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ا كُلَّ شَيْءٍ خَلقَْناَهُ  إِنَّ

دَرٍ   بِقَ
 

 صدق الله العظيم

  94سورة القمر ، الاية 



 الخلاصة
هذذ ا دراسد ذذح ى اذذمي دة محطَذذح را ذذح درةذذمم رم حرثذذح درمُذذحا درلنُاذذح  ح ذذ  اد  در مذذح    

ر نُذُ  ر ىرُذح  (Niku et al. 9199)و  (Niku et al. 9191)دلاحصذحيُح درمنارذح رذب   ذ  

ود  نمدسَح )دة محطَح( را حت ر حرثح درمُحا درلنُاح، ور انُق  رذ  ىذ  عمذل درم اىرذحت در ح ذح 

ةُح درمُحا در حسعح رب را ح درةمم رم حرثح درمُحا درلنُاح ، حُث شمات ه ا درم اىرحت ن ذحي    ى

وىمكُز  (BOD6)( فاص ر   مٌ دعمٌ رم غُمَب همح طاب دلاوكسثُب در حَىكُمُحيٍ 6115)

 9191. و ا غ ت ه ا درم اىرحت ف مة در شغُ  رامشموع رذب  ذ ح  (S.S)درمىدط درصا ح در حرنح 

حُث ر  ى ىفم أٌ ر اىرحت  سذ ب ىذيرُمدت دراذمت وىى ذ   9119،  ح  ل حء   ح 9119 ورغحَح

 درمشموع فٍ ىا  درف مة.

رغذم  دعذمدء در ااذُ ت  (STATISTICA)ى  د   اد  در منذحر  دلاحصذحيٍ درثذحهز  

 دلاحصحيُح درم اى ح رام اىرحت درميخى ة رام غُمَب درم كىسَب دة ا. 

حت درمثمىةذذح رةذذ  ر غُذذم خذذ ن ف ذذمة  ذذ ح ىملذذ  ةُ ذذح ودعذذمدء   ذذا دة  ذذحس دم درم اىرذذ 

رىع ذح  (Coefficient of Skewness)درفاص دلاحصحيٍ رهح ى ُب دم  ُمح ر حر  دلاناذمد  

، أٌ دم در ُ ح لا ى ىزع  صىسة ر  حظمة حىن  ُمح درم ان ودنمح ىمُ  درذً دلاناذمد  درذً َمذُب 

 ذذُممنى   –ودخ  ذذحس كىرمىكذذىسو   (Chi-square) درنذذُ  دلاكلذذم ىةذذمدس. ىذذ  د ذذ  اد  دخ  ذذحس

(Kolmogorov – Smirnov)  رغم  ىااَا أٌ نىع رب در ىزَ حت َةىم أكلم ر يمح را ُ ذح

، در ىزَذل دراىغذحسَ مٍ   (Normal Distribution)وشم  دلاخ  ذحس كذ  رذب در ىزَذل در  ُ ذٍ 

 Gama)          ، وىىزَذذذذذذل كحرذذذذذذح        (Log-normal distribution)در  ُ ذذذذذذٍ 

distribution)   و ا وعذا دم در ىزَذل دراىغذحسَ مٍ در  ُ ذٍ هذى دلاكلذم ر يمذح رغذم  و ذ

 وطسد ح در ُ حت درميخى ة رة  رب درم غُمَب درم كىسَب دة ا.

 Niku et)رغم  طسد ح درةحنُح د   اد  در مى   دلاحصحيٍ درمنا  رب                    

al., 9191) رُح را حت ر حرثح درمُحا درلنُاح ، ى  حسذحت در سذ ح درميىَذح راى ذت در ذٍ لاَثحط ر ى

 04د ذذ  رذذب  (BOD6)كذذحم فُهذذح ىمكُذذز درم غُذذم در ذذحل  حر اذذب در حَىكُمُذذحيٍ ر وكسذذثُب 

(mg/l)  54، وىمكُز درمىدط درصذا ح در حرنذح د ذ  رذب (mg/l)  رةذ  ةُ ذح ، كذ ر  ىذ  ى مذُب هذ ا

  دلاحصذذذحيٍ درمن ذذذما ةاذذذً د ذذذحت دم در ُ ذذذح ى  ذذذل را ىزَذذذل در سذذذ ح  حلاة مذذذحط ةاذذذً در مذذذى 

 دراىغحسىُمٍ وكحنت در  حي  ر نحس ح عاد.

 Niku et)ك ر   راسد ح درةحنُح د   اد  در مى   دلاحصحيٍ درمنا  رب                     

al., 9199) ُح ر نُُ  د ذ نمدسَح را ذحت ر حرثذح درمُذحا درلنُاذح، ىذ  حسذحت در صذحيص دلاحصذحي

(Range, Mean, and Standard deviation)  رام اىرحت درميخى ة رة  ر غُذم وىملُذ  هذ ا

در صذذحيص  يشذذةحن  ُحنُذذح ، و فاذذص هذذ ا دلاشذذةحن در ُحنُذذح َمةذذب ر حنذذح دخذذ    ود ذذ   ذذُب 

در صحيص دلاحصحيُح رام اىرحت درميخى ة رة  درم غُمَب حىن  ُمح ر ُ ح ر ناذمد  درم ُذحسٌ 

دلانامد  درم ُحسٌ در ٍ َنهم حىرهح دلاخ      ن ح دلا  نمدسَح. دم ظهذىس هذ د ، ىسمً  ُمح 

دلاخ    فذٍ در صذحيص دلاحصذحيُح رام اىرذحت درمذيخى ة حذىن نن ذح دلا ذ نمدسَح َ َذا  ذاح 

د ذذ  اد  هذذ ا در مذذى   ر نُذذُ  د ذذ نمدسَح را ذذح درةذذمم رم حرثذذح درمُذذحا درلنُاذذح ، ةامذذح دم نن ذذح 

 .Niku et al)وعذات فذٍ هذ ا دراسد ذح هذٍ نفذم درنُمذح در ذٍ حصذ  ةاُهذح دلا ذ نمدسَح در ذٍ 

 رب ى  ُق در مى   فٍ درىلاَحت درم ااة دلارمَةُح. (9199

ىذذ  ىنُذذُ  دة محطَذذح رشذذموع درةذذمم رم حرثذذح درمُذذحا درلنُاذذح راف ذذمدت   ذذ  و  ذذا حذذمت ةذذح   

و  (BOD6)رام غُذذمَب  ، و ذذا كذذحم دطدء درمشذذموع فذذٍ ححرذذح ى ذذحزن ، فحر ُ ذذحت درمذذيخى ة 9119

(S.S)  ةُ ح رة  ر غُم كحنت ه حك دس  ح ر هح فنط  دت ر حرثح رس نمة و مب  95ودر ٍ ةاطهح

 (mg/l) 04 ذ   (BOD6)حاوط درمىد فح در مد ُح در ذٍ ىاذاط در اذب در حَىكُمُذحيٍ ر وكسذثُب 

 رب درى ت. 16  %ر 54 (mg/l)    (S.S)كاا أةاً ، ودر مكُز دلاةاً رامىدط درصا ح در حرنح 



دم ن حي  طسد ح دة محطَح را ح درةمم رم حرثح درمُحا درلنُاذح ى ذُب دراحعذح درمااذح لاةذحطة  

 ىيهُ  وحادت ه ا درما ح و ىيهُ  در حراُب فُهح رمفل رس ىي دطديهح.
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APPENDIX A – 1  
Table (A-1): The normal distribution 
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APPENDIX A – 8  
Table (A-.): Critical statistics for the Kolmogorov-Smirnov test 

 

Sample size α=301 α=303. α=3031 

0 1401 140. 14.9 

11 1409 14.1 14.0 

10 1401 140. 14.1 

81 148. 1480 1400 

80 148. 148. 1408 

01 1488 148. 1480 

.1 1410 1481 1480 

Large n 1488/ n  140./ n  14.0/ n  

After Mc Cuen (1040) 



 66 

APPENDIX A – 3 
Table (A-3): Critical statistics for the Chi-square test 
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BSTRACT  

 

 This study investigates the dependability of AL-Kerkh wastewater 

treatment plant through the application of reliability and stability models 

which developed by (Niku et al., 9191) and (Niku et al., 9199) 

,respectively. Data of effluent biochemical oxygen demand (BOD5) and 

suspended solids (S.S)  concentrations (5115 readings ) were taken from 

the records of AL-Kerkh wastewater treatment plant. This data covered 

eight years of operation started in January, 9191 and ended in November, 

9119.The data of year 9119 was missed because of the war of 9119. 

Each set of data represents an operation period of one year. 

 STATISTICA program has been used to perform the required 

statistical analysis for the data. 

 It was found that data were generally not symmetrical and were 

skewed to the right of most frequent values, as measured by the skewness 

coefficient .The candidate distribution functions that can be fitted to the 

skewed data include Normal, Log-normal, and Gama distributions .These 

distributions were tested by Chi-square and Kolmogorov-Smirnov 

tests(quantitative goodness-of-fit tests) to examine whether the data of 

effluent concentrations follow any one of the above mentioned 

distributions. Effluent BOD5 and S.S data were found to fit a Log-normal 

distribution. 

 To support the validity of the reliability model in predicting the 

effluent quality, the percents of the time that effluent concentrations 

exceeded 04 (mg/l) for BOD5 and 54 (mg/l) for S.S were computed. 

These percents of exceedance were also predicted by using the reliability 



 B 

model based on log-normal assumption . In most cases the results were 

comparable with a little difference. 

 The validity of stability model had been also investigated by 

determining the statistical properties (Range, Mean, and Standard 

deviation) of effluent BOD5 and S.S data and representing these 

properties graphically in two figures for effluent BOD5 and S.S , 

respectively .Examination of these descriptive shows a distinct difference 

exists between the statistical properties of the data above and below the 

value of (94 mg/l) of the standard deviation (this value of standard 

deviation called stability cutoff point ). As recommended by Niku et al. 

(9199), the appearance of this distinct difference between the statistical 

properties of the data gives the validity for this model to be used for 

stability assessment. The value of stability cutoff point that obtained in 

this study was the same value of stability cutoff point, (94 mg/l), that 

obtained in the U.S.A by Niku et al.9199. 

 Dependability study of AL-Kerkh wastewater treatment plant for 

the periods before and after the war of 9119indicates that the 

performance  

Of this plant dropping down. For both of BOD5 and S.S , in sixteen sets 

of data , only four of them were stable and within the Iraqi effluent 

standards of 04 (mg/l) for effluent BOD5 and 54 (mg/l4) for effluent S.S 

the results of Dependability study of AL- Kerkh wastewater treatment 

plant show the urgent need to rehabilitate the treatment units and the 

operators of this plant to increase its treatment efficiency.   
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INTRODUCTION 

 

1-1 Introduction 
 

 Since 1791 explicit performance standards have been placed on most 

of wastewater treatment plants to restore the quality of receiving waters. 

These standards vary from plant to plant, but generally are require very 

high average treatment efficiencies and also restrict variations from the 

allowable average concentration. 

 Obviously, the average effluent concentration discharged must be 

designed below the standards because there will be a variations above and 

below the average. 

 To produce a high effluent quality and to meet the standards at a 

minimum cost, design engineers must be able to estimate the expected 

effluent quality and its variations for a given treatment process (ability to 

estimate the reliability and stability for a given treatment process). 

 Reliability of a system can be defined as “the ability to perform the 

specified requirements free from failure” or “the probability of adequate 

performance for at least a specified period of time under specified 

conditions”,(Niku et al. 1791). While stability of a system can be defined 

as “measure of adherence to the annual mean constituent concentration”. 

(Niku et al. 1791) 

 Estimation of reliability and stability (which will called 

dependability) requires statistical evaluation of a system’s performance 
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over a time period long enough to establish typical operating patterns (the 

minimum required period is one year). (Niku et al. 1797) 

  Dependability principles have been applied to a set of data which 

taken from the records A-Kerkh waste water treatment plant. The data 

included the final effluent concentrations for both of biochemical oxygen 

demand (BOD5) and suspended solids (S.S) for period of eight years of 

operation. 

  

1-1 Background for AL-Kerkh Wastewater Treatment Plant 

 

   AL-Kerkh wastewater treatment plant is one of the most important 

activated sludge treatment plants in Iraq. It lays in Baghdad city and 

discharges its effluents into Tigris river.  

AL-Kerkh wastewater treatment plant consists of nine lines, final 

effluents of each three lines mixed together in one lines. Thus, it can be 

said that AL-Kerkh wastewater treatment plant consists of three lines  .One 

of these three lines (line no. three) is not completely yet finished  because 

of the war of 1771. Final effluent data that used in this research were 

collected from the records of the other two lines (lines one and two). 

 The basic design data of this treatment plant as given by Digremond 

company (the designer company) are: 

a- Type of sewage to be treated : combined. 

b- Population to be served : 1.9 million inhabitants.  

c- Expected average sewage flow : 111 l/cap./day.   

d- Expected daily sewage flow : 001.111 m
0
/day.  

e-BOD5 concentration in raw sewage flow : 01 g/cap./day. 

f- S.S concentration in raw sewage flow : 71 g/cap./day.  

h-Treated effluent standards : 

1- BOD5 : 01 mg/l. 

1- S.S :01 mg/l. 

j- Normal daily operation of the treatment plant : 10 hours/day. 

It is clear that Iraqi standards are differ from EPA standards (Effluent 
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BOD5 ≤ 11 mg/l and S.S ≤ 01 mg/l.)   
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Figure  (1-1): Flow chart sequence for AL-Kerkh wastewater treatment plant. 

1.0 Research Significance 
 

 The objective of the work presented here is to investigate the 

dependability of AL-Kerkh wastewater treatment plant by using reliability 

and stability models which were developed by Niku et al. (1797) and Niku 

et al.(1791), respectively. As well as this study aims to develop a 

probabilistic model that can be used in predicting of future performance of 

AL-Kerkh wastewater treatment plant and in designing of new wastewater 

treatment plants that similar to AL-Kerkh wastewater treatment plant. 

 

1.0 Research Layout 
 

 In this research there are five chapters: 

 Chapter One provides a general introduction. 

 Chapter Two presents a review of both early and recent studies, 

including the factors that affecting dependability of wastewater 

treatment plants. 

 Chapter Three provides a theoretical background for the models that 

will be used in this research. This chapter contains the required 

equations, tables, and figures for dependability prediction. 

 Chapter Four includes analysis of results and their discussion. 

 Chapter Five contains conclusions obtained from the analysis of the 

results and some possible recommendations for future works. 
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LITERATURE REVIEW 

 

1.2 Introduction 
 

 Activated sludge process is the most commonly used system for 

treating municipal wastewater. However, this process is affected by several 

factors such as fluctuation in input loads, environmental conditions, 

characteristics of wastewater, and inplant biological variations. Thus, to 

obtain the highest efficiency, activated sludge process should be analysed 

for each one of the affecting factors. 

 Many researchers studied the performance of activated sludge 

process. In this chapter the main factors that affected the dependability of 

activated sludge treatment plants will be discussed, as well as some of the 

researches that investigate the dependability of wastewater treatment plants 

will be review. 

 

1.1 Causes of Effluent Variability  
 

 Variation of effluent quality may be affected by several factors such 

as temperature fluctuation, wastewater flow and composition of the 

wastewater to be treated. The followings are the main causes of effluent 

variability. 
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2-2-1 Variation in Raw Waste Load (RWL) 

 Variation in raw waste load, such as flow rate, organic concentration 

and presence of toxic materials, may affects effluent quality directly 

(Edward and Robert, 2191). 

 Robert and Stanley (2195), studied the response of activated sludge 

process to shock organic load. They found a quick response, quick increase 

in effluent (BOD4) and (S.S) concentrations, of activated sludge process to 

input organic concentration changes. The effectiveness of flow rate on this 

process had been investigated by (Joseph and Alonozo, 2194), (Singh and 

Joh, 2195) and (Krishnan and Gaudy, 2195). They found that an increase 

in influent flow will decrease the retention time, this will causes turbulence 

and a high over flow rate in the final clarifier which will result in a high 

effluent solids concentration. 

 James (2111) and Pinheiro et al. (1001) refer to the effects of 

variation in influent composition (especially presence of toxic materials), 

significant results were found of toxic materials on performance of 

activated sludge process. These materials, even in low concentration, will 

kill the bacterial mass which results in upset in the performance of 

activated sludge process.  

 Many researchers, such as (Andrea, 2111), (Jan and Edson, 2115), 

(Chau-Chen et al., 2111), (James, 2111) and (Young, 2111), were 

recommend for using oxygen up-take rate as an indicator for monitoring of 

(RWL) variation. Oxygen up-take rate (OUR) commonly used as a 

monitoring indicator because it is extremely sensitive to change in reactor 

soluble (BOD) concentration resulting from load variations. 
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2-2-2 Variation in Temperature  

 The effect of temperature on biodegradation rates has long been 

investigated and is generally well documented. Temperature decreasing 

may result in a significant decreasing in the soluble (BOD) removing rate 

(Davis, 2195). 

 In addition to the effect of temperature on removing rate of soluble 

(BOD). Metcalf and Eddy, (2190), reported that a decrease in temperature 

will result in a poor setting of the flocs and the flocs tend to break more 

easily because of the increasing of water viscosity during the low 

temperature period. Fig.(1-2) illustrated the effect of temperature on 

wastewater treatability. 

Figure (2-1): Effect of Temperature on wastewater treatability, (After Davis, 2191) 

 

2-2-3 Sludge Characteristics  

 Bulking sludge is the main cause of effluent variability, bulking of 

sludge results from presence of a significant numbers of filamentous 

bacteria in the flocs, such flocs have low density and high compactability 

and therefore do not settle well. Thus, such phenomenon will decrease 

settleability and results in a high effluent solids concentration. Phenomenon 
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of sludge bulking can be monitored through the parameter of sludge 

volume index (SVI). (Niku et al., 2112). 

 (SVI) is an empirical indication of the settling characteristics of the 

sludge. Values of the SVI vary with the characteristics and concentration of 

the MLSS ,thus, observed SVI values at a given plant can  not be compared 

with other plants. In general, if (SVI) greater than normal value (usually 

about 200), then the sludge will not settle well. (Metcalf and Eddy, 2190). 

 

2-2-4 Process Type 

 Activated sludge processes are flexible systems and have been 

adopted to a number of different flow schematics. The most appropriate 

process design reduces the variability ofeffluent quality significantly. In 

conventional plug flow activated sludge process, because both influent and 

return sludge enter the tank at the head end, the effects of flow and 

concentration variations or of the introduction of toxic substances are 

maximized and may result in upsets. However, longitudinal mixing tends to 

smooth out fluctuations in these variables. (Dowing, 2195) 

 Step aeration, or step feed, process is a modification of the 

conventional activated sludge process that evens out the organic load or the 

oxygen demand in a treatment process. This modification may result in 

reduction of the effluent (BOD) and (S.S) concentration and, thus, in a 

more stable process, since it will reduce effluent variation and also will 

reduce the effect of shock loads to the plant.(Niku et al.,2112) 

 In complete mix systems the influent wastewater and return activated 

sludge flow are introduced at several points in the aeration tank and mixed 

virtually instantaneously throughout the system. In this case, any input 

fluctuations or toxic concentrations are diluted instantaneously with the 

entire contents of the aeration unit. This kind of process can thus be 

expected to be more stable. (Niku et al., 2112). 
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2-2-5 Plant Size 

 It is usually assumed that larger treatment plants produced better-

quality effluents than smaller plants. This assumption was based on the 

idea that larger plants tend to be more sophisticated and they have more 

highly trained operators. But, in fact, there is a poor (and possibly 

negative) correlation between plant size and mean effluent concentration. 

Hovey et al. (2199) 

2-2-6 Inherent Variability 

 The term “inherent variability” as applied herein can be defined as: 

that variability in effluent quality from a properly designed and operated 

biological treatment system which is attributable to the basic nature of the 

treatment process. Simply stated, it is the minimum variability which can 

be practically obtained assuming proper system design, management and 

operational control. There are many factors which cause “inherent 

variability”, such as geographical conditions, the nature of biota in the 

treatment process and wastewater characteristics. (Davis, 2195). 

 Variation of effluent quality can be reduced by various means 

directed, for example, towards increasing the uniformity of flow and 

composition of the sewage to be treated and of the operating conditions 

prevailing in the works, restriction of release from industrial premises of 

substances which would interfere with treatment at works, and use of 

automatic control systems which permit the treatment given to be 

accurately matched to that ideally required. (Dowing, 2195) 

2-2-7 Miscellaneous Factors 

 There are several miscellaneous factors which cause effluent 

variability, such as changes in pH, nutrient deficiency, loss of dissolved 

oxygen, or the presence of substances in aeration basin at toxic or 

inhibitory concentrations. These factors can be controlled, however, in 

design and operational functions of a biological treatment plant         

(Davis, 2195). 
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1.2 Historical Background 
 

 Dependability of wastewater treatment plants has been investigated 

by many researchers through final effluent data of biochemical oxygen 

demand (BOD) and suspended solids (S.S) concentrations. 

Thomann (1971), studied daily data of effluent BOD4 of eight 

wastewater treatment plants over one year period of operation. He used this 

data for studying the variability in performance of wastewater treatment 

plants, through the use of time series analysis. Probability histograms for 

data range from normal to log-normal. The results indicated a high degree 

of variability in the final effluent of biochemical oxygen demand (BOD4) 

as measured by the coefficient of variation. 

Wheatland (1973), developed percentile-mean relations which can 

be used to predict effluent biochemical oxygen demand (BOD4) and 

suspended solids (S.S) concentrations. Wheatland analyzed the daily data 

of effluent (BOD4) and (S.S), for one year period, from fourteen large 

wastewater treatment plants in river Trent area. 

Calculations were made by wheatland for: 

2. The overall annual mean for each treatment plant. 

1. The concentration which was exceeded on; 

a. 4 percent of the days (the 14 percentile). 

b. 40 percent of the days (the 40 percentile). 

c. 14 percent of the days (the 4 percentile). 

A linear relationship was recognized after plotting annual mean and 

corresponding percentiles. Regression models relating these percentile to 

means are given in Table (1-2). 
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The following relation related the predicted concentration, Y (mg/l), 

which corresponds to a given percentile to the mean concentration,            

X (mg/l), for both (BOD4) and (S.S). 

 Y = mX + C 

where m & C are coefficients depend on effluent characteristics. 

Table (2-1): Coefficients for equations of the form Y = mX + C 

(After Whetland, 2192). 

Parameter of 

Effluent quality 
Percentile 

Coefficient for equation Correlation 

coefficient M C 

BOD 

4 0.33 0.12 0.11 

40 0.11 0.1 0.11 

14 2.95 2.4 0.15 

S.S 

4 0.53 3 0.14 

40 2.043 2.1 0.119 

14 2.4 4.1 0.15 

 

 

 Porter (1975), carried out a statistical technique, by using 

percentiles as a measure of variability, for specifying standards and 

establishing criteria for treatment design. He proposed that standards 

should be set on a probability basis. The corresponding mean (design 

value) can be obtained from a graph, which describes the effluent 

variability for a particular wastewater. This estimation of a mean 

concentration of a substance in an effluent will provide information about 

expected extreme concentration which is expected to be associated with 

mean. 

 Figure (1-1) shows the relationships between mean concentrations of 

a substance and the corresponding percentiles. 
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Figure (2-2): Relationships between mean concentration of a substance  

and corresponding percentile. (After Porter, 2194). 
 

 Popel (1976), constructed a realistic effluent standards concept and 

he evaluated its basic parameters by means of data from a number of 

wastewater treatment plants (activated sludge plants and trickling filters). 

Popel suggested that the normal distribution should be used because it is 

the simplest one and it will facilitate the later application of the results of 

frequency distribution analysis. But, through the analysis in many cases 

effluent data were positively skewed. This sheweness eliminated by 

applying the log-normal distributions. Tables (1-1) and (1-2) show the type 

of frequency distribution for effluent daily and monthly samples of data, 

obtained from a significant test on skeweness and kurtosis on a 45 level. 

Popel concluded that a fixed standards for an effluent quality parameter 

will not be an appropriate measure for effluent quality control, because it 

will always be exceeded and the probability of such exceedance decreases 

with increasing magnitude of the standards. 
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 A combined standard consisting of a standard value xs, and a 

permissible probability of exceeding it, P(x>xs), will be more realistic and 

appropriate to understand variability of wastewater treatment plants. 

Depending on the type of data distribution, the probability of exceedance of 

the combined standards can be determined by using the following 

equations: 

For normal distribution 

   






 





 s

s

x
xxP 1   ......... (1-2) 

For log-normal distribution 

  
 
  















g

s
s

gx
xxP






log

/log
1   ......... (1-1) 

where 

xs : standards, 

x : quality parameter of sewage treatment plant effluent, 

xg : log of quality parameter of sewage of treatment plant effluent, 

  : mean of normally distribution parameter, 

 : standard deviation of a normally distributed parameter, 

g : geometric mean (based on log-normal distribution), 

g : geometric standard deviation (based on log-normal distribution), 

 : represents the area under the normal curve (Appendix A-2). 
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Table (2-2) Frequency analysis of daily data. (After Popel, 2195). 

Plant Parameters Dimensions Mean 
Variance & 

S.D. 

Correct frequency 

distribution 

Normal Log-normal 

Heilborm BOD 
g/m

2
 24.1 41.5 - - 

 22.3 2.993 - X 

Maple BOD 
g/m

2
 25.1 21.2 - - 

 24.3 2.351 - X 

Slough 

BOD g/m
2
 10.4 22.1 - - 

  91.4 2.321 - X 

S.S g/m
2
 21.3 32.1 - - 

  25.1 2.313  X 

 

First row: Results on the basis of the normal frequency distribution (mean & variance). 

Second row: Results on the basis of the log-normal frequency distribution (mean and S.D.). 

X : represent connect frequency distribution 
  

Table (2-3) Frequency analysis of monthly data. (After Popel, 2195). 

Plant Parameters Dimensions Mean 
Variance & 

S.D. 

Correct frequency 

distribution 

Normal Log-normal 

Clevlant BOD 
g/m

2
 22.4 25 X - 

 20.5 2.411 - - 

Cranston BOD 
g/m

2
 15.1 41.2 - - 

 12.2 2.9 - X 

Gray 
BOD g/m

2
 21.1 53.1 - - 

  20.9 2.105 - X 

Maples lodge BOD g/m
2
 25.1 31.1 - - 

   23.1 2.525 - X 

Marion BOD g/m
2
 1.3 31.3 - - 

   9.4 2.515 - X 

Slough BOD g/m
2
 12.4 10.1 - - 

   12.0 2.121 - X 

 

First row: Results on the basis of the normal frequency distribution (mean & variance). 
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Second row: Results on the basis of the log-normal frequency distribution (mean and S.D.). 

X : represent connect frequency distribution 

 Ropert and Stanley (1976), introduced a statistical model for long-

term reliability of advanced wastewater treatment plants based on normal 

statistics. Daily operation data, which covered six years of continuous 

operation, was obtained from south lake Tahoo (Nevada, USA) plants. The 

analysed data includes biochemical oxygen demand, suspended solids , and 

phosphate as final effluent. Robert and Stanley, indicated that the long-

reliability of any process must be described by, at least, two numbers. If the 

distribution of the results is normal then it can be completely described by 

the average and the standard deviation. 

  Englande and Praviz (1976), introduced a study, in which the 

application of a frequency response solution and spectral analysis of input-

output data to estimate effluent variability from complete – mix activated 

sludge systems was verified by bench-scale studies. Experimental and 

theoretical results were compared for random, pulse, and step function 

inputs. Puls input into treatment system is very common and can be caused 

by a batch discharge or sudden spill of a substance into treatment process, 

as shown in Figure (1-2a). While step function is characterized by a sudden 

lasting change in concentration. Start-up or shut-down of a process, for 

example, could results in a step function nature, as appeared in Figure (1-

2b). Random input might be approached by an industry with diversified 

processes contributing batch discharges with no rigid periodicity, as shown 

in Figure (1-2c). 

 

 

 

 

                 (a)                                    (b)                                   (c) 
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Fig.(2-3): Basic wastewater time varying input. (After Englande and 

Praviz ,2195). 

 Cheng (1977), developed indicators for process stability and 

considered the importance of these indicators to completely mixed 

activated sludge process, specifically, to determine the relative influence of 

solids retention time c, and hydraulic detention time , on process 

stability. These indicators enable the design engineers to evaluate the effect 

of various designs on process stability. 

 Monod kinetic equation was first employed by Cheng, and then he 

presented a summary for other kinetic rate equations (Table 1-3). Cheng 

introduced the following indicators: 

- Process stability indicator (function of c and  , T
-2

) 
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- Process stability indicator (function of  T
-2

) 

  



1

E   ......... (1-3) 

- Process stability indicator (function of c T
-2
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The rate of change of process response with respect to () is  
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The rate of change of process response with respect to (c) is  
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Where; 

b : microbial decay coefficient, T
-2

. 

k : maximum rate of substrate untilization, T
-2

. 

ks : substrate concentration at which rate of substrate utilization is one-

half the maximum rate, L
-2

. 

s, so : influent and transient influent substrate concentration respectively. 

x : organism concentration, L
-2

. 

y : growth – yield coefficient, T
-2

. 

Figure (1-3) shows typical graphs of process response. 

Table (2-4): Process stability indictors for various kinetic equations 

(After Cheng, 2199) 

Kinetic equations for 

substrate utilization 
E() G( c) B 

Transient effluent 

substrate 

concentration 

Monod 
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Fig.(2-4): Characteristics of process response, (After Cheng, 2199). 

 Ely Ouano (1978), made a discussion about the study that made by 

Cheng (2199). Ely has recorded serious a doubt on the qualitative results 

from Cheng’s indicators and their applicability to the stability analysis of 

the activated sludge process because of the following errors: 

2- In the integration of the following equation; 

 x
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x
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 


.1.

1
  ......... (1-1) 

 Cheng assumed (xr/x) as a constant. This assumption is erroneous 

because it is to difficult to maintain this parameter constant. 

1- The term 
sk

xk

s 

..
 is a constant only at steady state, since (x) and (s) are 

variables whose values change in opposite direction during transient state 

(i.e., 
dt

dx

ydt

ds
.

1
 ) then the following equation, which developed by 

Cheng on the basis of ds/dt=0, helds true only during steady state; 
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 

c

co

b

ssy
X






.1

..
.




   ......... (1-1) 

 

 

Where; 

 : specific growth rate, T
-2

. 

r : sludge recycle ratio. 

xr : clarifier underflow organism concentration, L
-2

. 

 Thus, Cheng’s indictors do not describe the process stability during 

dynamic conditions of activated sludge process. 

 

Forde et al. (1978), discussed the study of Cheng (2199) as well. 

They appointed the following errors: 

The first important error is the author’s statement that =2/c. This is 

true only for completely mixed plants at steady state. The generalized 

equation (in Cheng’s study) for completely mixed plants with no cells in 

the influent is; 

   









x

x
rr

dt

dx

x

r.1.
1

.
1


   ....... (1-20) 

 Clearly, dx/dt is not zero under shock loading conditions. In addition, 

(x) is changing also. Thus, the term   

























x

x
rr r1

1


 is also changing 

during the shock. The author uses the erroneous assumption that  1 c  

and 








rx

x
 is constant in setting the following equation: 

 x
x

x
rr

dt

dx

c

r .
1

.1.
1






























  ....... (1-22) 

and its integral 



 Chapter Two : Literature  Review 

 

21 
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rrExpxtx

c

r
o .

1
.1.

1
. 





























  ....... (1-21) 

Then the results of these equations will be mislead: 

The second error, in the developed model was in the assumption that 

the cell and substrate balances are independent equations. 

In fact, these two parameters are couple and their coupling is defined 

by reaction stoichiometry. Unfortunately, Cheng ignored the stoichimetry 

of the reaction. 

In the developing of the following equation; 

 
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1
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..

1

.
..

1.
1

..







 ..... (1-22) 

The author also made a third error due to assuming that the term 

))/(..( skxk s   remains relatively constant. However, during transient 

period, effluent substrate concentration (s) varies with the  time and the 

rate, ds/dt, is a function of (s). Then, the preceding assumption does not 

hold. As a result, this equation is not generally applicable. Equation (1-22) 

is the basic equation that used throughout the rest of Cheng’s study. Thus, 

results and conclusions developed by Cheng were erroneous. 

Finally, Forde et al. mentioned that the process response indicator, 

B, could not be available indication of process stability for several reasons. 

First, (B) is not sensitive to change in (s). Second, (B) does not include the 

effect of non-soluble effluent substrate. Both of the variables (s) and non-

soluble effluent concentration are the most important variables used in 

process control. A third factor is that in the development of the model. The 

author presumed that () was a constant. Thus, E() does not change as a 

result of the shock. The interpretation of   /B  is therefore questionable. 
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Ralph et al. (1979), presented a work to determine the applicability 

of percentile – mean relations, such as those of Weatland (2192) and 

Porter (2194), to estimate effluent constituents concentrations. The authors 

used effluent data from ten secondary and nine advanced treatment plants 

in their study. Ralph et al. found that the percentile – mean relationships 

are applicable. They were submitted Fig.(1-3 and 1-4) for prediction 

effluent (BOD) and (S.S) concentrations, respectively, for daily, weekly 

and monthly running average with (14) percentile. 
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Fig.(2-5): BOD4 percentile-mean relations(After Ralph et al., 2191) 

  

Fig.(2-6): S.S percentile-mean relations (After Ralph et al., 2191) 

 Hovey et al. (1979), examined statistically final effluent data of 

biochemical oxygen demand (BOD) and suspended solids (S.S) from 11 

activated sludge wastewater treatment plants over a period of one year of 

continuous operation. The main purpose of that examination was the study 

of variability of wastewater treatment plants performance, and to estimate 

steady-state effluent design values that should be selected to assure an 

effluent quality better than discharge requirements most of the time. The 

authors found that no single probability density function could be used to 

describe all the twenty sets of (BOD) and (S.S) data. Thus, simple linear 

regression analysis methods were used to relate (BOD) and (S.S) 

concentrations with the exceeded concentrations at various percentages of 

the time. Hovey et al. presented the following equations (models) for daily, 

9-day, and 20-day arithmetic mean values. 

 X% ile S.Ssec = A + B (mean S.Ssec)  ....... (1-23) 

 X% ile BODsec = A + B (mean BODsec)  ....... (1-24) 

                      

                             Effluent arithmetic mean TSS4, mg/l.        
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 X% ile C9dam S.Ssec = A + B (mean S.Ssec)  ....... (1-25) 

 X% ile C9 dam BODsec = A + B (mean BODsec)  ....... (1-29) 

 X% ile 20 dam S.Ssec = A + B (mean S.Ssec)  ....... (1-21) 

 X% ile 20 dam BODsec = A + B (mean BODsec)  ....... (1-21) 

Where; 

X% ile = concentration exceeded 200-X% of the time in (mg/l). 

A and B = regression coefficients. 

 Niku et al. (1979), proposed a reliability model based on log-normal 

assumption, and presented a simple graphical and tabulated devices that 

can be used to predict process performance of plants under design or 

currently under operation. Niku et al. developed their model by examine 

statistically effluent data of  (BOD4) and (S.S) which obtained from the 

records of (29) activated sludge treatment plants across the U.S.A. The 

authors noted that in all plants effluent data were not symmetrically 

distributed. Generally the distributions were skewed to the right. It was 

found that the log-normal distribution consistently fits best to the observed 

effluent (BOD) and (S.S) data and consequently the log-normal distribution 

may be used to predict effluent quality. 

 Niku et al. (1981), introduced a model, based on statistical 

measurements, that can be used to define and compare the stability of 

activated sludge wastewater treatment plants. Through the statistical 

analysis of effluent (BOD4) and (S.S) data of (32) activated sludge 

treatment plants, Niku et al. concluded that plants having a standard 

deviation of less than 20 (mg/l) for both effluent (BOD4) and (S.S) data 

may be statistically considered as stable plants. While, plants having 

standard deviation greater than 20 (mg/l) for both effluent (BOD4) and 

(S.S) may be considered as unstable plants. 

 Niku et al. (1982), presented a study determines applicability to 

trickling filters processes of the reliability and stability models that 



 Chapter Two : Literature  Review 

 

24 

developed for activated sludge processes. They found that the probabilistic 

model already developed for a activated sludge process for predicting 

achievable effluent (BOD4) and (S.S) concentrations and estimating the 

reliability of plants under operation could be used for trickling filters as 

well, also the stability of trickling filters follows the same patterns as 

activated sludge plants was. Trickling filters with standard deviation of less 

than (20 g/m
2
) may be statistically considered as stable, whereas these with 

a standard deviation of more than 20 (mg/l) may be considered unstable. 

Tariq (1998), Studied the reliability of AL-Rustamiyah wastewater 

treatment plant through the application of the reliability model that 

introduced by Niku et al. (2191). To evaluate the reliability of this plant 

Tariq analyzed effluent data, which obtained from the records of AL-

Rustamiyah wastewater treatment plant, of BOD4 and S.S for nine years of 

operation. The author had found that the overall reliability(of AL-

Rustamiyah wastewater treatment plant) for effluent BOD4 was =90.115 

and 55.015for effluent S.S. 
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THEORETICAL BACKGROUND  

 

1.3 Introduction 
 

 This chapter gives a theoretical background on the statistical models, 

(that used in this study); and their application on the final effluent 

(BOD5) and (S.S) data of Al-Kerkh wastewater treatment plant. As 

well as it will review the methods of finding the appropriate 

probability density function (p.d.f), goodness of fit tests, that fits the 

final effluent (BOD5) and (S.S) data. 

1.3 Reliability Concept 
 

 Reliability is expressed in probability terms and it can be defined as 

“the probability of adequate performance”-that it is the percent of the time 

that effluent concentrations meet requirements. (Chorafas, 3161).  

 tsrequiremeneffluentionconcentrateffluentFailure   ........ (1-3) 

 The probability of failure is extremely sensitive to the distribution 

function of effluent concentration. Thus, to develop a reliability model, first 

the distribution of effluent concentration should be modeled. Assuming the 

distribution of effluent concentration is known, then, the reliability of the 

plant could easily be computed. If an expression can be found that gives the 

fraction of the time that given concentration has been exceeded in the past, 
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the future performance of the plant can be predicted, provided process 

variables remain the same. (Robert and stanley, 3196). 

 Reliability figures can not be interpreted until common criteria of 

performance judgment are established. Regulatory agencies establish these 

criteria based on adverse effects that performance failure may cause on the 

environment. (Chorfas, 3161) 

 

1.1 Effluent Concentration Distribution 
 

 Effluent variability can be shown and analyzed by determining the 

histogram and probability density function (p.d.f) of the data, Fig.(1-3). 

 The discontinuous curve of the histogram may be approximated by a 

superimposed continuos curve, a scaled version of which is called the 

probability density function. (Benjamin and cornell, 3191). 

                         Fig.(3-1): Histogram and its p.d.f. (After McCuen, 3195). 

 Theoretically, positive skewness (distribution toward higher  values) 

is very expected in wastewater treatment plant data since there is usually a 

lower bound on effluent concentration (no negative values for effluent 

concentration), but there are no upper limits. (Niku et al, 3191). 
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 Of particular concern to the designer engineers is the type of 

distribution to be used for reliability study, the type of distribution of 

effluent concentration can be examined as follows; 

3-3-1 Kolmogorov-Smirnov Test 
 

 Kolmogorov-Smirnov test is one of the most commonly used tests 

for the selecting of the suitable type of distribution for a given histogram. 

This test involves the examination of random sample from an unknown 

continuous distribution to test the hypothesis that the unknown distribution 

function is the specified known continuous distribution function. The 

conventional null hypothesis is that the distribution functions are identical. 

The test is based on the difference between the empirical cumulative 

distribution function (C.D.F) (Observed cumulative histogram) and the 

known cumulative distribution function at each data point. The largest of 

these differences, Dmax, is used with sample size to test the hypothesis 

(Ho). (Nie et al., 3195). 

 If the hypothesis cumulative distribution function Fx(x) and the 

empirical C.D.F (observed cumulative histograms) is: 

  
n

i
xF i    ......... (1-3) 

where; 

x
i
 : the largest observed value in the random sample. 

n : size of the random sample. 

i : class interval. 

Then (Dmax) can be determined as follows: (Benjamin and Cornell, 3191) 

     ||max 1max
iin

i xFxxFD     ......... (1-1) 

 or 

 

  







  ||max 1max

in
i xFx

n

i
D

  ......... (1-4) 
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Then (Dmax) will be compared with critical valued (Dα) from Table (A-3) 

in Appendix A to take decision about the rejection or acceptance of the null 

hypothesis. 

If DD max  accept Ho 

If Dmax > D reject Ho 

 McCuen (3195) proposed the following steps for running the 

Kolmogorov-Smirnov test. 

3-  State the null and the alternative hypotheses in terms of the proposed 

probability density function and its parameters. 

3- The test statistic, Dmax is the maximum absolute difference between 

the cumulative function of the sample and the cumulative function of 

the probability function specified in the null hypothesis. 

1- The level of significance should be set; values of 1.13, 1.15 and 1.3 

are usually used. 

4- A random sample should be obtained and the cumulative probability 

function derived. After computing the cumulative probability 

function for the population, the value of the test statistics should be 

computed. 

5- The critical value, D, of the test statistic should be obtained from 

Table (A-3) in Appendix A. The values of D is a function of () 

and the sample size (n). 

6- If the computed Dmax is greater than D, the null hypothesis should 

be rejected. 

3-3-4 Chi-Square Test (
2 ) 

 

 Chi-square test is another test which can be used to help in using or 

rejecting a certain distribution toward which we have a certain predilection. 

This test is based on the difference between actual frequencies, fi, and the 
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expected frequencies, if̂ , of a known distribution function at mid-interval 

of each category. 

 Chi-square statistics for a goodness-of-fit test is given by the 

following model; (Hays, 3161). 

 





if

iffi

ˆ

ˆ 2

2   ......... (1-5) 

where; 

fi : actual frequency value at mid-interval of each category. 

if̂  : expected frequency value at mid-interval of each category. 

i : class interval. 

 2  value will be compared with critical value ( 2
 ) from           

Table (A-1) in Appendix A to take decision about rejection or acceptance 

of the proposed distribution (null hypothesis, Ho). 

 If 22
   accept Ho. 

 If 22
   reject Ho. 

 Lawrence (1823), proposed the following steps for running the      

Chi-square test: 

3- Formulate the null hypothesis (Ho), for example the sample data 

represent a normal distribution. 

3- Establish the significance level, degree of freedom, and the 

acceptance and rejection rejoins for the decision rule. For example, 

A 55 significance level and (4) degree of freedom will result with 

critical value 488.92   (from Table (A-1) in Appendix A). Degree 

of freedom may be calculated as follows: (Lawrence, 3191) 

         Degree of freedom = Number of categories – Number of the 

estimated parameters –3  ......... (1-6) 
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1- Compute the test statistics, this step includes the finding of the actual 

and expected frequencies and computing 2  value. 

4-  Make the decision of rejecting or accepting of the null hypothesis 

(Ho), by comparing ( 2 ) value with ( 2 ) value. 

1.4 Log-Normal Distribution as the Candidate Distribution 
 

 Usually final effluent data from wastewater treatment plants have a 

positive skewness (distribution toward higher values). This skewed data 

can be fitted by using log-normal or gama distribution, (Niku et al, 3191). 

But the log-normal distribution is the most candidate distribution function 

to eliminate this skewness, as recommended by Benjamin and Cornell 

(3191), Popel (3196), and Niku et al. (3191). 

 The log-normal probability law is one commonly used in civil 

engineering practice and seems to have been adopted originally to produce 

a better fit to skewed data by using this simple transformation of the 

familiar normal distribution. (Benjamin and Cornell, 3191). 

 The log-normal distribution has the following probability density 

function; (Benjamin and Cornell, 3191). 
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
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xxx
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  ......... (1-9) 

where; 

x : represents effluent variable concentration. 

xln  : standard deviation of the logarithm of x.  

xm  : median of x. 

 From the properties of the moment-generating function of the normal 

distribution, the rth moment about the origin as denoted by E(X
r
) is given 

by; (Benjamin and Cornell, 3191). 
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     







 2

ln
2 ,

2

1
exp. x

rr rxmxE    ......... (1-9) 

In particular, 

 







 2

ln
2

1
exp. xxmxm    ......... (1-1) 

   1exp. 2
ln

22  xxmx    ....... (1-31) 

where; 

mx : mean of data. 

2x  : variance of data. 

 From Equations (1-1) and (1-31), the relationships for the 

parameters of probability density function of the log-normal distribution in 

terms of the moments of variable x are; (Benjamin and Cornell, 3191). 

 
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


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m x
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  ....... (1-33) 

and 

 
2
ln

2
ln

2

1
ln xx mx     ....... (1-33) 

 

where 

xm ln  : mean of the natural logarithm of x. 

2
ln x  : variance of the logarithm of x. 
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1.5 Development of the Reliability Model 
 

 Niku et al. (3191), constructed a statistical model for predicting the 

mean constituent value under a certain level of reliability. This model can 

be used for designing of wastewater treatment plants, and for estimating of 

reliability of the plants under operation. 

 Niku et al., constructed their model on the basis that effluent 

concentration distribution for the (BOD5) and (S.S) data fit a log-normal 

distribution. 

 Statistical models, which constructed for designing of wastewater 

treatment plants, should be designed to produce an average effluent 

concentration below the discharge standards because of the variations in 

effluent quality. Popel (3196), Roper et al. (3191), and Niku et al. (3191). 

 The question is, what mean value guarantees effluent concentration 

consistently less than a standard with a certain reliability?. The coefficient 

of reliability may be introduced that relates mean constituent values (that 

is, the design values) to the standard that must be achieved on probability 

basis. The mean constituent value, mx, is then obtained from the following 

equation; (Niku et al, 3191). 

   sXCORmx *   ....... (1-31) 

where; 

Xs : a fixed standard. 

COR : coefficient of reliability. 

 The problem of interest to the designer engineer is to develop an 

expression for the coefficient of reliability from which one may compute 

the necessary mean value of the process that guarantees the reliability level 

(3-. 

 Suppose that, for some probability of failure  between (1) and (3), 

but presumably this value of  is  near zero, the designer engineer wish to 
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design the treatment process for which the observed log-normal variable X 

has the property that; 

    1sxxP   ....... (1-34) 

 This equation is equivalent to choosing the parameters of the log-

normal, so that: 

 
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 1

ln

ln

ln

x

xs mx
ZP   ....... (1-35) 

where Z is a standardized normal variable. If Z3- defined to be the number 

with the property that: 

      11ZZP   ....... (1-36) 

then Z3- may be obtained from the standard normal tables. 

 Substituting the properties of log-normal distribution (Equations    

(1-33) and (1-33)) in equation (1-35) results in the following;                

(Niku et al, 3191). 
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 where Vx = σx/mx  ....... (1-39) 

this equation can be manipulated as follows; 
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COR    ....... (1-39) 

where; 

Vx : coefficient of variation. 

 The COR (Equation (1-39)) relates the mean constituent value, mx, 

to the standard, XS, for reliability level 3-. 

 Two statistical parameters are used in ratability determinations: 

* The first parameter is the coefficient of variation, Vx, which is the 

ratio of the standard deviation, x, and the mean value, mx;       

(Niku et al., 3191). 

 
mx

Vx x
   ....... (1-31) 

* The second parameter is the percentiles Z3-, of the standard normal 

distribution; that is the number of standard deviations by which X 

differs from the mean. 

 Values of the COR for effluent concentrations for different 

coefficients of variation at different levels of reliability are given in     

Table (1-3). In Table (1-3), the fractional reliability for effluent 
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concentrations is presented as a function of Vx and COR. The results of 

Table (1-3) have been shown graphically in Figure (1-3). 

Table (3-1): COR  as a function of (Vx) and reliability. (After Niku et al., 3191). 

Reliability 235 235 83% 845 825 825 885 88.85 

Vx         

3.3 3.14 1.93 1.93 1.61 1.64 1.59 1.51 1.43 

3.2 3.19 1.99 1.66 1.61 1.59 1.41 1.44 1.11 

3.2 3.33 1.95 1.63 1.59 1.53 1.43 1.19 1.36 

3.2 3.39 1.91 1.59 1.54 1.49 1.19 1.13 1.33 

3.2 3.33 1.93 1.54 1.51 1.41 1.11 1.39 1.39 

3.2 3.39 1.93 1.53 1.49 1.41 1.11 1.35 1.36 

3.8 3.15 1.91 1.51 1.46 1.19 1.39 1.33 1.34 

1.3 3.43 1.91 1.41 1.44 1.16 1.36 1.31 1.31 
 

 

Table (3-4):Reliability as a function of normalized mean, and Vx of effluent 

concentration. (After Niku et al., 3191). 

COR 3.1 3.4 3.3 3.2 3.2 3.2 3.2 3.2 3.8 1.3 1.42 1.2 

Vx  

3.3 

1.111

1 

1.111

1 

1.111

1 

1.111

5 

1.111

1 

1.191

6 

1.131

4 

1.939

1 

1.611

3 

1.559

1 

1.361

9 

1.319

1 

3.2 

1.111

1 

1.111

1 

1.111

5 

1.115

1 

1.196

9 

1.115

1 

1.969

3 

1.991

1 

1.691

1 

1.596

1 

1.151

9 

1.315

1 

3.2 

1.111

1 

1.111

1 

1.119

1 

1.195

3 

1.155

9 

1.116

3 

1.911

3 

1.961

9 

1.699

1 

1.511

4 

1.416

4 

1.366

1 

3.2 

1.111

1 

1.111

1 

1.113

9 

1.191

3 

1.116

6 

1.994

6 

1.933

3 

1.953

6 

1.691

9 

1.611

3 

1.451

3 

1.135

3 

3.2 

1.111

1 

1.119

1 

1.196

1 

1.163

1 

1.133

3 

1.969

5 

1.931

9 

1.949

1 

1.695

1 

1.631

1 

1.495

1 

1.193

3 

3.2 

1.111

1 

1.115

1 

1.191

5 

1.151

1 

1.119

9 

1.951

4 

1.914

9 

1.949

3 

1.613

1 

1.619

1 

1.531

9 

1.433

1 

3.8 

1.111

6 

1.111

3 

1.194

1 

1.141

3 

1.111

6 

1.939

1 

1.913

9 

1.951

1 

1.611

3 

1.641

1 

1.519

1 

1.441

1 

1.3 

1.111

1 

1.111

5 

1.169

9 

1.115

1 

1.914

3 

1.949

5 

1.911

1 

1.951

1 

1.916

5 

1.663

4 

1.559

1 

1.493

9 

1.4 

1.119

3 

1.195

3 

1.151

9 

1.135

4 

1.996

1 

1.944

5 

1.913

1 

1.961

4 

1.931

3 

1.693

6 

1.511

6 

1.493

9 

1.2 

1.116

3 

1.199

5 

1.151

9 

1.139

3 

1.993

3 

1.944

6 

1.995

4 

1.993

9 

1.919

1 

1.919

5 

1.563

3 

1.569

5 
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Figure (3.4): Reliability versus normalized mean for different coefficient of variation 

(After Niku et al., 3191). 

 

 
 



 Chapter Three : Theoretical background 

 

32 

1.6 Reliability Model Applications 
 

 Niku et al. (3191), developed their model for the purpose of the 

design of wastewater treatment plants and the estimation of reliability of 

the plants under operation. 

 

3-2-1 Using the Model in Designing of Treatment Plants 
 

 The results of Table (1-3) have a significant potential application in 

design. Values of COR given in the table may be used in design of a 

treatment plant expected to perform a certain reliability. The coefficient of 

variation for effluent concentration should be estimated. Selection of the 

appropriate design value of the coefficient of variation, Vx, must be based 

on reasonable expectation of performance (that is, experience). This may 

be done from past experience or using the results from other similar 

treatment plants. (Niku et al., 3191). 

 Values of coefficient of variation for effluent BOD5and S.S for some 

treatment plants are given in Table (1-1) as given by Niku et al.(3193). 

 Applications of the results of Table (1-3) in designing process are 

described by the following example; (Niku et al., 3191). 

 To have 155 reliability that effluent BOD5 concentration is equal or 

less than a certain standard, XS, when Vx for the plant is estimated to be 1.9, 

by using the results of Table (1-3), the plant should be designed for the 

mean value equal to or less than 1.41 XS. (If XS = 11 mg/l then average 

BOD5=1.41*11=33.1 mg/l or less. Similarly, for a less stringent standard 

of XS= 41 mg/l; average BOD5= 1.41*41=39.3 mg/l or less).  
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Table (3-3): Estimated coefficient of variations (Vs) of various process types 

(After Niku et al. 3193) 

Process type Coefficient of variability  

BOD 

Step feed / aeration 

Conventional 

Complete-mix 

Contact-stabilization 

Trickling filters 

 

1.69 

1.61 

1.99 

1.96 

1.46 

S.S. 

Step feed /aeration 

Conventional 

Complete-mix 

Contact-stabilization 

Tricking filters 

 

1.91 

1.96 

3.11 

1.11 

1.53 
 

 

 

3-2-4 Using of the Model in Reliability Prediction 

 Results from Table (1-3) or Fig.(1-3) may be used to estimate the 

reliability of a treatment plant under operation if the mean and standard 

deviation for the plant are known. For example, there is 995 reliability in a 

plant operating with COR = 1.6 and a Vx=1.9. (Niku et al., 3191).  
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1.9 Process Stability 
 

 The term “process stability” has often been used without a formal 

definition to describe plants with consistent performance. Stability may be 

defined in terms of the magnitude of the perturbations of effluent quality 

characteristics from the mean values. For example, a process may be 

considered stable when fluctuations exist in input loading but large 

variations will not appear in the effluent quality characteristics. Process 

stability may be analyzed by three approaches: experiment studies under 

laboratory conditions, mathematical modeling and simulation techniques, 

and statistical measures. (Niku et al, 3193). 

 usually experimental studies under laboratory conditions  are           

performed under favorable laboratory conditions permitting investigation         

of individual variables and thus don’t reflect the variations encountered in 

full-scale operations. Therefore, working with full-scale plant data is          

preferable where the objective is to develop a measure of actual system 

stability. (Niku et al., 3193). 

 Mathematical modeling and simulation techniques are another 

techniques occasionally used for quantitative description of waste treatment 

process performance. The results of these techniques should be used with 

caution in stability studies, because these techniques are based on the 

assumption of steady-state conditions, whereas the concern in stability 

studies is non-steady – state conditions. (Andrews, 3194). 

 Because of the intricate nature of the stability problem and the fact 

that many of the parameters affecting effluent quality are inherently 

stochastic, an obvious approach to analyzing process stability is through 

statistical analysis. Statistical examination techniques can be used to 

identify and quantify numerical characteristics exiting in the data. Dealing 

with data from full-scale plants, the stability of a process may be evaluated 



 Chapter Three : Theoretical background 

 

38 

both qualitatively and quantitatively. In this case, all variables affecting the 

process variation are considered, regardless of their cause and effect 

relationships. (Niku et al, 3193). 

 

1.9 Stability Measurement  
 

 Stability may be thought of as the property of adherence to a 

reference or norm. In the case of wastewater treatment, the best reference 

value for stability appears to be the annual mean of constituent 

concentration. One complete cycle of weather and a monitoring period long 

enough to damp the effects of short-term variations is reflected in the 

annual mean value. Variations from the mean on a day-to day, week – to – 

week, or month-to-month basis then provided a measure of stability (Niku 

et al., 3193). 

 Since stability is a measure of variations from the mean, for 

comparison purposes a standard quantitative measure of variation (stability 

indicator) is of special interest. The stability indicator may be used as a tool 

for evaluating different plants statistically and comparing their relative 

stability and for examining the effects of various design and operation 

procedures have on process stability. The indicators available are variance 

and standard deviation, coefficient of variation, and coefficient of stability. 

(Niku et al., 3193). 

3-2-1 Variance and Standard Deviation 
 

 The most common measure of dispersion are variance and standard 

deviation. Variance (Sx
3
) is defined as the weighted average of the squared 

deviations from the mean (Benjamin and Cornell, 3191). 

  






n

i
i xx

n
xS

1

22

1

1
  ....... (1-31) 
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where: 

n : number of observations. 

xi : observation value. 

x  : mean of observations values. 

i : class interval. 

 In practice the positive square root of the variance, called standard 

deviation (Sx) is given more importance than the variance because this 

value has the same units as the variable. 

 Standard deviation may be used as a logical indicator for stability 

comparison of plants. Smaller standard deviations generally imply tighter 

distributions, less widely spread about the mean, and therefore a more 

stable situation. This has been shown schematically in Fig.(1-1), where 

probability density functions of the same basic shape but having different 

means or standard deviations are shown. The curves in sections (a) and (b) 

of the figure differ only in their mean, while the curves in sections(b) and 

(c) differ only in their standard deviation. The curve in section (c), which 

has a wide spread – corresponds to less stable situation than the curve 

shown in section (b). (Niku et al., 3193). 

 

 

 

 

 

 

 

 

 



 Chapter Three : Theoretical background 

 

21 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

    Fig.(3-3): Changes in probability density function (P.D.F), with changes in the  

                 mean and in the standard deviation (After Niku et al, 3193). 
 

3-2-4 Coefficient of Variation (VX) 
 

 The coefficient of variation, Vx, is another common measure of 

relative dispersion. This coefficient is defined as the ratio of the standard 

deviation to the mean. (Benjamin and Cornell, 3191). 

 
x

Sx
Vx    ....... (1-33) 

 The coefficient of variation is not a good or logical measure of 

stability. For example, two plants may have the same coefficient of 

variation, say (1.9), where one plant has a mean of (51) mg/l and standard 

deviation of (15) mg/l and the other plant has a mean of (31) mg/l and a 

standard deviation of (9) mg/l. Obviously the latter plant has less variation 

and thus is more stable than the former. (Niku et al., 3193). 
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3-2-3 Coefficient of Stability (COS) 
 

 Forsthl (3113) has proposed the coefficient of stability (COS), 

defined as the ratio of variance over the mean, for stability analysis. 

 
x

Sx
COS

2

   ....... (1-33) 

 This coefficient is a far better measure of stability than the      

coefficient of variation, because it gives more weighted to the variations 

while taking the mean into account. In other words, plants that are 

operating at higher mean concentrations are allowed to have more variation 

than those operating at lower mean concentrations with same measure of 

stability. 

 

1.1 Selection of the Most Appropriate Indicator of Stability 
 

 Niku et al. (3193), selected the standard deviation as the most 

appropriate indicator of wastewater treatment plant stability, because 

theoretically it is the measure of dispersion and practically it is the most 

familiar and simplest term among the measures of stability. 

1.31 Stability Cutoff Point 
 

 The stability cutoff point may be defined as a standard deviation 

value below which plants are considered stable and above which plants are 

considered unstable. (Niku et al., 3193). 

 In Fig.(1-4), which was constructed by Niku et al., (3193) by using 

effluent (BOD5) data from (33) treatment plants, the mean, standard 

deviation, and range of effluent (BOD5) data are shown. Examination of the 

these descriptive statistics leads to the conclusion that plants having 

standard deviation of less than (31) mg/l for effluent (BOD5) may 

statistically be considered stable. The (31) mg/l has been selected as the 
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stability cutoff point because distinct difference exists between the 

statistical characteristics of the plants operating below and above this value. 

 

 

 

 

 

 

 

 

 

Standard deviation (mg/l). 

Fig.(3-2): Mean, standard deviation, and ranges of effluent (BOD5) concentration 
in 

different plants. (After Niku et al., 3193) 
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Table (4-0): Chi-square test for final effluent (S.S) data of Al-Kerkh wastewater 

treatment plant. 

 

Gama 
Log-

normal 
Normal 

α =.50          2χ 
2χ 

Gama 

2χ 
Log-

normal  

2χ 
Normal  

Line Year 
Gama 

Log-
normal 

Normal 

X X - 18.7 98.9 9899 18.9 98.9 99895 7 
79.9 

X X - 18.7 98.9 9899 1899 1897 ..89. . 

X X - 18.7 98.9 9899 18.9 .8.9 ..81. 7 
7999 

X X - 18.7 98.9 9899 1815 .8.1 ..8.5 . 

X X - 18.7 .8.. 9899 189. .899 ..877 7 
799. 

X X - 18.7 9899 9899 .8.. 9879 7.817 . 

- X - .8.. .8.. 18.7 798.. .899 ..85. 7 
799. 

- X - 9899 .8.. .8.. .8.5 .899 .98.5 . 

X X - 18.7 18.7 9899 181. 9859 9855 7 
799. 

X - - 9899 9899 9899 .819 5879 98.1 . 

- - - .8.. .8.. .8.. 7.8.1 .891 .98.5 7 
7999 

X X - 7.899 77891 77891 .89. 98.. .181. . 

X X - 7.899 77891 77891 .89. 7.8.7 9.891 7 
7995 

X X - 77891 98.9 98.9 9857 981. 5.871 . 

X X - 18.7 18.7 18.7 181. 18.. .78.. 7 
7991 

X X - 98.9 18.7 18.7 .89. 98.9 .78.. . 

 
X: Represent the acceptance of distribution type. 
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ANALYSIS OF THE RESULTS 

 

1.4 Introduction 
 

This chapter provides the statistical analysis of effluent data of 

biochemical oxygen demand (BOD5) and suspended solids (S.S) for lines 

one and two of Al-Kerkh wastewater treatment plant, in order to investigate 

the dependability of this plant. 

To evaluate the dependability of the above mentioned plant, it is 

necessary to model the distribution of effluent data. The knowledgement of 

the probability distribution function makes the reliability of plant easy to 

compute. As well as it is necessary to establish the common criteria that 

concerns the performance of the plant. 

In this study, the statistical analysis are based on criteria of Iraqi 

effluent standards of 14 (mg/l) for BOD5 and 04 (mg/l) of S.S for the 

treated wastewater disposed into rivers. These criteria are based on the 

adverse effects that the performance failure may cause on the 

environment.(Tariq, 4991) 
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1.4 Reliability Estimation 
 

 Reliability of Al-Kerkh wastewater treatment plant has estimated by 

using of effluent data of BOD5 and S.S for eight years of operation (5990 

readings). 

4-2-1 Selection of Distribution Type. 
 

 Effluent variability can be shown and analyzed by determining the 

histogram and probability density function(p.d.f). Figures (1-4) through 

(1-1) are typical histograms of the final effluent (BOD5) and (S.S) 

concentrations of Al-Kerkh wastewater treatment plant (lines one and 

two).Each figure represents the data of one year. The data of year 4994 

were missing as a result of the war. 

 The data were not symmetrical and skewed to right of most frequent 

values, as measured by the skewers coefficient (Table 1-4). 

 The candidate distribution functions that can be fitted to the skewed 

data include log-normal and gamma distributions (Benjamin and Cornell, 

4994), as well as the normal distribution may be suitable for large data 

(Lawrence, 4911). By using Kolmogrov-Simironov test, Tables (1-4 and 1-

1) for effluent BOD5 and S.S data respectively, and Chi-Square test, Tables 

(1-1 and 1-5) for effluent BOD5 and S.S data respectively. It has been 

found that the hypothesized log-normal distribution function should not be 

rejected for both lines at different levels of significance, as shown in these 

tables. Thus, the discontinuous curve of the histogram can be approximated 

by superimposed of log-normal probability density function (p.d.f.) as 

shown in the above mentioned figures. 
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Table (4-1): Statistics for final effluent BOD5 and S.S data of Al-Kerkh wastewater 

treatment plant. 

Effluent S.S Effluent BOD5  

Line Year Skew-
ness 

Vx S.D. Mean 
Valid 
Obs. 

Skew-
ness 

Vx S.D. Mean 
Valid 
Obs. 

4.91 4.09 9.15 41.09 404 4.44 4.14 1.10 44.14 404 1 
1191 

4.14 4.51 9.59 49.94 451 4.41 4.14 1.11 44.14 404 2 

4.11 4.11 9.44 49.14 414 4.40 4.51 9.99 41.11 414 1 
1111 

4.40 4.54 9.15 49.14 419 4.99 4.59 9.11 40.04 414 2 

4.49 4.10 09.95 99.44 94 4.14 4.14 11.04 04.55 11 1 
1112 

4.11 4.94 14.45 94.00 91 4.40 4.91 09.44 19.41 19 2 

4.94 4.51 19.14 09.04 414 4.49 4.01 14.04 01.49 414 1 
1113 

4.44 4.51 19.44 91.14 414 4.10 4.99 01.44 94.44 414 2 

4.01 4.01 11.14 90.44 411 4.51 4.14 59.14 94.14 414 1 
1114 

4.11 4.01 54.94 90.44 411 4.14 4.11 01.14 11.14 414 2 

4.91 4.54 41.14 59.54 414 4.14 4.14 15.44 11.44 414 1 
1115 

4.45 4.09 10.44 51.44 414 4.11 4.11 19.94 15.94 414 2 

4.10 4.10 14.14 19.4 411 4.44 4.14 40.44 14.44 415 1 
1116 

4.41 4.99 10.44 10.44 411 4.44 4.91 44.14 49.14 415 2 

4.44 4.01 41.14 15.04 411 4.01 4.04 49.14 41.14 414 1 
1111 

4.11 4.01 41.54 19.04 411 4.41 4.94 40.11 41.45 414 2 
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FIGURE (4-1): Histogram and its p.d.f for final effluent BOD5 and S.S data 
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FIGURE (4-4): Histogram and its p.d.f for final effluent BOD7 and S.S data 

 (Year3995( ,AL-Kerkh wastewater treatment plant. 
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FIGURE (4-2): Histogram and its p.d.f for final effluent BOD5 and S.S data 
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FIGURE (4-3): Histogram and its p.d.f for final effluent BOD5 and S.S data 

 (Year2991),AL-Kerkh wastewater treatment plant. 
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FIGURE (4-4): Histogram and its p.d.f for final effluent BOD7 and S.S data 

 (Year3995( ,AL-Kerkh wastewater treatment plant. 
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FIGURE (4-5): Histogram and its p.d.f for final effluent BOD5 and S.S data 

 (Year4991  ( , AL-Kerkh wastewater treatment plant. 
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FIGURE (4-6): Histogram and its p.d.f for final effluent BOD5 and S.S data 

 (Year5995  ( ,AL-Kerkh wastewater treatment plant. 

Effluent concentration (mg/l).

No o
f obs

0

6

12

18

24

30

36

42

48

54

60

66

72

78

84

20 40 60 80 100 120 140 160 180 200 220

Effluent concentration (mg/l).

No o
f obs

0

6

12

18

24

30

36

42

48

54

60

66

72

78

20 40 60 80 100 120 140 160 180 200

Effluent concentration (mg/l).

No o
f obs

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

50 100 150 200 250 300

Effluent concentration (mg/l).

No o
f obs

0

5

10

15

20

25

30

35

40

45

50

55

60

20 40 60 80 100 120 140 160 180 200 220

LINE 5- S.S 

LINE 2- S.S LINE 2- BOD5 

LINE 5- BOD5 

   

       y = 581 * 21 * lognorml (x; 4.4593.8; 
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FIGURE (4-7): Histogram and its p.d.f for final effluent BOD5 and S.S data 

 (Year6996  (, AL-Kerkh wastewater treatment plant. 
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FIGURE (4-8): Histogram and its p.d.f for final effluent BOD5 and S.S data 

 (Year7991  ( ,AL-Kerkh wastewater treatment plant. 
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Table (7-2): Kolmogorov-Smirnov test for final effluent (BOD5) data of Al-Kerkh 

wastewater treatment plant. 

Gama 
Log-

normal 
Normal 

Dα Dmax 

Gama 

(3) 

Dmax 

Log-normal 

(2) 

Dmax 

Normal 

(1) 

Line Year %01 %1 %1 

1-2-3 1-2-3 1 757050 757043 751711 757571 757205 757030 1 1000 

 1-2-3 - 757050 757043 751711 757050 757202 751217 2 

1-2-3 1-2-3 1 757000 757000 751752 757432 757160 757005 1 1007 

1-2-3 1-2-3 1 757000 757000 751752 757341 757313 751470 2 

1-2-3 1-2-3 - 751371 751457 751030 751175 751761 752227 1 1002 

1-2-3 1-2-3 - 751370 751450 751040 751130 751435 751034 2 

1-2-3 1-2-3 - 751100 751777 757000 757350 757332 751200 1 1003 

1-2-3 1-2-3 - 751100 751777 757000 757051 757206 751607 2 

1 - 1 757070 751714 751215 751704 751731 751707 1 1004 

1-2-3 1-2-3 1 757074 751770 751270 757024 757077 751136 2 

- 1-2-3 - 757070 751714 751215 751371 757022 752446 1 1005 

1-2-3 1-2-3 - 757070 751714 751215 757623 757364 751017 2 

1 1 - 757000 751771 751106 751772 751772 752734 1 1006 

1-2-3 1-2-3 - 757000 751771 751106 757020 757555 751505 2 

- - 1 757070 751711 751212 757410 757243 751277 1 1000 

- - - 757074 751700 751270 757666 757563 751437 2 
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Table (8-3): Kolmogorov-Smirnov test for final effluent (S.S) data of Al-Kerkh 

wastewater treatment plant. 

 

Gama 
Log-

normal 
Normal 

Dα Dmax 

Gama 

(3) 

Dmax 

Log-normal 

(2) 

Dmax 

Normal 

(1) 

Line Year 
%01 %1 %1 

1-2 1-2 - 
070.5

. 

070.4

3 

07101

1 

070.3

6 
070.26 071.50 1 

11.1 

1-2 1-2-3 - 
070.6

0 

070..

. 

07101

5 

070.0

3 
0705.3 07130. 2 

1-2-3 1-2-3 - 
070..

. 

070..

. 

07105

2 

070.2

. 
0703.. 071110 1 

1110 

1-2-3 1-2-3 - 
070..

1 

070..

0 

07105

4 

070.2

. 
070311 071210 2 

1-2 1-2-3 - 
07126

5 

07141

0 

07161

0 

07140

2 
070114 072610 1 

1112 

1-2-3 1-2-3 1 
07125

2 

0713.

5 

0716.

2 

07035

. 
070526 0713.2 2 

1 1-2-3 1 
070.2

. 

07100

0 

07111

. 

0710.

. 
070.6. 071026 1 

1113 

1 1-2-3 1 
070.2

. 

07100

0 

07111

. 

07100

1 
070626 071001 2 

1-2-3 1-2 - 
070.1

1 

07100

3 

07120

2 

070..

.0 
07014. 072620 1 

1114 

1-2-3 1 - 
070.1

1 

07100

3 

07120

2 

07062

. 
071011 0722.0 2 

1 1 1 
07010

1 

07101

4 

07121

5 

07101

. 
0710.5 071031 1 

1115 

1-2-3 1-2-3 - 
07010

. 

07101

1 

07121

2 

070.6

. 
0705.2 071.01 2 

1-2 1-2-3 - 
07010

2 

07100

5 

07120

5 

070.1

4 
070.00 072016 1 1116 
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1-2-3 1-2-3 - 
07010

4 

07100

. 

07120

. 

070.5

6 
070.16 0720.. 2 

1-2-3 1-2-3 - 
070.1

1 

07100

3 

07120

2 

070.6

6 
070520 071563 1 

111. 

1-2-3 1-2-3 - 
070.1

1 

07100

3 

07120

2 

070..

0 
070645 071.11 2 
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Table (9-9): Chi-square test for final effluent (BOD5) data of Al-Kerkh wastewater 

treatment plant. 

 

Gama 
Log-

normal 
Normal 

χ2α = .0.5 
2χ 

Gama 

2χ 
Log-

normal 

2χ 
Normal 

Line Year 
Gama 

Log-

normal 
Normal 

X X - 95051 990.1 95051 6056 50.9 .601. 9 9191 

- X - 1099 1099 5011 9.069 501. 5.019 5 
X X - 1099 1099 5011 .059 8059 950.8 9 911. 
X X - 9.0.1 95051 95051 108. 1019 55011 5 
X X - 5011 809. 809. 8086 80.1 98091 9 9115 
X X - 1099 5011 1099 80.5 90.9 905. 5 
X X - 9.0.1 95051 95051 8069 .0.5 85011 9 9118 
X X - 1099 5011 5011 105. 9095 510.. 5 

- - - 5011 5011 5011 9018 60.. 95068 9 911. 
X X - 1051 1099 1099 .0.1 5015 96098 5 

- X - 990.1 10.1 10.1 9805. 950.. .9096 9 9115 
X X - 990.1 10.1 10.1 950.1 8011 550.9 5 

- - - 10.1 10.1 5099 9.051 1099 51055 9 9116 
X X - 1099 1099 5011 1055 801. 88091 5 
X X - 990.1 990.1 990.1 80.6 9056 8901. 9 9111 
X X - 990.1 990.1 10.1 8065 60.5 99015 5 

 
X: Represent the acceptance of distribution type. 
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4-2-2 Verification of the Result. 
 

 Daily operation data of effluent BOD5 and S.S concentrations have 

been collected from the records of Al-Kerkh wastewater treatment plant. 

The percentile values of effluent BOD5 and S.S data have been computed 

and given in Tables (4-5 and 4-6) respectively. These percentiles have 

normalized by deducting mean from each value and dividing it by its 

standard deviation. Then, the average of the normalized values at each 

percentile was computed, as given in the same tables.  

 The COR based on the data has been computed by using the 

averages of normalized percentiles, and given Tables (4-8 and 4-9) for 

different coefficients of variation of effluent BOD5 and S.S data at different 

levels of reliability. These tables are constructed exactly like Table (3-1), 

but on the basis of the results of pooled plant data from Tables (4-6 and 4-

7). 

 The coefficient of reliability COR based on data is computed as 

follows; 

   






 
 1

x

s
s

s

xx
zPxxP  

 


1z
s

xx

x

s  

 
1

1

1 


 xVz
x



 

and 

 
1

1

1

)(



 x

data
Vz

COR


  ......... (4-1)  

where the percentile Z1-α is calculated from data. 
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Table (4-8) :COR as a function of Vx and reliability from pooled plant data (BOD5). 
 

6661 55% 59% 56% 86% %61 061 961 
Reliabil

ity 
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 Vx 

2440 2449 2463 2474 2485 2494 1422 1427 243 

2435 2440 2456 2468 2481 2493 1422 1429 244 

2432 2437 2451 2463 2477 2491 1421 1410 245 

2406 2433 2446 2459 2473 2489 1421 1414 246 

2403 2409 2440 2455 2472 2488 1421 1417 247 

2401 2407 2439 2450 2468 2486 1421 1402 248 

2419 2405 2436 2449 2465 2485 1421 1403 249 

2417 2403 2434 2446 2463 2483 1421 1406 142 
 

Table(4-5  :( COR as a function of Vx and reliability from pooled plant data S.S4 
 

6661 55% 59% 56% 86% %61 061 961 Reliability 

 Vx 

2440 2450 2464 2470 2484 2494 1425 1429 243 

2435 2445 2457 2466 2482 2490 1427 1410 244 

2432 2439 2450 2461 2476 2492 1429 1416 245 

2407 2435 2447 2456 2470 2488 1411 1419 246 

2404 2430 2443 2453 2469 2486 1414 1403 247 

2401 2409 2442 2449 2466 2485 1416 1408 248 

2419 2407 2437 2446 2465 2483 1418 1430 249 

2418 2405 2435 2444 2463 2481 1401 1437 142 
 

 

 

 The results of Tables (4-8 and 4-9) are highly comparable with the 

theoretical results based on a log-normal distribution assumption (see 

Table(3-1)). In most cases, the results are the same or comparable with a 

difference less than 5:, usually, the log-normal assumption is conservative. 

 To support the validity of the model in the prediction of effluent 

performance, the percent of the time that effluent concentrations has not 

exceeded 42 (mg/l) for BOD5 and 62 (mg/l) for S.S has been computed for 

each year of data for both lines, as  shown Tables (4-12 and 4-11). This 

percent has also been predicted using the reliability model, (Table (3-0) or 

Figure (3-4)), based on the log-normal assumption. The predicted values 

were very comparable with the measured values. 

Table (4-66) :Comparison of predicted and measured reliability ,(BOD5), of Al-

Kerkh wastewater treatment plant  
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Measured 

reliability % 

Predicted 

reliability % 
COR Vx S.D Mean Line Year 

97432 96494 2451 2440 8446 02432 6 
6585 

98446 96400 2453 2440 8488 01432 2 

97428 96448 2446 2453 9479 18444 6 
6556 

98445 97413 2440 2457 9443 16462 2 

39477 42482 1451 2482 48462 62455 6 
6552 

00499 02464 0403 2478 69400 89403 2 

32422 33478 1458 2468 40462 63429 6 
6556 

31466 34455 1481 2477 63412 70400 2 

08489 31467 1480 2480 59482 70482 6 
6554 

06437 05481 0428 2483 68482 83432 2 

56467 59475 1428 2481 35422 43422 6 
6559 

53433 57418 1414 2483 37492 45472 2 

71435 74480 2482 2480 06402 30422 6 
6550 

77484 79424 2473 2473 01432 09432 2 

80430 82454 2470 2460 17480 08480 6 
655% 

84460 86497 2462 2472 16484 08415 2 

 

Table (4-66): Comparison of predicted and measured reliability ,(S.S), of Al-Kerkh 
wastewater treatment plant 

 

Measured 

reliability % 

Predicted 

Reliability 

% 

COR Vx S.D Mean Line Year 

98428 99460 2403 2469 9445 13469 6 
6585 

97467 99458 2432 2454 9457 17471 2 

98433 99468 2430 2448 9400 19442 6 
6556 

97449 99455 2430 2451 9485 19441 2 

51429 49464 1430 2486 67475 79400 6 
6552 

40455 44424 1451 2492 81405 92466 2 

51467 48436 1416 2454 37442 69462 6 
6556 

43489 40427 1405 2453 39412 74482 2 

47408 45440 1407 2464 48482 76422 6 
6554 

46474 46485 1407 2468 51472 76422 2 

65456 60463 2496 2452 08482 57452 6 
6559 

72417 68437 2492 2467 36402 54422 2 

70468 75446 2479 2486 42482 47402 6 
6550 

73428 76454 2477 2479 36412 46422 2 

86441 87478 2459 2468 04430 35462 6 
655% 

80427 84494 2465 2463 04452 37462 2 
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 Figures (4-9 and 4-12) show the predicted versus measured 

reliability for effluent BOD5 and S.S data, respectively. These figures 

indicate that the model of Niku et al., (1979) is conservative. 
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Fig.(4-9): predicted versus measured reliability (Lines 1 and 2-BOD5). 
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Fig.(4-01): predicted versus measured reliability (Lines 1 and 2-S.S). 
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Table(4-6): Percentile values of final effluent  BOD5 data of Al-Kerkh wastewater treatment plant. 
 

Normalized Percentiles Percentiles 
Line Year 

%001 991 951 901 %01 %01 601 501 %001 991 951 901 %01 %01 601 501 
87.4 47.8 67.1 67.1 .71. .7.4 .7.4 -.7.8 1. 81 41 46 .1 .6 .6 .. 6 

6141 
8746 4745 .7.. 67.1 .711 -.7.4 -.7.4 -.765 18 56 86 4676 ..7. .67. .676 .. . 

87.1 4744 .74. 67.4 .7.1 .7.1 .7.1 -.7.5 15 5.74 8.71 4 .6 ..71 61 64 6 
611. 

8764 .716 .7.1 6754 .78. .741 .741 -.76. 51 887.5 41 4.71 .676 .. .. 65 . 

8786 47.1 6745 6765 .74. -.7.5 -.7.. -.7.1 ..5 .6.71 65.71 66178 1171 1.71 5. 8175 6 
611. 

5764 .716 .7.. 678. .7.8 .7.6 .7.4    -.741 4.1 .1.74 ..4 64.7. 68.71 6.471 1878 1. . 

8764 47.1 6744 .711 .7.5 .7.8 .76. -.7.. .41 ... 686 6.574 15 4. 14 1. 6 
6114 

47.1 .7.8 .754 67.4 .781 .788 -.748 -.745 ..4 .56765 .4.76 65.76 6..74 6.. 5676 5. . 

1746 474. .768 6746 .74. -.7.4 -.741 -.741 85. 4.6 . .6  656 6.. 14 56 5.71 6 
6118 

57.8 471. .7.. .714 .7.1 .7.8 .7.8 -.78. 888 44.785 . ..  656 6.676 6..76 6.. 56 . 

878. 87.. 6714 67.1 .781 -.7.1 -.7.1 -.7.1 61. 64475. 6..7. 5  44 1. 8.76 8. 8. 6 
6115 

5758 4785 6711 .714 .716 .744 -.765 -.74. 64. 6.1714 6.6 46 4. 1.76 8. 4475 . 

8741 474. 674. 6764 .71. .76. -.7.4 -.785 61. 64671 .1 74  1676 5571 45 4.76 .. 6 
6111 

57.1 8746 6781 .755 .754 .75 .7.4 .7.4 64. 6.6 16 86 8.71 8. 4. 4. . 

8761 47.4 6746 67.5 .745 .745 .7.6 -.761 6.4 117. 16 56 45 45 .1 .1 6 
611. 

87.4 4.7.. 6741 674. .78. .7. .766 .7.5 11 4.7.. 1. 5. 41 46 4. .1 . 

87... 478.. 671.. 676.. .71.. ..... -.7.6. -67..1 Average 

 



Table(4-7): Percentile values of final effluent  S.S data of Al-Kerkh wastewater treatment plant. 
  

Normalized Percentiles Percentiles 
Line Year 

%001 991 951 901 %01 701 601 501 %001 991 951 901 %01 701 601 501 
.5.5 .5.3 35.. 5500 5530 5530 5530 -55.0 66 0.53 .3 35 3653 3653 36 35 3 

30.0 
0500 .5.. 3500 3533 55.0 55.0 55.3 55.5 6. .3 03 .5 33 33 3.53 3. 3 

05.0 .5.0 353. 3536 553. 553. 5550 -553. 60 .3 05 .3 3353 33 35 3. 3 
3005 

.535 .55. 350. 3500 5500 5530 -5550 -5550 66 .5 03 .5 3. 33 3053 30 3 

.535 .55. 350. 3500 5500 5530 -5500 -550. 3.. 3.. 355 300 330 00 0050 00 3 
3003 

.533 356. 353. 35.. 5500 553. 5553 -555. ..3 .5053 303 330 3.3 353 0356 66 3 

.5.0 .5.0 3535 55.0 55.3 -5500 -550. -55.5 3.. 35. 3355. 353 355 .. .35. .3 3 
300. 

.503 .530 350. 55.. 5560 556. -5563 -5563 30. 3535. 3.3 3505. 353 355 .3 .353 3 

.563 .563 35.0 35.5 55.5 5500 -55.3 -55.. .36 3.3 3.3 300 3555. 355 .3 .5 3 
3000 

0530 3505 3500 350. 3535 5550 -5503 -550. 30. 33.50 30050 3.5 3.. 0.53 .. .3 3 

0530 .530 35.3 35.3 550. 5530 -553. -5530 366 3.356 353 353 05 635. .3 .55. 3 
300. 

.5.0 350. 3505 35.3 5503 5530 5530 -55.0 3.0 303 303 335 .553 65 65 05 3 

.50. 3506 3530 3530 55.5 55.3 -.3. -550. 355 365 305 0. .553 65 05 05 3 
3006 

.503 35.. 355. 35. 5500 55.0 -5530 -5530 3.3 3.5 335 355 .5 .050 05 0553 3 

.5.0 356. 353. 3503 55.0 553. -553. -553. 330 355 ..5. 05 .5 05 .553 .5 3 
3000 

.5.. 350. 35.0 5506 5503 5533 5530 5535 3.3 35.5. 0050 63 65 0. 03 05 3 

065 .50 35.6 353. 5560 553. -5530 -5530 Average 
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5-3-4 Effects of outliers on reliability. 

 In ordinary operation data of wastewater treatment plants, it may be 

found that there are some days (1 3 days), in each year of operation,  in 

which the effluent BOD5 or S.S concentration is much higher than the rest 

of the year. This situation will strongly affect the results of both the annual 

mean and the variance, (Niku et al., 1891). Thus, reliability evaluation 

from such data will be misleading, because it is dominated by a few (one to 

three) samples (called outliers) that have extremely high values. The plant 

may be classified as unreliable because of a few outliers although if the 

outliers were neglected the plant might be classified as reliable. These 

outliers may be caused by a mechanical failure of a part of the system, 

stormy weather and strong wind over the clarifier errors in sampling 

measurements, or any other unexpected cause.  

 To examine the effects of outliers on plant reliability, remove 11 of 

the upper data for each year of operation for both BOD5 and S.S data. 

Then, calculate the statistical properties of the rest of data( 881 of the data) 

and repeat the evaluation of reliability by following the same procedures 

used in reliability evaluation (Niku et al., 1891). Tables (4-11 and 4-13) 

give the reliability of Al-Kerkh wastewater treatment plant after the 

removing of outliers. 

 Comparison of the results of Tables (4-11 and 4-13) with those of 

Tables (4-11 and 4-11), shows slight effect of outliers on the data set and 

reliability evaluation. The effect of outliers on plant reliability was 

insignificant because of two reasons. The first reason, Al-Kerkh wastewater 

treatment plant before the war of 1881 was a new treatment project and it 

was controlled by good operators. Thus, no mechanical or operational 

failure had occured. The second reason, that there was a whole deficit in 

the treatment processes after the war of 1881, because of the shortage in 

the required chemical materials for treatment processes as well as the 

shortage in controlling and monitoring devices, the absence of the trained 

operators and the neglecting of the third line. Due to these reasons, the 

magnitudes of effluent concentrations have the same tendancy for both low 

and high values.  
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TABLE(5-23)  : Comparisons of predicted and measured reliability of 88 percentile 

data of effluent BOD5. 

Measured  

reliability % 

Predicted 

reliability %   
COR Vx Line Year 

89.44 89.69 1.51 1.41 2 
2161 

88.61 89.31 1.51 1.38 3 

89.31 89.46 1.45 1.48 2 
2111 

88.59 89.93 1.41 1.54 3 

41.13 41.85 1.44 1.94 2 
2113 

13.16 11.84 1.15 1.95 3 

31.34 34.13 1.51 1.65 2 
2114 

31.11 34.81 1.96 1.96 3 

18.11 31.69 1.94 1.94 2 
2115 

16.69 16.94 1.81 1.95 3 

59.31 61.51 1.13 1.96 2 
2116 

53.83 59.15 1.11 1.91 3 

91.13 99.11 1.96 1.94 2 
2117 

99.68 91.43 1.91 1.66 3 

93.14 91.43 1.91 1.59 2 
2116 

95.56 99.19 1.61 1.56 3 
 

Figure (5-24): Comparison of predicted and measured reliability of 88 percentile data of 

effluent (S.S). 
 

 

Measured  

reliability % 

Predicted 

reliability % 
COR Vx Line Year 

88.11 88.91 1.11 1.63 2 
2161 

89.91 88.98 1.18 1.51 3 

88.59 88.91 1.31 1.44 2 
2111 

89.93 88.91 1.31 1.49 3 

51.11 51.11 1.19 1.94 2 
2113 

43.49 44.93 1.49 1.99 3 

51.15 48.61 1.13 1.51 2 
2114 

44.39 41.46 1.11 1.46 3 

49.91 45.99 1.13 1.58 2 
2115 

49.15 49.61 1.13 1.64 3 

66.31 64.99 1.83 1.41 2 
2116 

91.85 68.59 1.99 1.65 3 

93.49 99.19 1.96 1.93 2 
2117 

93.99 99.18 1.94 1.99 3 

99.36 99.68 1.59 1.66 2 
2116 

91.89 99.55 1.61 1.61 3 
 

 

 

 

4-3 Process Stability  
 

 Examination of stability of treatment processes required statistical 

analysis of data that obtained from plant operation. The scope of this study 

included collection and analysis of daily operation data from Al-Kerkh 

wastewater treatment plant. 

5-4-2 Stability Evaluation  
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 The required statistical properties to evaluate the stability of both 

lines (one and two) of Al-Kerkh wastewater treatment plant are given in 

Table (4-14). 

Table (5-25): Statistics of effluent BOD5 and S.S data of Al-Kerkh wastewater 
treatment plant. 

 
 

S.S BOD6 

Line Year Valid

Obs. 
Min. Max. S.D Mean 

Valid

Obs. 
Min. Max. S.D Mean 

161 1 66 8.45 13.68 161 1 61.11 9.46 11.31 2 216

1 159 1 65 8.59 19.91 161 1 64.11 9.99 11.31 3 

141 1 64 8.11 18.41 141 1 65.11 8.98 19.44 2 211

1 138 1 66 8.95 18.41 141 1 56.11 8.43 16.61 3 

81 1 198 69.95 98.11 99 1 159 49.61 61.55 2 211

3 84 1 351 91.15 81.66 99 1 318 68.11 98.13 3 

191 1 199 39.41 68.61 191 1 138 41.61 63.18 2 211

4 191 1 189 38.11 94.91 191 1 199 63.11 91.11 3 

194 1 316 49.91 96.11 191 3 451 58.91 91.91 2 211

5 194 1 189 51.91 96.11 191 4 441 69.91 93.31 3 

191 1 166 19.91 59.51 191 1 189 35.11 43.11 2 211

6 191 1 194 36.11 54.11 191 1 191 39.81 45.91 3 

193 1 111 41.91 49.11 195 1 161 16.11 31.11 2 211

7 191 1 151 36.1 46.11 195 1 139 11.31 18.31 3 

194 1 118 14.31 35.61 191 1 113 19.91 19.91 2 211

6 194 1 131 14.51 39.61 191 1 86 16.94 19.15 3 

 

The results of Table (4-14) are shown graphically in Figures           

(4-11and 4-11) for effluent BOD5 and S.S data, respectively. 

 

 

 

 

 

 

 

 

 

Standard deviation (mg/l). 
 

FIGURE (5-22): Variability of effluent BOD5 as a function of standard deviation. 

                                                                Standard deviation (mg/l). 
 

FIGURE (5-23): Variability of effluent S.S as a function of standard deviation. M
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 Examination of these descriptive statistics leads to the conclusion 

that the years with standard deviation of less than 11 (mg/l) for both 

effluent BOD5 and S.S data may statistically be considered stable. The 

value of 11 (mg/l) has been selected as the stability cutoff point because 

distinct difference exists between the statistical characteristics of the plant 

operating below and above this value. This cutoff point can be visualized 

clearly by examining Figures (4-11 and 4-11). 

 It is worth noting to mention, that the stability cutoff point, (11 

mg/l), that obtained in this study is the same cutoff point that obtained in 

the U.S.A by Niku et al., (1891). 

5-4-3 Effects of outliers on stability evaluation 

 It has been mentioned that, the statistical properties of effluent data 

may be strongly affected by a few (one to three) samples (called outliers) 

that have extremely high values. Standard deviation from such data may be 

misleading when used as stability measured, because these outliers may 

dominate it.  
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 To examine the effects of outliners on plant stability, 11 of the 

upper data values (4 days in 1 full year of operation) were removed from 

the data set and the statistical properties of the rest of the data (88 

percentile values) were calculated and given in Table (4-15). Results of 

Table (4-15) were shown graphically in Figures (4-13 and 4-14) for 

effluent BOD5 and S.S data, respectively. 
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Table (4-55): Statistics of 99 percentile data of effluent BOD5 and S.S of Al-Kerkh 
wastewater treatment plant  . 

 

Effluent S.S Effluent BOD5 

Line Year 
Valid 

Obs. 
Min. Max. S.D Mean 

Valid 

Obs. 
Min. Max. S.D Mean 

752 1 11 8278 12271 752 1 14 2289 19295 5 591

9 755 1 57 8245 12274 752 1 5125 8211 71292 7 

722 1 51 8221 18295 722 7 51 8282 12292 5 599

0 724 1 51 8294 18295 722 1 11 8249 14218 7 

91 1 788 41211 24295 82 7 711 17299 58218 5 599

7 92 1 211 22211 82288 84 7 788 45222 84242 7 

128 7 717 21251 42254 128 1 717 29249 41251 5 599

3 128 7 711 22224 27225 128 2 751 41218 21271 7 

187 1 751 12257 22247 128 1 211 51242 49241 5 599

4 187 7 777 12215 22224 181 1 277 59222 29228 7 

128 7 15 72212 55281 128 1 181 2121 11271 5 599

5 129 7 111 21212 57228 128 1 124 25221 11271 7 

181 1 141 22289 15251 182 1 171 77252 21257 5 599

6 181 1 151 21224 11242 182 1 171 18217 78219 7 

187 1 111 77291 21221 129 7 95 14211 7821 5 599

2 187 1 111 77251 24259 181 7 81 15211 72217 7 
 

Comparison of the results of Table (1-15), that shown graphically in 

Figures (1-12 and 1-11), with those of Table (1-11), shows a slight effect 

of outliers on process stability, where the stability cutoff point still 11 

(mg/l) for both effluent BOD5 and S.S data. Removing of the upper 1: of 

the data resulted in an insignificant reduction in the maximum values, due 

to the same reasons that presented in the study of outliers effects on plant 

reliability. 

 Removing the 1: of the data set may not be convenient for operators 

or acceptable to regulatory agencies. Only if high-value data points can be 

proven to be true outliers, that is, the results of accidents or measurement 

errors, should their removal be considered because, these data observations 

may be true values of process performance and characteristics of effluent 

concentration distributions. The nature of these outliers is determinable 

only if the source and reason for each outliers is noted and documented 

properly by the plant operator (Niku et al, 1981). 

 

 

 

 

M
ea

n,
 S

ta
nd

ar
d 

de
vi

at
io

n,
an

d 

R
an

ge
 (

m
g/

l).
 

0 20 40 60 80

0

100

200

300

400

0 20 40 60 80

0

100

200

300

400

1
9

9
1

-

1
 

1
9

9
2

-

7
 

1
9

9
1

-

7
 

1
9

9
7

-

7
 

Range 
Standard deviation 
Mean 



 Chapter Four : Analysis of the results 

 

23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

121 Dependability of Al-Kerkh Wastewater Treatment Plant 
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 Results of dependability analysis of final effluent BOD5 and S.S data 

are summarized in Tables (1-14 and 1-12), respectively, for lines one and 

two of Al-Kerkh wastewater treatment plant. In addition, these tables give 

the results of the analysis of data for the periods before and after the war of 

1991 and confirm the strong effects of the war on the performance of Al-

Kerkh wastewater treatment plant. The results of these tables confirm the 

urgent need for more attention to the environmental impacts, which the war 

inflected upon the environment and consequently on the public health. 

 Results of Tables (1-14 and 1-12) show clearly the devastating 

effects of the war on the performance of Al-Kerkh wastewater plant. For 

instance, the overall reliability of Al-Kerkh wastewater treatment plant for 

the effluent BOD5 has dropped from 94249: before the war to 57212: after 

the war, while the same overall reliability for the effluent S.S has dropped 

from 99241: before the war to 41211: after the war. 

 Using of the Vx values listed in Tables (1-14 and 1-12) in 

combination with the limits of effluent BOD5 and S.S concentrations as set 

by Iraqi standards on effluents into rivers (effluent BOD5 11 mg/l and 

effluent S.S 41 mg/l) it can be stated that Al-Kerkh wastewater treatment 

plant should be designed on the basis of; 

1- Stability; 

 Average of effluent concentration = S.D / Vx 

And  

 Standard deviation, S.D, for stable plant  11 mg/l 

Then 

 Average of effluent BOD5 concentration=11.1249=1122 mg/l11 

mg/l 

 Average of effluent S.S concentration = 11.1244=15277 mg/l15 

mg/l 



 Chapter Four : Analysis of the results 

 

25 

7- Reliability 

 Average of effluent concentration = COR*Xs 

 Using of results of Table (2-1) or Tables (1-8 and 1-9) with VxBOD5 

= 1249 and 

 Vxs.s =  1244, at reliability level 95:, we can find; 

CORBOD5 = 1217 

CORS.S = 1215 

Then 

Average of effluent BOD5 concentration = 1217 * 11 = 1428 mg/l 14 mg/l 

Average of effluent S.S concentration = 1215 * 41 = 72 mg/l 

 The designer engineer selects the smallest values of  the above 

values to produce a stable and a reliable wastewater treatment plant. Thus, 

Al-Kerkh wastewater treatment plant should be designed on the basis of; 

Average of effluent BOD5 concentration =11 mg/l. 

Average of effluent S.S concentration = 15 mg/l. 

 It is worth noting that these design values of Al-Kerkh wastewater  

treatment plant are very comparable with those suggested by Niku et al., 

(1981). They suggested the following values; 

Average of effluent BOD5 concentration  12 to 15 (mg/l) 

Average of effluent S.S concentration  11 to 11 (mg/l) 
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Table (4-56) : Results of Al-Kerkh wastewater  treatment plant dependability 
analysis for final effluent BOD5. 

 
 Mean S.D. Vx Reliability % Stability 

Pre-war  

Line-1 19222 9217 1218 94221 Stable 

Line-7 18295 9215 1251 94248 Stable 

Overall 19214 9211 1218 94249  

Post-war  

Line-1 51211 28221 1224 52254 Unstable 

Line-7 41225 14219 1222 51221 Unstable 

Overall 52219 17274 1222 57212  

Overall 15221 21255 1249 42272  

 

 

 

 

 

Table (4-52) : Results of Al-Kerkh wastewater  treatment plant dependability 
analysis for final effluent S.S2 

 
 Mean S.D. Vx Reliability  %  Stability 

Pre-war  

Line-1 14255 9221 1285 99245 Stable 

Line-7 18254 9221 1257 99254 Stable 

Overall 12255 9252 1254 99241  

Post-war  

Line-1 41291 11221 1248 41252 Unstable 

Line-7 42218 11281 1221 41212 Unstable 

Overall 47211 12214 1249 41211  

Overall 51297 21248 1244 21245  
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CONCLUSIONS AND RECOMMENDATIONS 

FOR FUTURE WORKS 

 

1.5 Conclusions 
 

  Based on the results of the present study, the following 

conclusions can be drawn: 

 The probabilistic models, that used in this study, are valid to be used 

to investigate the dependability of AL-Kerkh wastewater treatment 

plant. 

 Dependability study of AL- Kerkh wastewater treatment plant shows 

that the performance of this plant before the war of 5995 was in an 

excellent state and within the Iraqi standards. Where the treatment 

process was stable during that period and the overall reliability was 

9...99 for effluent BOD1 and 99..59 for effluent S.S, But, after the 

war of 5995, the plant became unstable and the overall reliability 

dropped to 13.529 for effluent BOD1 and to .5.669 for effluent S.S. 

   

 Study of outliers effects on the dependability of Al-Kerkh 

wastewater treatment plant shows that these effects may be neglected 

.It was found that after the removing of outliers the overall reliability 
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for effluent S.S increased only with 5.659 and with 3.799 for 

effluent BOD1. 

 Al-Kerkh wastewater treatment plant consists of three lines, one of 

them (line No.2) is out of order. This leads to increase the waste- 

water load on the other two lines and consequently in lowering of 

treatment efficiency of the plant. 

 The results of this study indicate that it is more better to take in 

consideration, for Al-Kerkh wastewater treatment plant, an effluent 

BOD1 concentration ≤ 51 (mg/l) and ≤51 (mg/l) for an effluent S.S 

concentration in order to make this plant stable and reliable. These 

values seem to be in agreement with the design values that 

recommended by Niku et al. (5995), who recommended that 

activated sludge treatment plants should be designed for an effluent 

BOD1 concentration  52 to 51 (mg/l) and an effluent S.S 

concentration  56 to 53 (mg/l). 

 The results of stability study show an excellent agreement with the 

results that obtained in U.S.A by Niku et al. (5995), where it was 

found that the stability cutoff point of Al-Kerkh wastewater 

treatment plant can be taken at S.D. = 56 (mg/l), which was the same 

cutoff point that obtained by Niku et al. (5995). 

 

1.3 Recommendations  
 

The author would like to appoint the following recommendations for 

future studies: 

 The results of this research may be helpful to study the possibility of 

introducing more stringent standards on effluents from Iraqi 
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wastewater treatment plants, like, BOD1 = 36 (mg/l) and S.S = 26 

(mg/l) to improve the aquatic environment of our rivers. 

  

 The same analysis can be carried out on effluent data from other 

activated sludge plants in Iraq. 

 Other effluent variables (such effluent Nitrogen and phosphor 

concentrations) can be used to perform this analysis.   

 Dependability of individual processes within the plant can be 

evaluated by applying the same analysis. 

 It is of great importance to follow a study  about the population that 

served by Al-Kerkh wastewater treatment plant, because it is 

probable that Al-Kerkh wastewater treatment plant is serving more 

than its ability (5.9 millions inhabitants) which results in increasing 

the wastewater load on the plant. 

 An annual report about the performance of Iraqi wastewater 

treatment plants should be introduced to the Iraqi environmental 

agencies to monitor the performance of these plants. This can be 

done with the help of the results of this study. 

 The third line of Al-Kerkh wastewater treatment plant should be 

constructed as quickly as possible in order to minimize the 

wastewater load on the other two lines and consequently to increase 

treatment efficiency of the plant. 
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