitude
36°37'44"N and longitude 42°49'23"E [9] (Figure 1).The dam is multipurpose and in
operation on July 7™, 1986 to provide water for three irrigation projects, floods control and
hydropower generation. The dam is an earth fill dam, 113 m high, 3650 m long with its
spillway[9].
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Figure (1): Location of Mosul Dam

Mosul dam has a designed dead storage of 2.95 km®and live storage of 8.16 km?; i.e. a
total storage capacity of 11.11 km® The maximum, full and dead storage levels of the
reservoir are 335, 330 and 300 m a.s.l respectively. The shape of the reservoir is almost
elongated and expands close to the dam site. Its length is about 45 km with width ranges from
2 to 14 km at the full level with 380 kmwater-spread area[9]. The main source of the water
and sediment entering the reservoir flows from the River Tigris; Figure 2 shows the average
annual water inflow and outflow of the reservoir during 25 of its operation. The catchment
area of the River Tigris estimated above Mosul reservoir is about 54900 km? shared by
Turkey, Syria and Irag [10 and 11]and the catchment area of the valleys surrounding the
reservoir is about 1375 km?[12 and 13].
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Figure (2): Annual mean inflow and outflow of the Mosul
Reservoir for 1986-2011

Data Availability

The hydrographic survey or bathymetric survey is a direct measurement and most
accurate technique to determine the total volume of the sediment deposited in the reservoirs,
sedimentation pattern and bottom profile in the reservoirs and lakes. The recent advances in
Global Positioning System (GPS), echo sounding survey technique and computer programs
caused a significant reduction in the efforts, time and cost of the collecting and analyzing
survey data [14, 15 and 16]. The 1986 and 2011 topographic maps in TIN format for Mosul
reservoir area were used to evaluate the sedimentation rate and stage-storage capacity curves.
These maps were provided by Issa et al. in 2012 [17](Figure3).
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Fgur (3): TIN mapof Mosul reservoir

The TIN maps were used to compute the storage capacity and water-spread area for live
storage and dead storage zones using Arc/GIS software(Table 1).The reduction in storage
capacity of the reservoir for the two surveys at different times represents the total volume of
sediment accumulated in it [16]. Therefore, the above results were used to compute the
volume of sediment deposited and the reduction in the water-spread area for the reservoir
during 25 year of operating (Table 1).

Table (1): Storage capacity and water-spread area of Mosul reservoir for two surveys.

Storage capacity (S.C) Water-spread area (W.S.A)
Storage Survey | Survey | Difference % Survey | Survey | Difference %
1986 2011 inS.C Reduction | 1986 2011 in W.S.A | Reduction
km® km® km® inS.C km? km? km? in W.S.A
Live 8.16 7.597 0.563 6.9 380 363.5 16.5 4.34
Dead 2.95 2.37 0.58 19.66 170 136.54 33.46 19.7
Reservoir | 11.11 9.967 1.143 10.29 380 363.5 16.5 4.34

Results And Discussion

The reservoirs are built to achieve certain purposes, e.g. irrigation, hydropower
generation, flood control, navigational, urban water supply, etc. Reservoir sedimentation and
consequent loss of storage capacity affects directly the future performance of reservoirs.
Consequently, it is of prime importance to monitor the rate of sedimentation and the changes
in the capacity of the reservoir with time.

According to the observed results (Table 1) the annual reduction rate of the
storage capacity of the Mosul reservoir is 45.72 x 10° m®year(23.2 x 10°m®year™ dead and
22.52 x 10° m®yearlive storages). This implies that the annual loss of storage capacity within
the dead and live zones is 0.787% and 0.276% respectively. Furthermore the annual loss in
water-spread area of the reservoir at dead storage elevation (300 m a.s.) zone is 1.34 km?
(Figure 4). Figure 4shows the maximum loss in water-spread area (water surface area) at the
dead storage level(D.L)in the northern part of the reservoir where the River Tigris enters the
reservoir at this part. That implies that most of the sediment are deposited in this area. This
sequence is very logical in reservoirs [18].
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Il spread area atD.L

" Figure (4): The boundary of water-spread area at dead storage elevation
for two survevs calculated usina Arc/GIS proaram

The sedimentation in the reservoir caused a shift in the stage-storage capacity curve.
The 2011 TIN map (Figure 3) was used to compute storage capacity as a function of water
elevation for Mosul reservoir using the “3Danalyst”command within Arc/GIS program
(Table 2).

Table (2): Observed storage capacity of Mosul reservoir at different water
levels for 2011 bathymetric survey

Pool Storage Pool Storage Pool Storage
Elevation | Capacity | Elevation | Capacity | Elevation | Capacity
(mas.l) km® (mas.l) km? (mas.l) km?
250 0 276 0.318 302 2.655
252 0.000011 278 0.4013 304 2.962
5
254 0.00070 280 0.4975 306 3.296
256 0.00244 282 0.609 308 3.662
258 0.0061 284 0.739 310 4.062
260 0.01375 286 0.887 312 4.494
262 0.0279 288 1.0506 314 4.961
264 0.0474 290 1.229 316 5.468
266 0.0720 292 1.422 318 6.016
268 0.1024 294 1.633 320 6.606
270 0.141 296 1.8624 322 7.260
272 0.189 298 2.1081 326 8.610
274 0.248 300 2.3714 330 9.967

The data in table (2) and adopted curves proposed by IVO figure (5A) were used to
compare the established curves in this work (Figure 5B). In figure (5B) it can be clearly
noticed that the stage-storage curve of the 2011 survey falls between the initial volume and 40
years operation curves but closer to the latter. It can also be noticed that the curve coincides
with the 40 years operation curve at a water elevation above 316 m a.s.l. or more. This might
be due to the accumulation of sediment at a greater rate than expected by IVO or due to the
fact that the curves proposed by IVO (1968) for the dam were constructed using topographic
maps older than 1968 while the dam constructed in 1986. In addition the difference in the
dates of map construction and the techniques might have caused these differences.
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Summary And Conclusion

Reservoir sedimentation and consequent loss of storage capacity affects directly water
availability and project operation. In the present study, two topographic plans in TIN format
of 1986 and 2011surveys were used for the assessment of reservoir sedimentation in live and
dead storage zones using Arc/GIS software. The results showed that the annual reduction in
the dead and live storage capacities were 0.787% and 0.276% respectively. The water-spread
area of the reservoir at dead storage level reduces annually by 1.34 km? (4% of total area at
dead storage level).
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Quality evaluatlon to Al murr Wadi for Irri atlon Lower
North Jazira Irrigation Project / North Iraq

A.M. Sulyman Ysra Taha

Dams And Water Resourcesresearch Center- University Of Mosul

ABSTRACT

Valleys water, especially the permanent ones, one of the sources that are used in
irrigation processes and Wadi Al Murr, which is located to the North east of Nineveh
province and which is adrain of Al Jaziera northern irrigation project, is considered
one of these valleys. The water of the valley is used to irrigate the lands, it passes
through outside the boarders of the project. In this paper we evaluate the suitability of
this water for irrigation taking 11 sample placed along its path next to its exit of jazera
project and before Tigris river . Water tests were taken to investigate its quality .
Results proved that its water very high saline and sulpher which is consider as negative
indicator for water irrigation . which are considered negative indicators in the
irrigation waters and which have a direct impact on soil salinity and deterioration when
this type of water is used over time. The sodium adsorption ratio between little to
medium sodic and depend on discharge quantity in the valley. Water classifications for
irrigation show that studied samples from different positions are not recommended
according to different parameters like salinity in term of electrical conductivity.
Sodicity according to sodium adsorption ratio (SAR). The latter is described as a water
that cannot be used for soils with low permeability as in the case of most of the soils
surrounding the valley .The study shows better quality for Abu mariay wadi (branch of
murr wadi) ,its water could be used in water harvesting projects and later in irrigation
before mixing with dad quality of murr wadi .
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Hydraulic Characteristics of Arch Weirs with Sharp or
Semi-Circular Crest

Raad Hoobi Irzooki Ahmad Shehab Ahmad

Civil Engineering Dept. — University of Tikrit

ABSTRACT

In this research, an experimental study was carried out to define the hydraulic
characteristics of flow over the arch weirs with sharp or semi-circular crest. Four
different values of curvature ratio (R1/R;) were used (0.5, 1, 2, 4), where (R;) represents
the curvature radius in the direction parallel to the flow and (R>) is the curvature radius
in the direction perpendicular to the flow. Also, Three different heights (p) for each one
of these weirs were used (22, 18 and 15) cm. The flow was passed over these weirs in two
cases, in the first, the curvature was in the direction of flow and in the second, the
curvature was in the opposite direction of flow. For each of the above different cases, six
different discharges were passed. The overall tests in this study are 288.

Based on the obtained results from the experiments, and according to the resulted
parameters from the dimensional analysis of the factors affecting on the flow over the
arch weirs, the relations between the above parameters were plotted. Four empirical
equations were predicted for computing the passing discharge over the arch weirs for
the cases of sharp or semi-circular crest, and when the curvature of this weir with the
flow direction or opposite the flow direction .A very good agreement between the
computed results from these equations and the results which were measured
experimentally.

Keywords: Arch Weirs, Discharge Coefficient, Sharp Crest, Semi-Circular Crest.
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Evaluation of Groundwater in Selected Areas in Ninevah
Governorate for agricultural Use

Abdulmuhsin S. Waleed M. Sheet Ahmad Khallil

Shihab Ibrahim
Envir. and Poll. College of Eng., Dept.  College of Eng., Dept.
Control Res. Center/  of Envir. Eng./ Tikrit ~ of Envir. Eng./ Tikrit
Mosul Univ. Univ. Univ.
Abstract

Groundwater is considered one of the important water resources in The
World. Due To Rain Shortage And The decrease of TIgfI‘IS river dlschar%e in the
last years, wells excavation and groundwater use for different purposes had
been increased without any planning. Therefore, it is necessary to conduct the
studies about groundwater quality in Ninevah governorate and define its
suitability uses. Additionally to identify the levels of some trace elements in it.
Twenty Seven wells recently excavated were selegted in the study area located
south eéast Mosul city of about an area of 1500km*. These wells were located in
rural and urban areas of various activities: agricultural, industrial and
residential. water sample were collected each two months starting at December
2008 till June 2009.
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Heavy Metal Removal From Industrial Wastewater
By Chemical Precipitation

Duraid F. Ahmed Yousif S. Essa-msc. Of Chem. Eng
Chemical Eng. Dep. — Tikrit University Company of North Fertilizer
Abstract

This study aims to find the effect of chemical treatment by chemical precipitation on
the efficiency of removing heavy metals from wastewater. Chemical precipitation had
been practiced by controlling the (pH) of wastewater by adding the suitable base
(different bases were used as the sodium hydroxide ,calcium hydroxide , potassium
hydroxide and sodium carbonate for removing heavy metals from wastewater. The
study had used synthetic samples containing different concentrations of ions like
cupper, zinc and manganese. Jar taste had been used to show the chemical precipitation
The chosen materials were highly efficient for removing the ions of metals. When the
ions are mixed in the solution the best removing efficiency was completed cupper ions
followed by more than 98.2% of manganese ions than 90% of zinc ions when the (pH) is
(10) and precipitation time is 2 hours.

Keywords: Heavy metal , Chemical precipitation , Industrial Wastewater .
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The effect of magnetic field on some physical and chemical properties of tap water/
domestic storage tank and ground water and it's utilization in different fields

Ahlam Zeki Ameen
college of engg / University of Mosul.

Abstract

This research includes the effect of magnetic field on some water properties
such as PH-value, Electrical Conductivity , Dissolved Oxygen , Alkalinity , negative and
positive dissolved ion concentration (Magnesium , Calcium , Sodium , Potassium |,
nitrate , sulphate, chlorides, phosphates) for different types of water including tap
water, domestic storage tank and ground water.

Those properties had been studied before and after magnetic treatment .The
obtained results indicated significant magnetic treatment for pH-value, Electrical
Conductivity, Dissolved Oxygen, Total Hardness, calcium, sodium, potassium,
chlorides, nitrate, for the studied types of water, but other properties indicate
significant magnetic treatment in such types of water and not significant in others.
Maximum rate effect was (+52.8% nitrate ) for tap water followed by (43.3%
phosphate) for ground water, then (+44.6 % dissolved oxygen and +42.5% calcium) for
domestic storage tank and ground water compared with tap water.

Key words :tap water ,domestic storage tank ,ground water, magnetic treatment, water

properties.
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10.8£6.0-° 21.61£7.5 29.41+49.4 Mg™
0.428+1.242 % 1.61+17.23" 1.38+1.82 Na*
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Effect of Hydraulic Detention Time and water Temperature on
the Removal Efficiency of Organic and Nutrients Pollutants, the
values of (pH) and concentration of dissolved oxygen In
Duckweed Based Stabilization Ponds

Kossay K. Al-Ahmady Zena A. AL-Shrefy
University of Mosul University of Mosul
College of Engineering, Environmental Eng. Dept. College of Engineering, Civil Eng. Dept.
Abstract

This study deals with the effect of detention time and temperature on the values of
pH, DO and the removal efficiency and behavior of duckweed based wastewater
stabilization ponds. The results of the study showed that; covering the oxidation ponds
with duckweed decreases the values of pH of the effluent wastewater. The values of (pH)
and (DO) for effluents produced from the covered ponds were less than that produced
from the ordinary ponds. In addition, increasing of the hydraulic detention time
increases the removal efficiency of organic and the concentration of dissolved oxygen in
effluent, while it increases the values of (pH). On the other hand , the results of the
research also showed that ; the Temperature has also an impact on the organic and
nutrients removal and the concentration of dissolved oxygen in the effluent. Highest
removal and dissolved oxygen concentrations were recorded at the temperature of
(26°C), and these values decreased gradually at temperature (18 , 32)°C respectively.
Keywords: Duckweed; Stabilization ponds; DO; pH; HDT; Temperature
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The Impact of Aerobic and Anaerobic Landfill for Municipal Solid Wastes and
Recirculation Generated Leachate on its Quality

Nadia A. Yakoob

University of Mosul-College of Engineering-Environmental Department

Abstract

The aim of this study was to determine the effect of leachate recirculation on aerobic
and anaerobic degradation of municipal solid waste. Four laboratory scale landfill reactors
were constructed. The first one anaerobic reactor, the second one anaerobic reactor
with recirculation leachate, the third one was aerobic reactor and the fourth one
aerobic with recirculation leachate. Leachate quality is regularly monitored along
the study period which lasted 150 day by measuring some of its characteristics
pH,EC,TDS, TSS,BOD,COD, TKN,NH3-N,CI,Mg** Ca*?and generated leachate quantity
every week. The results showed a decrease in leachate volume and concentration of organic
material during its recirculation in aerobic and anaerobic reactors. it has been found the
recirculation with aeration of leachate reduced the characteristic of leachate pH, TDS, TSS,

EC, BOD, COD,Ca*?, Mg*%. In addition, final leachate concentrations were consistently lower

in aerated reactor comparison with anaerobic case. An effective decrease in ammonia was
noticed with aeration of leachate of the solid waste.

Keywords: Aerobic degradation, Anaerobic Degradation, Leachate Recirculation, Solid
Waste.
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The effect of magneticfield on pipe of irrigation on emitter

discharge
Anmar A.AL-Talib Azeza Ali Mohammad
University of Mosul_ College of Engineering _ Dams and Water ResourcesDepartment
Abstract

Many modern researches indicate to get close in irrigation emitters whenever
increased salinity in irrigation water, especially in warm areas which lead to effect of
the discharge on the amount of water that comes out of the emitter.

The study was conducted wusing four magnetic field intensities are
(500,1000,2000,4000) gauss to know the duration of the magnetic field effect on the
conduct of emitters in drip irrigation system and using irrigation water salinity (4000
ppm) was conducted comparison with the same salinity irrigation water but is not
exposed to a magnetic field.

The results showed for a significant improvement in the rate of discharge of emitters
and different intensities of magnetic field after 35 days of operation of the system of
drip irrigation ranged percentage increase in discharge rate of 44% to 49% compared
with the discharge rate of emittersthat is not exposing the water to a magnetic field.

The best discharge emitter when exposed pipe irrigation to a magnetic field
0f4,000 gauss, where the percentage increase in the rate of discharge emitters to 49%
approximately compared with the discharge rate emitters when not to endanger the
tube irrigation to the magnetic field and the same salinity of irrigation water and the
amount (4000 ppm).
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Preparing a Map of Covered Drainage System for North Jazera

Irrigation Project Using Computer Techniques
Najla Younis Abdullah Nawal Mohammed Jajjo Huda Hashim Badr

Administration for Studies & Dams and Water Resources Dams & Water Resources

Engineering Designs in Mosul Engineering Departments Research Center

Ministry of Water Resources University of Mosul University of Mosul
Abstract

North Jazera Irrigation Project is one of the most important projects in Irag. Due to the
way of constructing the project and the poor practice of the farmers, the ground water level
in the project has increased, and the soils become saline and many chemical and physical
changes have happened to the land. Therefore, it becomes very necessary to develop a
drainage system in the project. So the drainage network design was made according to the
National Design criteria by Dijla company for Studies and Design of Irrigation Projects
during the period (2002-2004). The depth of covered field drains has been taken as 2 m with
a diameter of 10 cm. The design slope of the drains is taken as 15% and the slope of covered
collector drains are 1 to 2%. The GIS Arc View and WMS computer programs were used to
draw the natural drains, streams and to draw the net drainage network for the Irrigation
Sector MA in the project. This study proves that using computer techniques in data analysis
and design of drainage network is very efficient practice.

Key Words: Covered drainage systems, North Jazera irrigation project, GIS Arc View,
program, WMS programs.
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