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Abstract.  Septic tank systems are commonly used for treating domestic wastewater and an essential part of 

decentralized wastewater management systems. Many studies have considered septic tanks in terms of their design, 

performance and their impact on the environment. However, studies that have modelled septic tanks to test their 

performance for the removal of biochemical oxygen demand (BOD) and total suspended solids (TSS) are scant. This 

paper presents an approach to model septic tanks using the Stormwater Management Model (SWMM).The developed 

approach has been then applied to assess the influence of septic tank design configurations on pollution reduction. 
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I. INTRODUCTION 

In many countries around the world, there is an extensive number of households that are not connected to the 

mains sewerage systems. Even in developed countries where many houses are connected to the centralized 

sewerage systems, there are still households that depend on decentralized wastewater management techniques [1]. 

The most common method is the septic tanks which is especially pertinent in developing countries [2].This is due 

to the problem of population growth and urbanization which has overwhelmed the capacity of the existing 

sewerage systems and unplanned settlements. 

Septic tanks (STs) are traditionally gravity flow systems [3]-[4].Their use is particularly common in rural or less 

densely populated areas where connections to main sewerage network systems are not available, or impractical 

and costly [5]. A septic tank (ST) is an anaerobic mechanical treatment unit, where some pollutants in domestic 

wasterwater such as suspended solids (SS) and suspended organics are removed by sedimentation. However, 

dissolved organics and nutrients such as nitrogen and phosphorus are not removed [4]. The extent of pollutant 

removal by ST depends on many factors: design, maintenance and the shape of the ST, inlet and outlet 

arrangements, the physical, biological and chemical processes inside the tank, wastewater retention time, site 

hydrology, soil, and climatic characteristics [6]. Moreover, the quality of effluent is dependent on the content of 

organic matter in the wastewater and the chemicals used in households which affect the growth of bacteria and 

ability to digest the organic matter in the septic tank [7]. Some studies have considered ST performance and 

pollutant removal. [8] reported that the reduction of BOD and TSS in ST were 52% and 85%, respectively. [4] 

stated that if a septic tank is properly designed, maintained and operated, its suspended solids (SS) and organic 

matter (BOD) removal efficiency range between 50 -70% and 25- 40% respectively.  

In terms of performance, [9] showed that septic tanks with more than one compartment perform better than those 

with only one. However, other studies have contradicting findings as shown in Table 1.  

Table 1: The removal of BOD and TSS in single and double-compartment septic tanks 

Reference [12] [10]-[11] 

Parameter 

Removal % Removal % 

Single compartment 
Double 

compartment 
Single compartment 

Double 

compartment 

BOD 54 46 32.3 31.1 

TSS 81 48 79.5 81.5 

 
The above studies used physical measurements to determine performance. There is no study that has modelled 

septic tanks to test their performance for the removal of biochemical oxygen demand (BOD) and total suspended 

solids (TSS). This paper presents an approach to model septic tanks using the Stormwater Management Model 

(SWMM). Moreover, the paper also compares the performance of septic tanks based on one and two 

compartments. 
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II. MATERIALS & METHODS 

A. Case study selection  

The city of Sirte, (Figure 1) is located in the north of Libya on 31o 12’ 32.11’’ North and 16o 35’ 19.18’’ East [22] 

     

Figure 1: Location of Sirte city, Libya [23]           

Sirte has a total population of around 157,747 inhabitants. The climate of Sirte city is classified as arid. It is 

affected by the Mediterranean Sea and the desert. This city was selected as a case study due to its high use of 

septic tanks even though there are mains sewer systems. In addition, the high population growth rate and 

urbanization in the city has led to people settling in new areas without accesses to centralized sewer systems. The 

septic tank simulation in SWMM will be extended to a full scale sewerage network model for the city.  

 

B. The Storm Water Management Model (SWMM Version 5.0) 

 

Stormwater Management Model (SWMM) is widely used throughout the world for planning, analysis, and design 

related to storm water runoff, combined sewer systems, and other drainage systems in urban areas [13]. It is a 

dynamic rainfall-runoff model used for single event or long-term simulation of runoff quantity and quality from 

primarily urban areas. It presents several options to simulate the build-up and wash-off of the pollutants in 

catchments, and different conditions in the combined sewer system. It is also an open source software. For these 

reasons, SWMM version, 5.0 was used in this study.  

C. Flows into a septic tank 

The amount of wastewater entering a septic tank can be determined by knowing the water consumption per person 

and the number of people in a household. In this study it was assumed that a typical Sirte household comprises 

about 7 people. The average daily amount of water consumption was taken to be 300 l/p/d. These values translate 

to 231×10-7 m3/s as wastewater flow rate into a household septic tank. This was based on water consumptions for 

countries with similar climatic condition as Libya where water consumption has been reported to vary between 

274 l/p/d and 560 l/p/d [20]-[21].  

 

D. Septic tank design 

Hydraulic retention time (HRTd) is an important parameter for Septic tank design. [14] recommended retention 

times according to septic tank inflows as shown in Table 2.  

 

Table 2 : Recommended retention time 

Q (m3/d) HRTd (hrs) 

<6  24 

6-14  33-1.5Q 

>14  12 

Q: Daily wastewater flow, HRT: Hydraulic retention time 

According to [14], the volume of septic tank can be calculated using Equation 1  
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𝐷 = 𝐴 + B + C                     (1) 

Where: A is a space for the retention of the volume of liquid (settlement zone), B is storage space for sludge and 

scum, C is ventilation space and, D is the total volume of septic tank. These parameters were designed separately 

as shown by Equation 2 [14] 

𝐴 = 𝑄 × 𝑇/24                       (2) 

Where:  A is the retention volume (m3), Q is the volume of wastewater to be treated per day (m3) and T is the 

average time wastewater is retained in the tank (hrs)  

The required sludge and scum volume (m3), B, can be calculated using Equation 3 [14]. 

𝐵 = 𝑃 × 𝑁 × 𝐹 × 𝑆𝑑             (3) 

Where: N is the number of years between desludging (2-5 years), P is the number of people in the house, F is the 

factor for sludge digestion rate and Sd is the annual rate of sludge and scum production (m3/ person/year). 

The value of Sd is based on commonly accepted figures for annual accumulation rates for a septic tank in constant 

use, which are 0,025 m3/person/year for WC waste only and 0,04 m3/person/year for WC waste and sullage [14]. 

However,  𝐴 + 𝐵 Should never be less than 1.3m3, as it is not possible to produce calm / quiescent condition in a 

septic tank smaller than this. C: is equal to 300 mm minimum air gap which should be left between the top of the 

liquid level and the bottom of the cover of a septic tank [14].   

In this study the volume of wastewater was < 6 m3/d, as a result the hydraulic retention time HRT was considered 

as 24 (hrs) as per the guidance given in Table 2. The annual rate of sludge and scum production was 0.04 

m3/person/year. The overall capacity of the septic tank, based on the above mentioned equations (1-3) and 

assumptions, was calculated to be 1.73 m3. This equates to the tank dimensions of 1.8 m × 0.6 m × 1.6 m 

(L×W×H). The inlet to the tanks was placed 1.4 m above from the bottom of the septic tank and the outlet slightly 

below the inlet. 

E. Presentation of ST in SWMM 

In this research the pollutant removal by septic tanks was modelled. The ST was presented as a storage unit node 

within the SWMM drainage network model. The pollutant reduction effects were simulated through the 

mathematical models as shown below. Wastewater concentrations for two pollutants were specified in the model. 

These were biochemical oxygen demand (BOD) and total suspended solids (TSS). The values of these parameters 

used in this study were based on previous studies [15]-[16]-[17] as shown in Table 3 

 
Table 3: Typical characteristics of untreated domestic wastewater 

Reference [15] [16] [17] 

Parameter  Concentration 
(mg/l) 

Concentration 
(mg/l) 

Concentration 
(mg/l) 

LC MC HC LC MC HC LC MC HC 

BOD 110 190 350 110 220 400 200 300 400 

TSS 120 210 400 100 220 350 180 300 450 

                                LC: Low Concentration, MC: Medium Concentration, HC: High Concentration 

 

Basing on Table 3, the concentration of BOD and TSS in the influent wastewater to the tank were assumed as 300 

mg/l and 350 mg/l respectively. 

 

F. Mathematical Model used in SWMM 

The TSS removal function in the ST is determined using Equation 4 [18] 

𝑅 = 𝐺 𝑒−𝑀𝑞                                              (4) 

Where: R is effluent TSS concentration (mg/l), q is the flow per unit area of the septic tank (m3/m2), G and M are 

constants that are determined empirically, using Equations 5 and 6 [18] 

                                 
𝐺 = 0.0004 𝑇𝑆𝑆 + 0.6779                    (5) 

𝑀 = 0.2287𝑒(0.006 𝑇)                             ( 6) 
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Where: T is the temperature (oC) of wastewater in septic tank. If the effects of temperature are ignored then, the 

value of M can range between 0.0020 and 0.123 

The removal efficiency of total suspended solids can be calculated using Equation 7 

𝐸𝑇𝑆𝑆 =
𝑆𝑖 − 𝑅

𝑆𝑖

 × 100                   (7)  

Where, Si is the influent TSS concentrations.  

 

For a batch reactor, BOD removal in the ST can be determined using the first order reaction kinetics described 

by Equation (8) [1]-[17]-[19]. 
𝑑𝐿𝑡

𝑑𝑡
= −𝐾𝐿𝑡                                    (8) 

 

Owing to the semi-continuous nature of the flow going to the tank, the batch reactor equation cannot be applied 

unless there is no flow to the tank for a prolonged duration. In our case, where the flow to the septic tank is 

intermittent, Equation 9 has been used in SWMM for BOD removal. [13] has proposed the use of Equation 9 to 

estimate the BOD removal. 

𝐶𝑒 = 𝐶𝑖 (1 − exp (−µ ×
𝐻𝑅𝑇

24
))       (9) 

 

Where: Ci and Ce are the influent and effluent BOD concentrations (mg/l) respectively, µ is the treatment constant 

and HRT is hydraulic residence time, calculated by SWMM as function of tank volume and inflow to the tank.  

 

III. RESULTS 

A. First scenario-Single compartment septic tank with constant continuous inflow 

In order to see the impact of storage tank as the representation of a septic tank in SWMM, it was decided to 

provide a constant flow (231×10-7m3/s) hydrograph with constant concentration of BOD (300mg/l) and TSS (350 

mg/l) in the wastewater entering the tank. The septic tank was assumed to be of a single compartment. In the first 

scenario, the flow to the tank was assumed as constant. Figure 2 shows the presentation of the septic tank in 

SWMM. J1 is the first manhole which receives wastewater from the household. The wastewater is conveyed to 

the ST (SU1) though C1.  J2 is the second manhole which transfers the wastewater from the ST to the outfall. C1, 

C2 and C3 are pipes through which wastewater is transported to the outfall. The wastewater elevation in the septic 

tank and connecting pipe is shown in Figure 3 

 
 

       Figure 2: Presentation of ST in SWMM   
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Figure 3: Water elevation profile in the system 

Initially µ= 0.41 was used which considered the temperature of wastewater, but this resulted in a BOD removal 

efficiency of 97% which was higher than the reported values in literature. To reach the reported removal 

efficiency, this study assumed µ as a calibration parameter. Different values of µ were tested 0.005, 0.006, 0.007, 

0.008, 0.009, 0.01, 0.02, and 0.03. The resulting removal efficiencies of ST were 18%, 21%, 24% 27%, 30%, 

33%, 53%, and 65% respectively, of these, µ values from 0.008 to 0.02 were found to deliver BOD removal 

similar to the values reported in literature. In this scenario, µ =0.008 was selected. For this value of µ, the residual 

BOD in the ST was 218 mg/l and the removal efficiency was 27% as shown in Figure 4. For TSS removal, 

Equations 5 and 6 were used both with and without consideration of temperature. When the temperature was not 

considered, M was taken to be 2×10-3. The residual TSS in the ST was 64 mg/l and the removal efficiency was 

about 82% in both cases as shown in Figure 5.  

 

 
  

Figure 4: BOD removal in ST (at µ=0.008) 

 

 
Figure 5: TSS removal in ST (at M= 0,002) 
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B. The second scenario-Double compartment septic tank with larger first compartment and constant 

continuous inflow 

This scenario presented a double-compartment ST in SWMM. The double-compartment ST was implemented by 

arranging two ST in series as shown in Figure 6. The first tank and the second tank were two-thirds and one-third 

of the single ST volume respectively. The wastewater inflow was the same as in the case of a single compartment 

(231×10-7 m3/s). Figure 6 shows the presentation of the double-compartment ST in SWMM. J1and J2 are 

manholes, SU1 and SU2 are first and second compartments of the ST and C1,C2,C3 and C4 are pipes that transport 

the wastewater. The wastewater elevation in the septic tank is shown in Figure 7 

 
 

Figure 6: Presentation of double-compartment ST in SWMM 

 

 

Figure 7: Water elevation profile of double-compartment ST in the system 

 

In this scenario, the µ value used for the first compartment was similar to the first scenario (µ = 0.008). The 

residual BOD was 223 mg/l and the removal efficiency was 26%. However, for the second compartment, µ = 

0.008 resulted in the BOD removal efficiency of 0 % as the result, the total removal of the tank was 26%.  For 

this reason, different values of µ were used to evaluate the efficiency of the second compartment. These were 

0.009, 0.01, 0.02, 0.03 and 0.04. The resulting ST removal efficiencies were 1.3%, 2%, 13% 22% and 30% and 

the total removal efficiencies of ST were 26%, 27%, 35%, 42% and 48% respectively. Among these µ values, for 

the second compartment, 0.01 was selected and the overall efficiency was 27% as shown in Figure 8. 

With respect to TSS removal, both with and without temperature consideration analyses were performed using 

Equation 4. TSS remaining in the first and second compartment were 64 mg/l and 19 mg/l, the removal efficiency 
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was 82% and 70% respectively. The total removal efficiency of the ST was 95% which was too high. To reach 

the optimal TSS removal efficiency of about 80%, parameters G, and M, the treatment equation, were varied as 

follows.  

𝐺 = 0.01 + 0.002 × 𝑇𝑆𝑆 and M= 1×10-3 for both compartment. The residual TSS in the first compartment was 

102 mg/l and the removal efficiency was 71%. However, for the second compartment the residual TSS was 80 

mg/l translating to a removal efficiency of 22%. The total removal efficiency in this scenario was 77% as shown 

in Figure 9. This was within the range reported in the literature.  

 

 
Figure 8: BOD removal in ST (at µ1= 0.008 and µ2=0.01) 

 

 
Figure 9: TSS removal in ST (at M1= 0.001and M2= 0.001) 

 

For figures 8 and 9, the initial zero effluent reading of BOD and TSS are because the tank was assumed to be 

empty initially at the start of the SWMM simulation. After number of hours the tanks became full and hence the 

effluent from the tanks started discharging to sewer and therefore increasing effluent BOD and TSS 

concentrations. The variation of the time taken to fill the tanks depended on the size of the compartments which 

are described in the respective scenarios. 

C. Third scenario-Double compartment septic tank with both compartments of equal size and constant 

continuous inflow 

In this scenario the ST was designed to receive the same quantity of wastewater as in earlier scenarios. The ST 

was divided into two equal compartments and tested for the removal of TSS and BOD. The same values of µ 

which were used in the second scenario for both compartments were used. The residual BOD in the first 

compartment was 239 mg/l and the removal efficiency was 20%. However, in the second compartment the residual 

BOD was 220 mg/l and the removal efficiency was 8%. The overall removal efficiency in this scenario was 27% 

as shown in Figure 10. For TSS, The removal efficiencies in the first and second compartment were similar to 

those in the second scenario as shown in Figure 11.    
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Figure 10: BOD removal in ST (at µ1= 0.08 and µ2= 0.01) 

 
Figure11: TSS removal in ST (at M1= 0.001and M2= 0.001) 

 

D. Fourth scenario-Double compartment septic tank with smaller first compartment 

The ST was designed in such a way that the first tank and the second tank were one- third and two-thirds of the 

total volume respectively. The amount of wastewater inflows was the same as in the other scenarios. The same 

values of µ (as in the second and third scenarios) for both compartments were used. The residual BOD in the first 

and second was 258 mg/l and 210 mg/l and the removal efficiency was 14% and 19 % respectively. The total 

removal in this scenario was 30% as shown in Figure 12. The second compartment was more efficient than the 

first compartment due to its size, which was smaller than the second. However, TSS removal was similar to second 

and third scenarios (Figure13). 

 
Figure 12: BOD removal in ST (at µ1= o.oo8 and µ2= 0.01) 
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Figure 13: TSS removal in ST (at M1= 0.001and M2= 0.001) 

E. Fifth scenario-Single compartment septic tank with diurnal flow pattern 

In the fifth scenario the amount of water consumed during a day varied with time. Figure 14 Diurnal water flow 

pattern, as a typical diurnal water flow pattern. This variation also resulted in varying wastewater generation. 

 

 
                                                      Figure14: Diurnal water flow pattern  

In this scenario, µ= 0.41 was used as in the first scenario, but the removal efficiency of about 99% was too high. 

Then, µ = 0.008 which was used in the first scenario was tested, but it resulted in the removal efficiency of 58% 

which was higher than the percentages reported in literature for ST. For that reason different values of µ were 

tested. These were 0.007, 0.006.0.005, 0.004, 0.003 and 0.002 and the resulting BOD removal efficiencies of ST 

were 53%, 49%, 43%, 37%, 30% and 22% respectively.  From these results, µ values from 0.003 to 0.002 were 

acceptable. In this scenario, µ =0.003 was used. The residual BOD in the ST was 209 mg/l and the removal 

efficiency was 30% as shown in Figure 15. For TSS removal, equation in the first scenario were used when 

temperature was taken into account. However, when the temperature was not considered, parameter M of the 

value 2×10-3 was used. The TSS removal efficiency results were about 71% in both cases as shown in Figure 16.  
 

 
 

Figure 15: BOD removal in ST (at µ= 0.003) 
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Figure 16: TSS removal in ST (at M= 0.002) 

                                                                                          

F. The sixth scenario-Double compartment septic tank with larger first compartment and diurnal inflow 

This scenario presented a double-compartment ST in SWMM. The double-compartment ST were divied similar 

to the second scenario. In this scenario, the µ value used for the first compartment was similar to the fifth scenario 

(µ = 0.003). However, different values were used in the second compartment which are 0.0001, 0.001 and 0.002. 

The residual BOD were 165mg/l, 153 mg/l and 145 and  the removal efficiencies were 47%, 49%, and 52% 

respectively. These efficiency values were acceptable range of 25-50%. In this scenario, µ = 0.003, 0.0001 were 

selected for the first and second compartment. The residual BOD was 124 mg/l and the removal efficiency was 

59%. This efficiency values were higher than reported range of 25-50%. For that reason the values of (µ = 0.001, 

0.0001) were used. The residual BOD was 135 mg/l and the removal efficiency was 55% as shown in Figure 17. 

With respect to TSS removal, the parameters G and M were changed to as used in the second scenario. The 

residual TSS in the first and second compartment was 275 mg/l and 40 mg/l and the removal efficiency was 71% 

and 61%.  The overall removal efficiency was 88% as shown in Figure 18. 

 
 

Figure 17: BOD removal in ST (at µ1= 0.001and µ2= 0.0001) 

 
Figure 18: Removal of TSS in ST (at M1= 0.001and M2= 0.0001) 

G. Seventh scenario-Double compartment septic tank with equal compartments and diurnal inflow 

In this scenario the ST was desinged as the third scenario. The same µ values which were used in the fifth and 

sixth scenarios were used.The residual BOD in the first and second compartment was 283 mg/l  and 170 mg/l the 
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removal efficiency was 7% and 40%. The overall removal efficiency was 43% as shown Figure 19. For TSS, the 

same values of parameters G, and M in the sixth were used. The residual TSS in the first and second compartment 

was 102 mg/l and 50 mg/l and the removal efficiecy was 71 % and 51 % respectively. The overall removal 

efficiency was 86% as shown in Figure 20.  

 
 

Figure 19: BOD removal in ST (at µ1= 0.001 and µ2=0.0001) 

 

 

Figure 20: TSS removal in ST (at M1= 0.001 and M2= 0.0001) 

H. Eighth  Scenario-Double compartment septic tank with smaller first compartment and diurnal inflow 

The ST was designed in the same way as that for the fourth scenario. The residual BOD in the first and second 

compartment was 291 mg/l and 193 mg/l the removal efficiency was 3% and 43%. The overall removal efficiency 

was 36% as shown Figure 21. The residual TSS in the first and second compartment was 102 mg/l and 46 mg/l 

and the removal efficiency was 71% and 56%.  The overall removal efficiency was 87% as shown in Figure 22. 

 
Figure 21: BOD removal in ST (at µ1= 0.001 and µ2=0.0001) 
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Figure22: TSS removal in ST (at M1= 0.001and M2= 0.0001) 

IV. DISCUSSION AND CONCLUSION  

A septic tank was presented in SWMM and tested for its efficiency in terms of TSS and BOD removal as a single 

and double-compartment unit. Eight scenarios were presented with different sizes of compartments which added 

to the same total volume. In the first four scenarios, the ST was analysed for BOD and TSS removal assuming 

constant wastewater flow while the remaining four scenarios used varying wastewater flows. The results are 

summaries in Table 4 as below. 

Table 4: Septic tank efficiency at reducing BOD and TSS for different scenarios 

 

Scenario 

BOD TSS 

µ Overall removal % G M Overall removal % 

1 0.008 27 
0.82 

0.71 

0.263 

0.002 
82 

2 
0.008 (1st Compt.) 

27 0.71 
0.001 

77 
0.01 (2nd Compt.) 0.001 

3 
0.008 (1st Compt.) 

27 0.71 
0.001 

77 
0.01 (2nd Compt.) 0.001 

4 
0.008 (1st Compt.) 

30 0.71 
0.001 

77 
0.01 (2nd Compt.) 0.001 

5 0.003 30 
0.82 

0.71 

0.263 

0.002 
71 

6 
0.001 (1st Compt.) 

55 0.71 
0.001 

88 
0.0001 (2nd Compt.) 0.0001 

7 
0.001 (1st Compt.) 

43 0.71 
0.001 

86 
0.0001 (2nd Compt.) 0.0001 

8 
0.001 (1st Compt.) 

36 0.71 
0.001 

87 
0.0001 (2nd Compt.) 0.0001 

 

The results suggest that it is possible to represent septic tank in SWMM and achieve pollutant removal efficiencies 

similar to the values reported in the literature. The calibration exercise for µ, G and M show that the values for 

calibration parameters are heavily influenced by the flow regime in the septic tank and its design configuration.   
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